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Aoporue Koanern!

Mo cayyato 50-AeTns XypHana «KBaHT» CEPAEUYHO MO3APABASIIO YMTaTeNEN
XypHana M BCEX, KTO ero CO3AaET: aBTOPOB, YNEHOB PEAKOAANETUM U COTPYA-
HUKOB pepakuMu. AN HECKOAbKMX TMOKOAEHWW LUKOAbHWUKOB, WHTEpe-
cytomxcs GU3NKOM U MaTeMaTUKOM, XypPHaA CTaA YMHbIM cOBeCeAHUKOM 1
NPOBOAHWMKOM B MWP 3TUX 3aMeyaTeAbHbIX HaykK.

OcHoBaTeAsiMU 1 MEPBbIMU PYKOBOAUTEASIMU XypHana ObiAM BblAatoLLME-
CA yyeHble, akapeMuku, oOu3nk WMcaak KOHCTAHTMHOBMY KUKOUH K
MatemaTtuk AHApeir HukonaeBuuy KoamoropoB. C 3TMM CBA3aHbl OTAMYM-
TeAbHble YepTbl «KBaHTa», Aeratolye ero yHUKaabHbIM. Bo-nepBbix, 370
Hay4YHO-MONYASIPHbIA GU3UKO-MaTEMATUYECKUI XYPHaA, B HEM MpeACTaB-
AeHbl 06e Hayku. Bo-BTOpbIX, MHOTME M3 aBTOPOB — aKTMBHO AEWCTBYHO-
LLME yYeHble, Tak YTo YuTaTeAr XypHaAa MOAYYatoT HayuHyt0 MHGOPMaLMIO
13 NEePBbIX PYyK.

B obpallueHun K untatensim nepBoro Homepa «KeaHTta» B pAanekom 1970
rOAY PEAKOAMErMs Ha3Bana €ro MepBbiM  HayYHbIM  XXYPHAAOM  AAA
LUKOAbHMKOB. Poccuiickas akapeMusa HayK M CEroAHsi CuUMTaeT >XypHaA
CBOMM BaXHbIM AEAOM, SABASIETCA OAHUM W3 €ro yuypeauTenen. Xouy
noxeAatb XypHany «KBaHT» HOBbIX AOCTUXEHUI B NPUOBLLEHMIU YnTaTeNEN
K U3YUYEHUIO HayKW, a IOHbIM MaTteMaTvkam U GU3nMKaM — YCrexoB Ha 3TOM
TPYAHOM, HO YBAEKATEAbHOM MyTH.

Mpe3naeHt
Poccuiickon akapemMumn Hayk

akapemuk PAH A.M. Ceprees
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Doporue Apy3bsa!
OTAEAEHWE MaTeMaTUYECKKUX Hayk POCCHICKOM akapeMuu Hayk

NO3APABASIET KOAEKTUB Hay4HO-MOMYASIPHOTO XypHana «KBaHT»
CO 3HamMeHaTeAbHbIM CO6bITVIeM - SO-I\eTVIeM BbIXOA@ B CBET
nepBoro HoMepa XypHaaa.

Mo 3ambicny akapemukoB U.K. KukonHa n AH. Koavoroposa
CO3AaHME XypHana «KBaHT» ObIAO BaXHbIM 3AeMEHTOM 06LLeN
paboTbl N0 NOUCKY U MOAAEPXKE TAaAGHTAMBOW MOAOAEXM. W atoT
3aMbICEA BMOAHE OnpaBAAACA. «KBaHT CTan OAHUM U3 CaMbIX
MacCOBbIX M3AaHHIA, B COBETCKOE BPEMS €ro TUPaXm AOXOAMAM AO
300 ThicAY 3k3emnAApoB. Ceiuac Tupax 6oAee CKPOMHBbIN,
OCHOBHblE MPUYMHBl — NapeHWe MpecTuxa ¢yHAAMEHTAALHOM
HayKu W CMeHa OpueHTUPOB 0bLuero o6pa3oBaHus. Ho, kak u
paHblue, «KBaHT» nomoraet MOAOABIM AHOAAM HaWT CBOM nyTb B
Hayky, K OCBOEHWIO W CO3AAHMI0 HOBbIX TeXHOAOrWiA. Ceduac ata
3aAaua CTouT, MOXET bbiTb, Aaxe Bonee ocTpo. Moatomy XypHa
MO-NPEXHEMY OUYEHb HYXEH LUKOAbHMKAM, WX YUUTEASM U
POAUTEAAM.

XoueTcs BbIpa3uTh BAArOAAPHOCTb U NPU3HATEABHOCTb BCEM, KTO
Ha npotsxeHun 50 AeT co3paBan XypHan, 0TAaBas emy HOAbLLYIO
yacTb CBOEN XM3HM, aBTOpaM, COTPYAHMYABLLUMM C XYPHAAOM Ha
NPOTAXEHUU 3TUX AeT. «KBaHT» COXpaHWA W Pa3BMBAET CBOM
TpaauLnu, I1y6/\I/IKyH CTaTbM BbICOKOr0 KayectBa WU WHTEPECHbIE
3apauu. 310, 6E3ycAOBHO, 3acAyra BCEr0  3aMeyateAbHoro
KOMEKTMBA «KBaHTa». YBEpEHbI, UTO 3TM TPAANLIMM COXPAHATCS U
B Gyaywiem.

AkapeMuk-cekpetapb OTaeAeHNs
MaTeMaTUyeckux Hayk
aKapeMuk PAH B.B. Ko3nos

He Beputcs, HO 310 GakT — XypHany «KBaHT» MCMOAHSETCH
nonseka. C XypHanom «KBaHT» CBA3aHbl AAEKME BOCTOMMHAHMA
MHOTUX AtOAEH, ObIBLUMX KOTAG-TO LUKOAbHUKAMM, O CBOWX MeEPBbIX
larax Ha NyTM K MO3HAHWIO: OT MNPOLECCOB, MMEIOLMX YMUCTO
KBAHTOBYIO MPUPOAY, AO SIBAEHMI B MaclTabax BCEAeHHOM.
PelleHne MHOTMX GYHAAMEHTAAbHBIX 3aAau OU3UKK TPEOYeT HOBbIX
3HaHMA. POBOAR 3KCMEpPUMEHTb, Habupas CTatuCTUKy, Beps W
ownbancb, B CTPEMAEHUM NMPUOAUUTLCA K MOHMMAHMIO MprpoAbI
Mbl MbICAUM MaTeMaTuueckuMu 06pa3amu. A Aanblle HauMHaeTcs
caMoe MHTEPECHOe, Camoe CAAAKOE BPEMS MPOBEPKU TUMOTES.
XKypHan yuuT, KaK HalTi T0, Yero noka Ha CBeTe HeT.

Kenaem XypHany 0CTaBaTbCA TaKAM XE HEMOXOXAM Ha APYrux i
6bITb M0-NpexXHeMy BEYHO MOAOABIM, KaK €ro uutaTeAn!

AxapeMuK-cekpeTapb OTAeAeHHMS
GU3NUECKMX HayK
akapeMuk PAH W.A LLlepbakos
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RBAHT ...... : No

HAYUHO-HOIIYJAAPHBIA ®USUKO-MATEMATUUYECKUN KYPHAJ
N3AAETCA C AHBAPIA 1970 TOAA

B Homepe:

2 K 50-netuto «KBaHTa»

YHUPEUTEIN 4 Pacckas o kBaHTe. 5.CMOopoanHCKuii
Poccwiickas akanemus Hayk 13 KpwuBble apakoHa. H.Bacunees, B.[yTeHMaxep
MaTemaTU4ecKmin UHCTUTYT 21 BblumucneHusa 6e3 Bblaucnenuin. A.Murgan

um. B.A.Cteknosa PAH 29 OBOJIOLMOHHbIE NMPOLECCHl U OObIKHOBEHHbIE

DUBUIECKUIA MHCTUATYT andodepeHumnanbHble ypaBHeEHUS. B.ApPHOIbA

nm. MN.H.Jlebenesa PAH BANAUHUK <KBAHTA>

. 38 W3bpaHHble 3aga4uM No Martematuke n Gusmke
TTABHDI PELAKTOP 40 WNCTOYHUK C «OTpULLATENBbHBbIM» BHYTPEHHUM
A.ATandynnuH conpoTtueneHneM. A.3uibbepmaH

PEJAKIIMOHHAA KOJIJETUA
H.H.AHnppees, J1.K.Benonyxos,

HAIINM MHTEPBDbIO

M.H.BoHpapos, 10.M.Bpyk, 43 Bbecepa ¢ AHopeemM Hukonaesmyem KosimoroposbiM
A.A.Bapnamos, C.[l.Bapnamos,
A.N.Becenos, A.H.BuneHkuH, B.U.l'onyGes, «KBAHT>» AJIAd MJAAIINX IIIKOJbHUMUKOB
H.N.Aon6unuH, C.A.JlopnyeHKo, 46 W36
B.H.Ay6poBckui, A.A.3acnaBckuit, 30paHHble 3ajaqn
A.fl.KaHenb-Benos, IN.A.KoXXeBHUKOB 47 Tlpo ymHoxeHve. A.CaBuH
(3amecTuTenb rmaBHOro pepakTopa), 50 Kak ogHaxnabl XKak-3BOHapb rOSI0OBOW Crioman
C.N.KoHoBanos, K.MN.Koxacb, A.A.JleoHOBMY, (bOHapb... A,5y3gMH, C,Kpo'ros
10.M.JIbicoB, A.B.MuHees, |B.B.lpon3Bonos |,
B.lO.MpoTacos, A.M.Paiiropoackui, KOHKYPC MMEHU A.I.CABUHA
H.X.Po3oB, A.B.CocuHcknn,
A.Jl.CraceHko, B.I.CypauH, 53 WN3bpaHHbIE 3apa4un
B.M.Tuxomupos, B.A.Tuxomuposa,
A.B.YcTuHoB, A.WN.YepHoyuaH IMMKOJA B «KBAHTE»
(3amecrurent rnasHoro pepakTopa) 54 06 ogHom cTuxoTBopeHun A.C.MywkuHa.

PEJAAKILMOHHDII COBET A.KnkouH
A.B.AHmXaHC, M.M.Bawmakos, B.M.EepHIK 55 3a kakoe Bpems cnuvealTcsa kannn? A.BapiamoB

A.A.Bopogoi, B.B.Koznoe, 57 JlyHHbIA TOPMO3. JI.Acnama3os
H.H.KoHcTtaHTMHOB, I.J1.KOTKUH, —
C.M.Hosukos, A.Jl.CemeHoB, OU3SNYECKUUN DAKYJIBTATUB
CK.CmupHos, A.P.Xoxnos 59 TMapanokc Baswnosa. B.®abpukaHT
PEJAKIMOHHAS KOJIJEIUS JABOPATOPUA «KBAHTA»
1970 TOZA 62 HabniogeHns Hag, TymaHoM. A.50poBovj

TJIABHBI PEJTAKTOP

N.K.KnkouH
Hawwn HabniopeHusa (12)

INEPBBII 3AMECTUTEJb BHUMaHWMO Hawux yntaTenei (42)

TTABHOTO PEJJAKTOPA
HA OBJOJXKE

A.H.Konmoropos
N.A.Apuymosuy, M.U.Bawmakos, B.I.BonTaHckui, l’ Il K tobuneto «KpaHta»
W.H.BpoHwreiiH, H.5.Bacunbes, N.®.rmus6ypr, Il U3 rawero apxviBa
B.I3yGos, M.J1.Kanuua, B.A.Kupunnux, IV Tlporynku ¢ ¢pusuko
I N.Kocoypos, B.A.NlewkoBues, B.M.JnweBckuiA,
AN. Mapkywesuy, M.[.MunnanmoHWmKoB,
H.A.Natpukeesa, H.X.Po3os, A.ll.CaBuH,
W.LL.CnoGopeukunin, M.J1.CmonsiHCKUI,
A1.A.CmopoaumHckmin, B.A.dabpukaHT, f1.E.LLIHanaep




K50-netunio

JlOPOTUE UUTATENN!

Homep, KOTOpbBIii BbI JIep)KUTE B PyKax, HE
coBceM OObldeH — OH mocBsiiieH S50-jeTHeMy
o6usiero Haiero skypHaia. Ha crpanunax aro-
TO HOMepa BbI HaliieTe CTaTbH, aBTOPBI KOTO-
ppIX corpyanunuasn ¢ «Ksantom» B pasmble
TOJIbI U MHOTO JIJISI HETO CJeJIaJIu.

ITepsoiit nomep «Ksantas Bbimen B 1970
TOy, HO co3jianne (U3NKO-MaTeMaTHYeCKOTO
JKypHAJIA JUUISE TIKOJbHIUKOB 33/[yMbIBAJIOCH He-
CKOJIbKUMU ToJamMu paubiie. Vgeio co3ganus
TAKOT'0 KypHAJa MEePBBIM BBICKA3AJ aKaJEeMUK
IT.JT. Karuiia B 1964 rojy, a 3ateM ona 00CysK-
Jasach TeMu, KTo B 60-X To1aX OpraHn30BbIBA
(busuKo-maTeMaTUYECKuE MIKOJIbI-HHTEPHATDI
[pU KPYIHEHIINX YHUBEPCUTETAX, BCECOIO3-
HbIe OJIUMIHA/bI, JETHUE IITKOJIbBI, 3a0YHYIO
MaTeMaTHYeCKYIO MIKOJIY. DTO ObLIH He TOJBKO
aKajieMuKu, mpodeccopa BeAyIux By30B, yuu-
TeJisl, HO U MOJIOJble IHTY3UACTBl — YUEHbIE,
ACTIMIPAHTBI U CTYJEHTDI, AJS KOTOPBIX paboTa
€O IKOJIbHUKAME U TIOTYJISIPU3AINS HAYYHbBIX
3HAHWI CTAJIN TOJJIUHHBIM IPU3BAHIEM U BTO-
poii ipodeccueii.

[maBHBIM pegaKkTOPOM HOBOTO KypHAJIA CTaJ
BBIafoniica ¢usnk, akagemuk lcaax Kom-
cranTuHOBUY KUKOWH, MEPBBIM 3aMECTUTETIEM
IJIABHOTO PEaKTOpa — OJMH U3 BEJUYANIINX
marematukoB XX Beka, akageMuk Anjpeit Hu-
kosaesnd Kosmoropos. O6a oHM PYKOBOANJIH
SKYPHAJIOM [I0 TOCJEIHUX JIHEH CBOEil >KU3HHU.
Hyno ckasarp, uyto u Mcaak Koncranrtuno-
B4, 1 Augpeit HukomraeBnd He TOJBKO cdop-
MYJIIPOBAJIN OCHOBHBIE IeJIM JKypHAJa, HO |
BHUMATEJbHO CJIEIUIIN 32 GOIBITHHCTBOM MaTe-
PHUAJIOB, MPeJIaraBIIuXCcs s myGanKamnum, a
HEPEJIKO y4acTBOBAJIN M B MX HEITOCPE/ICTBEH-
HOM peIaKTHPOBAHWM.

N.K.KukouH roBopuJi, 4To TaKOTO I[BETHOTO,
MACCOBOI'0, PACCYMUTAHHOTO HA MIMPOKYIO ay/I1-
TOPUIO «HAYYHOTO XXy PHAJIA JIJIS MKOJbHIKOBY
He ObLTO He TOJMbKO B Poccum, HO m B Mupe.
[Toatomy oco6enHo TPyIHOU, HOBATOPCKOII,
TBOPYECKOIl 6bLia paboTa 110 U3[IAHUIO XKypHA-
Jla B TIePBBIE TO/IBI U JECATUJICTUS €TO KU3HU —
repe/1 riazaMu He ObLI0 00Pa3IoB, Ha KOTOPbHIE
MOKHO 6bL10 GbI orepernesi. [la, Gblia oueHb
Ka4eCTBEHHAsI, SIPKasi POCCUIICKAsT U COBETCKast
Hay4YHO-TIONYJIIpHAS JUTepaTypa mo puanke n
MaTeMaThKe, HO JKypHaJa He OblIo.

«KBAHTA»

Kakum mosxen 6piTh HOBBINA skypHasn? Ha
KaKoil KpyT uuTareseil oH J0JKeH ObITh Halle-
gen? Kakas /1011 MatepuasioB J[0JIKHA ObITh
aJIpecoBaHa MJIAJIINM IIKOJbHUKAM, yYeHU-
KaM (PUBMKO-MATEMATUYECKUX IIKOJ, yduTe-
JsaM, crypeHtam? Kakum fospker 6bITh ypo-
BEHD M3JI0KeHns, Xxapakrep odopmienus? [o-
psTue CHOPBbI HE 3aTUXAIW B Pelakiui U Ha
3ace/laHusIX peJKosiernu. B pesyibrare TBOp-
YECKUX JHMCKYCCHII W HampsDKEHHOH paboTbh
GOJIBIIIOTO  KOJIJIEKTUBA  €IMHOMBIIIIEHHUKOB
JKYPHAJT HOCTENIEHHO MEHSIJICS, BO3HUKAIN HO-
Bble PyOpuUKM, BbIpaGaTbIBAJICS CBOM, «KBaH-
TOBCKWiT» CTHJIb 0OPMJICHHUS.

JKypHuas GbicTpo cTajl 0YeHb HOIMYJISIPHbIM —
B 70-e u 80-€ TOJBI €TO THPAXK JOCTHUTAJ COTEH
toicsty. OH GbLT U3BECTEH U 32 PYOEIKOM: TTOSIBU-
JINCH TIEPEBOJBI Ha SITOHCKWI, TPEYECKUil, B
CHIA 6outee 10 Jiet uzmaBajicst cobpaT HAIIETo
JKypHasa 1moj umeneM «KBanTtym», jiBe TpeTb-
UX COJIEPKAHUSI KOTOPOTO COCTABJISLIIN TI€PEBO-
e crateil n3 «KBanrtay. Boabmmm cobbITremM
ctayo coznanne B 80-e roxpl Ha 6a3e JKypHaIa
cepuyl HAYYHO-TIOIYJISIPHBIX KHHUT <«bubmo-
tTeuka «KBaHT», oueHb BocTpeGOBAHHOM YNTA-
TEJISIMH.

Mensacs dopmar KypHaia, IepuOINIHOCTD
n opma ero nzganus. Hekoropoe Bpemst noji-
MUCYUKHU TIOJTydaan B roj He 12, a 6 HOMepoB
JKypHaJIa yBeJUYeHHOTOo opMmaTa, HO € Kax-
JIBIM HOMEPOM OHW TIOJTy9aIn U MPHUI0KeHNe —
6o kuury mna bubsimoreukn «Ksaurty», nm6o
TeMaTUYeCKuil COOPHUK MaTepPUasOB CO CTpa-
HUI[ KypHaJa. IIpm aTOM CcTUJIb M yPOBEHD
JKypHAaJIa Bce BpeMs MOIePKIBAJIICH Ha HEW3-
MeHHOM ypoBHe. Hecomuenno, ato 3aciayra
PEKOJLJICTUH, PEJCOBETa U PelaKIii, HO OT-
BETCTBEHHOCTDb JIeJKajIa B MEPBYI0 O4yepenb Ha
riaBHbIX pegakropax xkypaasa (M. K. Kukoun,
10.A.Ocunpan, C.C.Kpotos, B.B.Kosmos,
A.JI.Cemenos, A.A.Taiidyninmu), Ha ux nep-
Bbix 3amectnressax (A.H.Kommoropos, C.I1.Ho-
BUKOB), Ha 3aMECTUTEJISIX TJIABHOIO PeAaKTOpa
no maremaruke (IO.I1.Cosnosbes, B.M.Tuxo-
mupos, H.II. Joa6umun, I1.A. KoxeBHUKOB) 1
no ¢usuke (JI.T.Acnamaszos, A.A.Bapaamos,
A M. Yeproyuan).

3a 50 Jsier Hew3GeXHbBI cepbe3Hble TepeMe-
HBI — PSIJIOM C HaMU Ceiiuac HeT MHOTUX U3 TeX,
KTO CO3/1aBas u pa3BuBai «Ksanty. BeroMaum



KBAHT

Wcaak KoHcTraHTHOBMY KuKouH

XOTsl ObI HEKOTOPBIX M3 TeX, KTO TaK MHOTO
caesan A JKypHama.

WNocud HlaeBuu Croboaenkuit 1 Huxouaii
Bopucosuu Bacuibes 6irarogapsi cBoeMy Bbi-
COKOMY TpOodeCcCHOHAMN3MY, JHTY3Ua3My U
SHEPTUN ONpeNeJUJN B TEPBbIE TOIbI Kaue-
CTBEHHDIII yPOBEHb PA0OTHI PEIAaKIUU 1 pejl-
KoJuieruu. KpynHbie ydueHble W I1e1aroru
B.U.Apuouabn, B.TI'.Boarauckuit, H.A.Buien-
xuH, M.U.Karanos, A.K.Kuxoun, A.V1.Map-
kymesnd, A.B.Murgan, A.A.CyMopoannckmii,
B.A.®a6purant, M.D.[lapbirut, akTuBHbIE
asropbl sxkypHasna K.IO.Borganos, A.A.Bopo-
Boii, E.A.Tux, B.JI. I'yrenmaxep, A.A.Eropos,
A.B.JKykoB, A.P.3unn6epman, C.M.Kosed,
I''.Kocoypos, T.JI.Kotkun, C.C.Kpotos,
B.B.Moskaes, B.B.I1pousBosios, E.M.Pa66or,
A.Il.CaBun, B.A.Cennepos, 1O.I1.CosnoBbes,
A.B.Cocuncknit, A.B.CrmBak n apyrue pac-
CKa3bIBAJIM Ha CTPAHUIAX JKypHata 06 uHTe-
pecHbIX akTax W MpobieMax MaTeMaTHKU U
pU3NKN, 0 HOBOCTSIX COBPEMEHHOW HAYKH.

C 1iy60KOii 6J1ar0aPHOCTBIO MBI BCIIOMUHA-
eM corpynnukoB penaxiuu: B.H.Bepesuna,
B.H.boposumku, .H.Bpounmreiina, M. H. /la-
nuabraeBy, C.A. [lopmuenxo, JI.B.Kapgacesny,
AWM. Kmmanosa, W.H.Kaymosy, B.A.Jlem-
koBueBa, JI.I''Makap-J/Iumanosa, T.M.Maxka-
poBy, JI.A.llanwomkuny, T.C.IlerpoBy,
M.JI.Cmonsuckoro, JI.B.Yepnosy, 10.A.Ilu-
XaHOBHYA W MHOTHX JPYTHX.

Xouercst BCHOMHHUTD, YTO CPeIU TeX, KTO
0OPMJISLIT JKypHAT, OBLIN 3aMevaTeTbHbIe XY-
JIOKHUKH ¢ MEpOBbIM nMeHeM: 10.A.Bamenko,
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M.M.3narkosckuii, /[.A.Kpoimos, J.B.Haza-
pos, JI.A.Tumkos, II.11.UepHyckuii.

Ho u cerogusamunii coctaB peaKoOJIIeTuu 1
PEMAKINK COJIEPIKUT UMEHA TeX, KTO TPOIIeJ
BMecTe ¢ «KBanTOM» 3HAaumMTETBHYIO YacTh S50-
JIETHETO TIyTH, 4TO o6ecreunBaeT HeoOXOIMMYT0
[IPEEMCTBEHHOCTD ¥ COXPaHEHWe JIy4IInX Tpa-
qunuit. Hasosem nammx <«serepanoB» (B Ka-
BbIYKAX — TIOTOMY 4YTO OHH elle U ceifyac
MOJIOJIbIE IyXOM, 9HEPrUYHbIe Jioan). B cosma-
HUM JKYPHAJIA U TOTOTOBKE €ro MePBbIX HOMe-
pos yuactBoBain lO.M.bpyk, H.X.Po3os,
6OJTBIITYT0 YaCTh Iy TH ¢ *KypHasoM A.A.Bapua-
Mo (kuBsa u paGoras 30 ner B WMramum, on
OCTAETCSI AKTUBHBIM YJIEHOM PEIKOJIIETHH
asropoM »xypuana), C./[.Bapramos, A.H.Bu-
genkun, B.M.Tomy6es, B.H./ly6poBckuii,
C.I1.Konosaios, A.IO.Kortosa, A.A.J/leonosny,
10.I1.JIpicoB, E.B.Mopososa, A.JI.Cracenko,
B.I'.Cypaun, B.A.Tuxomuposa.

CBoil TI0JTyBEKOBOI T06UJIEl JKypHAJ BCTpe-
YaeT B MPUHIMITNAJIHLHO HOBBIX YCJIOBHAX. By-
MaKHBIN THpaK «KBaHTa», BIpPOYEM Kak H
JIPYTUX KyPHAJOB, 3aMeTHO ymnaJ. B To ke
BpeMsI 3JIEKTPOHHAST BEPCUST KaXKOTO HOMepa
«KBanray pasmeniaercst B MHTEPHETE.

Mpbr yBepenbl, uto 'y «KBanTta» ectb yHH-
KaJIbHbBII ITOTEHINAJI, JOCTaTOUYHbIH JJIsI TOrO,
YTOOBI CITIOCOOCTBOBATH TIOBBINICHUIO YPOBHS
JusnKo-mMaTeMaTHUECKOr0 06pa3oBannsg u 06-
HIEHAYYHOH KyJbTYPbl B HallIell cTpame.

Pedaxyuonnas xonnezus
Kypuanra <Keanm»




Paccka3 O KBaHTe

A.CMOPOAUHCKNU

AOTOM CTATHE PEUDB NJAET Ob OUEHDb

CJIOKHOM U BMecTe ¢ TeM (pyHIaMeHTab-
HOM TOHSITUH, UTPAIOIIEM OTPOMHYIO POJIb B
coBpeMeHHOIT pusnke. VIMEHHO 1109TOMY CTa-
Tbsl HECKOJIBKO TPY/HA i nonumanusi. Ho
HE paccKasarb B IEPBOM HOMEpE KypHAJa O
KBaHTe KaK (DU3NYECKOM TOHSITHH Mbl HE
MOTJTM, TaK Kak Halll KypHaJ Ha3bIBAeTCs
«KBanr».

[Be camble KOpoTkue opmyisibl
COBpeMeHHON (PU3UKU

CoBpeMenHag KBaHTOBas (DU3WKa POJU-
nack 14 nexabpst 1900 rona. B aror nenb na
3aceganun BepJsmHcKkoro ¢uauveckoro 06-
IeCTBA BLICTYIIHJI ¢ JIoKIaioM Makc [Tiank.
B ero jsokmaze BrepBble MOSIBUJIACh HOBAS
MUPOBasi MOCTOSTHHAS, 0603HAaYeHHAsI GYKBO
h v HazBaHHAS dJIEMEHTAPHBIM KBAHTOM JIeii-
CTBUSI. DJIeMEHTapHbIM OHa ObLTa Ha3BaHa
MTOTOMY, UTO OTIPEJIEJISIIA CAMY IO MAJTY IO 9HEP-
I'HIO, KOTOPYIO MOKET HECTH C COOO0#T 3JIEKTPO-
MAarHUTHOE M3JIydeHHeE.

CJI0BO «KBaHT» IPOUCXO/IUT OT JIATUHCKO-
ro cJ0Ba quantum, 03HAYAIOIIETO «CTOJIbKOY
(manpumep, quantum placet osmauaer
«CTOJIBKO, CKOJIBKO XOYeTCs» ), /i Ha3bIBAIOT
Ternepb nocTostHHO# [lnanka, u ee Hanbosee
TOYHOE 3HAYEHUE PABHO

h=6,6262-10"* I - ¢ (cucrema CI1)

i b = 6,6262-107 apr-c

(cucrema CI'C).

Bmecro i usuku gaiie 1moJb3yioTest Apyroii
BEJINYMHOM, KoTOpasg B 2m pa3 Menblue. Ee

Takske HasbIBaIoT rtocrosuHoi [lianka u 060-
3HAYaioT

L. 7 =1,05459-107* JIx - c.
21
(DOpMyJIa HJIaHKa 3allUCbIBaeTCda TakK.

E=hv.

Omny6mnkoBano B «KBanre» Nel 3a 1970 roz.

3nech E — nanmenbinas nopuus csera (vau
PAZIMOBOJIH, WU PEHTTEHOBCKUX JIyUeil, WIn
JI060T0 JIPYrOTo 2JIEKTPOMArHUTHOTO U3JIY-
YeHUs1), KOTOPYIO MOKET UCILYCTHTD HJIH T10-
[JIOTUTD aTOM, MOJIEKYJIA UJIN KPUCTAJLT IPU
3a/IaHHON yacToTe U3aydeHus v . Jlus Buan-
MOTO CBETa YacTOTa OTpeJesIsieT «I[BET» CBe-
ta. CHHeMy I[BETY COOTBETCTBYET GJJbImas
JacToTa, KpacHOMy — MeHbImas. Yacrora
KOJIeOaHN M3JIyUeHWs CBSI3aHA C JJINHOM
BOJIHBL A COOTHOLICHUEM
c
3
rlle ¢ — CKOPOCTb CBETa, KOTOpasl B IIyCTOTE
pasua 3-10° m/c (tounee 299792,5 km/c).
Takum o6pasom, nocrostnnast [1nanka cBs3bI-
BaeT HAMMEHDIIIYIO S9HEPTHUIO U3JIYUEHUS C €T0
YacTOTOMH, TOKa3bIBast, YTO OTHOIIEeHNE £ K V
€CTb BCET/[a BeJMUNHA TMOCTOSTHHAS.
Ddopmyma Ilranka BMecte ¢ (opmyoit
Sitrmrreiina E = mc?, cBs3pBaomeii Maccy
9HEPIuio, — /IBe caMble KOPOTKIE U CaMble
3HaMeHuTbIe (POPMYJIbI COBpEeMEHHON (pusn-
ku. [lonpoGyem nousts, uro npusesio [Laan-
Ka K HeOOXOMMOCTH KBAHTOBOI TUIIOTE3BI U
nouyemy ¢opmy.aa [lnanka okasanach cToJb
BAKHOIA.

Vv =

C yero Bce Havanocb?

Ecau nponyctutb cBer yepes HpU3My, TO
Ha 9KpaHe, OCTABJCHHOM 32 Hell, BOSHUKHET
pasnonserapiii crektp. (Ero Bmepsbie Ha-
6mopan Heioton. ) TTozske y3HAIM, 4TO CHIEKTD
JTaeT HE TOJLKO COJTHEYHBIN CBET, HO U U3JIy-
YeHwue OT JII060TO HArPeToro Tesia. YeM Bbile
TeMIiepaTypa Teja, TeM GOJIblle B CIIEKTPE
cunnx gydeii. He ouenp narperoe teqo (rpa-
aycos 10 500 no mkase [lesbeusi) — KpacHo-
ro 1Bera, CWJIbHO Harperoe (rpajiycoB 0
1000) — 6etoro. ITocTeneHHo epe/L NCcIe10-
BaTeJISIMU BCTAJIM JiBa BOIIPOCA: KaK 3aBUCHUT
CHEeKTp TeJa OT ero TeMieparypbl U Kak
pacripefiesisieTcst 3HEPTUsT BAOJb CIIeKTpa?
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Ecim K pasHbIM MecTaM CIIeKTpa HPHJIO-
JKHTb TEPMOMETPBI, TO MOKHO H3MEPHUTD,
KaKast /10/1s1 SHEPI UM IIPUXOUTCS Ha Kask bl
y4acTok crekrpa. Elie sydine B3aTh He Tep-
MOMETPBI, a TIPSIMO KaJOPUMeTPbI. VI3MepeH-
HbIE KOJIMYECTBa TEMIOTbI, KOTOPbIE Ta/aioT,
CKa)keM, Ha TOJIOCKY CHeKTpa MIMPWHON B
1 cM, n GyAyT TeMU BeJTMYMHAME, KOTOPbIE
HaM Hy>KHbI. [eoMeTpryecKast IJIMHA CTIEKT-
Pa 3aBUCHUT OT PACCTOSHUS /10 9KPAHA, M0ITO-
My OGBIYHO U3MEPSIIOT SHEPIUIO, YIABILYIO He
nHal €M, a Ha y4acCTOK CIIEKTPa, COOTBETCTBY-
fouuMii onpeIeNenHoil YyacToTe 3/IydeHns Vv
WM ONpeIe/IeHHOM I/IMHEe BOJIHbI A .

OrtHOlIeHNe BeJIMYMHbI SHEPIUH, COCPE/I0-
TOYEHHOI B y3KOIii II0JIOCKE CIIEKTpa Ha yda-
CTKE YacTOT B MPOMEXKYTKE OT V 0 V + Av,
K BeJMunMHE AV Ha3bIBAIOT CHEKTPAJbHON
IUIOTHOCTBIO SHEPTHH WJIH TIPOCTO  CTIEKT-
panbHoii (yHKImeit 1 o6o3Hauaor f (V).

Kaxoii Buz numeer criekrpanbHast pyHKIUS
f (v) ? SIcHo, uTO OHa 3aBUCHT OT TeMIIEpaTy-
poi Tesia. BooGue rosopst, f (V) pasuas u'y
pasnbix Tes. Kak »ke onpeentb Buj Cliek-
TpasbHOll (QyHKIMU? ITO O6bLIA TPYAHAS
3aj1a4a, 1 4ToObl PaccKasaTh 0 TOM, Kak OHa
penraach, MpHAETCS HavaTh m3fajteka. Ho
CHaYaJIa — eIle HECKOJIBKO CJIOB O CTIEKTPaIb-
HOMW (OYHKITHT.

yacrore v . Korza us ucrounuka tevyer Boja,
HEJIb3sT CIIPOCUTH, CKOJIbKO BOJIbI BbITEUYET B
KaKOW-TO OTIpe/leJIeHHBbII MOMEHT BPEMEHH,
HarpuMep poBHO B 12 uacoB nusg. TouyHo B
3TOT MOMEHT BBITEKAET OGLEM BOJIBI, PABHBIT
Hymo. [l Toro 4ToOBI BBITEKJIO KaKOE-TO
KOJITYECTBO BOJIBI, HA/IO, YTOODI TIPOTIET XOTSI
6b1 HEGOJIBIION TPOMEXYTOK BpeMeHu. Mosk-
HO CIIPOCUTD, CKOJILKO BOJIBI BBITEUET 32 BPEMS
ot 12.00 1o 12.01. MoXHO CITPOCUTH, CKOJBKO
BbITEYET BOJbI 32 JIIOOOIT MHTEPBAT BpEMeHn
At or 12 yacoB g0 12 yacoB + Af MuHYT.
Ecisin Boja Teuer GoJiee uii MeHee paBHOMep-
HO 1 32 1 MUHYTY BBITEKaeT ¢ CM° BOJIBI, TO
3a Bpemsi At Boiteder g(t) At em®.

Mpbr manucaim we g, a ¢(t), Tak Kak B
pastoe Bpems (B yac gHA, B Ba yaca JHSA U
T.J.) BOJA MOXET Teuyb I10-Pa3HOMY. OTO,
HAIIPUMep, 03HAYAET, YTO KOJIMUYECTBO BO/IBI,
BbITeKatomee 3a 1 munyry B 12.15 aus, u
KOJIIYECTBO BOJIbI, BbITEKaolee 3a 1 MUHYTY
B 12.30, otnocsites kak ¢(15): g(30), ecn
3a HAYAJIO OTCYETA BPeMeHU B3STh MOJI/IeHb —
12.00.

[Ipu mozicueTe KOJIMYECTBA BOJIbI MBI CTAJI-
KIBaeMCsl C HOBOII BEJIMYMHOIT, KOTOPAsI OIH-
CBIBAeT MHTEHCUBHOCTb HEIPEPBIBHOTO TIPO-
1iecca, g eCTb OTHOIIEHVE KOJIITYECTBA BO/BI,
BbITEKAIOII[EI0 3a UHTEPBAJ BpeMeHU Af, K

A A 4000 5000 6000 7000
o,¢'0,75-10” 0,59-10"  0,49-10"”  0,43-10"
v, T 0,120- 10" 0,096- 10" 0,080- 10" 0,067 - 10"

Cxema criekTpa Buarumoro caeta. (1€Ba UoseToBbIN KOHEL CeKTPa, CrpaBa KpacHsiv. HaBepxy
L/IHbI BOJIH B GHICTPEMAX, BHU3Y YaCTOTbI B 0OPATHLIX CeKyHAaX. Komm4ecTBa 3Hepriv, nafarlyme
Ha BbIENIEHHBIE HYETbIPE MTOIOCKM CIIEKTPE, OTHOCATCS, KaK 3HAYEHUS CIIEKTDASTbHOM DyHKLM —

£(0,120-10"): £(0,096 10" ): £ (0,080-10') : (0,067 -10")

CnekTpanbHasa GyHKLNA

Cnexrpanbnas gynkius f (V) — ato, Be-
POSTHO, caMOe TPY/IHOE, YTO HY’KHO MOHSITb
B 9TOl crarbe. CHEKTP, KOTOPBIH MbI BUIUM
Ha 9KpaHe, TSHETCST HeTIPePBIBHON TTOJIOCKOI,
U B HEM MpeJCTaBJeHbl Bce dacToTel. He
MMeeT CMBICJIa CIIPAINBATh, KAaKyI0 9HEPTUIO
MOXKHO COTIOCTABUTD B CIIEKTPE TOYHO TAHHOMN

HTOMY MHTEPBAJy, KOT/J[a OH B3SIT OYeHb Ma-
JIEHDKIM.

CrekTpasibHas (DYHKIUS UMeeT aHAJOT Y-
HBII CMBICJI; OHA OIpPE/IEJISIET OTHOIIEHIE
KOJIMYECTBA SHEPTUU B IOJIOCKE CIIEKTpa K
MIMPUHE 9TON MOJOCKH, KOT/a IMUPUHA I0-
JIOCKH B3siTa oueHb MaJsieHbKoi. [IIupuna npn
3TOM M3MepsieTcsl, Kak ObLIO yyKe CKa3aHo, He




6 KBAHT

B /JJIMHAaX BOJIH, a B 4aCTOTaxX.

YacTtuubl Unu BOMHbI?

C caMoro Havaja MEXaHUKa BCTPEYAIaCh C
3a/lauaMu, KOTOPbIE MOKHO OBLITO Pa36uTh Ha
JIBa COBEPINEHHO PA3HbIX KJaacca. /| BIKeHme
MaTepUATbHBIX TOYEK W TBEP/IBIX TEJ OMUCHI-
Bajioch ypaBHeHuamu HpioToHa. M3 atnx
ypaBHEHWIT MOXKHO ObLIO OMPeeNsaTh TPAeK-
TOPUM [BUJKEHUSI TeJ, HAIPUMep ILJIAHeT
CoJiHeuHOl CUCTEeMbI, 1 OTIUCHIBATD, KAK IIPO-
UCXO/UT JIBIIKEHWE BOJb TpaekTopuii. Ho
6bLTi U 1pyTie 060beKThbl. [[BuykeHue Bobl B
KaHaJax, pacIpoCcTpaHeHNe 3BYKa B BO3[Y-
xe, m3rub KeJqe3HOoi 6K — BCe 3TN 3aa9n
OTHOCHJINCH K MEXaHWKe CIJIONIHBIX CpeJl, U
UMW 3aHUMAJUCHh THAPOJAWHAMUKA, A3POIIH-
HaMUKa, TEOPUsST YIPYTOCTH U JIPYTHE Pas/ie-
JIbI MEXAHWKU.

CriomHasg cpe/la U CUCTeMa MaTepuasib-
HBIX TOYEK TMPEICTABJSINCH COBEPIIEHHO
pasupiMu usnveckumu o6bekTamu. Ecim,
peliiasi 3a/1a4y O TeYeHUN BO/IbI, U BBIJEJISLIN
MbICJIEHHO HEGOJIbIIO 06beM KUAKOCTU, TO
9TOT 06bEM HUKAK HE CBI3BIBAJIK C MOJIEKY-
nsamu skuakocti (0 MoJiekygax BooOie y3-
HaJ Yepe3 MHOTO JIEeT TIOCJe TOTO, Kak
6B HAIMCAHBl YpPaBHEHWS THIPOINHA-
MUKH).

Bousmbr B Bosie mam B Bosayxe (mampumep,
Te, KOTOPbIE HA3BIBAIOT 3BYKOM) U ILJIAHETHI,
JnBrKyIuecs Bokpyr CoJHIIa, UMesH, Kas3a-
JIoCh, MaJsio o6miero. Bce Obli10 scHO, BOT
TOJIbKO B ONTHUKE OCTaBAJICS HepelieHHbIM
Borpoc: uto Takoe cBer? IloTok mesbuaii-
HIMX YacTUll, Kak ato jgyman Hbioton —
CTOPOHHUK KOPITYCKYJISIDHOI TeOopuu, WJIN
9TO BOJIHBI B KaKOH-TO cpejie, MIPOBOM 3(pu-
pe, Kak aymadn l'fofireHc — co3maresb BOJTHO-
Boii ontuku? IlomyigpHOCTD KaXkJA01 U3 Te-
opuii B pagHoe BpeMs OblJa Pa3JIMYHON, HO
HUKTO HE MOT HAHTH PEIaoiero apryMenTa
B TI0JIb3y OJIHOM W3 HUX: CBET B OJHUX
SABJICHUSX BeJ ce6sl, KaK MOTOK KOPITYCKY.JI,
B ZIPYTUX — Kak BosHbBI. Celfuac Mbl XOPOIIO
3HaeM, 4YTO B HTOM HeT IMPOTUBOPEUUS —
[OBEPUTb B 9TO CTAJO BO3MOKHBIM JIUIIH
6s1aroslapsi KBAHTOBOU Teopuu. B mporiom
JKe BEKe IPOTUBOpEeYne Kas3aaoch Hepaspe-
mMbIM. CBer o/pKeH ObLI ObITh MO0 BOJI-
HOIA, MO0 YacTuileil. ITO yTBEPIKEHNUE BbIT-

2020/ Nel

JIAAEJI0 JIOTHYECKN 663pr€LIHbIM.

CteneHb cBoboOAbI

Pasnura mMexy cucreMoii MaTepraabHbIX
YACTHIL U CILJIOTITHOM CPE/I0ii BBICTYTIAET OU€Hb
YETKO, eCJI TIOCMOTPETDb, KAaKUM YHUCJIOM KO-
OP/IMHAT 33/IA€TCST COCTOSTHUE CUCTEMBI.

[Tonoskenne KaXk/10M TOYKM B TMPOCTPAH-
CTBE 3a/IaeTCST TPEMSI UNCJIaMU — TPEMST KOOP-
nunaramu. [oBoOpsIT, 4TO MaTepuasibHast TOU-
Ka uMeeT Tpu cTerieHu cBOGOibl. Eciu B
cucteMy BXOAUT N MaTepHAJIbHBIX TOYEK, TO
TOBOPAT, 4TO OHa mMeeT 3N cTereHeil cBO-
6O/1IbI.

Takoe ke paccyKIeH1e MOKHO TTPOBECTH 1
Jutd ckopocteit. CKopocTb 0/THOH TOUKH OIu-
ChIBAETCSI TPEMsI YUCJAMU — TPEMs KOMIIO-
HeHTaMu BekTopa ckopoctu. Cxopoctn N
TOYEeK TpeOyloT s cBoero omnucanus 3N
quceI.

CKOJIBKO 4mces HaZo 3a7aTh, YTOObI OIN-
caTh cocrosinne moBepxHoctu mopsi? Crpo-
IO TOBOPS, JIIST KayKJOU TOUYKU TIOBEPXHOCTU
HAJI0 33/1aTh TPU YKCJA — BEKTOP CKOPOCTU
BOJbL B JAaHHOW TOYKeE; CJIeZOBATeJIbHO, Yl-
cen Oyner 6eckoneunio muoro. IloBepxmoctb
MOpSI TIPEJICTABJISIETCS HAM KaK CUCTeMa ¢
6eCKOHEYHO GOJIBIINM YUCJIOM CTEIIEHEH CBO-
6omb1. Jlaske TOT (hakT, 4TO BOJAA COCTOUT
13 MOJIEKYJI, a TTIOTOMY YHCJIO CTeTleHeil CBO-
60/IbI MOKHO OIPE/IEJUTh, COCUYUTAB MOJIe-
KyJibl, He o0JierdaeT 3ajiady: MOJIEKyJ Ha-
CTOJIBKO MHOTO, YTO TPAKTHYECKH YHUCJIO CTe-
nerHeit ¢cBO60IbI ocTaeTcsd 6eCKOHEUHO 6O0JIb-
muM. B geiictBUTEIBHOCTH K€ HAC HE MHTE-
pecyeT ABMKeHue Kaxxaoil mosexy.bl. Kor-
Jla 110 MOpI0 GeryT BOJHBI, HAIPUMEp OT
UYIero KopalJssi, TO Mbl MOXKEM OIHCATh
KapTUHY pacipeiesieHuss BOJIH, HCIOJb3Ys
CPaBHUTEJBHO HEMHOTO uuces. Mbl MOKeM
3a/1aBaThb BEJUYUHY aMILTUTY/Abl U (asbl
KasK/[0ll BOJIHBI; BOJIH XOTsS M MHOI'O, HO BCe
JKe MeHbIlle, 4eM MoJieKysa. Kpome Toro,
KapTHUHA, B OCHOBHOM, TIOBTOPSIETCS CO Bpe-
MeHeM: BOJIHBI 6oJiee MJIN MeHee OQUHAKO-
BBIE.

B kasxjoil BoJIHEe ABUIKETCSI MHOI'O MO.JIe-
KyJ, JBW)KEHHE HOCUT KOJIJICKTUBHBIN Xa-
paKTep, U Mbl MOKEM TOBOPUTH O KOJLJIEK-
THUBHBIX CTETIEHSIX CBOGO/IbI HA TOBEPXHOCTH
MOp4, B OTJIMYKE OT WHIAWBU/YATbHBIX CTe-
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rnexeil ¢cBOOGObI, CKAXKEM, OT/IEIbHOI MoOJe-
KYJIbl BO/IbI.

Takoe sxe KOJJIEKTUBHOE OIIMCAHNEe MOYKHO
WCIIOTb30BaTh, PacCKa3biBasg O CBOHCTBAX
cBeta. B wactHOCTH, MBI TaK 1 /iej1aeM, KOTqa
TIBITAEMCS OTHCATh paclipe/iesieHne SHEPTUN
IO CTIEKTPY.

CBeT — BOJIHOBOI TIPOIIECC, U €70 OIIUCAHUE
TIPOIIE BCETO BBITJISANUT € TIO3UITII BOJTHOBOM
teopnu. KoHeuHo, O00HOE OTINCAHIE CBETa
COBCEM HEIIOXOsKe Ha OIMCAHNIe CHUCTEMBI TO-
yeK. 3jiech HeT Jaske HaMeKa Ha KaKue-TO
cTereHn cBOGO/IbI — BOJIHBI 1 YaCTHUIIBI COBEP-
IIeHHO HEMOXO03KM /IpYT Ha Apyra. Ho aTo Bee-
TaK/d He COBCEM TaK. Y BOJIH U YacCTUI[ €CTb
obIue CBOWCTBA. IJTO, NMPEXKIE BCETO, Te,
KOTOpBIE TIPOSBJISIOTCS, KOT/Ia MBI HAUWHAEM
M3y4YaTh TETJIOBBbIE SBJEHUS W AyMaTh, Kak
pacripeiesisieTcst MeXXy BOJTHAMU W YacTHIIA-
MU TEILJIOBAS SHEPTHUS.

TemnepaTtypa 1 TeNI0eMKOCTb

PaccmoTpum rasz, Haxopsiuiics B Harpe-
TOM cocyze. Mbl 3HaeM, YTO TeMIepaTrypa
rasa u CTeHOK COCY/Ia JI0JKHA ObITb OINHAKO-
Boii. Ecsm ato BHauasne 6bLTIO HE Tak, TO
Terio 6y/IeT /10 Te€X MOp MepeTeKkaTh oT 60see
Terioro Tejqa K 6GoJjiee XOJIOJHOMY, ITOKa
TeMIIepaTypbl He CTAaHYT PABHBIMHU, T.€. IIOKA
He YCTAHOBUTCS TETJIOBOE PaBHOBECHE MEK-
JIy CTEHKaMH COCYyJa U HAXO/AIMNMCS B HEM
rasom.

Temnepatyparasa cBs3aHa c KHHETHUECKON

Cocy ¢ razom. ATOMbI CTA/IKMBAIOTCH CO CTEHKA-
My, 1 B pe3ysibTare yCTaHaBIMBAETCs TeMIoBOe
PABHOBECHE MEXZY [a30M M COCYAOM — a3
rprobperaer Temneparypy CreHok. Yucio aro-
MOB ripy CTOJIKHOBEHUSX HE MEHAEeTcs. Y106bi
UBMEPUTL TEMIEPATYPY 1333, MOXHO BbI1yCTITH
HEOOMLLLYIO €0 MOPLMIO HEPe3 MaseHbKoe OT-
BepcTue

:—)Hepmeﬁ €ro aToMoB (MI)I 6y11eM JJIA TTIPOCTO-
TbITOBOPUTDH 06 0/JHOATOMHOM 1"3.36). O]II/IH n3
CaMbIX TIEPBbIX BbIBO/IOB KHHETUYECKON Teo-
pun rada CoCTodAJ B TOM, 4YTO Ka?KZ[beI aTOM

. 3 1
raza o0JaJaeT sHepruen EkT, o EkT
HA KaXKAYIO CTermeHb CBOOOMIbBI, a TOJHAS

3
sHeprus rasa pasHa — NkT, raie N — uucio

yacruil B raze (3N — moJsiHOe 4ncJIO cTerneHeit
cB0601bI) . 31ech k —nocrosinuasg BoabpiMana
(k=1,38-10"% JIx/K); ona urpaer poJb
MePEeBOHOTO Koa(dUImenTa OT TpagycoB Ha
mkane KenpBuna K mkoyssm. [lasbime B
KIUHETHYECKON TEOPHH Ta30B TTOKA3bIBAJIOCD,
4TO ecJIl ecTb KoJiebaHus, TO Ha KaKIYIO
K0J1e6aTeIbHYIO CTENEHb CBOGO/IbI TPUXO/IUT-
cst sneprusi kT, BABOe GOJbIlasi, yeM Ha
cTeneHb CBOOOJIbI, OTBEYAIOINIYIO IOCTYyIa-
TEJBHOMY JIBUKEHUIO. OJTU YTBEPIKICHUS,
JIOKa3aHHbIE ¥ NIPOBEPEHHBIE, OTHOCUJIUCDH K
ragy. EcrecTBeHHO, BO3HHWK BOMPOC: a 4YTO
MOJKHO CKa3aTh 00 9HEPTUU M3JIyIEeHs ?

[IpeacraBum cebe, 4TO y HAC €CTb COCY/I,
KaK TOBOPWJIN PAHBIIE — «IOJOCTb», B KOTO-
pom et raza. OHAKO B TAKOM COCY/Ie BCEraa
Oy/ieT 2JIEKTPOMArHUTHOE TOJie. JJIEeKTPO-
MaTHUTHbIE BOJIHBI M3JIyYalOTCS U TOTJIOIA-
I0TCSI CTEHKAMU, U 9Ta SHEPTUS KaK-TO OyeT
pacripesiesiena o cuexkTpy. Ecim crenku co-
Cy/la UMEIOT KaKyi0-TO (DUKCUPOBAHHYIO TEM-
neparypy, TO paclpe/iesieHne 3Hepruu 0y-
JIET, OYEBU/IHO, PA3JTMYHBIM ITPU PA3HDBIX TEM-
neparypax. Mbl MOJKeM M3YUHTh MOJIE BHYT-
PH COCY/a, C/IeIaB B HEM MaJIeHbKOE OTBEP-
CTH€ U BBIMTYCTUB My4OK CBETA.

Korga Briepsbie Havann o6CyKIaTh CBOiI-
CTBA TAKOI IIOJIOCTH, TO 3aMETILIH, YTO €CJIN
CBET CHAPY’KU TOTAAeT B OTBEPCTHE, TO OH,
OUYeHb MHOTO pPa3 OTPA3UBIIICH OT CTEHOK U
«3a6JIy TUBIINCHY, TOYTU He OYyJeT HMETb
IIAHCOB BBINTU HapysKy. OTBepcTUe MOrio-
IIaeT BECh MAJIAIONINIT HA HETO CBET, [T0ITOMY
TEJIO M Ha3BAJIU «YE€PHBIM», a CBET, KOTOPBIN
BBIXO/IUT M3 OTBEPCTHS, HA3BAJIM «U3JIyUeHH-
eM 4epHOro Testa» (Tak 4To «4epHOe Telo»
csetuTcd!).

[IpencraBbTe Temepb, UTO «UEPHOE TEIO»
HarpeBafoT. Torma MOKHO 3a/aTh BOTIPOC:
KaKoe KOJIMYeCTBO TEIJIOBOH 3HEPTUn nepeii-
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Jer B ceer? OTBeT Ha Hero ObLI JaH B KOHIIE
XIX Beka 1 cOCTOSII B TOM, YTO CBET, 3aKJIIO-
YEHHDBII BHYTPU <«UYEPHOTO TeJiay, JOJKEeH
HaXO/IUTHCS B TETIIIOBOM PAaBHOBECUU CO CTEH-
KaMu cocya. ITO paBHOBECHe yCTaHABJINBA-
eTCsT M TIOJI/IEPIKUBAETCS TIPOIeCCaMy M3Tyde-
HUS 1 TIOTJIOIIEHNS CBETOBBIX BOJTH HATPEThHI-
Mu cTeHKaMn (CKOJIBKO M3JTy4aioT, CTOJbKO
SKe IOTJIONIAIOT OOPATHO ), 8 KOJIIMIECTBO SHEP-
TUU U ee CHeKTpabHasl MJIOTHOCTH TOJHOC-
THIO OIPE/IENSAIOTCS TOJHKO OHUM MapaMeT-
pom — temrieparypoii. Hukakoro pasroBopa o
ycJe crerneneil cBo6oapl (kak 3To 6bLIO B
caydae rasa) 3/ecb Kak Gy/JTO M HET.

Ecau B cocynme, B KOTOPOM YCTaHOBUJIOCH

—_— 7

Cocyn ¢ mznydermem («yepHoe T1es10»). BosiHbi
WM J1y411 CBETA MHOIO Pa3 OTPAXakoTCs OT CTe-
HOK, 1Y 3TOM OHU [1OI710LYAIOTCS CTEHKaMU U
U3TTY4AI0TCS BHOBb, B PE3YJ/IbTATE JCTAHABINBAET-
CA TEM/I0BOE PaBHOBECUE MEXAY U3JTYYCHUEM 1
creHkamy. CBET, BbIXOAALLMM U3 MATIEHbKOrO OT-
BEPCTUA B TakoMm cocyae, byaer vmersb CreKTp
«yepHoro rena»

TETJIOBOE PaBHOBECHE, €CTh MaJleHbKOe OT-
BepCTI/IC, TO CBETOBbIC BOJIHbBI 6y[[yT BbIXO-
JnTh 13 Hero. KosimvecTBo aHEpTun, BIX0/14-
1ee U3 OTBEPCTUSI «UYEPHOTO Tesay, OIpe/ie-
ngercst 3akonoMm Credana — bBosbrmana.
CoriacHo 3TOMY 3aKOHY KOJMYECTBO 2HEp-
TUH, U3JIyYeHHOE «YEePHBIM TEJIOM» C eJNHU-
IIbI TIOBEPXHOCTU OTBEPCTUA B EZII/IHI/ILIy BpeE-
ME€HU, ITPpONOpHIMOHaJbHO II(-Z‘TBepTOIL/,I CTernneHmn
a6COJTIOTHON TeMIepaTyphl U He 3aBHCHUT OT
TIPUPO/IBI TEJIA:
g=oT!

(6=567-10"° ﬂ)K/(Mz -C- K4) — MTOCTOSTH-
nag Credana—Bosbimana ).

3akon Credana—bosabimana 6b11 XOPOIIO
MpOBepeH dKCIEPUMEHTATBHO. OMBITHI TO/-
TBEPMJIN, YTO K M3JYUYEHUIO MOKHO TIpUMe-
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HATb Te JKe IOHATUS dHEPruu U TeMIlepary-
PbI, KOTOpbIE MCIIOJb3YIOTCS TIPU OIMCAHNN
TEIJIOBbIX CBOMCTB Tasa B KMHETUYECKON
TEOPUHU.

®dopmyna BuHa
n copmyna Panea—[>xunHca

Tenepb TIOpa BepHYTHCS K BOIIPOCY, KOTO-
pBIil OBLI TIOCTaBJEH B HayaJie CTAaThH: Kak
MOJIYYUTD M3 TEOPUU CIIEKTPAIbHYIO (DYyHK-
1IMI0, KOTOpPasi OIUCHIBAET paclipe/iesieHie
SHEPTUM U3JIyYeHUs 10 CIIEKTPY, U KaK OHA
3aBHUCHUT OT TeMIEPaTypbI?

[Ipexxsie Bcero aToT BOMPOC MOTTPOGOBAII
PENNTDH 110 aHAJIOTUN, HO aHAJOTUS C Ta30M
He romorJia. Yucesio crereneii cBo6ObI CBETO-
BOTO TTOTOKA, KaK NX HU cyuTail, 6eCKOHEUHO
BEJINKO, ¥ €CJIN HA KaXK/IYT0 CTETIeHb CBOGO/IbI
BBIJIEJIUTH 110 OJMHAKOBOH TOPIUU SHEPIHH,
ckakeM 110 kT (CBETOBBIM BOJIHAM PasyMHO
COTIOCTaBUTh KoJebaTebHbIe CTeleHn), TO
obmast aueprusi Oyner GeCKOHEYHOU Ipu
J060it KoHeuHO TeMmmeparype. Paccy:kie-
HUE <110 aHAJIOTUU > TIPUBOJIAT HAC K aOCyp/I-
HOMY BBIBOJIy, UTO BCSI TEIJIOBas HEPTHS
creHok (a 3a HUMHM U BCErO OCTaJbHOIO)
JIOJKHA TIePeTH B 3JIeKTPOMATrHUTHBIE BOJI-
HBI, TaK YTO TeMIeparypa BCeX MpeIMETOB
JTOJKHA CTPEMUTHCS K aOCOJTIOTHOMY HYJIIO.
Ecur 661 570 GBLTO TaK, TO JOOOIT TpEMET B
KoMHaTe uajydan Obl cBer (BuauMblil niam
HeBuanMbIil). Ho MBI 3HaeM, UTO 3TOTO He
caydaercd.

Tounble pusnveckme N3MEepeHNUs TOBOPSIT,
YTO [TPU KAXK/ION TEMTIEPATYPE TeJI0 U3JIyvaeTr
BOJIHBI B CPaBHUTEJbHO Y3KOM WHTEPBAJE
criekTpa. MakcuMasibHasi SHEPTUS U3JIyde-
HUSI COCPeNIoToueHa BOJIM3H JIJTMHBI BOJIHDI,
KOTOPast OIpeJIessIeTCST TAK Ha3bIBAEMbIM 3a-
KoHOM Buna:

b

max T .
Iror 3akoHn 6611 OTKPHIT B 1893 roxy. ITocto-
anHag Buna b = 0,29 - 1072 M- K 6bLia orpe-
JlelleHa W3 OTbITa, HO €€ TPOUCXOXKICHUE
0CTaBAJIOCh HESICHBIM. MBI yBUIMM JIaJiblIle,
YTO OHa CcBSI3aHa ¢ noctosgHHon [Inanka (Tak
ke, Kak u mocrosiHHasg Credana—bobil-
MaHa).

3akon BuHa rokasbIBaer, 4To ¢ HarpeBaHu-

A
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eM TeJa MAKCUMyM CIIEKTPa CMeIlaeTcs B
CTOPOHY MEHDBINUX /IJINH BOJIH, T.€. B CTOPOHY
64abimnx yactor (9TOT 3aKOH YacTo Tak W
Ha3bIBAIOT 3aKOHOM CMEIICHHUS).

Wrak, 3akon Credana—boabiMana ToBo-
PUT O TIOJTHON 9HEPTUN U3IYyYEHUS, a 3aKOH
Buna — 0 oJI0JKeHNN MaKCUMyMa B CITEKTPE.
lpyruMu coBaMu, M3BECTHO, T/E CIEKT-
paJibHasg KpHUBast UMEET MAaKCUMYM M KaKOBa
IJIomaah 1oja KpuBoil. Hacrama ouepenn
ob6cynuth Gosiee moapobHo dopmy 3TOI
KPUBOIL.

K navany XX Beka cyuiecTBOBaJd [Be
¢opMyJIbl, C TIOMOIIBIO KOTOPBIX IIBITAINCH
ornmcarhb GopMy KPUBOI pacTIpe/ieIeHIs SHEP-
ruu 1o cnexTpy. OAHY M3 HUX TPETOKIIN
[IBa aHTJMYaHWHA — 3TO popmya Pajes—
Jlxmmca ! )

Fv) =gt
c
CpaBHenue ¢ OIbITOM TI0Ka3aJs0, 4To GopMy-
ga Pames—/lsxumnca npaBuIbHO OIKMCHIBAET
CIIEKTDP TOJIBKO JIJII CaMbIX MAJIbIX YacTOT
(ceBa OT MakcUMyMa KPUBOIA).

Ecsn nocmoTpeTs Ha 3Ty hOpMYJTY € TOUKH
3PEHNs YNCJIa cTerneHell cBOOO/bI, TO MOXKHO
IaTh eii kpacuBoe oObscHeHme. DopMmya
Panes— [I;xuHca nMeeT TaKkoi BU, Kak GyITO
YUACTOK CIIeKTpa AV cofepsut 87y / ¢ cre-
meHeil cBOGOJBI, Ha KAXKAYIO M3 KOTOPBIX
MPUXOAUTCS TeroBast aueprust RT. OpHako
aTa addeKTHAs WHTepIpeTanus TOpPOYHa.
Uucso cremneneil ¢cBo6obl OBICTPO paCTET,
€cJIi IePeXOIUTh KO Bce GOJIBIINM 4aCTOTaM
B yJbTpaduoIeToBy0 4acTh crekrpa (Ha-
PaBo OT MaKCUMyMa KPUBOI). DTo 3HAUWT,
4TO YeM GOJIbIlle YACTOTA, TeM GOJIbIle JHEP-
THU COJIEPIKUT CIIEKTP, T.€. U M0 3TOI hopMy-
Jie BCe TeJia JIOJIKHBI M3JIy4aTh 2JIEKTpOoMar-
HUTHBIE BOJIHBI ¢ 6ECKOHEYHO GOJIbIION Yac-
TOTOIA.

ITOT CTPaHHBII BBIBOJ HOCILT [paMaTHyec-
KOe HasBaHWe <«yJIbTpauoJIeTOBON KaTacT-
podbI», TaK KaK JEMOHCTPUPOBAJ TIOJTHBIN
MIPOBAJT TIOMBITOK OGBSICHUTDL CBOMCTBA CIIEK-
Tpa, OCTaBasCh B paMKaX MOHATUN KJACCH-
4yecKoit pusnkm.

[pyryio popmyTy IpeIoKuI yiKe U3BeCT-

! Paseit an ee nepsoiv B 1900 romy. Jlxumc
BbIBeJT (DOPMYJTy HEMHOTO HO3JKE.

uplit Ham Bun B 1890 rony:

av

f(v)=Avie T .

(ITpaBaa, o mucas sty GopMyJIy HECKOIBKO
nHaye, BbIpaXkag 4acToTy 4yepe3 [JINHY BOJ-
ubl.) B dopmyse Buna A u @ — HekoTOpbIe
[IOCTOSHHbIE, CBS3aHHbIE, KAK MbI 3TO YBU-
[IUM B JlasibHeliieM, ¢ noctoannoi [lnanka.
®opmyna Buna onucpiBaja yabTpaduoe-
TOBYIO YaCTb CIEKTPa, HO Gblyia 6eCTIOMOTITHA,
KOrI'/la peyb 3aX0/i1J1a O JJIMHHOBOJIHOBOM €ro
JacTH.

Wrak, nepen pa6oramu Ilnamka ¢dusukm
3HAJIN y’Ke JJOBOJBHO MHOTO: TLJIOMIAh MO
KPUBOI pacIpe/ieIeHUsT SHEPTUH 110 CHeKT-
Py, TIOJIOKeHNe MaKCUMyMa 1 (hOpMy KPUBOI
B «Hayaje» W B «KoOHIE». OcTaBaJoch clie-
JIATD TIocJeIHui cMerplii mar. OH-TO U TTpH-
BeJI K POXK/EHUIO HOBOU (pU3UKHU.

®dopmyna MnaHka

Ceityac TPy/IHO BOCCTAHABINBATD XOJI MBIC-
Jeil (U3MKOB, KUBIIUX MHOTO JIET TOMY
uasaz. Ilo-sugmmomy, TlmaHk mpocTo nckast
Kakylo-HUOyIb (hopMyJIy, KoTopas o6bean-
Huaa Obl BMeCTe BCe, 4TO ObLIO U3BECTHO O
CIIEKTpE <«4epHOTO Tesa». 1Ipobyst pasmbie
MO/JXO/IbI, OH B KOHIIE KOHIIOB MPHIIET K
BBIBOJLY, UTO HAJI0 PACCMATPUBATH CBOHCTBA
aTOMOB, U3 KOTOPBIX COCTOHUT CTEHKA U KOTO-
pbie usayuaior cer. Tumoresa Ilnanka co-
CTOSLJIA B TOM, YTO M3JIyYAIOIIHE ATOMBI MOTYT
UMeTh He J06YI0 SHEPrHio, a TOJbKO HEP-
TUI0, PABHYIO IEJIOMY 4HCIAy AV, rae V. —
qacTota KoseGanuii aroma. OTciozia yske 1mo-
JIYYHIJIOCh, UTO aTOM MOJKET M3JIy4aTh CBET
TOJTBKO KBaHTaMM (XOTS 9Ty CBA3H (pakTHIec-
KM TIOHSJIM HECKOJIBKO TTO3KeE).

[Tnauk 3amucan cBoio GopMyJIy Tak:

[(V)=n(v) b,

rae n(V) — 5T0 4YMCIO KBaHTOB, paBHOE
Smv? 1
——,a hv — sneprus kBanTa. IToc-
P
ekl —1

sefHsst hOpMyJIa MOYKET TIOKA3aThCsl He CO-
BCeM TOYHOI, Tak Kak u3 Hee 7 (V) mosyda-
ercs He 1e/IbIM. B 9TOM HuYero crparrHoro
HET, Tak Kak (OpMyJia JIaeT CPejlHee YKCJI0
KBaHTOB. Hanpumep, ec/in B KaKOM-TO 06be-
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Me TIOJIOBUHY BPEMEHM €CTb OJIMH KBAaHT, a
[TOJIOBUHY BPEMEHU KBAHTOB HET COBCEM, TO
cpejiHee YKCJI0 KBaHTOB paBHO 1/2.

Ddopmyna [lnanka ormyaercs ot Gopmy-
Jib1 Pastess— JIsxmHCa TeM, 4TO ee HeJTb3sT 00bsic-
HUTb C TOYKU 3PEHUs CTereHell CBOOO/IbI.
Ecuiu cunraTh, 4TO KasK/IbIil KBAHT UMEET TPU
cTereHy ¢cBOOOIbI, TO YUCJIO CTeleHel cBo6o-
Abl cucTeMbl, paBHOe 37(V), OKa3bIBaeTCs
(yHKIMEH TeMIepaTypbl: YUCJIO CTereHei
€BOOO/IbI PACTET C MOBBIIICHUEM TEMIIEPaTYy-
pbl. BbiBos1 aGeyp/iHbIii ¢ TOUKK 3PEHUST CTa-
PbIX IIpeficTaBJieHnit o cBoiicTBax yacrtuil. Ho
WMEHHO B 9TOM HApPYIIEHUW IPUBBIYHON JIO-
TUKH 1 JIeXKaJl BBIXO/I U3 TyniKa. Beb koJm-
YeCTBO M3JIYYAIONIMX YacTHIl MOXKET U He
OBITH CTPOTO OIPE/IEJEHHBIM YNCJIOM; OHO
MOJKET M3MEHSThCS C U3MEHEHUEM YCJIOBUI.
IDTO 0COOEHHO CTAJIO SICHO, KOrja ObLIO OT-
KPBITO POK/eHUE Tap: 3JEKTPOH — IO3UT-
POH, MIPOTOH — AHTUIIPOTOH U T.[I.

B Tor Beuep, xorga Ilmank ngenan cBoit
JIOKJIAJT, HUKTO HE [yMaJl O POKICHUN HOBOM
¢usuku. Ha dgopmysry mocmorpesu ¢ 1mpak-
THYECKOIi CTOPOHBI 1 cpasy e (B HOYb Hoc1e
JIOKJIa/1a) cpaBHUIM rpaduk, JaBaeMblil HO-
Boll (popMys0ii, ¢ KPUBBIMU, MOJYYEHHBIMU
u3 onbiTa. OKazanoch, uto hopmyJia [Lanka
XOPOIIO OIKICHIBAET BECH CIEKTP.

1 Tolt wacTh cmeKkTpa, TAe V BEJIWKO,
MO>KHO BBIYEPKHYTD €IMHUITY B 3HAMEHATEIE
(opmyibl, 10 KOTOPOI BBIYUCISETCS YUCTIO
KBaHTOB N (v — 9Ta eJIMHUIIA MaJjia 110 CPaB-

}H

S~

A%
Pacripenenernvie sHeprvv 1o Criekipy «4€PHOro
Tenar. 1 — KpuBas, COOTBETCTBYIOLUAA GOpMyTIe
Panes—/[lxuHca, 2 — rpaguyeckoe nzobpaxeHe
Gopmysibl [laHka, 3 — KpuBas, KOTopyro Aaer
popmyna BuHa

2020/ Nel

HEHUIO ¢ MepBbIM wieHoM. Torga gopmy.ia
[Tnanka npesparurcst B popmysry Buna. 13
COTIOCTABJICHNST [IBYX BBIPAJKEHUI MOXKHO
3aKJIIOYUTDH, 4TO KOI(PPuIneHTsr B hopmy.ie
Buna paBubI

A:%Ha=ﬁ.
c k

[Tnank, cpaBHUBasg cBo0 (OpPMYyJIy C
¢opmynoii Buna, onpenenns nepBoe 3Ha-
YyeHne MNOCTOAHHON A. OH moJy4ma, 4TO
h=6,55-10"" JIx-c. Jlaxe yauBHTeIbHO,
KaK MaJjo OTJINYaeTcs 3HAUYeHWe /2, BBIUUC-
sennoe IlnankoMm, oT COBpeMEHHOro, KOTO-
poe MIpPUBE/IEHO BHIIIIE.

[Ipn MmampIX 3HaueHWAX V B QopMmyJie
[Trarka MOKHO TIPOM3BECTH CJEIYIONLYIO
3aMeHy:

hv
ek z1+h—V (ecom h—v<<1).
kT

kT
Torpa nomyuurcst B TouHoct dopmya Pa-
gesi—[xunca. Vcnonb3ys dopmyay Ilman-
Ka, MOXHO IoJyuuTb u 3akon Credana—
Bonbumana. Ilocrosnnad sToro 3akona o
BbIpaykaetcs uepe3 /2 popmyioit

B o’ ﬁ
15¢2 B3

flBneHne ¢otosddekTa

B paccyxxnennax Ilmanka KBaHT caM 10
celbe He MOSBJILICSI — Peyb ILJIA O CUCTEMAX,
COCTOSIIIUX 13 GOJIBIIIOTO YUCTIA KBAHTOB, JIJIsI
U3JIyYeHUs] KOTOPBIX MPUMEHSINCH METOIbI
cratuctuku. Ho eme B 1887 rogy leprem
GBLII0 OTKPBITO siBJieHne (M3yUeHHOe MOPO6-
HO CTO/IETOBBIM), B KOTOPOM KBAHTOBbBIE
CBOJICTBA CBETAa MPOSBJISINCD OYEHD YETKO.
Peun nmer o poroadpdexte — BbLIETE 2JIEKT-
POHOB M3 KyCKa METAJLIa TPW OCBEIIEHUN €T
ceetoM. Ha atom adderre mocTpoeHbl MHO-
rue TpUOOPBI: TENEBU30P, OcCIuIorpad,
(OTOIKCTIOHOMETD U T.[I.

Dortoaddexrt obHAPYKMUBACT 3aKOHOMED-
HOCTb, KOTOPasi BBITJIsI/IEa Tapa/I0KCAIbHOI
JUU1s1 GUBKMKY MIPOIILJIOTO BeKa. JHEPrust dJIeK-
TPOHOB, KOTOPbIE BBIPBIBAIOTCS U3 METAJLIA,
He 3aBWCUT OT WHTEHCHBHOCTH cBera. Ecim
YBEJINYMBATD WHTEHCUBHOCTD CBETA, TO BO3-
pacTaeT YncJI0 BBIPBAHHBIX 3JIEKTPOHOB, SHEP-
THS JKe UX ocTaeTcss HemaMeHHOol. [l Toro
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4TOObl YBEJIMYUTb IHEPTHIO BBLIETAIOIIUX
2JIEKTPOHOB, HEOOXO/IUMO YBEJUYUTD YaCTO-
Ty Tajafoliero cpera. Takoe moBefeHNe Co-
BCEM HeTIoXO0:Ke, HallpuMep, Ha TO, KaK BblJIe-
TAfOT 3JEKTPOHBI W3 KATOJAa PaINOJaMITBI —
YeM BBITIIE TeMIlepaTypa KaToja, TeM 60JIbIie
SHEpPTHs BBLIETAIONINX 3JEKTPOHOB. IJTOT
apdext HazpiBatoT Tepmoamuccueii. B Hem
He 3aMedyajn HHUYero IapajoKCaJbHOTO. A
oroapdexT 6bLT HETTOHSATEH.

Ceiiuac Mbl 3HaeM, 4TO 9JIEKTPOH He MOJKET
[IOCTEIEHHO MOTJIONATh U HAKATIIMBATD JHEP-
IMIO, KaK 9TO [yMaJi paHbllle, a MOXKeT
[OTJIONIATh €€ TOJBKO KBAHTAMU. JHEPIrus
JKe KBaHTa oTipeiesisieTcst yactoToil. Orcroga
caenoBatio o6bsicuenune hpotoadderra, KOTO-
poe pax ditamrreitr B 1905 roxy. Bee merammn
TEOPHUHN CTaJN SICHBI MHOTO TIO3[Hee, KOTJa
6bLTa co3/lTaHa KBAHTOBAS TEOPUS METAJJIOB.

B nauane XX Beka ObLJIO XOPOIIO U3BEC-
THO, 9YTO, JJIsI TOTO YTOOBI BbIPBATH DJIEKT-
pPOH U3 MeTasia, HaJ0 3aTPATUTb OIIPe/e-
JIEHHYIO HEPruio; OHa HasbiBaeTcs pado-
toil Beixoga. Tak, /71 Bosbdpama aTta pa-
60Ta paBHA MPUMEPHO 4,6 37EKTPOHBOJIbTA
(15B=1,6-10"" [l ), ana nesus — oxo-
g0 2 3B, paa matuHbl — okoJsio 6 3B.
OcTasbHbIE METAJJIBI MIMEIOT TPOMEKYTOU-
Hble 3HaueHWsT paboThl BbIixoja. Paccy:xie-
HUS ODWHINTEHHA CBOAWJNCH K CJIeAyTole-
My. Ecam wacrora cBeTa TakoBa, UTO 3HEP-
rus KBaHta /v Menbiiie paGoThl BbIxoaa A,
TO 2JIEKTPOH BOOOIIE HE MOYKET OBITh BBIP-
BaH M3 Merajia. Eciu ke sHeprusi KBamnrta
60sbitie A, TO U3OBITOK YHEPTUU YXOMUT HA
KIHETHYeCKyIo aHepruio asextpona W. Cka-
3aHHOE MOXKHO 3aIcaTbh B Buje (POpPMY.JIbI,
KOTOpasi HOCUT UMs JWHINTeHA:

W=h-A.

[Tocae dortoadderra KBaHTOBBIN Xapak-
Tep TIOTJIOMIEHNS U U3Ty9IeHHs OBLJI OTKPBIT B
O4YeHb MHOTTIX SIBJIEHUSX. B Hanboee o61ieMm
BUje OH C(POPMYJIIIPOBAH B M3BECTHOM COOT-
nomenun Huabca Bopa: hv = FE; —E;.
CMBICJT €T0 COCTOUT B TOM, UTO €CJIM U3JIyda-
I0Iasl CHCTeMa IMEePEeXOJUT U3 COCTOSHUS C
sHeprueil £} B cocTognue ¢ aneprueii Ey, To
OHa M3Jly4aeT KBaHT c aHeprueii hv. Ecre-
CTBEHHO, YTO €CJM CHCTeMa, HaXO/sChb B
COCTOSTHUM C 9Heprueil Ej, MOrJIOTUT KBAHT

hv, TO oHa mepefifieT u3 cocrostHUS E| B
cocroanue k.

BTopoe OTKPbITUE KBaHTa

Orkpoitue [lnanka cocTodm10 B TOM, YTO OH
[OCTYJINPOBAJ  TUCKPETHBIN (KBaHTOBBIN )
XapakTep usjydeHus u norjomienusa. Oxna-
Ko caM [l;1aHK He BbICKa3aJs HIKaKUX coo6pa-
JKEeHNH 0 TOM, Kak ke BeJeT ce6s NCIyIIeH-
Hoe uzsydenue. Jlump JitHmreitn (B yrnoms-
HyTOH BbIte padore o goroadderre) moKa-
3a71, 4yto m3 rumoresnl llmamka m Teopun
OTHOCUTEJIBHOCTU CJIZyeT peasbHOe CYIIe-
CTBOBaHHE KBAaHTA, T.e. YTO CBeT He TOJBKO
MOTJIONIAETCS NN U3JIydaeTcsl KBaHTaMu, HO
YTO OH CaM COCTOWT U3 KBAHTOB.

W3anydas KBaHT, TeJO TepseT CBOIO dHEp-
I'MI0, KOTOpas Iepejaercs CBeTy. 3HAuuT,
CBET, COIJIACHO TEOPUU OTHOCHUTEJIbHOCTH,
VHOCHT W Maccy TeJja.

Maccy kBaHTa MOKHO TTOJTYYUTDh, CKOMOH-
nuposas se dopmyas: E = hv u E = mc®.
N3 mux

Jlydire TOBOpPHUTDH, Kak 3TO TPUHATO, UTO
KBaHT FIMeeT UMIIYJbC p = Mmc, T.€.

v h

PEc T

WMy ibe, KOHEYHO, BEKTOP: OH HAIpaBJicH
Tyla, KyJla JEeTUT KBaHT. JHEPrusi KBaHTa
CBg3aHa C €r0 MMITyJIbCOM COOTHOIIIEHHEM

E =cp.
TaKI/IM COOTHOIIIEHUEM OIIMCBHIBAIOTCA YaCTHU-
IIbI, Y KOTOPBIX paBHA HYJIO Macca TOKOS.
Ecmu macca noxost mgy # 0, To sHeprus u
I/IMHyJIbC YaCTUIIbI CBA3aHbI B TeOpI/II/I OTHOCHU-
TeJpHOCTH (HPOPMYJTIOi

E=c‘/p2+m§ 2

Baarogaps JfiHinTeliny KBaHT CTal B OJH
PSJ1 C YaCTHUIIAMK; TOJBKO OH HE UMEET MacChl
MIOKOSI, a MMOTOMY OOpEYEeH BCET/a JIETATh CO
CKOPOCTbBIO CBeTa.

KomnToH-a¢deKkT

Bo BceM npezbiayleM ocTaBasics ele 0l
MTYHKT, He TIPOBePeHHbBIN onbiToM. Ecm kBanT
00J1a/1aeT W 9HEPTUEH ¥ UMIYJIbCOM, TO BbI-
HOJIHAIOTCSA JIM JJI1 HErO 3aKOHbI COXpaHe-
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HUSI 9HEPIMU U UMITYJIbCA TaK JKe, KaK s
apyrux yactui? M XoTs B MOJIOKUTENTbHOM
OTBETEe Ha 3TOT BONPOC HUKTO HE COMHEBAJI-
CsI, BCe JKe MpsIMasi 9KCIIEPUMEHTAIBHAS TTIPO-
BepKa 3aKOHOB COXpaHeHUs Obljia OGbl OYE€HD
TTOJIE3HO.

Takas mpoBepka Oblaa OCYIIECTBJICHA B
1925 tomy AptypoM KoOMIITOHOM, KOTOPBIN
u3yyas, KaKk PacCeMBAIOTCS KBAHTBI CBETa,
KOT/Ia OHW TIQJIal0T Ha TTOKOSIIHICS 3JIeKT-
pot. Komriton o6HapyskuJi, BO-EPBBIX, YTO
9JIEKTPOH HUCIIBITBIBAET OTJAYy, T.€. AJIEKT-
POH TOJIy4aeT OT KBaHTa MMIIYJbC, a BO-
BTOPBIX, YTO KBAHT TepsieT SHEPrHI0 M €ro
yacToTa yMeHbInaercs. KayecTBeHHO KapTu-
Ha OblJIa TIOXOKeH HA CTOJTKHOBEHHE YaCTHII.
Ho Kommton nokasast u 60Jibiiie — 4TO 9HEp-
TUSI U UMITYJIBC HJIEKTPOHA W KBaHTA B KOHIIE
coyJlapeHus Kak pa3 Takue, KaKue MoJyJa-
I0TCS 3 YPaBHEHMIA, OMUCHIBAIONNX 3aKOHDI

Kak pepeBo cnacaet oT goxnasa

KAXETCH, [JOXAMK COBMPACTCS, KaxXeT-
CA, AOXAMK COOUPAETCS...

A.MunH

3agaauMcsa Ype3BBIUAHO TTPOCTBIM BOIIPO-
COM: KakuM 06Pa3oM IEPEBO YKPBIBAET OT JI0K-
na? Konewyno, o majbMme, JHCTOM KOTOPOIi
MO>KHO YKPbITb CTa/I0 CJIOHOB, peub He ujeT. Ho
BE/Ib OT JIOK/ISI MOKHO CIIPATATHCS U TIOJI €JTbI0,
u 11oJ1 6epe3oii. UTo jke TPOUCXOIUT TP ATOM ?

He cremmre ¢ oTBETOM, KOTOPBIN HAIpaIITH-
Baercs caM co60ii, — UTO KaTlJIHh 3a/IePXKUBATOT-
cst Ha JINCThsIX. Besb Gosibiiie By X-Tpex Karie-
JIeK Ha JucTe He yaepsknutcsi. He gymaiite, 4ro
KaIlJIi UCTIapsIioTCS ¢ JUCTHEB BO BPEMS JI0K-
11, — BJIAYKHOCTD CTOJIb BEJIUKA TIPH JIOK/IE, UTO
JIasKe BBICTHPAHHOE Oejibe He COXHET.

Kak jxe masenbkue JucTbsi, a TeM OoJiee
€JIOBbIE MJIU COCHOBBIE MTJIbI, CIIACAIOT OT JIOK-
ns1? Vi Mt o6ManyJin ce6st, CIPSITABIIUCD IO/
JIePEBO, KOT/IA ... PAa3bITpaiach HETIOTO/1a: MOJI-

Ony6aukoBano B «KBante» Ne7 3a 1991 rox u
«KBanre» Ne4 3a 1992 roj.

2020/ Nel

COXpaHeHusd.

3akoyeHne

Takum o6pasoM, HAUYAB C U3YUYEHUST CBETO-
BbIX BOJIH, (PU3UKM MOCTENEHHO IPUIILIN K
MeXaHWKe KBAaHTOB, OYEHb HAIIOMUHATOIIEN
MeXxaHWKy HbioToHa, TOTbKO ¢ TeMu 06001Ie-
HUSIME, KOTOPbIe TIpUHecTa ¢ co00i Teopust
OTHOCHUTEJIBHOCTH.

Poskenne HOBOI HayKW BCET/Ia TTPONCXO-
JIAJIO TaK, 4TO B HEll MPUYY/IJINBO TIeperyieTa-
JINCH pa3Hble, B MPOIILJIOM [IAJIEKO CTOSIIIE
JIPyT OT ipyra (haKTbl 1 BBISBJISLINCH CBSI3U,
He 3aMevaeMble pamee. TepMOIMHAMUIKA, KH-
HETUYEeCKasi TEOPHs Ia30B, 3JIEKTPOMHAMIU-
Ka, OITHKA ¥, HAKOHEI], TEOPUSI OTHOCUTE b~
HOCTH — BOT TOT (PYHJAMEHT, HA KOTOPOM 13
dopmyanr [lnarka BBIPOCTO 37aHUE COBpe-
MEHHOU (PU3UKH.

HUSI TaK U CBEPKaJa, a [O0XKIb JIMJI KaK U3
Beapa» (T.X.Anzgepcen)?

Kak mokasbiBaer ;KUTEHCKUN OmbIT, Gepe3a
NJIn eJIb — U He Xy)}(e, 4qyeM I1aJjJibMa — Z[eﬁCTBPI-
TEJIbHO CTiacaeT oT A0xas. 1 BoT kKakum o6pa-
30M.

Kamua, ynas na jmcr (Wm urosiky), cbessxa-
eT, KaK 110 KaHATHOM JIOPOTe, Ha CAMYIO y/laJIeH-
HYIO OT CTBOJIa YacTh Jincta — ocrpue. C octpust
KISl CPBIBAETCS W... TAJIAET HA CJIYIOIHii
JIUCT, PACIHOJIOXKEHHBIN HIDKE. B 103K1IMBYTO
MOTO/ly B JIECY MOKHO YCJIBIIIATH <...MHOKe-
CTBO paS]IH‘IHbIX OTTEHKOB CTyKa JTOJK1EBDBIX
KareJib, a/IalolnX ¢ JUCTa Ha JUCToK> (Map-
ceJab DMe), U YBUIETh, KakK <«...0exkata ¢ da-
[IEYKU HA YAlIeYKy IPO30il OJypeHHAas Biaras
(B.Iacrepnax).

CxatpiBasich ¢ ymcra (Mroskn), Kamis yja-
JIIETCST OT CTBOJIA HA TPHU-YETBIPE CAHTUMETPA.
A BCTpEeTUB HA MYTH JIECSTD, JABA/IIATD JHCTHEB
(ur.r), ona Gyzer OTGpoLIeHA Ha 3HAUYNTENbHOE
paccrosinne. Kak Gy/JATO 1TPOCTO TPOKATUJIACH
110 KPBIIIIE.

Bot 1 Bce.

E.T'yposuu
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KpVBble pakOHa

H.BACUJIBEB, B.N'YTEHMAXEP

YTo Takoe KpuBas n nomMaHasa gpaKoHa

BosbMure [IMHHYTO TTIOJOCKY OyMaru, cJio-
JKUTE ee TIo1oJaM u eie pas nomnosam. Ciio-
JKEHHYIO MOJIOCKY TI0JIOKUTE peGPOM Ha CTOJ
U pasBepHUTE TaK, YTOOBI YTOJI [IPU KaXKOM
cru6e 6p11 pasen 90° (puc.1). Ecai cMoTpers
CBEpXy, TO BUJHA JIOMaHasl JUHU, n306pa-
JKEHHasl Ha PUCYHKaX 2,ad Wi 0.

[Ipu Tpex CKJIAABIBAHUSAX MOJOCKH TIOTIO-
JIaM yoKe TTOJTy4aloTCsI CYTECTBEHHO Pa3J/Iind-
uble JoManble (puc.2,6 WK 2) B 3aBUCHMO-
CTH OT TOTO, KaK CKJIAJBIBAETCS IOJIOCKA.
Ecsin m0JIOCKY CKJIA/IBIBATD YETBIPE pasa u
60JIBIIE, A 3aTEM PA3BOPAYNBATH €€ CTHOBI /10
OPSIMBIX YTJIOB, MOXHO MOJYYUTh MHOTO
pasJnyHbIX JoManbix. Ha pucynke 3 moka-
3aHa O/[HA U3 JIOMAHbIX, MOJIYYAIOIIXCS TPH
[SATH CKJIABIBAHUSX TIOTIOJIaM.

[IpakTuyeckn BaM He yAacTCs CJIOKHUTD
MOJIOCKy Gymaru GOJIbIlle CeMU pa3 — Bellb
yiKe TIPU BOCBMOM CKJIAJBIBAHUU TIOJIYYH-
noch 6ot 2° = 256 cioeB! OfHAKO MBI CKOPO
HAYUYUMCST PHCOBATH JOBOJIBHO JIJINHHbBIE Ta-
KHe JioMaHble, 00Xo/sich Ge3 mosocku. Ha
pHCYHKe 4 m300pa’keHa O/[HA M3 JIOMAHBIX,
KOTOpast MOJYYHIach Obl, €CJIi Obl MbI CKJIa-
JbIBajan nosocky 12 pa3. Ona cocrout us
2% = 4096 3BenHbes.

Jlerko y6euthbest B TOM, UTO €CJIU CKJIA/IbI-
BaTh MMOJIOCKY 60Jiee TPEX pas, TO MOCJIe Pa3Bo-
pauyrBaHKsl HEKOTOPbIE ee YIJbl 00513aTeJIbHO
6ynyT <«kacatbesi» Apyr apyra (puc.2,2 u

!

Omnyo6snkoBano B «Ksante» Ne 2 3a 1970 roz.

Puc. 7

puc.3). V3-3a MHOTOYHCJIEHHBIX TaKHX Kaca-
HMIl Ha JJIMHHBIX JIOMAHBIX MECTaMU I0JIyda-
ercst cetka. UYTo6bl pasobparbes, Kak WAET
JIOMaHast, MOKHO 3aKPYTJIMTh Y Hee yrJibl (Tak,
KaK II0Ka3aHo Ha PUCYHKE 3 IIBETHOI JIMHUET).
Ecim mipopenats ato Asig JioMaHol, u3o0pa-
JKEHHOI Ha pUCYHKe 4, TO IOJTyYUTCS 3aMbICJIO-
BaTas JMHMSA. OJTOT PUCYHOK U TIOJICKA3aJI
amepuranckomy ¢dusuky [xony XeiBeio
(Heighway) wassarune <«kpusvie Opaxonar.
Tor, kTO KOT/1a-HNOY/1b BUJIEJ JIPAKOHA, MOT ObI
HO/TBEP/UTD, YTO OH BBIIVIJUT MMEHHO TaK.

Kak pucoBaTtb AfIMHHblE
nomaHble gpakoHa?

Mpb1 OyzneM HasbIBaTh JIOOYIO JOMaHYIO,
HOJIyYeHHYI0 13 OYMasKKH, CJIOKEHHOI 110-

-

=
a) 6) ;

CoOTBETCTBEHHO:

.

LT

8) 2)
o—
Puc. 2
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Puc. 3
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2020/ Nel

moJiaM 7 pas, pasBopaynBaHUeM CrU6GOB JI0
90°, somanou dpaxona pauea n. Boisicaum,
KaK YCTPOEHBI JIOMaHble APAKOHA U KaK WX
PHUCOBATH [JIST IOCTATOYHO GOJIBIIUX 7.

ITepsbiii cioco6. JlomManast [pakoHa paHra
n cocTonT u3 2" 3BEHbEB U COOTBETCTBEHHO
umeer 2" — 1 Bepumn (e cyuTAsS KOHIIOB).
Takum 06pa3oM, y Hee eCTh CPEIHSS BepIIIH-
Ha (ipu 7 > 0), MOCKOJIbKY YMCJIO BEPIIUH
HeueTHo. Ha pucynkax 2 um 3 y Kaxaoi
JIOMAHON CpeHsisd BepIINHA OTMeUYeHa 3eJie-
HBIM KPY>KOYKOM. MOJKHO IOJMETUTH, YTO
Ka)K/1as U3 9TUX JIOMAHBIX COCTOUT U3 JABYX
OJIMHAKOBBIX KYCKOB, TOJIYYAIOUMXCS [PYT
n3 apyra nmosoporoMm Ha 90°. Oka3biBaercs,
aTO 06I1asi 3aKOHOMEPHOCTD.

Teopema 1. Ecau npodonxums a106y10
AOMAHYI0 OPAKOHA pAHzd N C KOHUYOM 8
mouxe O mouno maxou xe J0MAHOU, NOJY-
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Puc. 4. Takas nomaHas («[71aBHas TIOMAaHas [PakoHa») rnosy4aercs, €, Ha9MHasa C OTPE3KA, KaXaAbIv
Pa3 roBopaqnBaTh MPEabIAYLLyO JIOMAaHyO B O4HY U Ty Xe CTOPOHY. Ha pucyHke 3 n30bpaxeHo
Hayvano 31ovi nomarovi (32 38eHa), Ha 31om pucyHke — 4096 3BeHbeB. EC/v 7IOMaHyI0 PpogoNXKaTh
TaKUM Xe 0Opa3oM [a/bLUE, TO OHa byAeT MEQIEHHO 0b6XOAMUTh BOKPYI CBOEro Ha4asna, Aesas OfuH
10/1HbIYI 0OOPOT 3a 8 «yABOEHMI. KPACHbIE TOYKU JIEXAT HA SI0rapU@MUYeckor Crivpann. s Tex,
KTO 3HAKOM C [10719HON CUCTEMOV KOOPAMHAT, Mbl MOXEM HArcarb ee ypasHeHune: ¢ =log r, rge r,
© — [10/IAPHBIE KOOPANHATBI, a = 2™



KPUBBIE JAPAKOHA

Puc. 5

N

Puc. 6

ueHHoU u3 dannou nosopomom na 90° 6oxpye
mouxu O, Mo NOAYUUMCS IOMANAsL OPAKOHA
panza n + 1, u o6pamno, mobas romanas
dOpaxona panea n + 1 noayuaemes u3 nexo-
MOPOTL IOMANOU PAHzd N IMUM CROCOOOM.

B camomM siesie, JI0IyCTHM, Mbl XOTUM CJIOKUTDH
noJsiocky n + 1 pas nonosam. CJIoKUM ee cHavyaIa
opun pa3 monosaM. Torga aBe ee MOJTOBUHKH
COBITA/IYT W MIPH AAJTbHEHIINX CKJIAJbIBAHUSAX Gy-
JIyT Cru6aThest TOMOJIaM COBEPIIEHHO OMHAKOBO
(puc.5). Tenepn passepuem na 90° nocseauue n
cru6oB mosocku. IlonydnM jBe COBIAJAONME
JIOMaHBIE JPAKOHA PAHTA 77; OCTAETCST PA3BECTH UX
Ha 90° — ¥ MBI TOJTYYMM JIOMaHYIO J[paKOHA paHra
n + 1 (puc.6). oaymaiite, Kak U3 aTUX cO0Gpa-
JKEeHUil BbIBECTH 002 YTBEPIKIACHUS TeopeMbl 1.

[Tonb3yscnp Teopemoii 1, Jierko pucoBaTb
JUINHHDBIE JIOMaHble /[PaKoHa.

[Tockouspky mo6as ioMaHas [pakoHa UeT
10 JIMHUSAM KBaJpPaTHON CETKH, ee yA0OHO
pucoBaTh Ha KJeTdaToil Gymare.

BosbMeM s06y10 KOPOTKYIO JIOMAHYTO pa-
KoHa (HampuMep, MPOCTO OTPE30K). Y CJo-
BUMCSI, 9TO O/IHA U3 ee¢ KpalWHUX TOYeK —
Havayo, a apyras — koueil. [Ipogosmxum ee
TaKOM JKe JIOMaHO1, MOBEPHYTOH OTHOCHUTE b~
HO ee Konua Ha 90° 1o (u/u IpoTUB) YacoBoii
crpesike. [losyuennyio HOBYIO JIOMaHYIO Ta-
KIM ke CII0cO60M TIPO/I0JIXKAeM OT KOHIIA; TaK
[IPOJIEJIBIBAEM CTOJIBKO Pa3, CKOJBKO 3aX0-
YeTcs U CKOJIBKO CMOKEM. JTO aBTOMATHYECKH
1 GBICTPO MOKHO JIEJTATh, €CJIN MO PYKO €CTh
KaJbKa WJIH, eTne JIydle, cJerka Mpo3pavHast
kaerdatass Gymara. (ITogymaiite, kak!)

O4eBUHO, TOUHO TaK K€ MbI MOKEM CPa3y
pHUCOBATH U KPUBBIE IPAKOHA: HYKHO TOJHKO
KKJBIN pa3 3aKpyTJsiTh CpeAHuil cruo.

3ameyaresibHOE CBOICTBO BCEX KPUBBIX
JIPAKOHA 3aKJIOYAETCSI B TOM, U4TO OHU CAMU
cebs He nepecexaiom, UU, UMO MO Ke
camoe, JoManvie OPAKOHA HUKO20d He Npo-
X005mM N0 00HOMY U MOMY Ke Ompe3Ky
deasxovi. TakuMm 06pa3oM, XOTsS JOMaHas
JIPaKOHa MOKET JABasK[bl TIPOXOAUTH Yepe3
OJHY ¥ Ty ke TOYKy (BEpIINHY CETKH), HO
6oJiee IBYX pa3 OHA B OJIHY ¥ Ty JK€ TOUKY He
MOMA/AeT.

U3 teopembr 1 cpasy He BUIHO, KaK JIOKa-
3aTh, YTO JIOMAHbIE [PAKOHA HE MPOXOJSAT
JIBK/IBI 110 OJTHOMY U TOMY K€ OTPE3KY, —
HaoGopot, yeM GoJiee [IJIMHHBIE U 3aIlyTaH-
HbIE JIOMaHble WM KPHUBbBIE PUCYEIb, TeM
6oJiee yAIMBUTEIBHO, KaK y/IA4HO UX «BBICTY-
Mbl» U «BIAMHBI» TOAXOAAT APYT K IPYTy
(eM. kpuByIo IpakoHa «[1apoBo3» Ha PUCYH-
Ke 15).

OHaKo HETPY/THO 3TO I0Ka3aTh (cM. 3a/1a-
qy 9), HCIOJB3Ysl APYTYIO TeopeMy 06 <«yii-
BOEHHU» JIOMAHbBIX JPAKOHA, KOTOPAsi, KCTa-
TH, JIA€T ellle OJMH CIocOo0 PUCOBATD JJINH-
HbBIE JIOMAHbIE.

Bropoii cnoco6. Ha pucynke 7 BepuHb
YEePHBIX JIOMAHDIX JPAKOHA COEIHHEHBI KPAC-
HBIMH OTpPE3KaMu 4epe3 OJiHy. Mbl BUAUM,
YTO KPACHbIE OTPE3KH CHOBA COCTABJISIIOT
JoManpie apakoHa. OKasbIBaeTcsi, 9T0 TOXKE
00111asi 3aKOHOMEPHOCTb.

Yro6bl TOUHO ee cPopMyInpoOBaTh, 3aMe-
TUM ellle, YTO Ka’KABbIH KPACHBI OTPE30K
SIBJISIETCST TUTIOTEHY30# pPaBHOOEIPEHHOTO
IPSIMOYTOJBHOTO TPEYTOJTHHUKA, KATEThI
KOTOPOTO — 3BeHbsI UCXOAHOI JoMaHoi (Ha
PUCYHKE TPEYTOJbHUKH CJIErKa 3aKPallieHbl),
IPUYEM KaxK/Ible JIBa COCEJIHUX TAKUX TPEY-
TOJIBHUKA MOJIYYAIOTCST JIPYT U3 J[PYyra M0BO-
porom Ha 90° BOKpPYT UX OO6Iell BEPUIUHDI;
JIPYTUMHU CJIOBAMH, €CJIU WJTH BJIOJIb KpPac-

Puc. 7
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HO¥ JIOMaHO# JIPaKOHA, TO 3TU TPEYTOJIbHU-
KU OYZIyT BCTPEUATHCS TIO0UYEPEIHO TO CIIPa-
Ba, TO CJeBa.

Teopema 2. Ecau na kaxoom 3eemne aoma-
HOU Opakouna pamed n, KaxK Ha zunomenyse,
noOCMPoOUmMs NPAMOY2OILHBLI PAGHOOEIpeH-
HOLIL MPeY2oTbHUK, NPULeM MAK, 4Mobvl 015
06Yx coceOnux 36enbes IMU MpPeyzoibHUKU
NOAYUANUCH 00UH U3 OPY2020 NOBOPOMOM HA
90° omuocumenvrno obweil eepwunsl, MO
Kamemul NOCMPOECHHBIX MPEY20JAbHUKOE CO-
cmasasiiom aomanyio opaxkona pamvea n + 1.
U naobopom, xaxoyio romanyio parnzan + 1
MOKHO NOAYUUMD IMUM CROCOOOM U3 HEKO-
MOPOLL IOMAHOU paAH2a n.

B camoM zieste, IpocJIe M 3a MOCTIEIHUM CKJIa-
JIbIBAHNEM TIOJIOCKH TIoTto1aM. [l yio6¢TBa Mbl
Oy/ileM CChIIAThCST HAa YCJOBHBIN PUCYHOK 8. MbI
XOTHM CJIOKHTDh MOJOCKY TormosaM 7+ 1 pas.
C/103kuM ee cHavaJsa 7 pa3 u IMOCMOTPHUM Ha Hee B
npoduis (kpacHasg JuHUSA). 3aTeM CIOKAM ee
ele pa3 MoroJaM U PasBepHeM ITOT MOCJeIHUT
cru6 Ha 90° (uepnag jmumsa). Temepb GyMakka
uger ot cru6oB A k crubam B u o6paTHO HE 0
TUIIOTEHY3e, a 10 KaTeTaM PaBHOOEAPEHHOTO Mpsi-
MoyroJbHOro Tpeyrosabhnka ABC. Paspepuem
Temeppb Bce ocTagabHbie cru6br 1o 90° (Ha pucyH-
Ke 9 1MoKa3aHo, Kak pa3BOPAuMBACTCS OT/CJIbHBII
cru6). Torga KareTbl MPSMOYTOIBHBIX TPEYTOJIb-
HUKOB 00pa3yIoT JIOMAaHYIO JipakoHa panra n + 1,
a THMOTEHY3bl — paHra 7.

[Tosb3ysich aTUMU COOOPAKEHUSIMHU, JIETKO JI0-
Kazarb 0062 yTBep:K/ieHus TeopeMbl 2. Bbl MoskeTe
onpo6oBaTh JIaTh IPYTOe /J0KA3aTeTbCTBO: BbIBe-
CTH TeopeMy 2 U3 TeopeMbl 1.

A\ ) B
A Z
Puc. 8 C
7)
—>
Puc. 9

2020/ Nel

C 1IOMOIIBIO TEOpEMbBI 2 U3 KasK/0# JoMa-
HO¥ JIpaKoOHa paHra 7 MOKHO TIOJIYYUTH /[BE
pasHbie JIoMaHble paHra n + 1: Bce 3aBUCUT
OT TOTO, TI0 KaKyI0 CTOPOHY OT IIEPBOT0O 3BE€HA
,[IOCTpOI/ITb TpeyTOJIbHI/IK.

OépaTI/ITe BHUMaHUE Ha TO, YTO KOI'la MbI
MePEXOIMM OT JIOMAHOU paHra 7 K JJOMaHOU
paara n + 1 mo Teopeme 1, To JoMaHad
MOJTy4aeTcs BJBOE JIUINHHEE, a IVTNHA KaXK/[0-
IO 3BeHa He MeHseTCsT; eC/IU YK€ Mbl [0JIb3Y-
eMcs IS <y IBOCHUST» TEOPEMOIi 2, TO JIJINHA

JIOMaHOM YBEJIMIYNBAECTCS B \/5 pas3, a [IJInHa

3BEHA YMCHDBIIACTCS B V2 pas.
[Torpenupyiitech Tenepb B pUCOBAHUU JIO-
MaHBIX /[PAKOHA C IIOMOIIbIO TEOPEMBI 2.

Cnosa

CBOCTBO, 0 KOTOPOM H/IET PEYb B T€Ope-
Me 2, MOKHO OOBSCHUTH COBCEM MPOCTO,
€CJIM TIOCMOTPETD Ha JJoManbie Apakona (nim,
€CJIM YTOJIHO, Ha CIIOCOODI CKJIAbIBAaHUS Oy-
MasKK1) HECKOJBKO C MHOM TOYKHM 3PEHUS.

[TycTtb Mo oMaHoO /pakoHa MoJI3eT yepe-
naxa (pmc.10). Kaxapri pas, xorma oHa
JIOTIOJI3a€T JI0 BEpINWHBI, el TPUXOAUTCA
noBopauyuBarh Ha 90° HAJEBO WJIM HATIPABO.
C TOYKM 3peHUs uyepenaxu, ee myTb Gyer
OTIPEIETISITHCS TTOCEI0BATETBHOCTHIO TIOBO-
poroB. Hampumep, MJist JoMaHO# HA PUCYH-
ke 2,a (Hauaso B KpacHoii TouKe) aTa Moc.1e-
JIOBATEJIbHOCTD OYIET BBITJIS/IETh TaK: HaJe-
BO, HAJIEBO, HATIPABO.

Bynem noBopot HampaBo 0603Ha4aTh OYK-
Boil R (right), nosopor nameBo — GyKBOW
L (left). Torma Bcs JOMaHasg 3anunIeTcs
TAKUM <CJIOBOM» '

LLR

Puc. 10
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(«CJI0BOM» BO MHOTHX pas/ieJiax MaTeMaTu-
KU U JIOTUKU Ha3bIBAIOT MPOCTO JIOGYIO MOC-
JIe10BaTeIbHOCTh 6yKB) . TOUHO TaK ke MO3K-
HO 3aricaTh ¢JI0BoM u3 6ykB L 1 R so6yio
JIOMaHYIO JIPaKOHa.

UTo6BI TOJIYIUTh W3 JIOMAHOHN @ JIOMaHYIO
6 (cM. pue.2), HyRKHO OyMaKKy CJIOKUTD
emte oanH pasz «Haneso» (cm. puc.2,6 u 11).
[Ipu 5TOM MEK/Iy KasKIbIMU [[BYMsI BEpIIH-
HAMU JIOMAHOIl ¢ BO3HUKHET ellle 110 OJHOMY
MMOBOPOTY, TIpUyYeM Ha pucynke 11 xoporiro
BUJIHO, YTO STU HOBbIE TOBOPOTHI GY/yT
4epeIoBaThCsT; TAKUM 00PA30M, TIOJYIUM

LLR
LRLR
T. €. CJIOBO, SIBJIAIOLNIEECS 3alHChIO JIOMAHOH 6.

[Tpn emte ogHoM crube HATEBO MBI TTOJYYUIN
6bI JIOMAHYIO, XapaKTepU3yeMyIo CJI0BOM

LLRLLRR
LRLRLRLR

— LLRLLRR,

— LLRLLRRLLLRRLRR.

HauepTure sty Jjomanyio. 910 — I'nmaBHas
JoMaHad JipakoHa panra 4. Ecim xorure,
3aKPYIJIUTE Y Hee YIJIbl, KaK 3TO IPE/JI0MKNI
Xeiiseil.

Ecau Bbl nmpozesiaete HaJl HOCJAEAHUM 110-
JIyUEHHDBIM CJIOBOM TY e OIlepallMIo elle pa3
(cHOBa HAYaB MOCJEOBATETBHOCTD YePey-
formuxcest 6YKB ¢ L), To mosrydute ¢JioBo us 31
OYKBBI — 3amuch [ TaBHOI JJOMaHO# [pakoHa
panra 5, u306paskeHHON HA PUCYHKE 3.

Pasymeerca, 1oc/enoBaTe/IbHOCTh vepe-
nytormuxcst OyKB MOXKHO HA4MHATD He ¢ L, a
¢ R — ripu aTOM MOJTy4aTCs IpyTHeE JIOMaHbIe.

Jlerxo Bu/ieTh, 4TO HaII CIOCO6 N3TOTOBJIE-
HUA CJI0BA [IJ15 JIOMaHo# panra n + 1 u3 cioBa
JUIS JIOMAHOW paHra 7 B TOYHOCTH COOTBET-
CTBYET TEOMeTPHUYECKOMY CIocoby yaBoe-
HUS, O KOTOPOM HJeT pedb B TeopeMe 2
(HOBBIM GYKBaM COOTBETCTBYIOT [OCTPaMBa-
eMble TpeyroJibHUKM). Boolie Bcio «Teo-
pHUIO» JIOMAHBIX JIPAKOHA MOKHO OBLIO ObI

L
L

Puc. 77

CTPOUTH HE TEOMETPUYECKU — C ITOMOIIbIO
MTOBOPOTOB, IOCTPAUBAHUS TPEYTOJbHUKOB 1
T.M., a «aare6pandecKu»— ¢ TOMOIIBIO OTle-
parmii Haj cjaoBamu u3 AByX O6ykB L u R,
«3alUCAMU» JOMaHbIX JpaKoHa. !

Uuraresb CMOXKET YaCTUYHO TIIPOJIEIATh
ATOT MyTb U MMO3HAKOMUTHCS C TIEJTbIM PSJIOM
MHTEPECHBIX 3aKOHOMEPHOCTEH, KOTOPBHIMU
06J1a/1atoT CJI0BA — 3aIMCH KPUBBIX JPAKOHA,
perras HIsKecJaeayonme 3a/1aun.

3apaum

1. Kakoii AJMHbI HA/I0 B3SITH MOJOCKY, YTOODI,
caoxus ee nonoJsiaM 30 pas, MOJTYYUTb PACCTOS-
HIle MEXK/IY COCeHUMU crub6amu paBHbIM 1 cM?
Boabuie nian Menblie paccTosTHUSA OT 3eMJIH /10
Jlynbr?

2. Kak usMeHUTCS JIOMaHas [APAKOHA, eCJIH
moJiocky OyMars IOJIOKUTb Ha CTOJI JIPYTHM
pe6poM? Kax M3MeHUTCS IIPH 9TOM CJIOBO, 3aITH-
CBIBAIOIIEE JIOMAHYIO?

3. a) Ckosbko cymectByer paszaudnbix (He
HOJOGHBIX JIPYT APYTY) JOMAHBIX JPAKOHA PaH-
ra 4? Hapucyiite mx Bce. Hammmmre cooTser-
CTBYIOIIME UM cJioBa U3 OyKB L 1 R.

6) CKOJIBKO CYIECTBYET Pa3JIMYHbBIX JTJOMAHBIX
panra n?

4. [lomycrtum, 4TO ueperaxa IpOIOJ3JaA 10
JIOMAHOU JIpakoHAa W MpouJia cJ0BO U3 OYKB L u
R. Kakoe cJ10B0 0Ha IIPOYTET, €CJI IIPOIOJI3ET 110
3TOH JIOMaHON B 0OpPaTHOM HaIpaBJIEHWUH?

3. Ilyctpb s — Hexkoropoe cioBo u3 6ykB L u R.
O0603HaUNM 4epe3 S CJI0BO, KOTOPOE MOJIYIHTCS
U3 S, eCJIU TIePecTaBUTh B HeM GYKBBI B 00PATHOM
nopgjake u 1morom nomeHATb L Ha R u R Ha L.
(Hanpumep, ecin s = LLR, 105 = LRR.)

ITyctb s u ¢ — HeKOTOpDBIE cJI0Ba U3 OYKB L 1 R.
Bynem o6o3Hauath yepes st CJI0BO, HOJIydalole-
ecsl, ecJ cJIoBa S M ¢ HAIUCATD PSJ/IOM.

Jlokaskure, 4TO:

a) Jlnst mo6bIX CoB s u t

st=ts .

6) Ecint s, — CJIOBO, COOTBETCTBYIOIIEE JIOMA-

HOIl fipakoHa panra n + 1, To

St = XSy,

! Mnmenno taxoii croco6 usmoskennst nsGpasm
matematuku KHyT n /[oBHC, IO pyKOIHICH KOTO-
poix «Number representations and dragon curves»
(Ch.Davis, D.E.Knuth) aBrops! cTaTbu BriepBbIe
TTO3HAKOMUJINCh C KPUBBIMU ApakoHa. V3 aroii
PYKOIINCH 3aUMCTBOBAH M Psii PUCYHKOB JIJINH-
HBIX KPUBBIX J[PaKOHA.
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rie s, — HEKOTOpPOe CJIOBO, COOTBETCTBYIONICE
JIOMaHOI1 JIpaKOHA paHra 7, a X — CJOBO, COCTO-
sitee U3 OJHON OYKBBHI.

B) Ecimn s, — CIIOBO, COOTBETCTBYIOIEe JIoMa-
HOHl JpaKkoHa, TO s, OTIMYACTCA OT S, TOJDLKO
OIIHOI cpejHeil GyKBOii.

r) CJ0BO, 3ammchIBaiolee JOMaHylo ApaKoHa
paHra 7, MOKHO ¥ IPUTOM €HHCTBEHHBIM 00pa-
30M TIOCTPOWTDb, €CJU 3a/JaTh IPOU3BOJIBHO 7
OYKB, KOTOPbIE JIOJIKHBI CTOSITH B ATOM CJIOBE Ha
MecTaxX ¢ HoMepaMu 2k, rnek=0,1,2,...,n—1;
MOCJIe ATOTO, YTOOBI HAlITH, KaKas GYKBa CTOUT HA
Mm-M MecTe, HYXXHO IIPEJCTaBUTb M B BHJE
m=2"(21+1), rue ku [ uenvie; ecan [ ueTHo, T0
Ha m-M MeCTe CTOUT Ta ke OYKBa, 4TO U Ha 2k-M,
eci [ HEYETHO — TPOTHBOIOJIOKHAS.

1) IBa cioBa S, U s, 3a/al0T OJUHAKOBbIE
no dopme (nogo6HbIe) TOMaHbIE IPAKOHA B TOM
M TOJIBKO B TOM CJIy4ae, ecJiu T10CJe BblYepKIBa-
HUS cpejiHeit GYKBbI 3TH cJI0Ba J1O0 COBIIA/IAIOT,
Jin60 OJIHO MOJIYyYaeTCs U3 APYTOro 3aMeHoil L Ha
R u R na L. (Hanpumep, cioBa LLRLLRR,
LLRRLRR, RRLRRLL, RRLLRLL 3amator
O/IMHAKOBbBIC JIOMaHbIE. )

6. ITycTp MBI MMeeM JIOMAHYIO JPAKOHA paHTa
n. V13 Hee MOKHO TIOJIYYHUTD JIBE JJOMaHbIe JPaKo-
Ha panra n + 1, moab3ysich 6o TeopeMoit 1
(mpurnMag 3a Touxy O TOT WM APYTOH KOHeI[
JoMaHoi ), 6o Teopemoit 2 (jlocrpanBast Tpey-
TOJIBHUKK B Ty HJIH JIPYTYIO CTOPOHY). Byayr nn
B 060MX CJydasX TOJIy4aTbCs T€ XK€ camble JIBe
JioMaHble Jpakona panra n + 1 wau, BooGiie
roBopsi, apyrue? Kak mosyyaTb X cJoBa U3
cJIOBa JJaHHOH JIOMaHO#l paHra n?

7. Ha mnmockoctn mausl aBe Touku A u B.
Haueprum KBagpaT ¢ IEHTPOM B CEPe/IUHE OTPE3-
Ka AB, oaHa m3 CTOPOH KOTOPOTO paBHa 2AB u
napaJiiesibia orpesky AB. Jlokakure, 4TO JIO-
Oast JJoMaHasl PaKoOHa ¢ KOHIAMHU B TOYKaxX A u
B nexxut BHYTpH 9TOTO KBajJipaTa. /Jlokaxkure, 4To
N mo60it Toukn M BHYTPH 9TOTO KBajpara u
J11060TO TIOJIOKUTETBHOTO YHCIa € MOKHO HalTH
TaKyl0 JOMaHylO JApakoHa ¢ KoHmamum A u B,
KOTOpast MPOXOAUT OT TOYKM M Ha pacCTOSTHUM
Menbiie € (ropops MaTeMaTHYeCKUM S3BIKOM,
«00beIMHEHNE BCEX JIOMAHBIX JIPAKOHA € KOHI[A-
Mun B Toukax A w B Bciogy TJIOTHO B 3TOM
KBajpare» ).

8. IlycTp yepernaxa IoJI3eT IO TJIOCKOCTU M3
TOYKU A € MMOCTOSIHHON CKOPOCTbIO — BHAYAJIE 110
Hampasiennio AB, a 3ateM depe3 Kaxisie 15
MuHYT noBopauumBaeT Ha 90°. [loxaxure, uTO
BEepPHYTbCs B A deperaxa MOMKET JIMIIb 4Yepe3
1eJI0e YHUCJ0 YacOB U JIMIIb [0 HAIPaBJEHUIO,
TepIeHANKYIIpHOMY K AB.
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9. [lokaxknTe, 4TO JOMaHas APAKOHA HUKOT/A
He TIPOXOJMT MO OJHOMY M TOMY K€ OTPE3KY
6oJiee OJTHOTO pa3a.

10. [dokaskute, 4TO €CJU JIOMAHYIO J[PAKOHA
OBepHYTbh BOKpYT ee Havasa O na 90°, 180°,
270°, TO W3 TOJYYEHHBIX YETBIPEX JIOMAHBIX
(BKJIIOYAsT MCXOJHYI0) HUKAaKhe JIBE He MMEIOT
00IIIero OTpe3Ka.

11. PaccMoTpuM MHOKECTBO JIOMAHbBIX A, 00-
JIAJIAIONINX TAKUMU CBOWCTBaMu: A umeer 27"
3BEHbEB PABHOI AJMHbBI,  eCH e Paséuth Ha 2k
KYCKOB TI0 2""* 3penbes B KaxIOM KYCKe, TO JIBa
COCEeJTHUX KYyCKa IOJIYYaloTCsl OJWH W3 J[PYTOTO
OBOPOTOM BOKPYT o6mieii Bepiunbt Ha 90° (a1
mo6oro k). JIoKaxkure, 4TO 3TO MHOKECTBO JIO-
MaHbIX B TOYHOCTH COBIIAJACT C MHOXECTBOM
JIOMAHBIX [IPAKOHA PAHTa 7.

12. BBemem Ha kJeTyatoil Oymare CHCTEMY
KOOP/AMHAT, HANPABUB OCH MO JUHUSAM CETKU H
B3B 3a EAMHUILY Macimitaba CTOPOHY KJETKH.
Bynem pucosatp I'maBHyto JoMaHyio apakoHa
TaK, YTOODI IIEPBLIMU TPEMS €€ BepITHHAMU ObLIH
touku (0;0), (0;1), (1;1). Moabaysach Teope-
MOIT 1, MOJKHO TIPO/IOJIKATD ATY JIOMAHYIO CKOJIb-
KO YTOJHO pa3: Mbl 6y/ieM TOJIy4aTh MOCTIeT0BA-
TeJIbHO JIoMaHble panTa 1, 2, 3,... MoxHo nipe-
CTaBUTH cebe, 4TO Mbl HAPUCOBAJIU WX BCE U
HOJYIHIH  OeCKOHeUNY1o AoMAnylo OpaKona
(Tnasuyio 1oManyio pakoHa panra o). Ee nep-
Bble 2" 3BeHbEB 06PaA3yIOT JOMaHyI0 paHra 7.

JlokaskuTe, 4TO:

a) Kownern raxoii momaHnoii panra n 6yet Haxo-
JINTHCST B TOUKE

n n

5 m o> . TN
22 cos—; 22 sin —
4 4

(KpacHble TOYKM Ha PUCYHKE 4).

6) CioBo, gBJAIONIEECS 3allUCHIO ATOH JoMa-
HOI, MOXKHO ObIcTpo HamucaThb Tak. CHauaja
3amucbIBaeM uepeayioniiecs: 6yksel L n R, oc-
TABJISIST MEXK/y HUMHU MPOMEKYTKU [IJIST TPOITY-
meHHbIX 6ykB: L_R_L_R L R L_R..., a3areMm
MOCTyTaeM cJieayionuM o6pasom. Ilambiem e-
BOIl PYKH yKaskeM Ha IMepByIO OYKBY, a IPaBoii
PYKOIi 3aruineM ee B IEPBBII IPOMEXXYTOK, 3aTeM
JIeBOII pyKoOIl yKaskeM Ha BTOpPYyI0 GYKBY, a IIpa-
BOIl BCTaBUM €€ BO BTOPOI IIPOMEKYTOK, JIEBOI
Ha TPETbIO... M TaK II0CJEJ0BATEJIbHO 10 BCEM
6yxBam (He TIPOMyCcKas BHOBb BCTaBJEHHBIX), a
[PaBoil BHOCUM KaXK/YI0 YKa3aHHyI0 OYKBY B
NepBbIil CBOOOHDII MPOMEKYTOK!

.7
LLRLLRRLLLRRLRRLLLRL...
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Puc. 13. I1a KpUBas roy4aeTcs, e, HaqymHas ¢ OTPe3ka, MOBTOPATh [IPOLECC K yABoeHUs» 12 pas,
rPUYeM 4EePEeROBATH MOBOPOThI 110 1 MPOTUB YaCOBOM CTPE/IKU. YTObbI /yyLLe 10Ka3atk, kak vaer 37a
KpUBAas, Mbl IOBOPaYNBAEM KaxXAblv pa3 He Ha 90°, a Ha 95° (4YepHas /HUS); eCrin YMEeHbLLINTb YITibl
40 90°, TO nonyynTcs KprBas APakoHa, KOTOpas M306paxeHa Ha PUCYHKE LBETHOW JIMHWEV, OHa
3ar10MHAET PABHOMEPHBIM Y30POM PaBHOOEAPEHHDIV MPAMOYIOTbHBIV TPEYrObHUK
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Puc. 14. 31a KprBas ApakoHa paHra 12 vmeer
crieynanbHoe HasBaHme «[lana, mMama u CbiH».
Havigure ee cepeauHy. Moxere /i Bbl cebe
NPeaCcTaBuTe, YTO KPUBAS Pa3OMBAETCS STOM TOY-
KoV Ha B3 COBEPLUEHHO OAMHAKOBbLIX KYCKa,
1071y HaIOLUMXCA APYI U3 [PYra oBOPOTOM Ha
90°? Y706bI MOBEPUTL B 3TO, MPUAETCS, BEPOST-
HO, MPOUITUCE 110 KPUBOU LIBETHLIM K3PaHAALLIOM
OT Ha4asa [o CepenmHb!
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Puc. 15. 3qecb ofHa v3 [ByX 100BUH KPUBOU
(oHa HazbiBaeTca « [1apoBO3») HAPUCOBAHa LiBET-
HOY, 4TOObI 110Ka3atb, Kak 3TU [BE KpuBble
«cyenngTcsy Mexay cobou. OfHa Mo0BUHA
110C/1€ [10BOPOTa €€ BOKPYI CPeqHer TOYKU Ha
90° cosniaper ¢ agpyrovi

»1 ‘ z.‘ D
S 35
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OTBeTbl N YKa3aHusa

1. Menbe: 2% em = 1024° em = (1,024)°10° em =
~1,07 10 M = 10700 &M, a 10 JlyHBI TpIMEpHO
384000 xM.

2. JlomaHasi 3aMEHUTCSI 3€PKAJbHO CHMMeT-
puuHOii. B 3amuchiBaionieM ee cJ0OBe Kaskaas
OyKBa M3MEHHUTCS Ha IIPOTHUBOIOJIOXKHYIO: R Ha
L,al HaR.

3. 6) 2" 2 (npu n = 2); cpaBHuTE ¢ 3aaucii 5,
2, 0.

4. Yepernaxa 1npouTer cJI0BO, KOTOPOE MOJIyya-
eTcd M3 HMCXOJHOTO CJIOBa, €CJU 3aIlucaTh ero
OyKBbI B OOGpaTHOM IIOps/IKE, a 3aTeM BCIOJY
noMeHaATb L Ha R, a R nHa L. 9T0 yTBepsK/cHHe
BEpPHO ISt JII060H jloMaHo. [[jist oMaHbIxX apa-
KOHa HOBOE CJIOBO U3 CTAPOTO TIOJIYYaeTCs COBCEM
MPOCTO — HAJO0 TOJBKO 3aMEHUTb B HCXOHOM
CJI0BE CpeHiolo GYKBY HA IMPOTHBOIOJIOKHYIO
(cm. 3amauy 5).

5. Ucnonbsyiite Teopemsr 1, 2 u 3amauy 3.

6. BooGuie rosops, apyrue (mampumep, s
gomanol RRLLRLLLRRLRRLL).

7. Ucnoabsyiite Teopemy 2.

9. MoskHO TpoBecTH MHAYKIMIO 110 7 (paHry
JIOMaHoit), I0KasaB C IIOMOIIBIO 3aJaul 8, uTO
JlOCTpanBaeMble COTJIACHO TeopeMe 2 TPeyroJib-
HUKH HEe MOTYT IIPHUJIErath JAPYyT K JAPYTy KareTa-
MH.

10. To, uto aBe coceanue momanbie (omyUaio-
necst Apyr u3 jApyra mosoporom Ha 90°) He
UMEIOT OOIIEro OTPe3Ka, BBITEKAET U3 TeopeMbl 1
u 3agaun 9. YUro6bl CTPOTO [10KA3aTh, 4TO [[BE
CUMMETPUYHDIE IPYT APYTY OTHOCUTEJIbHO TOYKH
O soMaHble He MOTYT MMeTb OOGIINEro OTpesKa,
MOJKHO HCITI0JIb30BaTh Teopemy yKopana: «3aMk-
HyTasi HecaMollepeceKalonascs JUHUS JICJTUT
IJIOCKOCTD HA /[BE TaKie 06JACTH — BHYTPEHHIONO
U BHENIHIOW, 4YTO Jobas JUHUSA, OJUH KOHeI]
KOTOPOIi JIE)KUT BO BHENIHEH 06J1acTH, a JpyToii
BO BHYTPEHHEI, Iepecekaer JaHHYIO JUHUIO»;
IIPU 3TOM, IIOCKOJIbKY HAIM JIOMaHble JPaKoHa
MPUXOAT B HEKOTOPbIE BEPIIMHBI 110 /[BA Pa3a,
yao6Hee TepeiiT K KPUBBIM JPAaKOHA.

12. a) Ilposepbre, MOMB3ysCch TeopeMon 1
(uupyxnus 1o n).

6) CpasHnure ¢ 3azaueii 7.



blYNCeHns 0e3 BblYMCIeHNI

A.MUrgAaia

EC/v MatemMatiika — 370 UCKYCCTBO 13-
beratb BbIYUCTICHUY, TO TEOPETNYeCcKas
@u3Ka — 3T0 UCKYCCTBO BbIYMCIATL be3
MaTemaTvku.

bICKA3bIBAHUE, ITPUBEJEHHOE B KA-

yecTBe anurpada, BO3HUKJIO B Pe3yIbTa-
Te CTOpoB (PU3UKOB U MATEMAaTHKOB U HY KA~
eTcs B pagbgcHeHuu. /laxke camble MPOCTHIE
BBIUNCJICHUST B (PU3MKe He 00Xomarcs Oe3
maremaTuku. OIHAKO HA TIEPBOIA, CAMOI BasK-
HOIT cTa/uu paboThbl (PU3NKA-TEOPETHKA, KOT-
Jla ycraHaBJuBaercs (pu3mdeckas KapTHHA

Omny6smnkoBano B «KBanrte» Ne8 3a 1979 rox.

SABJICHUS, MaTeMaTHKa OTCTYTAaeT Ha 3aJHUN
IJIAH U UTPaeT TOJIbKO 1o/IcO6HYI0 poJb. Ho
[Ipek/le YeM TOBOPUTb O CBSI3U (DUBUKU U
MaTeMaTUKHU, CJeAyeT HOACHUTb, YTO TaKoe
TeopeTnyecKas (pu3mMKa.

Kak pa6oTtaioT punsmkn?

IJkcnepuMeHTaTopbl U TeopeTtuku. Cy-
MIeCTBYET /[Ba THUIA (PUBUKOB — 3KCHEPH-
MEHTATOPbI W TEOPETUKU, TPUYEM ITHU [[BE
mpodeccuy TTOUYTH HUKOT/IA HE COBMEIIAIOT-
cqa B onHoM Juie. DUBNKHU-IKCIIEPUMEHTa-



22 KBAHT

TOPBI UCCJEAYIOT COOTHOIIEHUS MeXIy (u-
3MYEeCKUMHU BeJUYMHAMU, WM, ToBOps Go-
Jlee TOPKECTBEHHO, OTKPbIBAIOT 3aKOHbI 11PU-
PO/ibl, M0JIb3YSCh IKCIIEPUMEHTAJbHbIMU yC-
TAHOBKAMHU, T.€. TPOU3BO/IS U3MepeHus hu-
3WYECKUX BEJUYHH C TOMOIbI0 TTPUOOPOB.
[lns aToro Hamo TJYGOKO TMOHSTH M3ydae-
Mble SIBJIEHUS, 4TOObI 3HATH, YTO U KaK U3-
MepsiThb. (DUBNKU-TCOPETUKU M3YyYaloT MPH-
pofly, MOJb3ysCh TOJbKO OyMaroii u Kapas-
JIAlIOM, T.€. BBIBOJSI HOBBIE COOTHOTICHUS
MeXK/y Ha6JII0/JaeMbIMU BEJMYNHAMU, OITH-
padcb Ha Hali/leHHble paHee 3KCIepUMeH-
TAJbHO U TEOPETHYECKU 3aKOHbI IIPUPOJIDI.
[Tprumaa pasgesnenns sTHX ABYX Mpodec-
CUHl He TOJIbKO B TOM, YTO Kax/Jas U3 HUX
TpeOyeT CBOMX CIENUAJbHLIX 3HAHUI: 3Ha-
HUS METOJIOB M3MEPEHUS — B OJHOM CJIydae
U BJIAQJCHUS MAaTeMaTHYECKUM afiapaTtoM —
B ZIpyroM. [JlaBHAs NMPUYMHA B TOM, YTO 3TU
npodeccuit COOTBETCTBYIOT PA3JIUYHBIM Xa-
paKkTepaM MDINJICHUS W Pa3audHbIM  (Hop-
MaM MHTYuImu. VIHTyuIms, T.e. clocOOHOCTD
[10/ICO3HATENbHO HAXOJUTh HPABUIbHDBIN
[IyTb, UIPaeT Ba)KHEHIIYI0 POJb, 0COGEHHO
Ha TIEepBbIX crajusax pa6orel. K coxxase-
HUIO, Jlap MHTYUIIMKM BO3HMKAET HE cpasy, a
B pe3yJbTare YMopHOil paGoThl, KaKk Harpa-
Jla 32 pereHre MHOTUX HayYHBIX 33/1a4.

[TockombKy TeopeTnyeckast (PU3MKa UMEET
Jeo ¢ 6oJiee OTBJICYEHHBIMU TTOHSATHSIMH,
yeM (U3nKa sKCIepuMeHTaNbHAs, (PUUKY-
tTeopetuky Tpebyercss Gosee abCTpakTHAs
¢opma waTYUITAM, GJIU3KAasg WHOTJA K UHTY-
WINU MateMaTuKa. B mpoiioM Beke, Korjaa
usuka emre He 6bLTa TaK CrIEIMATU3UPOBA-
Ha, MHOTHe (PU3UKH cOBMemain o6e IIpo-
deccun. Tak, MakcBesa, KOTOpbIN MMOJy-
YIJI TEOPETUYECKM yPaBHEHUS, OIUCHIBAIO-
e BCe 3JIeKTPOMATHUTHbIC SBJIECHUS, 3a-
HUMAJCSI W 3KCIepuMeHTamMu. [epIl, KOTO-
PbIii OGHAPYSKIJT 9KCTIEPUMEHTAIBHO 2JIEKT-
POMAarHUTHBIE BOJHBI, ObLT OJJHOBPEMEHHO 1
XOPOIINUM TEOPETUKOM. W Bce-Takum B Kak-
JIOM cJlydae MOXKHO yKa3aTb, Kakas U3 IMpo-
(eccuit rmaBuas: mng MakcBeana ato —
Teopetnveckas gpusnka, a s lepria — du-
31Ka 9KCIEPUMEHTAIbHAS.

B XX Beke ogHUM U3 caMbIX 3aMeyaTesib-
HBIX [IPUMEPOB <«YHUBEPCAJIBHOTO» (PU3NKa
— ¥ TEOpeTHKa, M HKCIepUMeHTaTopa — OBLI

2020/ Nel

Iupuko Mepmu. Hapsay co MHOTUME APYTH-
mu pabortamu Depmu co3aa TEOPUIO PAIHO-
aKTUBHOTO pacrajia U BMecte ¢ (pu3mKamn
CBOEHl TPYHIIbl OTKPbLI 9KCIIEPUMEHTATHHO
HCKYCCTBEHHYIO PaJMOAKTUBHOCTD 3JIEMEH-
TOB, BO3HUKAWOINIYIO IpH 60M6apaAnpoBKe
HEHTpPOHAMH.

Ente ognuM 1puMepoM BbLIAIONIErOCs Teo-
peTuKa, TeCHO CBSI3AHHOTO C 3KCMIEPUMEHTOM,
6bL1 akagemuk .. Bynkep, y KoToporo Teo-
perndeckast (hU3nNKa COBMEIAJIACh € 3aMeda-
TEJIbHBIMU WHKEHEPHBIMU ujiesiMu. OH PyKO-
BOJIMJT TEOPETHUECKOI pa3pabOTKOI U Tpak-
TUYECKUM OCYIIECTBJICHUEM YCKOPHUTES Ha
BCTPEUYHBIX IYYKAX 3aPSIKEHHBIX YacTHIl B
HoBocubupckom AKajieMropojike.

OnHaKo 3TO — pe/IKue MCKJIOUeHUs, U
MOJIOZION 4YesloBeK, MHTepecyomuiics husm-
KOH, ZI0JDKEH PemuTh AT cebst, KaKkylo W3
JIBYX Tmpodeccuii OH BbIOUPAET.

B pambHefimem peub moiimer o pabore
(PUBUKOB-TEOPETHKOB.

@duszuka u MaremMaruka. lrak, 3amaya
usmKa-TeopeTNKa — TOJyd4aTb COOTHOIIE-
HUST MEXIY HaOMI0aeMbIMU BEJUYMHAMU C
MTOMOTIBI0 MaTeMAaTUYeCKUX BbIKIAI0K. He
O3HAYaeT JIi 9TO, YTO TeopeTndyeckas puanka
[pe/IcTaBJIsIeT co60il HEUTO BPO/IE MPUKJIAI-
Hoil MareMaTHKU? Takas TOYKa 3peHUS CO-
BeplIeHHO HeBepHa. U 110 xapakrepy 3ajiay,
1 110 MeTO/IaM IIOJIX0/la K 3a/ladaM MaTeMaTH-
Ka U TeopeTnyeckas pusMKa Kareropuyecku
OTJIMYAOTCS.

B maTtematuke BayKHEWITYIO POJIb UTPAIOT
MareMaTHiecKast CTpOTOCTb, T.€. JOTHYecKast
6e3yTPEYHOCTb BCEX BBIBO/IOB, BBITEKAIOIINX
13 NMPUHATBIX aKCUOM, W MCCJe/I0BaHne BCeX
JIOTUYECKU BO3MOXKHBIX COOTHOTICHMI. 3a/ia-
ya (DU3UKM — BOCCO3/IAThb MO BO3MOXKHOCTH
TOUHYIO KAPTUHY MUPA 6€3 CTPOTUX «IIPABUJI
UTPbI», UCIOJIb3Ys BCEe U3BECTHbIE HKCIIEPU-
MEeHTaJbHbIE U TeopeTHyeckye (haKkThl, a Tak-
K€ OCHOBaHHbIE Ha MHTYHUIIMU JJOTa/IKU, KOTO-
pole B gasbHejinmeM G6yIyT TPOBEPEHBI Ha
ompITe. Tak, MaTeMaTHK MCCTIeyeT BCe JOTH-
YECKN BO3MOKHBIE THITHI TEOMETPUil, (PU3NK
’Ke BBISICHSIET, KaKhe TeoOMeTPUYecKnue CoOT-
HOIIIEHUSI OCYTIECTBJISIIOTCS B HAIIeM MUpe.

MaremaTnk, gaxke ecJu OH 3aHMMAaeTCs
MIPUKJIAJHBIMU  33/la4aMM, T.e. 3aJadaMH,
MIPUIIEANTUMI He U3 MaTeMaTHKu, 6epeTcs 3a



penieHnne TOJIbKO TeX 3a/la4, KOTOpbI€ HE
Tp86y10T JIOIIOJIHUTEJbHDbIX HEJOKa3aHHbIX
Hpe,lIHO]IO)KeHPIfI. Dusuk JK€, KaK IIpaBuJIO,

UMeeT JIeJI0 ¢ 3a/la4aMi, B KOTOPBIX UME0-
MUXCS NCXOAHBIX JAHHBIX HEJOCTATOUHO JIJIST
PEIEeHNsT, U UCKYCCTBO COCTOUT B TOM, YTOOBI
yra/laTh, KaKnue HeJOCTAIONIIE COOTHOIEHUS
peanuayioTcs B mpupogie. IMeHHO /11 9Tux
[oraok TpebyeTcss He MaTeMaTHyecKas, a
usuveckas UHTYHUIIUS.

Y6enurenbuoctb B (U3UKE [JOCTUTAETCS
[OJIyYeHUEeM OJTHOTO 1 TOTO JKe Pe3yJIbTaTa 13
Pa3HbIX UCXOAHDBIX TIPEAIOCHLTOK. [Ipu atom
[IPUXO/IUTCS BBOJUTD JIUIITHIE, JIOTHYECKN He
HEOOXO/IMMbIe AKCHOMBI, KayK/Jash U3 KOTO-
PBIX caMma 1o cebe He aGCOJTIOTHO JJOCTOBEPHA.
EnuHCcTBEHHOE yCTIOBHE COCTOUT B TOM, UTO-
OBl yMETDH OIEHUBATD CTETIEHDb YOeINTeTbHOC-
TH TOTO WJIM WHOTO TPEATIOJIOKEHUST U SICHO
MMOHUMATh, KaKWe MPEITOI0XKEHUS TPeOyoT
JlabHeIell TpOBEepPKH.

Ecnu kakas-nu60 o61actb GU3UKU JOCTUT-
HET TAKOTO Pa3BUTHSI, YTO BCE €€ Pe3yIbTaTh
MOKHO Gy /IeT BBIBECTH U3 HECKOJIBKIX CTPOrO
YCTAHOBJIEHHBIX 9KCIIEPUMEHTATIBHO aKCHOM,
TO 3Ta 00JacTh mepecTaHerT ObITh YaCThIO
pasBuBaonieiicss (pusndeckoil HaAyKu u Tie-
peiiier B paszies MPUKJIAIHON MaTeMaTHKN
nin TeXHUKU. Tak mpousonLIo ¢ Kiaccuyec-
KOI MeXaHWKOi.

Pasymeercst, oueHDb TOJE3HO aHATM3UPO-
BaTb CTPYKTYpY (PU3MUECKON TEOpHu, T.e.
BBISICHSITH, U3 KAaKUX MCXO/HBIX MPEIIIOCHI-
JIOK TIOJTyYalOTCsI T€ UJIM UHbIE PE3YJIbTAThI.
OIHAKO TIEHTP TSKECTH B TAKOM aKCHOMATH-
YeCKOM I10/[X0/Ie — He B OOIHOCTH U MaTeMa-
THUYECKOI CTPOTOCTH BBIBOJIOB, a B IIPABUJIb-
HOM BBIOOPE MCXO/IHBIX TPETION0KEHUI 1 B
OIleHKE TOTO, KaK¥e 13 HUuX HanboJjiee J0CTO-
BEPHO TIOITBEPIK/ICHBI OTBITOM. A JIJIST 9TOTO
Tpebyercss mHTYUIHS usnka. B Tex coayda-
X, KOT/Ia 3Ty paboTy MPOJEeTbIBAeT MaTeMa-
THUK, OH 00s13aTeJIbHO, XOTsI Obl Ha BpeMs,
nenaercs usnkoM-teopeTukoM. MHaue oH
PHUCKYeT OKa3aThCs, 1O BBIPAKEHUIO TIOJBCKO-
ro catupuka Jlera, B MOJOKEHUHN 9CKIMOCA,
KOTOPBIiT BBIpabaThIBAET JJIs1 sKuTeseit Konro
MpaBuJia TIOBEJEHUS] BO BPEMSI JKapPbI.

Wrak, marematnka u $usnKa — HAYKH C
Pa3HbIMU 33/la4aMi U ¢ PA3HBIMH METO/IaMU
Mojixo/a K 3ajadaM. B MaremaTuke J0CTO-

BEPHOCTb Pe3YJIbTATOB JOCTUTAETCS JIOTH-
YeCKOil CTPOTOCTHIO U aHAIN30M BCEX JIOTH-
YeCKH BO3MOKHBIX pemeHuii. B ¢pusuxe pac-
CMaTpHUBAIOTCS TOJBKO Te PeNIeHust, KOTO-
pble MOTYT OCVIIECTBJIATHCA B IPUPOIE, U
JIOCTOBEPHOCTD JOCTUTAETCS MHOTOKPATHOM
TTPOBEPKOIT C/IeTaHHBIX TIPEIoI0XKeH. Ma-
TeMaTH4YecKast CTPOrOCTb B (pU3UKe Tpea-
CTaBJsIeT co060i HEBO3MOKHYIO W HEHYKHYIO
pockonib. [lo6uBaTbes B (husuke MareMaTh-
YeCKOIl CTPOrOCTU TaK Ke He HyXKHO, Kak
Tpe6oBaTh OT OPUTAUPOB JIECOTIOBAIA, UTO-
6b1 OHU Ha paboTe PasroBAPUBAJIN CTHXAMH.
Ho BMmecte ¢ TeM (pU3HUK-TEOPETHK [10JDKEH
cBOGO/IHO BJIAJETh MaTeMaTHYeCKUM aIma-
paToM, T.e. 3HATh U YMETH HCII0Jb30BaTh BCE
T€ MaTEMaTUYECKUE METO/Ibl, KOTOPbIC MOTYT
OKa3aThCs TIOJIE3HBIMY MPU perieHnn (pusn-
YeCKUX 3a/1a4.

KauyecTBeHHbIN aHanus

ITorpo6yem moka3arb Ha MPOCTHIX MPUMe-
pax, Kak paboraioT (pU3NKU-TEOPETUKH Ha
MEPBOM, caMOit BaXKHOM cTauu paboThl, KOT-
Jla JleaeTcsl KAYeCTBEHHDBIN aHaJN3 TOCTaB-
JeHHOH 3ajiaun. Kax Mbl yBUAMM, Ha 3TON
cTauu paboThl MoUYTH 6e3 BCSKUX BbIYHCJIE-
HUI TOJTy4atoTCs TPy6ble COOTHOIITEHUS ME3K-
Jly BXOJAIUMHU B 3ajiauy Besndnnamu. Cie-
aytomas craans paboThl — MOJYYeHHe TOY-
HBIX KOJUYECTBEHHBIX COOTHOTIEHMIA C TTIOMO-
MIHI0 MATEMATHYECKOTO arapaTa TeOpUu —
IEJTMKOM OITUPAETCS Ha MEPBYIO CTAIUIO, BO
BpeMsl KOTOPOI mposcHseTcs (duandeckast
KapTUHA SBJICHUS U BO3HUKAET IIPOEKT OXKUA-
emMoro perrenusi. He nmes Takoro mpezrosio-
JKUTEJLHOTO TIPOEKTA, HEJb3s TPUCTYTATh K
[IOMCKaM TOYHOTO pelenus. [lelicTBUTEbHO,
JIOKa3aTb Y/IAeTCsl TOJIbKO T€ YTBEPK/EHHH,
KOTOpBbIe OBLIM 3apaHee yrafaubl. V3 aToro
MpaBUJIa TOYTH He OBIBAET NCKJIFOYEHHIA.

OHUM 13 IJIAaBHBIX 9JIEMEHTOB KauecTBeH-
HOTO aHaJM3a SBJISETCS PelleHue 33/[a9r Ha
VIPOIIEHHBIX MOJIEJISIX, B KOTOPBIX OTOPOTIIE-
HO BCE HECYIIECTBEHHOE. Y CJIOKHSATD PeleH-
HYTO 33/1a4y HECPABHEHHO TIPOIIE, YeM 3aHO-
BO peNiath CJIOXKHYTO.

B HEKOTOPBIX HECJIOKHBIX CAYYasX MHOTOE
MTPOSCHSET TTPOCTON pa3MEpHbBI aHAIN3 BXO-
JAIMX B 3a/la4y BEJMYMH M BO3MOXKHBIX
COOTHOIIEHUI MEK/Ly HUMHU.




24 KBAHT

Pasmepubie oneHku. /[ WIOCTpaInm
JoKkakeM Teopemy Iludaropa, HOIb3YACH
cOO0OpasKEeHUsIMU pasMepHocTU. M3 pasmep-
HOCTH CJIE/IY €T, YTO MJIOMIA/b S TIPSIMOYTOJIb-
HOTO TPEYTOJbHUKA MOYKHO 3allicaTh Kak
MPOM3BE/ICHNE KBAPaTa TUIIOTEHY3bl HA He-
KOTOPY10 (DYHKIMIO OJHOTO U3 OCTPBIX YT-
q0B: S =c’f (). AmasormumbmM 06pasoM
MOYKHO MPEJCTaBUTH IMJIOMAAN ABYX 10106~
HBIX IPSAMOYTOJIBHBIX TPEYTOIBHUKOB, KOTO-
pbI€e TI0JyYaTCst, €CIM OMYCTUTH BBICOTY U3
npaMoro yria. s 9TuX TpeyroJbHUKOB
POJIb THIIOTEHY3bI UTPAIOT KATETHI MCXOAHOTO
TpeyroabHuka. Iloatomy

f (o) = a’f (o) + b*f (at).
Cokparus nHa f (o), noayuum teopemy ITu-
aropa.

Sa= 5.+ S
C p Sa= Afla)
S, = d*f(a)
- Sq = b*f(a)

a

B kauectBe spyroro npumepa paccMOTpUM
3a/a4y 0 HAXOXK/JeHUU Mepuoja Kosebanuit
rpysuka Ha npyxune. [Ipexe Bcero Bbisc-
HUM, KaKue BeJUYMHbI MOTYT BXO/JUTb B
BbIpaskeHue /st mepuozia. [TockobKy cuJibl,
JIENCTBYIOIIME HA TPY3UK, — 9TO CHUJA TsXKe-
CTH ¥ CHJIA YIIPYTOCTH, €CTECTBEHHO TTPE/IIO-
JIOKWUTD, YTO MEPUOJ] KOJEeGAHN 3aBUCUT OT
YCKOPEHUSI CBOGOTHOTO TAJICHUS § W MACChI 1
IPy3uKa M OT KECTKOCTH TIPYKuHbI k. Pa3gy-
MeeTcsl, Takne BeJUYMHDBI, Kak TeMIeparypa
1 BSI3KOCTb BO3/yXa, HE BOWAYT B 3ajauy,
ecsin MbI ipeHe6peraeM 3aryxanneM Koseba-
uuit. (Uto6nl YIPOCTUTD 33/1a4y, Ha/I0 3HATD,
yeM MOKHO npeHeGpeun!) U3 sesuunn g, m
1 k MOJKHO COCTAaBUTD TOJBKO O/IHY KOMOMHA-

({) qg—ox,qg >x'=0
= y—> kB—>m

o =\k/m
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110, WMEIOTIYI0 Pa3MEpHOCTb BPEMEHM, a

umento m/k . Tepuon T paBen

T=Cl™
k

Yckopenne g He BoNLIO B oTBeT. bespas-
MepHasi KoHcranta C He MOXeT ObITb Haii-
JleHa U3 Pa3MepPHBbIX COOOPAKEHUI; MOXKHO
TOJIbKO CKa3aTbh, YTO OHA He OYeHb BEJIMKa
1 He OYeHb MaJjla — OHa IOps/iKa eJIUHUIbI.
[leiicTBuTenbHO, 3HaueHne C TOJIKHO GOBITH
Hali/IeH0 M3 pelieHns] HeHAMCAHHOTO HaM’
YpaBHEHUST [BWKEHUS Tpysuka. A 6e3pas-
MepHbIe K03 (DUINEHTHI, BO3HUKAIONINE W3
pellieHnit ypaBHEHMI, BCTPeYaronmxcs B (pu-
3UKe, KaK MPaBUJIO, OKA3bIBAIOTCS IMOPSIKA
equanibl.! Tounoe Borumcsenue paet st C
sHauenne 271. Takum oO6pa3oM, MbI 6e3 BbI-
YHUCJEHUH, TI0JIb3YSACh TOJBKO PasMEepPHbIM
AHAJIM30M, HAILIN IPUMEPHYIO BEJUYUHY Iie-
puoza KoJie6aHuii Tpy3uKa Ha IpPYysKUHE.
IIpumep 06oGmIeHHs — ocuuaATOp. Bo
BceX 001acTAX (DU3UKU BCTPEYAIOTCS 3a/1a4H,
CBSI3aHHBIE C KOJEGAHUSIMU CHUCTEM OKOJIO
TTOJIOJKeHnsT paBHOBecust. [l TOHWMMAaHWS
MHOTHUX SBJIEHNH, a CJIeJJ0OBaTebHO, /I Ka-
YECTBEHHOTO aHAJIN3a 3TUX SBJEHUN HYKHO
3HaTh O0TIME CBONCTBA TakuX cucteM. Cucre-
MBI, COBEPIIAIONINEe KOJe6AHNs OKOJIO MOJI0-
JKEHUSI PaBHOBECHS, HE3aBUCUMO OT UX YCT-
poiicTBa HasbIBalOT ocuuigropamu. I[Ipo-
cTeiile IpUMePbl OCIUIJIATOPOB — I'PY3UK
Ha TPY)KHMHE, MareMaTU4eCKUil MasgTHUK.
Bousee cnoxnblii npumep — HaTAHyTas CTPY-
Ha; y Hee MOXKeT OBbITb MHOTO THIIOB KoJe6a-
HUI: KOJIeOaHWs C MYYHOCTBIO TOCEpenHE
(OCHOBHOH TOH), C OXHWM Y3JIOM, ABYMS
yaaamu u T.71. (06epronnr). Taknm o6paszom,
CTPYyHa — 3TO HAGOP OCIHUJIATOPOB PA3HBIX
4acToT. AHAJIOTUYHBIN IpUMep — cTOJ6 BO3-
JlyXa B OpranHoii Tpy6e; ero MOXHO 3acTa-
BUTD K0/1e6aThCs ¢ HanHuaIei yactoroit (oc-
HOBHOM TOH) 1 ¢ 60JIee BbICOKOI 4acToToit,
KOT/Ia B HEKOTOPBIX TOUKAX BO3/YIITHOTO CTOJI-
6a uacTuibl Bo3ayxa OyAyT HEMOBIKHDI
(anasor y3/10B B KoJte6anusx crpynbl). O6-

1910 yrBepiaeHue Hetb3s 10Ka3aTh B 06mEM
BH/Ie, HO OHO ITPAKTUYECKH BCET/IA CIIPABE/LJINBO,
1 5THM (DAKTOM IIMPOKO MOJB3YIOTCS MPU BCEX
OLCHKAX.



1iee CBONCTBO BCEX OCITUJIJIITOPOB COCTOUT B
CJIeIyIONIEeM: HE3aBUCUMO OT KOHKPETHOTO
yceTpoiicTBa ocimpyiomei (1.e xkose6mo-
LIEHCS OKOJIO MOJIOKEHUST PABHOBECHS) CHC-
TEMbI, HHEPIrHsi CUCTEMbI B JIIOGO MOMEHT
BpEMEHM MOXKET ObITh 3allicaHa B BUJIE

2 72
E=YT | Ba™” , 1)
2 2

/i€ ¢ — BEJIMUMHA, XaPAKTEPUIYIOTIast OTKJIO-
HEHWE OT TOJIOKEHNS PaBHOBecHs, a ¢ —
CKOPOCTb N3MEHEHNA BEJIMINHDBI q BO BpeMme-
uu (r.e. ¢'=Ag/At, tne At — Maublii npo-
MeskyToK Bpemenn). Coaraemoe IT = yg° /2
— HTO TIOTEHINATbHAS SHEPIHS OCINJLIATOPA,;
K09 PUIMEHT Y Ha3bIBAIOT KECTKOCTHIO
ocinsiropa. Caaraemoe K = g™ /2 — s10
KMHETHYECKast SHEPTUS OCIULIATOPA; KOa(]-
(unment B HA3BIBAIOT MACCON OCIUILIATOPA.
(BcroMHmTe, Kak 3allliCbIBAETCS SHEPIUs
[POCTENIIEro OCHU/IIATOPa — TPy3UKa Ha
[Py KUHE, M BaM CTaHET [OHATHO, IT0YeMy Y
Ha3bIBAIOT KECTKOCTHIO, a 3 — Maccoil oc-
HUJLIATOPA. )

Kak 6bI HU OBLT KOHKPETHO yCTPOEH OCIIUI-
JIITOP, €ro yrjaoBas 4acToTa KoJeOGaHuii
® = 2n/T BbIpaskaercsi cjenyomuM o0pa-
30M 4epe3 JKeCTKOCTh Y m Maccy P

Y
CO = —_ .

Bgenienne «06006111€eHHOT0» OCIUJLISATOPA,
KOOP/IMHATA KOTOPOTO — He 00513aTETHHO pac-
CTOSTHHE OT TIOJIOJKEHUST PABHOBECHST, & MOJKET
UMeThb JI0O0N CMBICJ, JIHUIIb Obl SHEPrHs
uMeJia TaKyIo JKe CTPYKTYpY, Kak E B BbIpa-
skenun (1), 103BOJIeT feJaThb BBIBOJbLI O
MOBe/IEHN Y KOJIeOTIoNeiics cucteMbl 6e3 pac-
CMOTpPeHUsT PUBMUECKOI TIPUPOJIBI IIPOUCXO-
JISATUX B HEW TIPOIIECCOB.

[lyis1 mosicHeHUsI TIPUBEJIEM €llle OJ[UH TTPU-
Mep OCIUJIISATOPA, He MOXO0KUI Ha BCe TIPH-
BejleHHbI€e BbIlie puMeps. /lomycTum, nme-
eTcsd Karylika WHIyKTUBHOCTLIO L W3 XOpOo-
10 TIPOBOJISITIEN TIPOBOJIOKH, KOHIBI KOTO-
POl TIPUCOETUHAIOT K KOHIEHCATOPY eMKOC-
tb10 C, uMetonemy 3apsij Q, . B nenu Bosnu-
KaloT 3JIeKTPOMarHuTHbIE KoJsieGanust. Ecian
KaTyIIKa c/lelaHa U3 CBEPXIIPOBOIHUKA, KO-
JieGaHusT IPAKTHYECKN He OGYIYT 3aTyXaTh.

ODHEPrusi TAKOH CUCTEMBI COCTOUT U3 JIBYX
cJlaraeMbIX: HHEPTUM MarHUTHOTO TIOJISI B

qg—>0,9 >0 =
L vy 1/C,B—> L

_ L
LC

KaTYIIKE U 9HEPTUHU AJEKTPHUECKOTO TTOJIST B
KOHJIEHCATOPE. DHEPTUST HJIEKTPUUECKOTO TI0JIs1
KOH/ICHCATOpA MPOIMOPIINOHATIbHA KBAJpaTy
3apsia Q, KOTOPBIi B JaHHBIN MOMEHT HAXO-
auTCsS Ha OOKJajJKe KOHAeHcaTopa:

I =EQ2/2 SHepT‘I/IH MaromMTHOT'O IIO0JIA

KaTYIIKY TPOTIOPIINOHAIbHA KBAJPATY CHJIBI
Toka [, TeKymiero B [aHHBIH MOMEHT TIO
Karyumke: K = L12/2 . Ho cuna Toka paBHa
CKOPOCTH M3MEHEHUs 3apsijia KOHIeHCATOpa
coBpeMeneM: | = Q' . Takum o6pa3oM, aHep-

I'Hst MATHATHOTO 101 Katyiiku K = LQ? /2.

CJIe[[OBaTeJIbHO, SHEprusa CUCTEMbI B 1106011
MOMEHT BpeEMEHU paBHa

_10° +— LQ’2

2 2
Ha]ﬂa CUcCrtemMa — OCLH/I.H]IHTOP; POJIb KOOpAN-
HaTbl OCIUJLIATOPA Urpaer sapsag Q, moTeH-
IaJibHasdA SHEPTUA OCIIUJIJIATOPA — SHEPrud
KOH/IEHCaTOPpa, KHHETHYEeCKad — OHEeprusda
MaArHmMTHOTO I10J1d KaTyH_[KI/I. I/I3 3allicy SHEP-
TN BU/IHO, YTO KECTKOCTDH 3TOI'O OCIINJLIIATO-
pa — Benmuunna 1/C, a poJib Macchl Urpaer
I/IH[[yKTI/IBHOCTb L CpaSy MOJXEM 3allucaTb
4acToTy KoJleGaHuii:

1
0= [—:
VLC
Taxoif ocIIMIISATOP HA3bIBAETCS AJIEKTPUYEC-
KM KOJ1e6aTeIbHbIM KOHTYPOM.

Kak yragars pemenue? Ilpusenem mpu-
Mep TOTO, KaK MPOSICHAIOTCST HEKOTOPbIE Yep-
TBbI PeIleHus, Mpek/ae 4eM OyIeT MOCTPOeH
anmapar I TOYHOTO PelieHns 33/Ja4yu, [0
TOTO KakK HaWJeHbl ypaBHEHWs, HA OCHOBE
KOTOPBIX 3aj1aua OyJIeT pemaTbesi. ITO 3a0/1-
HO ¥ nipuMep 6GoJiee CJIOKHOTO aHAIN3a pas-
MepHOCTEH, YeM B cJiyuae OCIUJIISTOPA.

Opnna u3 TpyJAHEeHINX U Hepa3pelleHHbIX
3a/1a4 TeOpeTHYeCcKoil (DU3MKU — CBSI3b IPABH-
TAIMOHHDBIX U 3JEKTPOMATHUTHBIX SBJICHUM.
Ecnm takag cBsi3b CyIecTByeT, TO B pe3yJib-
Tate pemeHns KaKuxX-To elle He HalICHHBIX
ypaBHeHUiT OyjeT TMoJy4eHo Ge3pa3MepHoe




26 KBAHT

41102, alolee COOTHONMIEHHE MESK /LY TPaBU-
TallMOHHON mocTtossHHON G U BeIUYUHaAMU,
XapaKTepPU3YIONUMHI 3JIEKTPOMArHUTHBIE SB-
JIEHUs, TAKUMU KaK CKOPOCTb CBETA €, 3aPsi/i
3JIEKTPOHA e 1 ero Macca m. Ecuu cyiecTBen-
HbBI KBAaHTOBBIE SIBJIEHUS, TO B 33/1a4y MOXKET
BOHNTH eme mocrtosgHHad Ilmanka 2. 3Hag
pasmepHocTH Besimuut G, ¢, e, m, h, HeTpy -
HO yOEUTHCS, YTO U3 ITUX BEJUYUH MOKHO
COCTaBUTh TOJIBKO JIBE HE3aBUCUMbIe Ge3pas-

MepHble KOMOUHAIUN:

62

a=—; &= h—cz
hc Gm
(manomunm, uto h = h/(2n)).

[TepBast u3 aTHX KOMOUHAIIUI XapaKTepU3y-
€T B3aMMO/IEICTBIE AJIEKTPOHA C AJIEKTpOMAr-
HUTHBIM 1os1eM (Ge3pasMepHbIi «3apsij» S/eK-
TPOHA) M Ha3bIBAETCS HMOCTOSHHON TOHKOI
cTpyKTypbI. [lo/icTAaHOBKA YKMCJIEHHBIX 3HAYE-
nnit gaer o =1/137, £ =5-10". Moxer mm
Takoe GOJIbINOE YNCI0, Kak &, BOSHUKHYTD B
pesyJibTaTe PEIIeHnsT KaKuX-Ti00 PasyMHBIX
ypaBHeHMiT? bespasMepHble uncia, BOSHUKA-
IOI[Iie B pe3yJibTaTe perreHust (PU3andecKux
3a[a4, KaK Mbl y’Ke TOBOPUJIM, UMEIOT TIOPsi-
JTIOK HECKOJTbKITX €IMHUIL UJTH JI0JIEH €TMHUIIDI.
[ToaTomy MBI BIipaBe 0XKUATh, YTO BETUINHA
& Boiizer B 3azauy B Takoii ¢popme, 4TOOHI B
pe3yJbTaTe MOJYUYHIOCh YUCTO Topsiika 1.
[Toka MbI ipuMeHsiM 3/1paBbIii cMbica. Te-
nepb JI0JKEH ObITh c/ieslaH HeOGOJIbINON WH-
TYMTUBHBIN JIOTHUYECKWi cKadok. [Ipasmoro-
JIOOHO, YTO B TEOPHIO BOIIET KOMOMHAIIMS

olng ~1.

flcno, 4YTO 3HAHUWE TAKOrO COOTHOIIEHUS
o6sieryaer moucKu perrenusi. Vmento B Ta-
Koii popme BxoauT Besmunna & B cyiecTBy-
IOII[1e ceifyac TeopeTHYeCKIe MOMbITKY pellie-
HUS 337Ia4ll O CBSI3U 3JIEKTPOJMHAMUKU C
rpaBUTAIIAEN.

MpepenbHoe ynpolyeHve

OcHoBHas Hes KBAaHTOBOM MeXaHUKH.
[TorpoGyemM TOKa3aTh Ha JPYroM MpuMepe,

2 Jlms Toro 4toGhI COOTHOMICHITE MEK/Iy pas-
JIMYHBIMU (DU3UYECKUMU BEJIMYMHAMU HE 3aBHCE-
JIO OT BBIOOPA eIUHUI], OHO JTOJIKHO ObITD 3aIica-
HO B BuJe 6e3pa3MepHOil KOMOMHAIINY.
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KakK, Tpe/leJIbHO YIIPOIIast 3a/ady, MOKHO
OTIPe/IeJINTD TJIABHbBIE YEPThI SIBJIEHUsI. JTOT
MIpUMep TOSICHUT, YTO TaKOe KayecTBEHHbBIN
MOJIX0/T K 3aj1aue.

CorylacHO KBaHTOBOHW MeEXaHWKE JHEPTUS
3JIEKTPOHA B aTOME MOYKET TPUHUMATH TOJTh-
KO JMCKpeTHbIe 3HaueHns. Bo3aMoykHbIe 3Ha-
4YEeHUST SHEPTUI HJIEKTPOHA B aTOME BOJIOPO/Ia
JIAIOTCsI BbIPasKeHUeM \

E,=-"2 L o)

n° 2n
(pusuky, KaK IIpaBUIO, He HOAb3YIOTCS CHUC-
temoii equaut; CU). PaszHocTy 3naveHnii E,
Jus iByX pasubix n (n =1, 2, 3,...) onpeze-
JIIOT ¢ OOJIBIIIOI TOYHOCTHIO YaCTOThI HAOJIIO-
JlaéMbIX Ha OIIbIT€ CIIEKTPAJIbHBIX JIMHUI.
OcHOBHas njiest KBAaHTOBOW MEXaHUKH COCTO-
UT B TOM, YTO Kaxkaad vactria (B JannoM
cJlydae — 3JIeKTPOH) XapaKTePU3yeTcst HEKUM
BOJIHOBBIM TIPOIIECCOM C JIJTMHOM BOJIHbBI
p=2
mo
rjie ™ — Macca 4acTHIlbl, U — €€ CKOPOCTb.
JluckpeTHbIE 3HAUYEHUS] SHEPTUU AJEKTPOHA
MTOJIY4YaloOTCsT U3 TOTO YCJIOBUS, YTO HA JITUHE
OpOUTBI, TIO KOTOPOW JIBUKETCS 3JEKTPOH,
JTOJDKHO YKJTAABIBATLCS T€JI0€ YUCJIO BOJIH.
Ecw pagmyc opOUTBI 7, TO 7-My COCTOSTHUTO
9JIEKTPOHA COOTBETCTBYET yCJOBUE 277 = AR
(n =1, 2,...), wm mo, =hn/r. Orcoaa
HETPYZHO HAWTH KUHETUYECKYIO SHEPTUI0 B
7-OM COCTOSITHUU:
W= mvﬁ _ n*n?

" 2 2mr®’
[Tositnag sHeprus sJeKTPOHA CKJIA/IbIBAETCS
13 KUHETUYECKOHN 9HEPTUH U TTOTEHINATbHON
HEPTUH B TI0JIE /1pa, KOTOpask OTPUIlATeIb-
Ha u paBHa U = —Zez/r. ITonmnas sueprus
3JIEKTPOHA B aTOMe BOJIOPOJia paBHA

P’ e
2mr’

B namem BbIBO/Ie MBI IIpe/IioaraeM, 4To
pazuyc op6uthbl 7 uMeeT (UKCHPOBAHHOE
3HaueHue. CorylacHO KBAaHTOBOH MeXaHHKe
paanychl opOUT «pa3bpocaHbl» B OKPECTHO-
CTV KJACCHYECKW YCTONYMBON opOuThbl. B
KavyecTBe OTIeHKN PaJnyca MOKHO B3Th 3Ha-
4YeHue 7, KOTOPOe COOTBETCTBYET MUHUMYMY

E,(r) =




sueprun E (7).

Uro6bl Hafitn munumym E (7), nocrynum
caefytonmm o6pasom. [lepenuiiem Bbipaske-
nue s E(r) B akom Buge:

E = Ax* - Bx .
E
B
24 -
x,=0 xzzg X
Emin

Mpbr BBesm Takme o6osHadenws: x =1/7,
A =m*n*(2m), B=e¢*. Bumno, uro mpu
xy =0 u x, = B/A 3nauenne E paBHO HYJTIO.
Buyrpu nnrepsana |x; x,[ E oTpuiatensto.
T/e-T0 BHYTPU 9TOTO MHTEPBAJIA JIEKUT MHU-
nuMyM E. ByjeM ISl OIIEHKH CYUTATh, Y4TO
E,;, COOTBETCTBYET 3HAUEHUE X B CEPE/IUHE
UHTEepBaja, T.e. X = B/(ZA). CooTBeTcTBeH-
Ho, ¥ =1/x =2A/B , r.e.

W’n®

7, .
n
me2

(OrmetuM, uto mpu 7 = 1 5TO BbIpa)KEHHE
JIaeT BEPHYIO OIEHKY [T PaJuyca atoMa B
HanHusuieM coctosgnuu. ) IlojgcraBus 910 3Ha-
uenue 7, B BbIpakenue jus E, (r), noxyunm
met 1

W om

T.e. BRIpaKeHue, copnagaiomiee ¢ (2)!

B neiicTBUTENBHOCTH 2JEKTPOH MOMKET C
Pa3HON BEPOSITHOCTHIO HAXOAWTHCS HA JIFO-
60M paccrosinuu oOT sizpa. Haie ynporiienue
COCTOSITIO B TIPE/TIOJIOKEHUH, YTO HTO PACCTO-
SIHUE OIpeJleJIeHHOe, PABHOE ¥, 1 HAXOUTCSI
U3 yCJIOBHSI MUHUMAJbHOCTU dHeprun. Pasy-
Meercst, Mbl JiefictBoBasn rpy6o. Ilostomy
HEJb3s1 JIOBEPSTH UYUCJOBOMY MHOMKHUTEJIO
BIIEpein aToi (DOPMYJIBI, XOTS OH CJAYUYAlHO
rosryunsicst mpaBuyibHEbIM. Ho Bcemy octamb-
HOMY MOXHO [J0BepATb! U MHOXUTEJIO
me / n? , 1, 9TO OCOOGEHHO BayKHO, 3aBUCHMO-
CTH OT «KBaHTOBOTO YUCJa» M.

Tounoe perernne moTpedoBaio Gbl 3HAHWS
OCHOBHOTO YPaBHEHUsI KBAHTOBOU MEXAHUKU

n ="

(ypasuenue IIpeannrepa) u 04eHb CAOKHON
(110 MKOIBHBIM MOHATHAM) MaTeMaThKH. To,
YTO MbI TOJYYUJH, W €CTh KauyeCTBEHHOE
pellieHre, Korjia pe3yJibTaT HaXOJUTCs C TOU-
HOCTDBIO JI0 HEM3BECTHOTO YHCJIOBOTO MHOMKH-
TeJist, HO XapaKTep 3aBUCUMOCTHU OT apaMeT-
POB 3aj1aun nepejaercss Touno. KadecTBen-
HOE pelleHre YPe3BbIUaiiHo 00JerdaeT mory-
YeHHE TOYHOTO PEIICHHsI, TTOCKOJIbKY BBISIC-
HSIOTCSI TJIABHBIE YEPThI sBJeHus. DoJee
TOTO, €CJIU €CTh KAYeCTBEHHOE pellleHne, a
TOYHOTO HE Y/ACTCA MOJYUYUTH aHAJIUTUYIEC-
KH, MOJKHO Ge3 0COObIX TIOTEPb B TOHUMAHUN
3a/1a4H HAWTH €r0 ¢ MOMOIIBIO BBIYUCIUTE -
HBIX MAIITVH.

Eme oaHo 06001I€HIEe — KBAaHTOBBIE OC-
nuisSTopbl. He crioskHee perraeTcs 3a/1a4a o
KBaHTOBaHUU OCIuJIsitopa. IIpu sToM Ham
He CYIIECTBEHHO, KaK PeaJM30BaH OCIIUJLISI-
TOP — NPE/CTABJISIET JIU OH I'PYy3, KOJeOJII0-
IIHcsS Ha TPY)KUHE, WJIN 3JeKTPUYECKUN
KoJIe6GaTeTbHBIN KOHTYP.

O6o3uaunM yepes3 ¢ 0600IIEHHY IO KOOP/IU-
HATY OCIHUWLIATOPA. 3alullieM SHEPruio Oc-
[UJISITOPA: , ,

1
o1, Be?
2 2
MoskHO ce6e TIPe/ICTaBUTD, YTO OCIUILISTOD —
9TO HEKasl «9acTUIla» ¢ Maccoil B, Koaeb.mo-
MAsicsl Ha MPYKUHE € KecTKocTbio Y . Jlust
TOTO YTOOBI C(DOPMYJIUPOBATD JIJIS 3TOTO 06 HEK-
Ta OCHOBHYIO WJICI0 KBaHTOBOI MEXaHUKH,
BBE/IEM JIJINHY BOJIHBI }\4 BOJTHOBOTO TIpoIIecca,
CBSI3aHHOTO C Hallleil JacTurei:

2mh

Bq’
B 3HaM€HaTeJsie CTOUT ITPOu3BE/ICHNE «MacC-
CbI» Ha €€ CKOpPOCTb. TaK KaK CKOpPOCTb
N3MEHAETCA HpI/I JABUMKEHUN YaCTUIlbl, TO U
AJINHA BOJIHBI TOKE€ MEHAETCA — OHa MUHU-
MaJIbHa B6JII/ISI/I IOJIOJKEHUA paBHOBECUA U
PpacTeT B TeX 06J13.CT$IX, rae CKOpPOCTb 4aCTu-
IIbI MaJia.

HyCTb YJaCTUulla [ABUXETCA B 06JIaCTI/I oT
-Gy 10 ¢, . (IToguepkueM, 4ro 2¢q, — He
pasMax KoJieGaHWil OCHUJLIATOPA, a Ta 006-
J1aCTb, B KOTOPOfI <APOIKUT»> €ro KoopAnHa-
ta.) Jlust Toro uTo6bl 06pasoBaiach CTosYast
BOJIHa, Ha <«/IJIMHE» 26]0 JIOJIKHO YRJIa/IbI-

}\‘:
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BAaTbCS I[€JI0€ YUCJIO MOJYBOJH: 2¢, =
=(n+1)A/2 (n =0, 1, 2,...). B kauectse
OLIEHKM CKOPOCTU BO3bMeM 3HaYeHUe CKOPO-
CTU [pU ¢ =¢,, T.c. (q’)o = 271;71/([370 =
=nh(n+1)/(28q,)- Hoacrasras s1o snaue-
HUE B BbIPAKEHUE JIJIST KMHETHYECKOH aHep-
UM, HAXOAUM 5
w’n? (n+1)
Wy =— "5
8B
[ nosHo# sHepruu mnoJjydyaeM

2 2 ‘
(nh)” (n+1)"  yq;
E,(q)= Sl 1
n \40 SB 2 2
9o
[Ipm ManbIX 3HAUEHUSAX ¢, SHEPTHUS BEJNKA
M3-3a TEPBOTO CJIATAEMOTO, a TPU OOJIBIINX
gy — u3-3a BTOpOro. IIpuMepHoe 3HaueHUE
C]O , Jaloniee HaI/IMeHbH_[yIO SHBPFI/IIO, HOJ'Iy'
yuTcAa, ecjan HpI/IpaBHHTb 063. cJjiaraeMbIX. I/IS
ITOTIO yCJ'IOBI/IH HaXoJAuM

mh(n+1
@ =t

2By

[ToacraBiada B BbIpasKeHUE IS SHEPIHH,
oJyyaeM

E, :gh %(n+1):ghm(n+1)

(n=0,1,2,.).

Bemmumaa o = \/\W TIpe/ICTaBIsIeT CO6O0H
JacTOTy KOJEeOAHWH KJACCHIECKOTO OCIINI-
JATopa.

[Tpu TouHOM pacdeTe JIsT SHEPTUH Oy Ia-
eTCsT BBIPAKEHNE

E, =ho n+l
2

Taxum 06pasoM, Mbl OMIMOJIICH B UHCJIOBOM
muoskutesnie (1/2 BMecto 1), a rtakke B
YICJICHHOM 3HAYeHUN SHEPTHH B CAMOM HU3-

b
mreM cocTostHu, T.e. mpu n =0 ( 5 ho BMeCTO

—how). Ho Bce ocTaabHOE MOTYyYHIOCH TOY-

no! Ternepb, Korjia pe3yJbTaT OJIy4YeH, cJie-
JIyeT 33J[lyMaTbCsl Ha/l TEM, YTO MbI HCITOJIb30-
BAJIM JIJIF €TO TTOJYYEHHUS U YTO BbITEKAET U3
[IOJIYYEeHHDIX HaM¥ BbIPaXKeHU /151 9HEPrun
OCIHMJIISTOPA U [IJISl BEJTUHHDBL 3 .
[Ipexxze Bcero, Mbl IPUMEHUJIN K HAIlEMy
OCLUJLIIAATOPY, HE MHTEPECysChb TeM, KaKk OH

2020/ Nel

YCTPOEH, MPHUHITUIIBI KBAHTOBOW MEXaHUKH,
yCTaHOBJIEHHDbIE TIEPBOHAYAJIBHO TIPUMEHH-
TEJIBHO K 3JIeKTpoHaM. KoHeuHo, ecTecTBeH-
HO OKH/IaTb, YTO OOIIHE TPUHITUITBI TOJIKHBI
OBITD TAKUMW K€ W JJIsS JAPYTUX YacTHII,
MacChl KOTOPBIX OTJIMYAIOTCS OT MACChI AJIEK-
tpona. [lelicTBuTEIBHO, TaKOE 0600IEHUE C
6OJIBIIION TOYHOCTHIO TIOJITBEP/UJIOCH OIIbI-
toM. Ho TodeMy aTH ke TIPUHITUIIBI MOKHO
MPUMEHSTD 1 K TAKOMY 0OBEKTY, Kak KoJieba-
TEJbHBIA KOHTYD, T/le POJb <«KOOPAUHATHI»
urpaet 3apsi/ Ha oOKJIaJKax KoHaeHcatopa?
3/1ecb MbI TIOJIONIINA K BajKHOMY TIPEITI0JI0-
JKEHUIO, KOTOPOE TMHUPOKO UCTIOIb30BAJIOCH 1
HCTIOJIb3YETCS B TeopeTnyeckoi pusnke XX
Beka. Ecsm JBe cucTteMbl UMEOT SHEPruio,
OJIMHAKOBO 3aBUCATILYTO OT KOOPJWHAT U CKO-
pOCTeil, TO TaKKe cucTeMbl 06J1a/1at0T OIMHA-
KOBBIMM CBOWCTBaMU, HECMOTPSI Ha TO, UYTO
«KOOP/IMHATBI» U <«CKOPOCTH» MOTYT UMETh
COBEPIIEHHO Pa3Hblii CMBICJ B 9TUX CUCTeE-
Max.

He 6b110 HU otHOTO TIpUMepa, rie 6bl 3TO
MIPE/INOJIOKEHNE TPOTUBOPEYUIO OIBITY.
[ToatoMy MbI BIIpaBe CYMTATh, YTO PENTUJIH
3aj1a4y O IPUMEHEHUH KBAaHTOBOW MEXaHUKN
cpasy IS BCeX BO3MOXKHBIX OCIUJIISITOPOB.

Tenepb nmosrymMmaeM, 4To 03HAYAIOT MOy Y€EH-
HbIe HaMW pe3yJabTaTbl. Kak oHU mepexoasr
B (popMyTTBI KITaccHIecKkoi Mexannkn? [1pes-
Jle BCETO, MBI TOJYYIJIH, YTO SHEPTUST U3Me-
HSIETCsI He HEITPEPBIBHO, a IOPIUSIMU BEJINYH-
Hbl Ao . IIpaBna, BeqmunHa /i OueHb MaJa, u
JUIST OOBIYHBIX MAKPOCKOTTNYECKIX OCITHJLIISI-
TOPOB 9Ta CKAYKOOOPA3HOCTD M3MEHEHNST SHEP-
MM TpaKTHUYecKu He HaOsonaercs. Bripo-
yeM, eCTb TaKKhe 0coOble MAaKPOCKOIUYECKHe
CHUCTEMBI, T/Ie CKAUYKOOOPA3HOCTh UTPAET OTI-
peaegonyio poab (HampuMmep, Jasepbl).
[TpaBUJIbHOCTD MOJTYYEHHOTO HAMU BbIpaske-
HUS JIJIST 9HEPTUH OCIUJLJISITOPA TIPOBEpPEHa ¢
6OJIBINON TOYHOCTBIO I MHOTHX BHUJIOB OC-
IUJLJISITOPOB.

EcTb eme o/1HO BajkHOE CBOMCTBO KBAHTO-
BOTO OCIMJLJIITOPA, KOTOPOE TOKE HAMU I10-
aydeno. Korja sneprusi MUHUMAIbHA, KJIAC-
CUYECKHUI OCITUJIISTOP HAXOAUTCS B MOKOE B
MOJIOKEHUH PABHOBECHST; MEJK/TY TEM KBaHTO-
BBl OCHUJIJISITOP B HAUHUBIIIEM dHEPTeTHYEeC-

(TpogomxeHne cm. Ha ¢. 37)



JBOMOLMOHHbIE MPOLLECCh
N OObIKHOBEHHbIE
ondgepeHumanbHble
YPaBHEH WS

B.APHOJIbY

YpaBHeHne 6biio 04eHb CII0XHOE, HO
rpogeccop ¢ rpucyLyes emy ckpPOMHOC-
TbIO HA3Basl €ro 0ObIKHOBEHHbIM.

13 ra3eTHOro MHTEPBbLIO C MaTEMaTUKOM

NDODEPEHIMAJIBHBIE YPABHEHWS —
ﬂ|0ﬂHo 13 OCHOBHBIX OPYAMI MareMaTHh-
yecKoro ecrectBosHanus. M3o6pen ux Mcaak
Hororon (1642-1727). 3amaun, mo cyiie-
ctBy npuBozsAnme K auddepeHiuaibHbiM
yPaBHEHUSIM, MOABJAAINCH M 10 HbloTona.
OaHaKko pemarb UX yMeJd JIMIIb TaKue re-
HMM, KaK npesuaeHT (ppaHIysckoii Axaje-
vun nayk X.Tmoiirenc (1629-1695) u yun-
Testb HploTOHA, MaTeMaTHK 1 GOTOCJIOB, PO~
TTOBeHNK aHTJmiickoro koposast M.Bappoy
(1630—1677). Tlocre Hpiotona nx penraior
JOGBIE CTYJIEHTBI U AK€ TKOJTbHUKH.

HpioTon cunran cBoe n306peTenre HacToIb-
KO BaKHBIM, uTO 3amudpoBal ero B Buie

aHarpaMMbl' , CMbICJI KOTOPOii B COBpeMeH-

U 6accdael3eff7i319n404qrrds9ti2vx. Pacimid-
poBka: data aequatione quotcunque fluentes
quantitates inouolvente fluxiones invenire et
vice versd, T.e. <110 JAaHHOMY YPaBHEHUIO, COJep-
JKAIEMY CKOJIbKO-HUOYb (DYHKIUIT, HAHTH 1po-
M3BOJHYIO M 06paTHO». JTa aHarpamMma cojep-
JKUTCSI B 3HAMEHUTOM «BTOPOM nucbMe» HprotoHa
cekperapio Koposesckoro o6uecrsa (anrmuiic-
Kol akagemMun Hayk) OnbaeHOypry oT 24 OKTAGPS
1676 rona. ITucbmo npepnasnavanoch JleiiGHuIy
(1646—1716) u coaepxao cooliienne o6 U306~
peTeHnH MaTeMarmdyeckoro aHasmaa. [lepermcky
¢ Jleitbuutiem, skuBium B ['epmannu, Hpioton Best
yepes OubeHGypra (KOTOPOTO BIIOCJIE/ICTBIHN 3aK-
mounn B Taysp 3a CBA3b ¢ MHOCTPAHI[AMN).

Omny6ankoBano B «KBanrte» Ne2 3a 1986 roz.

HBIX TEPMUHAX MOKHO BOJIBHO MEPEIATh TAK:
«T0JIe3H0» pemath Auddepennmaababie
ypaBHenus (Tak Kak HMHU BBIPAKAIOTCS 3aK0-
HbI TIPUPO/IBI).

B npyroii, Gosnee aauHHOI aHarpamme
Hpioron sammdpoBan Takke U IIpUAYyMaH-
HbBII M PELENT PEIIeHs BCeX YpaBHeHuil, B
ToM uncJje u auddepeHImnaabHbIX.

Teopuss muddepeHINATBHBIX yPABHEHHI
nepepabaTbIBaeT BOIPOCHI €CTECTBO3HAHMS B
TeOMEeTPUYECKUE 3/[a9U O KPUBBIX, OIpe/Ie-
JIEHHBIX BEKTOPHBIMU TossaMu (cM. HuxKe),
0J06HO TOMY, KaK JEKaPTOB METO/] KOOP/IH-
HAT IIPEBPAIAET BOMPOCHI 06 anrebpamyec-
KIX YPABHEHUSIX B 32/[a9H O JIMHUSIX U TIOBEPX-
HOCTSIX.

CocTosiHMA npoLecca

UTo6bI U3yYUTDb KAKOU-TUG0 MPOIIECC, HY K-
HO TIPEXK/Ie BCETO YMETh OIMUCHIBATH MHOMKe-
CTBO BCEBO3MOJKHBIX COCTOSTHUI 3TOTO IIPO-
necca. I[locMorpum, kak ato jenaercs, Ha
npuMepax.

1. /IBuKeHHe TOYKH MO mpsaMoii. OrnbIT
MOKA3bIBAET, YTO [JIs ONpe/eeHus [BUKe-

Puc. 1. [BuxeHue rno npsamov
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HUSI MaTepPUATbHON TOYKU IO TPSIMON B OT-
CYTCTBHE BHENIHUX CHJI JOCTATOYHO 33/1aTh B
HavYaJbHBI MOMEHT €€ CKOPOCTb M IOJIOKe-
Hue Ha IpsiMoii. [ToaToMy MHOKECTBO BeeX ee
COCTOSTHUN MaTeMaTHK OTOKECTBJISET C KO-
OPMHATHON IJIOCKOCTBIO (s;0): Kak 101 TOY-
Ke Ha 9TO¥ MJIOCKOCTH OTBEYaeT MaTepHuaib-
Hasg TOYKa, JBUXKYINASCSI CO CKOPOCTHIO ¥ 1
3aHUMAIONIAS TT0JIOJKEHME C KOOPAUHATON S, 1
06paTHO — Ka)KIOMY COCTOSIHUIO OTBeYaeT
¢Bos Touka maockocru (puc.1).

2. Kosae6anus magarauka. CocTosiHue 1110c-
KOrO MAasITHUKA TOKE OINCHIBAETCST JBYMSI
rnapaMeTpamu, HallpuMep yrJ0M OTKJIOHEHHS
0 OT BepTUKAJU U YIJOBOW CKOPOCTBHIO
masgthuka (puc.2). Crano GbITh, MHOMKe-

el

Puc. 2. Konebarsg MaaTHuka

CTBOM COCTOSTHMII MasTHHUKAa CHOBa OyZeT
mrockocTh? He coBcem. [leso B ToM, 9TO ipn
u3MeHeHnu yria O Ha 27 MasgTHUK BO3Bpa-
maeTcss B TIpekHee moJioxkeHme. [loatomy
MHOXKECTBO COCTOSTHUH 3/1eCh — IUJINH/PH-
yeckas MoBepxHOCTh (CM. puc.2).

3. IlonoxeHue BO30B Ha JABYX /JOPOTrax.
TFopona A x B coefiuHenbl IByMsI HellepeceKa-
IOIMUCS IOPOTaMy, Ha KaXK/I0M 13 KOTOPBIX
HAXOJIUTCS BO3; HAC UHTEPECYET X B3AMHOE
pacriostoskenue. Ilosokenne Bo3a Ha epBOit
gopore (puc.3) MOKHO OIPEIETUTD YHCTIOM —

0 1
Puc. 3. 334a4a 0 AByX BO3aX Ha ABYX [OpPOrax
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noneit paccrosinust ot A 10 B (10 1epBoii
JIOpOre), 3aKJTIOYEHHOH MeXIy A 1 BO30M;
aHAJIOTUYHO, BO3 HA BTOPOIT I0poTe oIpe/e-
JigeTcst TaKoW sKe JloJiell TTo BTOPOH Jopore.
[Toatomy wHTEpeEcyIoTee HaC MHOXKECTBO CO-
CTOSTHUIT OIMCBIBACTCS TOUKaMU (X;Yy) eau-
araHoro kBagpata (0 < x <1, 0<y <1).

MHosxecTBa COCTOSTHUH ITpo1iecca B TEOPUHI
qudepeHIIaTbHbIX YPaBHEHNI HA3bIBAIOT
¢asosvimu npocmpancmeamu. Vrax, xax-
nas touka ¢asosoro npocrpanctsa (paso-
6as MouKa) N306paXkKaeT coCMosHUe TIPOIeC-
ca. A caMo meyenue KOHKPETHOTO Ipolecca
uzobpakaercs JUHUEN B (pa30BOM IPOCTPaH-
CTBE; 9TH JIMHUM HA3BIBAIOTCSA (hA308bIMU
Mpaexmopusmu.

BBenenne daszoBoro mpocTpaHcTBa MPO-
1ecca TeOMETPU3yeT TEOPUI0 — BOTIPOCHI O
X0/Ie TIpoIiecca MPEeBPaIaloTCs B BOTIPOCHI O
noBesieHn (pa3oBbix Tpaektopuit. [Tomryua-
IOIIUECS TEOMETPUYECKHE 33/Ia41 MOTYT OBITh
tpyaubiMu. OnHaKo OGbIBAeT U Tak, 4TO yiKe
onHo BBeienre (hazoBoOTO MPOCTPAHCTBA T10-
3BOJISIET PENIUTh TPYIHYIO 3374y .

3agaua (H.H.Koncrantunos). M3 zopoda
A 6 20p00 B eedym dee nenepecexarujuecs
dopoeu. F36ecmuo, umo 06e Mawutovl, 6vle3-
JKawwue no pasuvimn dopozam us A 6 B u
C8SA3AHHbIE BEPEBKOl HEeKOMOPOU O0JuUHbL,
menvuteli 21, cmozau npoexamv us A 6 B, ne
nopeas eepesxu. Mozym au pasmunymocs,
He KOCHYBUWUCH, 08d KPY2IblX 8034 C CEHOM
paduyca l, uenmpor Komopuvix 08UKYMCS NO
amum dopozam nascmpeuy opye opyzy?

Da3oBBIM MIPOCTPAHCTBOM 3/I€CH CJIYKUT
eIMHNYHBIN KBajpar. HauanpHoe mosioxke-
nue Mmamme (B ropoge A) cOOTBETCTBYET
JIEBOMY HIZKHEMY VIJIy KBajpaTa, a J[BUXKe-
HUe MammH u3 A B B m306paskaercst KpUBOii,
BeJyllel B NPOTHBONOJIOXKHBIA yror (cM.
puc.3). TouHo Tak ke Haya bHOE MOJIOKEHNE
BO30B COOTBETCTBYET TPABOMY HIKHEMY YTJTY
KBaJ[paTa, a [BUKEHNE BO30B N300paKAETCs
KPHUBOH, Be/Iyleil B TPOTUBOIIOJIOKHBIN YTOJI
kBagpara (seBblii Bepxumii). Ho Beaxue ase
KpUBbIe B KBaj[pare, COEIUHSIONINE PA3HbIe
apbl IIPOTUBOIOJOKHBIX BEPIIHH, Mepece-
katorcsi. Iloaromy, kak 6bl HU JABUTaJIHCh
BO3bI, HACTYIIUT MOMEHT, KOI/la Iapa BO30B
3aiiMeT T0JI0KeHne, B KOTOPOM ObLIa B HEKO-
TOPBIIf MOMEHT BpEMEHH Mapa MaliH. B ator



MOMEHT PACCTOSIHIE MEXK/Y IIEHTPAMH BO30B
6yzner Mmemnbiie 2/. Vrak, pa3MuHyTbCcS HE
yaaercs.

B paccMorpeHHOI 3a7aue He yIacTBOBAIN
qnddepeHIATbEbIE  YPABHEHNUS, HO XO[
paccy k/ieHnit 630K K TOMY, YeM MBI OyeM
3aHUMATDBCS TAJIBITE: OMUCAHIE X0/a TPOIec-
ca KakK JUHWN TOAXO/AIIero (hasoBoro IMpo-
CTPAHCTBA YACTO OKA3bIBACTCS YPE3BBIYAITHO
I0JIE3HBIM.

Oo6mas cxema teopuu auddepeninaib-
HBIX ypaBHeHUi TakoBa. [lockobKy HaYaTH-
HOE COCTOSTHUE PACCMATPUBAEMBIX HAMHU TIPO-
L[ECCOB OTIpefiesisieT UuX GyAyIIUil X0, OHO
oTipesiesisieT U CKOPOCTb M3MEHEHHSI COCTOSI-
HUS, T.€. CKOPOCTDb JABIKEHUST (pa30BOil TOU-
KHU. 3aBUCHMOCTDL CKOPOCTH JABMKEHUS (hazo-
BOIT TOYKHM OT ee mosoKkeHnst (M 10K aibHblil
3aKOH I600UUU TIPOTIECCA) KAaK Pa3 U BbIpa-
skaercs, 1o Heotony, muddepenimaabHbiM
ypaBHeHUeM. [‘eoMeTpudeckn 3T0 ypaBHEeHHE
u306pakaercsl BEKTOPaMU, TIPUJIOKEHHBIMI
K KQK/101 (pa3oBOIl TOUKe U yKa3bIBAIOIIUM,
Ky/Jla U C KaKOW CKOPOCTbIO M3 3TOH TOYKHU
BBIXO/IUTH. BMecTe Bce aTH BEKTOPBI COCTAB-
JIFIOT 8eKMOpHOoe noje (paszosoll cKopocmu
(cM. nanpumep, pucynkn 5, 11 nmxke). Teo-
pust mudpepeHIanbHbIX YPaBHEHUN JOK-
Ha TI0 BEKTOPHOMY TIOJIIO ONHCBHIBATH XO/T
mporiecca, T.€. HaXOJUTDb TPAeKTOPUH JIBIKE-
HUs (a30BbIX TOUEK, OTBEUATH HA BOTIPOCHI O
xapakrtepe uX aBvkenus (Hampumep, Ha
TaKue BOIMPOCHI: OYAYT JI TPAEKTOPUH OTPa-
HUYEHbI ? BO3BPAIAIOTCS I OHU K UCXOHOM
TOUKe?). 3HaUeHne HTUX BOIPOCOB /IS U3Y-
YeHUsT TIPOIIeCCa OUEBUJIHO.

YPaBHEHVIe MaTeMaTn4eckoro MmassTHuKa

CorJracHO 3aKOHaM MEXaHUKH yIJI0BOE yC-
KOpeHHe MasgTHHKA MPONOPIMOHATBHO MO-
MeHTy CNJIbI TAXECTUu
(puc.4):

16 = —-mglsin @,

rme m — mMacca, [ — [Ha,
0 — yroa OTKJIOHEHHS;
- TOYKa CBepXy O3HayaeT

IIPOU3BOIHYIO 110 BpeMe-
mg nu ¢t (3mecb u Bcloay
Puc. 4. Maremaru- HUKe), JiBe TOYKU — BTO-
Jeckmii MagTHUK — py1o  TPOU3BOJHYIO,

R SO S

I = ml® — MoMenT unepiun. 3HAK MIHYC B
ypaBHeHHH OGDBSICHSIETCS] TeM, YTO MOMEHT
CTPEMHTCSI YMEHDIINTD OTKJIOHeHue. [locie
cokpamienuii moayunm O =-ksin®, rae
k=g/l. Koapdunuenr k& MoxHo caenarnb
paBHBIM 1 TIOAXOASATITIM BBIGOPOM MaciiTada
spemenu (mogemus ¢ na VR ). Toraa ypasHe-
HUE MaTEMAaTUYECKOI0 MadATHUKA ITPUMET BUJL

6=—sin0- ()

Da30BbIM HIPOCTPAHCTBOM MAsTHUKA SBJISCT-
ca wmnnap (6;0), rie =0 — yriosas
CKOPOCTb. MbI MOKEM 3aIucaTh ypaBHEHHE
(1) B BUzE cuCTEMbI

b=wm, &=-sinb, (2)

B KOTOPYIO BXOJSIT TOJBKO TIEPBbIE TPOM3-
BOJIHbIE HEU3BECTHBIX § ¥ . JTa CHCTEMA
BBIPAJKAET JIOKATbHBII 3aKOH 9BOJIOIUN CO-
CTOSIHUSI MAasITHUKA: CKOPOCTh W3MECHEHUS
BBIPAKEHA YEPE3 CaMO COCTOSTHUE.

Pemnrs ypasrenue (1) (nim cucremy (2)),
OKa3bIBaeTcsl, He Tak Jierko. Ecim orpaxu-
yuThes HeGoabmu yraamn 0 (manvie xo-
aebanus), 10 sin® = 0. IlostomMmy npu ma-
71X O mosbayiorest BMecto (1) npuGimken-
HbIM ypaBHerueM 0 = —0 . OHO HasbIiBaeTCHA
YpasHenuem Maiblx KoAeoanui MasmHuxd.
Ero peutenust 6 = Csin (£ + ) BaM U3BeCTHbI
U3 Kypca GU3UKHI: npu MAIbLX Y2AdX OMKIO0-
HeHUsL NAOCKULL MAMEMAMUYECKUT MAATNHUK
cosepuaem zapmonuueckue (cunycoudaiv-
nuvie) nepuoduueckue xorebanus. Bompoc o
TOM, HACKOJIbKO MEHSIETCSI ATOT BBIBOJ MU
MEPEXO/Ie K «MCTUHHOMY» YPABHEHUIO MasiT-
Huka (1), HysKIaeTcst B ClieluaibHOM HCCIe-
JIOBAHUH.

Bocnosbayemest (haszoBbIM MPOCTPAHCTBOM
cucrempr (2) — mumHapom (6;®) . B kakaoii
TouKe (Ha3oBOTO MPOCTPAHCTBA TOCTPOUM
6eKMOp (pazosoll ckopocmu, T.e. BEKTOP C
KOOpJMHATAMK (9;0’3) = (w; —sin 6) — reoMer-
PUYECKUI HKBUBAJIEHT 3aKoHa pupobl (1).
[MoyueHnast KapTuHa — nojie (hazosoil cKo-
pocmu — usobpaxkeHa Ha pucynke 5 (st
HATJSITHOCTH MBI Pa3pesasi IUJIUHAP 110
o6pasyronieil 1 pazBepHYJIH €r0).

Ha 270ii KapTiHe MOKHO PasrJisieTb CJie-
aytoriee. B aByx Toukax dazoBasi CKOPOCTH
paBHa HyJ0. Touke A oOTBeyaeT HUKHEE
(ycroitunBoe) moJiosKeHne paBHOBECHST, TOU-
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Puc. 5. [Tone gpazoBovi CKopoCTH MatemMa4ecko-
ro MasiTHuKa

ke B — Bepxnee (HeycToiiunBoe) MOJTOKEHIE
pasHoBecusi. IIpu Masbix 3Havenusix 0, 6
BU/IHO, YTO TOYKU (PA30BOrO MPOCTPAHCTBA
[EPEMEITAIOTCS 110 3aMKHYTHIM KPUBbIM, T10-
XOYKUM Ha OKPYsKHOCTH (MaJibie KoJeGanus),
[PH YBEJMYEHNN O 3aMKHYyTble KPUBBIE YBe-
JIMYUBAIOTCS M PACTATUBAIOTCS B HOJ00HE
suuncoB (koseGanust GOJBIION aMILIUTY-
ab1).2 Oco6yio poJib UrPAIOT TPAECKTOPHH,
[OMEYEHHbIE KPACHBIMH CTPEJIKAMH: YIIaB-
I 13 TOJIOKEHNUS HEY CTONYMBOTO PaBHOBE-
chsl MAsITHUK COBEPINAET MOJHbBIA 060pOT 1
BHOBb 3aMHUPAET B BEPXHEM TTOJOKEHUH. JTa
TPAEKTOPHst OT/essieT Kotebamust ot (Hepas-
HOMEPHBIX) BpAIIlEHNUIi, KOTOPbIE COBEPIIAET
MasiTHUK, €CJIH ero CKopocTh pu 6 = 0 1pe-
BBIIIAET B HANMX Ge3pa3MePHbBIX €MHUIIAX
qucao 2.

Kapacn (HopMmanbHoe pa3mMHoOXXeHue)

B Gombimom mpyay pasBoAST Kapaceii.
Kapacu He Memraror ApyT APYyTY, KOpMa UM

2 3amkuyTOCTD (hA3OBBIX TPACKTOPHII O3HAUYAET
HEePHOJMYHOCTD KoJieGanuii (TpeHue Mbl He yuu-
ThIBaeM). 3aMKHYTOCTb BBITEKAeT U3 CJeayloleit
Teopembl [ofirenca («3aKoH COXpaHEHUS 9HEP-
run»): E = 62/2—cos® npu deuxenuu me mens-
emcs. JlokasatenpctBo: E = 00 + 0sin 0 = 0. /Joka-
3aTeJIbCTBO caMoro [ioiireHca ObLIO, KOHEYHO,
WHBIM: OH He 3HaJ aHamm3a. OgHAKO He ciexyer
HEJIOOIIEHNBATh CUJIYy METO/IOB IIpe/llleCTBeHHN-
koB Hpiorona. Toiirenc uan Bappoy nauim 6bl,
CKa’keM, 3HauyeHue Ipejesa
lim sintg x —tgsinx
r—0 arcsin arctg x — arctg arcsin x

MTHOBEHHO U3 TE€OMETPUYCCKUX COOOpaKeHMit
(PeKo KTO U3 COBPEMEHHBIX MATEMATUKOB CIIPAB-
JIIETCS ¢ BBIYUCJIECHUEM 3TOTO TIPEJIesia 3a Yac).
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xBaraer. Kak 6y/ier MeHATbCs uncJio Kapaceii
x(t) c reuennem Bpemenu t? CKOpOCTb
IIPUPOCTa Kapaceil MpH 9THX yCJIOBUSX OKa-
3BIBACTCS  TTPONOPIMOHANBHOI  KOJTHYECTBY
0co6eif; T0ITOMY MOKHO HAIHNCATD

x=kx, R>0. (3)

IT0 ypaBHeHue HasbiBaeTcst duepenyu-
aAnvHLIM  YpasHeHueMm HOPMALbH020 UAU
MATLMY3UANCK020 pasmnoxenus.> (Hamom-
HUM, 9TO & 0O603HAYAET TIPOU3BOAHYIO IO
BpeMeHn. )

Teopema cymecrBoBanusi. JI100as pyHx-
uyus euda x = Cekt, 20e C — nocmosHHas,
aensiemcs pewenuem ypasnenus (3).

[loka3areJbCcTBO: II0/ICTaBbTE B ypaBHeE-
HIIE.

W3 moxaszaHHOI TeOpeMbl CIeayeT

Teopema equHcTBEHHOCTH. /[pyeux peuie-
nuil y ypasnenus (3) nem.

Hoxka3zareabcTBo. JI106y10 DYHKITHIO MO3K-
HO 3ammcarb B Buge x(t)=C(t)e!. Torga
i =Ce" + kx. TlosTOMy /I8 BBINOMHEHHS
paBeHcTBa i = kx HEOOXOIUMO U [JOCTATOY-
1o, uto6pl C =0, T.e. uto6bl C OBLIO KOH-
CTaHTO.

Ipacdukn permennii ypaBHEeHHs Ha3bIBAIOT-
C UHMEZPATOLHOLMU KPUBHLMU. DT KPUBBIE
JIEKAT B NPOCIMPAHCINEE—6PeMeHlL, T.e. Ha
mockocT ¢ Koopantartamu (¢x) . Jlast Bbi-
YyepunBaHUs MHTEIPATbHBIX KPUBbIX I10JI€3-
Ha 3aroTOBKa, KOTOpas Ha3bIBAaeTCs NoJeM
nanpasienuil ypaBHeHUS M COCTOMT M3 Ma-
JIEHBKUX OTPE30YKOB, IIPUJIOKEHHDIX B KasK-
JIOil TOYKE MPOCTPaHCTBa—BPEMEHM MOJ yTI-
JIOM K OCH BPeMeHH, TAaHT€HC KOTOPOrO PaBeH
npapoil yactn ypasuenns (kx s ypabHe-
nua (3); puc.6). Mnrerpanpnas KpubBas B

3 B HEKOTOPBIX CIyHasX CKOPOCTH PA3MIOIKE-
HUSI OKa3bIBAETCS IPOIOPIMOHAIBHOI HE YUCTY
oco6eii, a uyncay nap. Takoe anoMabHOE PA3MHO-
JKEHNe TOPa3/io Me/lJIeHHee 0OBIYHOTO MTPH MAJIOi
MIOTHOCTH Hacestenns (HarmpuMep, KUTaM HEKO-
TOPBIX BUJOB TPYAHO Haiitn mapy). Hamporus,
1pu GOJIBIINX X PA3MHOXKEHHE CO CKOPOCTDIO,
IPOTIOPIMOHATBHON 4%, IPUBOUT K «B3PBIBY»> 3a
KOHe4YHOe BpeMst: rpaduk x (f) uMeeT BepTHKaIb-
Hyto acuMnTory (mouemy?). dTa cuTyanus pea-
JIN3yeTCS B YPAaBHEHHUAX XUMHYECKOH KHUHETH-
KM, TJie CKOPOCTb PEaKIH IPOHOPIHOHATbHA
KOJIMYECTBY KaXKJ0TO U3 PEarcHTOB.



XA
D [ HA A
1%%‘%%6%
o = arctg kx,
0t t
xi
Xo
/
—
0 ¢ t

Puc. 6. [Tone HarnpasneHni ypasHeHUs HOPMa b -
HOIO Pa3MHOXEHNS & = kx u pelueHue, npoxo-
asujee depes HaqasbHyo 104Ky (ty;xg)

Ka)K/I0i CBOeil TOUKe Kacaercsi COOTBETCTBY-
IOII[ETO OTPe3Ka U, 06PaTHO, KPUBAsI, BCIOLY
Kacaiolascs HallliX OTPe3KoB, 6y/et rpadu-
KoM penrenusi (B 5TOM M COCTOUT TEOMETPU-
YyecKuil cMbIcT nuddepeHnaabHoro ypas-
HEHUS).

MBI TOJTBKO UTO TOKA3AJH, UTO Yepe3 KaxK-
QY10 MOUKY NPOCMPAHCMEA—EPEMEHIU NPO-
x00um posHo 00HA UHMeEZPAILHAS KPUBUS
x = Ce ypasnenus (3). Ira popmya BbI-
paskaeT 3aKOH HOPMAJTbHOTO Pa3sMHOKEHMS:
[UIST yIBOEHUsST KOJIMYECTBA Kapacell Bceraa
Tpe6yeTcsi OIHO U TO JKe BPeMs He3aBHCUMO
ot ux KosmdectBa. Ilepuon yaBoemus nace-
JleHns 3eMJin B HacToslIiee BpeMsi 0KoJio 40
ser. CJie1oBaTeIbHO, YUCJO SKUBYIIUX Ceii-
yac mozieit 6oblire yrcaa ymepiumx 3a 1000
Jer u 66110 6bI 6OJIBIIE YKCIa BCeX KOT/a-
Jn60 yMepINuX JIojel, ecan Obl CKOPOCTD
MPUPOCTa He MeHsTach. Bpems cymecTBoBa-
HUS 4€JIOBEYECTBA MOTYYAETCS TOTIA TIOPSI-
ka 2000 met; ciemoBaTeIbHO, CKOPOCTD TIPH-
pocTa HaceJeHHUsT paHbine ObLTa MEHbIIE.

3ameyaHus

1. Hamm paccysk/ienusi OCHOBBIBAJICH HA yra-
JIIBAHUN PelieHuii X = Ce. Haiitu stu pere-
HIST MOSKHO CJIe/IyIOIUM GoJiee CHCTEMATIHIeCKIM
o6pazoM. TaHreHc yria HakKJIOHA HHTETPAJbHOI
KPUBOIf ypaBHeHIst & = v (x) kocu ¢ paer v (x).
3HAUUT, TAHTeHC yIJa HAaKJIOHA K OCH X paBeH

1/ o (). Broans unrerpanbHoil KpuBoii (ecsm ona
HUT/IC HE TTAPAJLIENbHA OCH {) MOKHO BBIDA3UTD ¢
B Buzte pyHKIMK 0T x. O603HAUAS [IPOU3BOIHYIO
[0 X ITPUXOM, TOJAyuuM t = 1/0 (x). Buaumr, t
ecTb 1eppoo6pasHasg or 1/v . 1o 1mo3BoJgeT BbI-
pasuTh t uepes x, a 3areM u x yepes t. (Pazyme-
eTcsl, TPsIMble IPOCTPAHCTBA—BPEMEHH, TIJie
v(x) =0, TPUXOANTCS BBIKMIBIBATH, UTOGBI He
mesuts Ha HOmb.) Ilpu o(x)=kx momydaem
t' = 1/(kx), kt =In|x|+const, x = Ce".

2. Teopema eMHCTBEHHOCTH, YTBEPIK/IAIONIAS,
YTO HEe COBNAAIONINE WHTErPaJbHble KPHUBbIE He
MePECEKAIOTCS, — YPE3BBIYANHO YAMBUTETBHBII
(axT, mpoTEBOpEYAITIIT HATJISHON OUEBHHOCTH
n ¢usnyeckoMy onbiTy. Hamnpumep, mHTErpasib-
Hble KpuBble ypasHenus (3) mpu k = 1, mpoxoasa-
e yepes touxu (0;0) u (0;1) mpu ¢ =-5, Ha
rJ1a3 HepasJuyuMbl, a npu t = —30 MeXxay HUMU
He yMeIAIoTcs 1 aToMbl. TeM He MeHee, MaTteMa-
THKH CYNTAIOT UX HeNepeceKAIoNINMICS U TIPH
t=-10".

3. B dusmueckoii murepaType moCJIeIHETO Bpe-
MEHW TIO/IBepraeTcss COMHEHMIO JaHubiii Hpioro-
HOM B 1684 romy BbIBozx 3akoHOB Kemepa us
(ykaszanuoro emy T'ykoMm B nucbMe ot 6 sHBaps
1680 r.) 3aKOHA BCEMUPHOIO TATOTEHMS: STOT
BBIBOJI HESBHO WCIIOJIb3YeT HE J[OKA3bIBAEMYIO
HpIoTOHOM TeopeMy eIMHCTBEHHOCTH IS YpaB-
HEeHUs ABIKeHNs. B felicTBUTEe IbHOCTH, O/THAKO,
€/INHCTBEHHOCTD CJlelyeT M3 CYIIeCTBOBAHUS pe-
IMIEHUsT, 3aBUCUMOCTH KOTOPOTO OT HAYAJIbHOM
TOYKN BbIpaskaercs auddepeniupyeMoin GyHK-
mueit. /lokasaTesabCcTBO €MHCTBEHHOCTH B 9TOM
cIyyae aHAJOTUYHO IPUBEJECHHOMY BBIIIE /LIS
YPaBHEHUSI PA3MHOKEHHSI, Hy>KHOE K€ pelleHne
Hproton npexbsasui. B mucbme Taniero o cBoeit
mickyccnn ¢ T'ykom HpioTon gas ornucanne pas-
HUIIBI MesKY ToxoMamu MateMaTukos (Hbioto-
na) u ¢pusukos (I'yka) K eCcTeCTBO3HAHUIO, OCTa-
Ioleecst aKTyasIbHBIM 1 CEeTOJHs: «MaremaTtnkn,
KOTOpbIE BCE OTKPBIBAIOT M YCTAHABJIMBAIOT U
IIPOJIENIBIBAIOT BCIO PA0OTY, JOJLKHBI JOBOJIbCTBO-
BaTbCSI POJIBIO CYXMX BBIYUCJUTENEN U YepHOpA-
6OYNX; IPYTOil, KOTOPbI BCETO JIMIITb BCE CXBATbI-
BaeT 1 Ha BCe TPETEH/YET, TIpUCcBanBaet cebe Bce
n300peTeHNs KaKk CBOHMX IOCJeioBartesieil, Tak 1
CBOUX IIpe/IIIeCTBEHHUKOB> . B o6s3anHOoCcTH ['yKa
Kak Kyparopa KopoJieBckoro o61ecTBa BXOANIO
JIOKA3bIBATH OIBITAMH HA eXKeHe/IeTbHBIX 3ace/ia-
HUAX 06IIECTBA 110 2 UM 3 HOBBIX 3aKOHA MPUPO-
JIbI, YTO OH 1 ziesan B Tedennue 40 jser. /lokasbiBa-
eMble 3aKOHBI MOTJIH ObITb OTKPBITBI U JIPYTUMH,
HOo I'yk HacunteBasr 10 500 3aKOHOB, OTKPBITHIX
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JUYHO UM. ECTECTBGHHO, OH HE BCE YyCIeBaJ
0060CHOBBIBATD MAaTEMATHUECKI.

Bepnemcs, oaHako, K HallMM KapacsM.
Yepes HEKOTOPOE BpeMd Kapaceii CTaHeT CTOJIb
MHOT'0, YTO UM He 6Y/IeT XBaTaTb KOPMa U UM
CTaHEeT TeCHO; JJaJbHEeHIINI IPUPOCT yxKe He
6yzieT y0BIeTBOPATh ypaBHeHuio (3).

Kapacu npm HexBaTKe NuLumn
(norncrnyeckas Kpusas)

Ec/m HATIT TIPY/T ¢ KapacsiMi HEBEJUK LI
€CJIN YHUCJI0 Kapacei B 60IBIIOM TPy CHIIb-
HO BO3POCJIO, KOHKY PEHITHST N3-3a TIUTIH TTPH-
BOJUT K YMEHBIIEHNIO CKOPOCTH MPUPOCTA.
IIpocreiiiiee npeANONOKEHNE COCTOUT B TOM,
410 KO3 UIMEHT Rk 3aBUCHUT OT YKCIa Kapa-
ceil muueiino, r.e. k = a —bx (upu ne cimm-
KOM GOJIBIIINX X BCSIKYIO TIAJKYIO (DYHKIHIO
MOZKHO alllIPOKCUMIPOBATH JIMHEHHON ). Ml
MPUXOMM, TaKUM 0GPa3oM, K ypaBHEHUIO
Pa3MHOKEHUsI € YYETOM KOHKYPEHIIHH:
& = (a—bx)x . Koadduumentsr a u b Mosx-
HO TIPEBPATHUTH B €IMHUTIBI BLIOOPOM MACIITA-
60B t m x. MBI TIOJIy4aeM Tak Ha3bIBAEMOE
JIOZUCTUYECKOEe YPABHEHUE

t=(1-x)x. (4)
[lone nanpasaenuii ypasuenus (4) B po-

CTPaHCTBE—BpPEMEHM TOKAa3aHO Ha PHCYHKE
7,a, a Ha pUCYHKe 7,6, MOKasaHbl TpapuKu

a) xA
| N N S

& 0 O 0 O 0 O O ¢ 0 * & & - o

%o

i
e
1

6) x|

Puc. 7. [Tone HarnpasieHui v rioa@uki peLLeHmni
J10rcTYeckoro ypasHerus i = (1-x)x . Pewe-
Hugx =1 mnx =0 OTBEYaIOT MOIOKEHMAM YCTOM-
YNBOIO U HEYCTONYMBOIO PaBHOBECHS
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pemenuii. S-o6pasHble MHTETPAJIbHbBIE KPH-
Bble B mosoce 0 < x < 1 HasbpBalOTCA
N02UCTULECKUMU KPUBHIMU. MBI BUIIM, UTO

1) mporiecc UMeeT JBa TOJ0KEHHs PABHO-
Becusd: x = 0u x = 1;

2) Mexay npsMbivua x = 0w x = 1 mose
HampasJsieHo BBepx oTr 0 k 1, ampn x > 1 —
BHU3 K 1.

Takum o6pa3om, moJioxkeHue pasHoBecus 0
HeycToitunBo (pas TosBUBIIEECS HaceseHue
Kapaceil HauMHaeT PacTi), a MoJIOKEHUe PaB-
Hosecusi 1 ycroitunso (MeHbinee HaceseHue
pacrer, Gosbliee — y6biBaer). Kakum Gbl Hu
6bLI0 HavyasIbHOE YMCJIO Kapaceit x > 0, ¢
TeYeHEeM BPEMEHH TIPOIIECC BBIXOIUT K yCTOI-
YMBOMY COCTOSIHMIO paBHOBecwst x = 1. VY
KayK/I0TO TIpy/aa, TakuM o6pasoM (rmpm Hems-
MEHHBIX TPOYNX YCJAOBUSAX), MMEETCS CBOE
«TTPaBUJIBHOE» YMCJIO Kapaceit, n Jrobas mo-
My JIATHS Kapaceit Gy/IeT K 9TOMY YUCTY CTpe-
MUTBCS.

JloBnsa kapacen

[lo cux mop Mbl paccMarpuBasu CBOGOJI-
HYIO MOIYJISIMIO Kapaceil, pa3BUBAIOILYIOCS
10 CBOMM BHYTPEHHUM 3akoHaM. Ilpexarmosro-
JKUM TeTepb, YTO MBI Kapaceil BblJIaBINBAEM
(cKaskeM, KOJIXO3HbIH TIPY/I PETyJISIPHO CHAG-
JKaeT MECTHBIN PBIOHBI MarasuH >XHUBOM
pbi60oit) . TIpearnoaoKnM, 4TO CKOPOCTH OTJIO-
Ba nocrossiHa. Mbl npuxoanm k dugpgpepen-
YUATOHOMY YPABHEHUIO OMI08A

t=(1-x)x-c. (5)
Benmnunna ¢ xapaxkTepusyer pasperiaemyio
CKOPOCTDb OTJIOBA U HA3BIBAETCS KGOMOL.

Ha pucynxe 8 mokasaHbl TpH pa3HOBHU/IHO-
ctu rpaduKoB pemienuii ypasuernus (5) npu
TpeX pas3HbIX C.

Mp1 Bugnm (puc.8,a), 4TO IpU HE CJIUII-
KoM 6ou1bI1I0ii ckopoctr otsioBa (0 < ¢ < 1/4)
CYIIECTBYIOT [[Ba IIOJIOKEHUSI PABHOBECHS
(x = A u x = B). Hwknee mnosoxenne
paBHoBecus A HeycToitunBo. Ecsin 110 kKakum-
Jm6o npudnnam (epesos, 60Je3H1) B HEKO-
TOPBIIl MOMEHT BEJIMUNHA TIOILYJISIIH X OITy-
cTUTCS HIDKE A, TO B JaJIbHENIIEM BCSI MOITY-
JIAIIUST 32 KOHEYHOe BPeMs Mcye3HeT. Bepx-
Hee TI0JIOKeHNe paBHOBecHs B ycroitunBoe —
3TO CTAI[MOHAPHBIN PEKIM, HA KOTOPBIN BbI-
XOJIUT TIOTTYJISITIVS TIPY TOCTOSTHHOM OTJIOBE C.



a) 6) _ é)
4 c<1/4 W c=1/4 a c> 1/4
Xy \ Xy
_// A
i) SIS B
AE—— T
—— :

0 ty 1t t 0 t ty t 0 £ ty t
Puc. 8. Pewiers ypasHerus 01108a & = (1 - x)x — ¢ 1pu pasHeix 3Ha4eHuax KBOTbl o1108ac. [y ¢ < 1/4
7106351 NonynaLms CTPeMUTCS K YCTOMYMBOMY paBHoBeCHIo x = B, npu ¢ =1/4 nonoxerue pasHosecus
HeycTongmBo, rpu ¢ > 114 10basg nonynaums BbiMupaer

EcrectBenno, paBHOBecHOE HaceJeHUE Mpy- OxasbIBaeTcs, 4To BCe sKe MOKHO TaK Opra-

a, B KOTOPOM MPOU3BOJUTCA OTJIOB, MCHb- HU30BATb OTJIOB, YTOOBI yCTOUYUBO OIYIaTh

e, 4eM B Ipy Ay, B KOTOPOM JIOB HE BEIETCSI. yI0B €O CKOpocThio ¢ = 1/4 . TlocmoTpmm,
Ecim ¢ >1/4 (puc.8,8), to paBHOBecHit KaK 9TO JIeJIaeTCs.

HeT 1 Bce Kapacu GY/IyT OTJIOBJIEHBI 32 KOHEY-

Hoe BpeMsi (3aBBIIIEHHBI TLTaH 10 TPOJIasKe BeeaeHvne obpatHoil cBs3N

JKMBOW pBIObI B MarasuHe IPHUBENET K ee
ru6e/In; HCTOPUYECKHIT TIPUMEp TaKoro poja —
ucrpebJeHne CTe/IepoBoii KOPOBbI).

[pu ¢ =1/4 (puc.8,6) umeercs oHO HEYC-
ToitunBoe cocrosnne pasHoBecuss (A =B =

DukcupyeM BMeCTO a6COTIOTHOI CKOPOCTU
OTJIOBA OTHOCUTEJbHYIO, T.e. (PUKCUPYeM
OTJIABJINBAEMYIO 32 €MHUILY BPEMEHU JI0JII0
HAJIMYHOM MOIYJIALNN:

=1/2). OT1210B ¢ TaKoii CKOPOCTHIO IIPH 0CTa- &=(1-x)x-pr. (6)
TOYHO GOJIBIION HAYAIBbHOM TOMYJISIIMN MaTe- Ha pucynke 9 mokazaHo mpocTpaHcTBo —
MaTHYeCKU BO3MOXKEH B TeUeHHe CKOJIb YTOIHO BpeMst jutst ypastenus (6) (npu p < 1) n
JUTNTETHHOTO BPEMEHW, O/THAKO CKOJIb YTO/THO rpauKu HEKOTOPBIX pemtenuit. Buamno, uro
Majoe KoseGaHne YNCJIEHHOCTH YCTaHOBHB- HIDKHEE, HEYCTOIYHBOE MTOJI0XKEHHE PABHOBE-
meiicss paBHOBeCHON momyJistigan BHU3  (CM. cus tenepb B Touke X = 0, BTOpoe 10JI0KeHne
TOUKy F) TPUBOJUT K TIOJTHOMY OTJIOBY Kapa- pastosecns B ycroitunso npu mo6om p (ecm
ceit 3a koneunoe Bpems (rian orsiosa ¢ = 1/4 Tosbko 0 < p < 1).
JUIsT MarazuHa «Pbi6ay ToKe He TOIUTCS). [locsie HEKOTOPOTO MEPHO/Ia YCTAHOBJICHNSI

Takum 06pasoM, XOTsI TEOPETUIECKHU JIOTTY- TOTIY JIATIST KApaceil BBIXOJNT Ha CTAIlHOHAP-
CTHUMBbI JTII0ObIE KBOTBI BILJIOTH /10 MAKCUMAJTh- J
woit (¢ <1/4 ), makcumasbrast kBota ¢ = 1/4 *
[IPUBOJUT K HEYCTOHMYMBOCTU U HEIOILyCTH-
Ma.* Bosiee TOro, MpakTHIECKH HEIOTY CTHMBI B \ =
n Gsmskue K 1/4 KBOTBI, Tak Kak TpH HUX - — =
oTracHbIi Topor A 630K K YCTaHOBUBIIIEMY- /
ca pesxumy B (He6Gosbimme caydaiinbie oT-
KJIOHEHUsT OTOPACHIBAIOT TIOIYJISAIUIO HUKE
nopora A, nocJie 4ero ona noru6aer).

4 Baxubiil /18 9KOHOMUKHI BBIBOJ MaTeMaTH- 0 t
YECKOH 9KOJIOTUN: CTPeMJICHIE MAaKCUMU3NPOBATh Puc. 9. PeiueHus ypaBHeHUS OT/I0Ba C OTHOCH-
PUObLIb, JOXOJ MM KOJHYECTBO ITPOLYKIIUN resbHovi kBoTori & = (1—x)x—px mpu p < 1.
YypeBaTO BO3HUKHOBEHHEM HEYCTOHYMBOCTU CHUC- Jitobas nonynaums CTPemuTcs K YCTouYMBOMY

TEMBI. 3Ha4YeHuo x = B
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HBbII pexxuM x = B. AOGcoJioTHasi CKOpOCTb
yJIOBA YCTAHABJMBAETCS IIPU TOM PABHOI
¢ = pB. (310 — opAMHATA TOUKH MIepeceyeHust
rpacdukoB Gynkimii v = (1-x)x n v = px )
Uccaenyem moBeseHne 9Toi BEJUIWHDBI TIPH
n3MeHeHNN p. llpn MaJbIX OTHOCHTEIHHBIX
BBLIOBaxX (MasbIX p) YCTAHOBHBIIASICS CKO-
poCTb OTJIOBAa TOXKe MaJja; 1npu p — lona
Toke crpemutes K nyso (nepenos). Hau-
6oJibliee 3HavenHne abCOTIOTHON CKOPOCTH C
paBHO HanbobINel opanHaTe Tpadguka QyH-
KU O = (1 - x)x . Omna gocruraercs, Koria
npsiMast v = px mpo-

xA

) o= pr XOJIUT Yepes BepliIk-
Hy mapa6obt (T.e.

B npu p=1/2), n

\ WAt

1/2
(r.e. HazHAuYUM OT-
HOCHTETBHYIO KBO-
v =(-x)x Ty TaK, 4TO6HI yCTA-
.  HOBHBINASICS TOITY-

0 c 1/4 O gumg  COCTABJISAIA
Puc. 10. HaxoxzgeHme or- I10JIOBUHY Heo61aB-
TUIMAJsibHOIo )/CTon411BOro ]IHBaeMOfI). Mp1 j10-
PEXUME OT/10Ba C OTHO-

cuTeIbHOW KBOTOM

CTUTJIN, KaK 1 ObLIO
o6emiano, MaKCH-
MaJIbHO BO3MOXKHOH CTAIlMOHAPHON CKOPOCTH
oTJIaBJMBaHus ¢ =1/4 , npuyem cucrema oc-
Taercst ycToiunBoii (Bo3Bparaercss K ycra-
HOBUBITIEMYCSI COCTOSTHUIO TIPH MAJTBIX OTKJIO-
HEHUAX HOMYJAINMKM OT yCTaHOBUBIIeics) .

Kapacn n wyku

B mamem npyay ¢ KapacaMH 3aBeJUCH
myku. Ecam Obl 1yk He OblIo, Kapacu pas-
MHOKATHICh OBl 110 9KCIIOHEHTE, CO CKOPOC-
10 & = kx (ipya Gousbinoii). Ho Tenepb
cJeyer y4ecTb Kapacell, Cbe/leHHbIX II[yKa-
MU, U Mbl IIPE/IIOJIOKUM, YTO YHUCJIO BCTpeY
Kapaceii co IlyKaMy IIPONOPLUOHATIBHO KaK
4yHuCJIy Kapaceil x, Tak U YUCJIy LYK ¥, Torza
JUIL CKOPOCTM M3MEHEHUS 4YucJa Kapacei
MOJIyYnM ypaBHenne & = Rx —axy . Uro ka-
caeTcs IIyK, To 6e3 Kapaceil OHU BBIMHPAIOT:
y =—ly , B IpUCyTCTBUM 3Ke Kapacell Hauu-
HAIOT Pa3MHOXKATHCS CO CKOPOCTHIO, TIPOTIOP-

5> Ho JUISL 9TOTO TLIAHUPOBAHKE JIOJKHO ObITH
rUOKUM: IIJIAH YMEHbBINAeTCsS TIPH HeypoXKae U
YBEJIMYMBAETCS TIPU OJIarONPUSITHBIX YCJTOBHSIX.
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[UOHAJIbHOW YHUCJIY CbeJeHHBbIX Kapaceii:
y =—ly + bxy . Mbl npuxouM, Takum o6pa-
30M, K cucreMe AuQQepeHnnagIbHbIX ypaB-
HEHWI IpoCTeiIieil MoJIe/ I CUCTEMbl «XHUIIl-
HUK—KEPTBa» !
X = kx — axy,
(7
y=-ly+bxy.
Ara Mo/iesib Ha3bIBaeTCst Modeavto Jlomka—
Boavmeppa.

Da3oBbIM TPOCTPAHCTBOM ITON CHUCTEMbI
cayxur yron x 20, y=0. Hapucyem Ha
HeM ToJie (Pa30BON CKOPOCTH CHCTEMBI
(puc.11), T.e. k Kaxa0ii Touke (X;y) MPHUIO-
JKUM BEKTOP

(kx — axy; —ly + bxy).

A
Yo | JDJLK“:(

N

0

Puc. 11. [lone ¢pa30801i CKOPOCTH B MOLE/N «XULL-
HUK—XKepTBa»

V aroro moas ectb ocobas mouxa (K nei
[PUJIOJKEH HYJIEBOH BEKTOP), a UMEHHO TOY-
ka (I/b; k/a); ona orBeyaer paBHOBECHOMY
KOJIMYECTBY Kapaceil W IyK, KOTa IPHPOCT
Kapaceii ypaBHOBEIMBAETCS JeATETBHOCTBIO
YK, a TPHPOCT HMIyK — HX €CTeCTBEHHOIT
CMEPTHOCTBIO.

Ecau HavaabHOE YHMCIO IMYK MEHbIIe
Yo = k/a (Touka A Ha pucyHKe), TO KOJIHU-
4eCcTBO Kapaceil M I[yK pacTeT, MOKa pas-
MHOKHMBIINECS IYKH HE HAYHyT CbheAaTb
Gouibllie Kapaceil, yeM ux poskaaercs (Tou-
Ka B), 3ateM 4mcj0 Kapaceii HauHeT yG6bi-
BaTh, a YHCJO IYK TPOAOJKAET PACTH,
[OKa HeXBaTKa IUIIK He IPUBEIET U YK K
peiMupannio (touka C); 3aTeM 4nCIO TIYK
YMEHBIIUTCS HACTOJNBKO, YTO Kapacu CHOBa
HAuHyT pasMHoKaThes (Touka D); Havyas-
meecs pa3MHOMKEHHUe Kapacell IpUBEJeT K



TOMY, 4TO CO BpeMeHEeM W IIyKH HA4YHYT
Pa3MHOXATBCA.

Ho Bepuemcg mm Mbl K Touke A? VabiMEI
cjoBamu, OY/IeT JIi MPOIece KoJieGaHus Io-
BTOPATbCS nepuoanyeckun? OTBeT Ha 3TOT
BOTIPOC MOJKET 3aBHUCETH OT BBIGOPA HAYAITH-
HOU ToukM A (a TaksKe OT 3HAYECHUS [TapaMeT-
POB CHCTEMbI).

3apaum aNna CaMocCTOSITeNIbHOroO pewieHuns

1. Haiiute ypaBHeHUe JIOTHCTUYECKON KPHUBOIL.

2. SIBJSIOTCST JIM WHTETPATbHBIC KPUBbIE ypaBHe-
muit (5) n (6) pacTAHYTBIMU JOTUCTUYECKUMU KPH-
BbIMU ?

3. Jlokaskute, 9TO HHTETPAIbHBIE KPHBBIC yPaBHE-
muit (5) u (6), pacroyoKeHHbIE BHE TTOJOCHI MEKITY
A u B, UMEIOT BepTHKAJIbHbIC ACHMIITOTHI.

4. MoryT Jm mepeceKkaTbCsl He COBNAJAIONINE
MHTErpaJIibHble KPUBbIE JIOTHCTHYECKOTO YPABHEHNUS ?

3. [lokaxure, yto neproj T’ Koebanus MasTHUKA
(1) pacrer ¢ aMmMTyOii.

6. TIpu6mmKeHHO cocumnraiite mepro/ KoeGaHmst
MasITHUKA MaJIOi aMIINTY/BI d.

7. Haiigure nipenest meprosia KoseGaHuil MasiTHU-
Ka TIpU CTPEMJICHUN aMILIATY/BI K 1T .

8. JlokaxkuTe, 4TO TEPMO/ KOJTEOAHUST MASTHUKA
PaBeH MPOM3BO/IHOI TILIOMA/IN, OrpaHYeHHOIT (haso-
Boit Tpaektopueii 6%/2 —cos® = E 1o sHeprim E.

9. Yacrurpr mMaccbl 1 HAYMHAIOT JBUTAThCH C
HYJIEBOI CKOPOCTBIO OTHOBPEMEHHO M30 BCEX TOUYEK
OCH X IO/l JeiCTBHEM CHJIOBOTO MMOJST F = sin x .
UYepes kakoe BpeMs YaCTHIIBI HAUHYT CTATKIBATLCS ?

Pemenns MOXXHO HaliTH B CJIeYIONNX KHNATAX:

1. B.H.Apnoavd. OO6bikHOBeHHDbIE ubdepen-
nmasbHble ypaBHenus. — M.: Hayka, 1984.

2. B.H.Apnonvd. MareMaTH4ecK1e METO/bI KJac-
cuueckoil mexanuku. — M.: Hayka, 1974.

OTBeTbI

1. x=€i/(1+€i). 2. Her. 4. Her.
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6. T =2n 1+E+”' L7000, 9. /2.

(Havano cm. Ha ¢ 21)

KOM COCTOSTHMHM coBepinaer kosebanms (mx
Ha3bIBAIOT <«HyJEBbIe Kojebanus»). Kune-
THYECKad MW NOTEHIINAJIbHAsA 9HEPTUA ITUX
Kosie6aHuii mopsiika hw . [lpu aTom cpennee
3HAYEHNe KOOPAMHATHI OCIUJIISITOPA PABHO
HYJII0, & cpejiiiee 3HaYEHe KBAIpaTa Koop-
JINHATDI 1A€TCsI TIPUBEEHHOIT BbIliie (GopMy-
JION 1 qg . DTO 3aMevaTesIbHOe CBONCTBO
KBaHTOBBIX OCIUJIJISITOPOB XOPOIIO TPOBe-
PEHO Ha OIbITe W WIPAET BAKHYIO POJIb B
COBpPEMEHHOI (u3suKe.

Ecmm paceMoTperh 3ByKOBBIE KOJIeGaHUS B
TBEP/IOM TeJie KaKk HaGOp KBAaHTOBBIX OCITUJI-
JISTOPOB, TO MBI TIOJIYYUM, YTO MTPU a6COJTIOT-
HOM HYJIE€ TEMIIEPpATypPbl aTOMbl TBEPAOTO
Tesla He HEMOJBI)KHDBI, A COBEPIIAIOT HYyJie-
Bble KosteGanmst. 1 1ot dhakt 6bLI OATBEP-
JKJIEH OTBITAMU TI0 PAaCCEeSTHUI0 CBeTa Tpu
nuskux remreparypax! Ecsin mbi Gyzem pac-
CMaTpPUBATDh 3JIEKTPOMATHUTHBIE BOJIHbI, KO-
TOPBIE MOTYT PACIIPOCTPAHSITBCS B IIyCTOM
MIPOCTPAHCTBE, KaK HAOOP OCIUJIISTOPOB, TO
MBI MPUJIEM K 3aKJIOYEHUIO, YTO B MYCTOTE,
JIaKe KOT/Jla B Hell HeT HU 4YacTHIl, HU KBaH-
TOB, JTOJKHBI TPOUCXOIUTD HY IEBbIE KOJIEOa-
HUS 9JIEKTPOMArHUTHOTO T0JIs1. U aT! KoJte-
Ganust TakKe ObLTH OOHAPYIKEHBI HA OIbITe!
Ho a10 yske 6Gojiee CJ0KHBIN BOIPOC, KOTO-

poiii TpeGyeT moAPOGHOr0 06CY K IEHHS.

ITonumanue BO3HUKAET B polecce pado-
Tbl. Mbl BBesi 6€3 06bSACHEHUSI HECKOJIBKO
HEIOHATHBIX CJIOB: KBAHTOBAHUE, BOJHOBOMI
Tpotiecc, CBI3aHHbBIH C YacTUIEel, KBAHTOBbBIN
OCHMJLIIATOP | T./. W Havasm JelicTBOBATD,
He OueHb MX IOHUMadA. TeM He MeHee Mbl
HAaIILJIA, KaK 3aBHCHT SHEPTHSI aTOMa BOJOPO-
[la OT KBAHTOBOTO YHWCJA 7; y3HAH, YTO
KBaHTOBBIN OCIMJIISITOP B HAMHUBIIEM dHEP-
TeTUYECKOM COCTOSTHUM KOJIeOJIeTCs, W JTasKe
CTaJIl TIPUMEHSTD PE3yJIbTAThl KBAHTOBAHUS
OCITUJLIATOPA K TAKOMY OOBEKTY, KaK KoJieba-
HUS 9JIEKTPOMArHUTHOTO 1101 B 1rycrore. 11
B pe3yJibTaTe dTUX JEUCTBUI BO3HUKJIO XOTSI
6bl YaCTUYHOE [TIOHUMAHUE.

WNrak, nmoHuMaHue BO3HHUKAET B Ipollecce
pa6orbl. Bemb ecam Gbl MBI TOTIBITATUCDH
JOOUTBHCA TIOJHOTO MMOHUMAHUSA JI0 TOTO, KaK
HavaJ i HAITH TPOCThIE BBIYMCICHUS, HITUETO
6b1 He moJaydniock. [lonnmanne Bo3HUKAET
HE CKAYKOM, a IO Mepe TPOJBIIKEHUST B
pabote. I HAaobopoT, paGoTa MPOBUTAETCS
1o Mepe yriay6JeHus MOHUMAHUS.

[t Toro uTo6bI focTUYDb 6oJiee rryGoKOro
[MOHUMAHUS, HAZ0 CAMOMY PellaTh 3a/a4i B
nanuoit o6nactu pusuku. [laccuBrnoe usyue-
HUE JIaeT TOJBKO c1ab0e TIPe/ICTaBIeHne O TEX
KpacoTax, KOTOPbIE€ OTKPBIBAIOTCS MTPU CaMO-
CTOSITEJIbHOI pabore.




SAAAYHUK

«KBAHTA>»

/130paHHble 33434
No MaTeMaTuke 1N Musmke

M1. B crpane Anuypumu, r/ie IpaBuT Ipesn-
nent Mupadiopec, npubIU3NIOCh BpEMs
HOBBIX IPE3UIEHTCKUX BBIGOPOB. B crpane
poBHO 20 MUJIITMOHOB M30Mpareieii, u3 KOTO-
PBIX TOJIBKO OAMH TIpoueHT (peryaspHast
apMust AHuypun) nozepskusaer Mupad.io-
peca. Mupadopec, ectecTBEHHO, XOUET OBITH
n36paHHBIM, HO, C IPYTON CTOPOHBI, OH XOUET,
9TOGBI BBIOOPHI KA3AJINCDH [IEMOKPATHYECKH-
MU. <«/leMOKpaTHYeCcKUM TOJOCOBAHUEM >
Mupadiopec Ha3biBaeT BOT 4TO: Bce n36upa-
Tenn pa3bUBAIOTCSI HA HECKOJbKO PABHBIX
TPYII, 3aTeM Kask/as M3 3TUX TPYIIl BHOBb
pasbuBaeTrcsl HA HEKOTOPOE KOJIUYECTBO PaB-
HBIX TPYIII, 3aTeM 3TU IOCJeJHNUEe TPYIIIIbl
CHOBA Pa36bUBAIOTCS HA PABHbIE IPYTIIIBI M TAK
Jlajiee; B CaMbIX MEJIKUX TPYNIaX BBIOUPAIOT
MIPe/ICTABUTEJISI TPYTITBI — BEIGOPIINKA, 3aTeM
BBIOOPIINKY BLIGUPAIOT TIPE/ICTABUTEIECH IS
TOJIOCOBAHUS B elfe OOJIbIEN TPYyIe U Tak
Jlajiee; HAKOHETT, TPEeICTABUTEH CAMBIX GOJTb-
HIUX TPYII BeIGUpAIOT rpe3uzgenta. Mupad-
Jlopec fiesinT n3buparesieil Ha TPYIIbl, KaK OH
XOYeT, W WHCTPYKTUPYET CBOMX CTOPOHHU-
KOB, KaK MM roJiocoBaTh. CMOXKET Ji OH TaK
OPraHu30BaTh «/[EMOKPATUYECKUE BEIOOPDI»,
uto6bl ero usbpasnu nupesugentom? (Ilpu
PaBEHCTBE TOJIOCOB MOGEKIAET OINTIO3UIIU. )
XXXII Mockosckas mamemamuueckas
oaumMnuada

M233*. B KOHI[aX OTpe3Ka THIIYTCS JIBe
exunuipl. [locepenune Mex/ry HUMU TTHUIIET-
€S UX CyMMa — 4ucJio 2. 3areM mocepeinHe
MEX/1Y KaXKIbIMU JIBYMS COCE/ITHIMU U3 HATIM-
CaHHbIX YHMCeJ CHOBA IHUIIETCS MX CyMMa U
tak fanee — 1973 pasa. Ckosbko pas O6yjer
Hamicano uncyao 19737

I'.I'anvnepun

M365. a) CyMMa HECKOJIbKHX YHCeJ PaBHA
1. Moxet sin cymma ux Ky6oB 6bITh GOJIbIIE
€/ITUHUTIBI?

6) Tor ke BOMPOC JUISI YHCEJ, KaX/I0e U3
KOTOPBIX MEHBINE €INHUIIBL.

B) MoOKeT JIM CJAYYUTHCS, YTO Psf
a+a,+az+... CXOAHUTCA, a PAA
a; + @ + a; + ..., 00pazoBaHHBII KyGamu ero
YJICHOB, PACXOAUTCS?

(HarmomuuM, 9T0 psift X, + Xy + X5 +... Ha-
3bIBACTCSI CXOSIIIUMCSI, €CJIH II0C/IE10BATE b
Hoctb uucen S, =i +xy +...+x, umeer
npejed. )

M413*. J1J151 KakuX TTOTOKUTEBHBIX YHCET d
BEPHO CJIEyIoNIee yTBepsKACHUE: LIS 000
Gbynximu f, onpezenennoi Ha orpeske [0;1],
HEIPEPBIBHOI B KaXK/[01 TOUKE 3TOTO OTPE3Ka
u rakoit, uto [ (0)=/(1)=0, ypasuenue
f(x+a)-f(x)=0 umeer pemenue?
a) Bpracnure cHauasa 3TOT BOIPOC JJIsL CJIy-
ast a =1/2.
6) [okaxure, urto aus a =1/n, tme n —
HaTypaJbHOE YHUCI0, CcHOPMYIUPOBAHHOE
VTBEPKIEHUE BEPHO.
B) JloKaskuTe, 4TO /I OCTAJbHBIX ITOJOKH-
TEJIBHBIX @ OHO HE BEPHO.

U.Azn0om

M600. /Isa Besocuneznucra eyT 10O JABYM
MEePECEKAIONINMCST OKPYIKHOCTM.  Kask[biit
e/leT TO0 CBOEH OKPYIKHOCTH C TOCTOSTHHOM
CKOPOCTBIO. BblexaB OJHOBPEMEHHO W3 O/I-
HOIT M3 TOYEK MepeceyeHnst OKPYKHOCTEH 1
CJIeJIaB 10 OTHOMY OGOPOTY, BEJIOCHIIEUCTHI
BHOBb BCTPETUJINCH B 9TO TouKe. /lokaskure,
YTO HA MJIOCKOCTH, B KOTOPOIi JIEXKaT OKPYIK-
HOCTH, CYIIECTBYET TaKast HEMOABUYKHAS TOU-
Ka, PACCTOSIHUS OT KOTOPOU JI0 BEJIOCHIIE -
CTOB BCE BPEMsI OJIMHAKOBDI, €CJIN OHH €/IyT:
a) B ogHOM HampasjeHun (IIPOTUB YacoBON
cTpenkn); 6) B PasHBIX HAIPABJIEHUIX.
H.Bacunves, H.Ilapvizun

M818. Ilycrtb KaKue-TO k BEpIIIH IPABUJIBHO-
O N-YTOJBHUKA 3aKPallieHbl KPACHBIM [[BETOM
(ocranpHbre BepimHbI — yepHbie). Bygem Ha-
3bIBATh MHOKECTBO 3aKPAIEHHBIX BEPIITHH PA6-
HOMEPHLIM, €CJT TIPU JTOGOM 71 KOJMYeCTBa
KPACHBIX BEPIIMH B TIOOBIX IBYX HAG0Pax 13 m
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H0CJ1e/10BaTe/IbHbIX Bep-
IIMH  72-yTOJNBHUKA CO-
BIIAJAIOT WM OTJIYa-
forest Ha 1 (Ha pucyn-
ke 1 npuBeseH npuMep
PaBHOMEPHOTO MHOKE-
ctBaa n=8, k=5).
a) Ilocrpoiite pasHO-
MepHbIe MHOKECTBA /1151
n=12, k=5;n=17, k=17.
JloKaxkuTe, uYTO PaBHOMEPHOE MHOKECTBO
CYTIIECTBYET M €IMHCTBEHHO (C TOYHOCTHIO 10
OBOPOTOB 72-yTOJIbHUKA), 6) €CJTN 7 IeTUTCS
Ha k; B) st mo6eix n m k (k< n).

M. Konuesuu

M942. Yucna 1, 2, ..., 2n — 1, 2n pasébursl Ha

JiBe TPYIIIbL 110 7 uyuces B Kaxaoil. Ilyctb

a; < a, <...<a, — 4nucJa MepBoii TPyl B

nopsijike Bozpacranusi, b >b, >...>b, —

YICJIa BTOPOH I'PYTIIBI B TOPA/IKE YObIBAHUA.

Jlokaskure, 4TO

|a, = by| +|ay = by| +... +|a, = b,| = n*.

B.IIpoussonos

M1000. B nyry AB Brimcana ntomanasgs AMB,
COCTOSATIAs U3 IBYX OTPE3KOB, TiprueM AM >
> MB. [lokaxuTte, 4TO OCHOBAaHWE TIEPIICH-

K

Puc. 1

M

H

71 B

Puc. 2

nukyaspa KH, onyieHHOTo n3 cepeinHbl K

nyru AB Ha oTtpesok AM, nenut JoMaHyio

nonosam: AH = HM + MB (puc.2).
Apxumed

M1069. B nekoTopoM ropojie pasperanTcs
TOJIBKO MapHble 06MeHbl KBapTup (ecau ase
ceMbu OOMEHUBAIOTCS KBAPTUPaMH, TO B TOT
Ke JIeHb He y4acTBYIOT B JPYTUX OOMeHax).
Jlokaskure, 4T0 JTI060I CJIOKHDBIN 0OMEH KBap-
TUPaMW HECKOJbKUX ceMell MOXKHO OCyIIe-
CTBUTDH 3a JBa JH.
(ITpeamoaraercst, 4to U 10, U mocae oOMeHa
Kayk/1asl CeMbsl JKUBET B OT/IEJIbHOI KBapTHpE. )
H.Koncmanmunos, A.IlTnupenroman

* )
M1397". Ilo kouTypy Kax<10il rpaHu BbIITyK-
JIOTO MHOTOTPAHHHKA TOJI3aeT Mypaseil (Ta-
KM 06pa30M, MyPaBbeB CTOJIBKO JKe, CKOIBKO
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rpaHeii), m BCe OHM ABUKYTCS, OOXOAS CBOIO
rpamb I10 YacoBoii cTpesike. M3BecTHO, 4TO NX
CKOPOCTH B JII06G0I MOMEHT BpEMEHH HE MEHb-
e 1 MM/ . JJokaxkuTe, 4TO PAHO UJIH TTO3/IHO
KaKMe-TO JIBa MyPaBbsl CTOJKHYTCS.
A.Kaauko

®12. /IBa 0AMHAKOBBIX TSXKEJIbIX CTaJbHBIX
NIapruKa BPaMIAIOTCS Ha JIETKUX CTEPIKHIX
pmnoit [ w21 Bokpyr touek O u O,
paccTosinue MeXX1y KOTOPBIMH paBHO 3l
(puc.3). B HayabHBIIl MOMEHT MIAPUKH Ha-
XOJATCS B ToukaxX A u B, 1Mes CKOPOCTH © U

Puc. 3 ST

20 coorBeTcTBEHHO. CKOJIBKO pa3 CTOJIKHYT-
cs MIApUKHU 3a BpeMs t? 3a Kakoe BpeMsi
HIAPUKH CTOJIKHYTCS R pa3? Y 1apbl MAPUKOB
CYUTATH A0COJIOTHO YIPYTUMH.

I'. Komxun

®49. U-o6pasnas TpyOKa 3amoJiHena BOI0i.
W3 ogHoro KosieHa Bo3yX yAasieH, JaBaeHue
BO3/IyXa B JIPYrOM KOJIEHE IIPU TEMIIEPATYPe
20 °C paBuo armocepromy. Ob6a KoHIa
TPpYyOKH 3amasHbl. PasHOCTD MEXIy YPOBHSI-
MU BOJIbI B KoJsieHax paBHa 15 M. Kakoit
OyJZieT pa3HOCTb yPOBHEH BOIBI B KOJICHAX,
ecn TpyOKy Harpethb g0 100 °C ?
b.byxosuees

®51. dDororpacduposarh THUTpa € PacCTOsi-
Hug meHee 20 MeTpoB onacHo. Kakoii pa3mep
MOKET UMEeTh KaMepa-o6CKypa ¢ OTBEPCTHEM
qmamerpoM 1 MM, 4To6BI THTP Ha ¢oTorpa-
¢rm 6p11 MoJsocaThIM? PaccTosiHIEe MeXIy
MoJIocaMy Ha MKype TuTpa paBHo 20 cM.
A.Cmacenxo

®54. Yro mnoka-
JKeT aMIIepMeTp B
cxeme, u3ob6pa-
JKEHHOM Ha PUCYH-
30B| 10 Om ke 4? CompoTus-
T JICHUE aMIiepMer-
pa o4eHb Majo.
A.3unvbepman

15 Om
10 Om T 10 Om

Puc. 4
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®65. IlmacTuHBI TJIOCKOTO KOHAEHCATOPA
3apsIKEHbI /10 OTEHIUAIOB +@ 1 —¢ OTHO-
CUTEJIbHO 3eMJIH. EMKOCTh KOHJIeHCATopa,
oOpa3oBaHHOTO TIacTWHaMu, paBHa C, a
€MKOCTHU KOH/IEHCATOPOB, KOTOPbIe 06pa3yioT
Kak/as maactuHa c 3emJeii, pasuol C;. Bo
CKOJIbKO Pa3 U3MEHUTCS HAIIPSIKEHHOCTD 3J1€K-
TPUYECKOTO TOJISI MEKIY TJIACTUHAME, €CJIN
OJIHY M3 HUX 3a3E€MJIUTD?

J. Acramasos

®137. Undpaxpacioe usaydenne ompesie-
JIEHHON [IJIMHBI BOJIHBI TIOTJIONIAETCS MeTa-
oM (CH,). IIpu HOpMaJbHBIX YCJIOBHSX
CJION YUCTOTO MeTaHa TOJIIUHOM 1 ¢M rorJI0-
maet 98% sueprun ussaydenusi. Bo ckobko
pa3 ociabuTCs Takoe W3JydeHue TIPU TIPO-
XOK/ICHUU 110 BepTuKajau arMmocdepbl 3eM-
au? Ilpu pacuere MaccoBoe cojepskanue
MeTaHa B arMocdepe TPUHATH PaBHBIM
1,4-1075.

C.Kosen

®139. DyréosmcT yaapua mo Msady, coob-
IIUB MY CKOPOCTb © IO/ YTJIOM O K TOPU30H-
Ty, U TIOTAJ B OJIVKHIH HIDKHWI YTOJI BOPOT.
Ecau 6b1 dyT6OMUCT yAAPUT TIO MUY B TOM
ske Mecte QyTOOTBHOTO TIOJIST U MSTU TI0JIeTe T
ObI TO/I TEM K€ YIJIOM K TOPU30HTY, HO CO
CKOPOCTBIO, Ha 5% GOJIbIIEd CKOPOCTH 0, TO
oH momnas Obl B BEPXHIOI IITAHTY BOPOT.
Haiinute ckopocTh, ¢ KOTOPOIT HAUMHAET JIBH-
raThCs MY, €CJIM BBICOTA BOPOT /2 = 2 M, a
yroaz o = 30°.

H.Caobodeuxuil

®154. Ouenure, CKOJbKO KallesleK BOJIbI
uMeeTcss B 1 M° TyMaHa, eCIM BUANMOCTD
coctaBisier 10 M u TymMaH ocefaeT uepe3 2 .
Beicora caost tymana 200 M. Cuma compo-
TUBJICHUS BO3/IyXa, JAEHCTBYIONIAs HA KATLIIO
BOABI paguycoM R (M), ABMKYyHIyIOCS €O
ckopocrbio v (M/c ), pasua 4,3Ro (H).

1. Kanuua

®166. B pacrosoKeHHOM TOPU30HTATIHHO
mmaape (puc.5) ¢ OAHOI CTOPOHBI OT 3aK-
PETJIEHHOTO TOPIITHS HaX0AuTcst 1 MOJIb ujie-
aJIbHOTO Tasa. B apyroil wactu muanHapa —
BakyyM. [Ipy:KuHa, pacnoJyioskeHHass MEXIY
MTOPIITHEM U CTEHKO TUIIMH/IPA, HAXOAUTCS B
nenedopMupoBanioM cocrosinuu. lwnunap

2020/Nel
TEMJIOU30JIUPOBAH OT OK-
| py:xatorrei cpeanr. [Top-
IMeHb OCBOOOKIAIOT, U
IIOCJIC yCTAHOBJICHUS PAB-
Puc. 5

HoBecud 00beM, 3aHUMA-
eMblif Ta30M, yBeJnYnBa-
eTcsa BABoe. Kak mM3MeHATCS TeMiepaTypa
rasa u ero jasjenue? TeloeMKOCTU [UJINH-
Jipa, TIOPIIHSI U TMPYKUHBI MPEHEOPEKUMO
MaJIbl.

E.Bymuxkos, A.Bwvikos, A.Kondpamoves

dK3.! [IpenmoxuTe coco6 OMEHKN SHEPTHH
cB3U peqkosiernn «Kpanras.
C.Kpomos

1 3ra 3amava 6bLta ony6JIMKOBAHA B CHIEIUAb-
/
Hom Boimycke «KBamra» Ne 3 —1983, mamanuom
B €IMHCTBEHHOM 3K3EMILISIPE U IOCBSIIEHHOM
75-neruio M. K.Kuxounna.

NcTo4HUK ¢ «oTpuldaTesibHbIM»
BHYTPEHHUM conpoTuBieHnem

A.3urvbepman

MHOro uHTepecHbIX BOIIPOCOB BOSHUKACT B
CBSI3M CO CBOMCTBAMU MCTOUYHUKOB, Y KOTO-
PbIX 3aBHCUMOCTD HAIPSXKEHUS OT TOKa OT-
JndaeTcs OT OOBIYHON 3aBUCHUMOCTH
U =¢—rl (3aecy & —DJIC, r — BHyTpeHHee
COIPOTUBJIEHNE MCTOUHNKA). HekoTopbie u3
3THX BONPOCOB MBI pazbepeM Ha IpHUMepe
sanaun D727:

3asucumocmv nanpsxenus om moxa 0is
HEKOmopo2z0 UCTNOYHUKA IACKMPUUECKOTU
anepeuu nokasana na pucynxe 1. Ilocmpoii-

U,BA
e
20 / P~
10
0 100 200 300 ; A
Puc 1

Omny6snkoBano B «KBanrte» Ne7 3a 1982 roz.
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me ezpagpux 3a8UCUMOCTRU HANPSAKEHUS HA
Hazpyske, Ha KOMOPYIO 3AMKHYM UCTNOUHUK,
om CONPOMUBIeHUSL HAZPYIKU.

[Topkm0unM K UCTOYHUKY PE3UCTOP C CO-
nporussenreM R. Hanpskenue Ha Harpyske
CB43aHO C TOKOM IIPOCTBbIM COOTHOIICHUEM:
U, = RI . Ha tom xe pucyHke, rie nzo6pa-
xeHa sapucnmocts U (1) Hanpsokenus wc-
TOYHWKA OT TOKA Yepe3 HeTo, HapucyeM Ipsi-
myio U, = RI . Touxa nepecedenns rpaduxa
U (I) wnpsamoii U, = RI pact HaMm NCKOMbIE
TOK U Hanpspkenue. /[ 06bI9HOTO UCTOUHY-
Ka, Y KOTOPOTO HATIPSKEHNE HA 3aKUMaX TeM
MeHbIIe, yeM GOJIbIIe TOK, HIKAKUX TTPO6JIeM
60JIbllle HEe BO3HUKAET — TOYKA TIepecedeHmst
O/lHA U pe3yJIbTaT Olpee/seTcsl O/lHO3HAY-
HO. A BOT AJI1 HEOOBIYHOTO WCTOYHUKA, Y
KOTOPOTO Ha HEKOTOPOM y4YaCTKe HallpsKe-
HHUe pacTeT C pPOCTOM TOKa, €CTh 00JacThb
3HaueHnWt R, TP KOTOPBIX TOYEK Tepeceye-
HUS 1eTbIX Tpu. [ToHATHO, UTO TOK HE MOJKeT
UMETb OJTHOBPEMEHHO TPU 3HAYECHUS; 3HAUUT,
¢ 9TOH 06JIACTBIO HYJKHO pa3OHpPaTbCsi OT-
e ibHOo — ynoOublil rpaduyueckuii croco6
HAXOJK/IEHWUS TOKA B TIENN TYT SIBHO HE MO/IX0-
JIAT.

[Topk/m04NM K MCTOUYHUKY CHayaJa pe3uc-
TOP C O4YeHb OOJIBIINM CONPOTUBJIECHUEM, a
3aTeM Oy/leM TIOCTETIEHHO CONPOTUBJICHUE
yMeHbllaTh. llepBoHavyasbHbIl TOK B IeNH
6yZIeT OYeHb MaJIbIM, W TPH yMEHBIICHUN
COTIPOTUBJIEHUST OH GyaeT BospactaTh. Ha

U,BA

204

10

0
Puc. 2

pDHUCYHKE 2 TaKOMY PEKUMY COOTBETCTBYET
yudactok ab, na koropom snauerns Un I (U)
mensiorest ot U, = 20 B, I, = 0 no
U, =10 B, I, =120 mA. Kaxpgag Ttouxa
3TOTO YYaCTKAa COOTBETCTBYET YCTOWYHBOMY
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coctostamio (Masble M3MEHEHUS TOKA B TIETN
TIPUBOJIST K M3MEHEHUSIM HAIIPSIKEHUSsT, KOTO-
pble CTPeMSTCS] KOMIIEHCUPOBATh N3MEHEHU ST
TOKA; TO XapaKTEePHO JIJIsT BCEX «HOPMAJIb-
HbIX» Lemeit). IIpu mampHeieMm yMeHbllIe-
nun R pesxnm Mengerca ckadkom or Uy, I,
mo U, =22 B, I, =260 MA, a3areM —cHOBa
«yCTOitunBbIii» pexkum (CrpaBa OT TOUKH ¢ 110
kpusoii U (I)).

Ecam Mbr HauHEM ¢ MaJIbIX COTPOTUBJIEHUH
pesncTopa, To IpH YBeJndeHnn R MbI 0ieM
no toukn d (puc.3), 3aTeM — CKadyoK OT
U,=23 B, I,=210 MmA no U, =8 B,
I, =80 MA u cuosa no kpusoii U (I) mo
TOYKH d.

U,BA
U,

a /%dN\

20 .
A
10 >

0 100 200
Puc. 3

300 7 op

A 4TO ecsu B3SITb PE3UCTOP, CONPOTHUB-
JIEHIEe KOTOPOro JiexkuT B o6mactu 80 Om <
<R <100 Om (3Hauenmio R =80 O co-
OTBETCTBYIOT TOYKH b W ¢ HA PUCYHKe 2,
snauennio R =100 Om — to4yku e u d Ha
pucyHKe 3), W MOAKJIOYATH €r0 K NCTOYHN-
Ky? KakoBbl GyayT HampsboKeHHE W TOK B
nenu? YToObl OTBETUTH HA 3TOT BOIPOC,
HAJI0 3HATHh TaKWe MapaMeTphl TNy, Kak
UHAYKTUBHOCTD [IPOBOJIOB, EMKOCTb MEXIY
BBIBOJIaMU pe3uctopa. Eciu, nanpumep, wH-
JYKTUBHOCTH TIPOBOJIOB Gouibliiast (jmMHHbIE
[IPOBO/Ia), a eMKOCTb MKy IPOBOIAMU
MaJIeHbKast, TO B MOMEHT TMOJKJIIOYEHUS Pe-
3UCTOPa K HMCTOYHUKY TOK OYyJIeT MaJibIM
(BusHME MHAYKTUBHOCTH), a 3aTeM Gyjer
HapacTaTb — PeXUM B Ienu OyJIeT ycra-
HABJIMBATHCS B COOTBETCTBUU C PUCYHKOM 2.
Ecaum Bemmka eMKOCTb MEKIy TIOJKJIIOUYae-
MBIMH K WCTOYHHKY TTPOBOJIAMU, a WHIYK-
TUBHOCTD TPOBOJIOB MajieHbKasi, TO B TIep-
BbIIl MOMEHT TOK OYy[eT OOJIbIINM U CTAaHET
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yMenbimarbest (0 Mepe 3apsiiki €eMKOC-
TH) — CJydYail, COOTBETCTBYIOIIMI pPUCYH-
Ky 3.

WuTepecHo OTMETUTD, YTO, UCIOb3YS O-
J06HDbIE MCTOYHUKU, MOXKHO IOJYyYUTDh He-
3aTyxatomue konebanus B nenu. Ilpasaa,
JUISL 9TOTO HYKEH BTOPOH UCTOYHUK. Y
06bIYHOTO MCTOYHUKA, HAIPS)KEHUE HA KO-
TOPOM TajlaeT C POCTOM HOTPE6IIEMOTrO
TOKA, MOXHO OIpe/AEJUTb BEJUYUHY BHYT-
PEHHEro COIPOTHBJICHUS 11O OTHOHICHUIO
U3MEHEeHUI HallpsKeHUs Ha BBIXOAE K U3-

AU
MEHEHUSIM TOKa: 7 = v B namewm cuy-
A

Yac Ha HEKOTOPOM Yy4YaCTKE€ — Ha Yy4YacCTKe

bd sasucumoctn U (I) — BHyTpeHHee CO-
MIPOTUBJICHNE UCTOYHUKA MTOTYJIaeTcsl OTPH-
mareibHbiM. [Ipu aTOM ydyacTok bd HACTOJB-
KO KPYT, UTO Ja’ke MOJHOE CONPOTHBJIEHUE
nenn (7 + R) OKa3bIBaeTCsl OTPUIATEIbHBIM.
Ortciofla 1 HEYCTOWYUBOCTD «CPe/lHel» TOu-
KU, U Apyrue <«crpaHuoctu» (B TOM unc-
Jie — BO3MOJKHOCTD TIOJIYUEHUsS He3aTyxXaro-
MUX KoJeGaHUI: «OTPUIATeTbHOE» COIPO-
TUBJIEHWE MOJKET KOMIIEHCHPOBATh TIOTEPU
B K0JIe6aTeJbHON CUCTEME; eCTECTBEHHO, BCE
9TO mpoucxomaut 06e3 HapyIIeHUs 3aKOHA
COXpaHeHUs] JHEPruM — 3a CYEeT IHEPTUU
HCTOYHUKA).

Kax ke ymaercst 1OJyduTb BCIO KPHUBYIO
sapucumoctn U (1), ec/ii Kak TIpH yMeHbIIle-
HUM, TaK ¥ [IPU YBEJIUIEHUH COIPOTHBIEHIS
HArpy3K# U3 KPUBOU <BbINMAJAET» y4aCTOK
bd? Ilpm mnomon MaJeHbKOW XUTPOCTH:
BO3bMEM BTODOIl HCTOYHWK, €0 <«MUHYC»
MOJIKJTIOUNM K <ILTIOCY» HAIETO MCTOYHUKA,
a HATPY3KY R BKJIIOYMM MEK/IY OCTABIINMI-
Cs1 BBIBOJIAMU. JTO MO3BOJIUT HAM TIPU TOH K€
BeJIMUMHE TOKA 110,106paTh pe3auctop ¢ 60Jib-
M, 4eM R, COIPOTUBJIEHHEM TaK, 4TOObBI
MIOJTHOE CONPOTHUBJICHUE B TeNU OBLIO BCIOIY
nososkurenbibiM. (Ha rpaduke takas nps-
Masl yKe He BBIXOAUT U3 HAYaJa KOOP/MHAT
u nepecekaet kpusyto U (1) TosbKO B 0HOI
TOUKeE. )

3aBUCHMOCTD, MOJ06HAs MPUBEICHHON B
YCJIOBHH 3TOH 3a/1a4¥, — BOBCE HE PEAKOCTD.
OHa MOKeT BO3HUKHYTb, HAIpHUMep, IpH
MOTIBITKE C/IEJIATh CTAOMIN3ATOP HAIPSKe-
HUS, Y KOTOPOTO BBIXOIHOE HAIPSIKEHUE HE

2020/ Nel

MEHSIETCS] TIPU U3MEHEHUH TOKA HATrPY3KH.
Yaiite BCEro 3TOro JIOCTUTAIOT ITyTEM KOMITEH-
caluy yMeHbIIeHUsT HanpsukeHust (KoMIIeH-
calMoHHbIil cTabuauszaTop). CTOUT TOJIBKO
HEMHOTO OIMMONUTBCS — Cpady B KaKOH-TO
06J1aCTH HACTYIUT TIEPEKOMIIEHCAIUS], U Ha-
IIPAXKEHNE HAYHET yBE/INMINBATBCA C POCTOM
norpebasiemoro Toka. (Paauomoburenn 3na-
10T, YTO CTAOMJIM3ATOPbI YACTO CKJIOHHBI K
CaMOBOSéy?K[[eHI/IIO; IIpUYUHDBI 3TOI0 ABJIE-
HUST MbI OOCY AN BBITIIE. )

BUBJINO-1IJIOBYC

BAW FMABHbIN KHUXHbIN

Mbl MPEONAFAEM
BONbLLIOV BbIEOP TOBAPOB W YCIYI

YCNyrun

HWurepHer-Marasusa
www.bgshop.ru

Kade

Kiy6Hble (AUCKOHTHEIE)
KapThl X aKI[U1

ACCOPTUMEHT

1 Kaurn
1 AyguokHATI
1 AHTHKBapuaT
U IIpeMeThI
KOJITTEKI[MOHIPOBAHUA
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HAIIN UHTEPBbBIO

becepa c AHgpeem
HukonaeBnyem
KonmoropoBbim

Mbl HaXOMMCS B CTAPOM JIEPEBSHHOM JIOM€
B niepeBHe Komaposka 1oj; MockBoit, e AH-
apeit HukomaeBnu 06GBIYHO TPOBOAUT KOHEI
Heiesin. CBetJiasi, CKPOMHO 00CTaBJI€HHAS KOM-
HaTa. B 0fHOM 3 yTJIOB CTaphlii, HO Ka4eCTBeH-
HDBII TIPOUTPBIBATEH CO CHEIMAIBHBIMHI MTOTKA-
MM JIJIs1 ITaCTUHOK. CTeHbI 3aCTaBJICHbI CTeJlJIa-
JKaMM ¢ KHUTaM#. B cepe/iiiHe KOMHATBI 60JIb-
IO CTOJI ¢ MHOXKECTBOM KHUT, OTTHCKOB CTa-
Tell, PyKOIICeH, XyZ0KeCTBEHHBIX aTbOOMOB.
Anppeit HukosaeBud cuginT y okHa 3a HeGOJIb-
UM TICbMEHHBIM CTOJIOM. PagoM ¢ mumrytei
MAIMHKOI M aKKypaTHO CJIOKEHHBIMU HUCIIHU-
CaHHBIMU JIuCTaMM GyMaru CTONT MarHUTO(QOH,
Ha KOTOPbIi 3anuceiBaercs Hamia 6ecena. Cre-
HOTpaMMy 3TOl Gece[pl MBI W TIpe/ijlaraeM Ba-
eMy BHUMAHMWIO.

— Anapeiit HukosaeBuy, 4acTo NpuxoauTcs
CJBIIIATh O BO3pacTaouieil crnenuaJu3aiuu
Hayku. B TO ke BpeMsi M3BeCTHO, 4YTO BBI
3aHHMAJIMCh TAKHMH JaJeKHMH JPYT OT APYyTa
00JaCTIMH MATEMATHKH, KAK TEOPHS BEPOSIT-
HOCTell u ajreGpanyecKasi TONOJIOTHS, MaTe-
MaTHyecKasl JOTHKA U TeOpPUs AUHAMHYECKUX
cucreM. B uem, mo-Bamemy, Oyaymee Ha-
YKH — B YHHBEPCAJIBHOCTH WM CHEIHaIH3a-
nun?

— Maremarnka Besnka. OJuH 4eToBeK HE B
COCTOSIHUU M3YYHUTh BCE ee pa3BeTBIeHusA. B
ATOM CMBICJIE Cliennaan3ais Henzoexxna. Ho B
TO ’Ke BpeMsl MaTreMaTnka — e/lnHas Hayka. Bce
HOBbIE U HOBDIE CBSI3M BO3HHUKAIOT MEX/Iy ee
pasjiesaMi, WHOT/JIA CaMbIM HelIpe/[BU/IEHHBIM
o6pasoM. OHN pas/iesbl CIyKaT WHCTPYMEH-
TaMM [ APYTUX paszgeso. [Toatomy 3aMbika-
HHIEe MaTeMATHKOB B CJUIIKOM Y3KIX IIPe/esax,
JIOJDKHO ObITb, THOENIbHO [IJIsi HAIllell HayKH.
[Tosoxxenne o6serdaercss Tem, 4to pabora B
006J1aCT! MaTeMaTHKY, B IPUHITAIIE, KOJIJTEKTHB-
Ha. /lo/KHO GbITh HEKOTOPOE KOJIMYECTBO MaTe-
MaTHKOB, KOTOpPbIE TOHUMATOT B3aNMHDBIE CBSA3H
MEXK/Iy CaMbIMH Pa3JIMYHbIMU 06JIACTSIMU MaTe-
marukn. C pyroil cCTOpOHbI, MOKHO paboTaThb
¢ GOJIBIIIM YCIIEXOM U B KakOH-HUOY/Ib COBCEM
y3koil BetBu Maremartnku. Ho B atom ciyuae

Omny6aukoBano B «Ksante» Ned 3a 1983 rop
(x 80-metuio A.H.Komvoroposa).

HAJIO elile, XOTs ObI B 00IUX YepPTaX, MOHUMATD
CBSI3U MEX/y CBOE CIIeIUaJbHON 006/1acThiO
HCCae0BaHUS ¢ 001aCTAMU CMEKHBIMU, ITOHU-
Marth, 4TO, 1O CYIIECTBY, HaydyHas paGora B
MaTeMaThKe — KOJIJIEKTHBHAs pabora.

— Yro BHI MOKETE CKa3aTh O COOTHOIIEHUH
M CBSA3SIX MPUKJIAJTHOU M YHCTOI MaTeMaTHKH ?

— Ilpex e Bcero, Hy>KHO 3aMETUTD, YTO CAMO
pasjuyre MeXIy TPUKIAJHON M YUCTON MaTe-
MAaTUKOW upe3BbluaiiHo ycjoBHO. Bompocsl,
KOTOPbIE, Ka3a10Ch Obl, IPHHA/JIEKAT K YUCTOI
MaTeMaTuKe W He MMeIOT TpUMeHeHul, OYeHb
YACTO COBEPIIEHHO HEOKMIAHHO OKA3bIBAIOTCS
BJKHDBIMU LI PA3HBIX Npuioxkenuii. C apyroi
CTOPOHBI, 3aHUMASICh TIPUKJIAHON MaTeMaTH-
KOIl, yUeHbIil TI0UTH HeM30EKHO HATATKUBAETCS
Ha CMEeKHbBIE BOIPOCHI, PENIAIONINECST TEMH JKe
METOZaM¥, TIPUBJIEKAIOTINE €TO CBOE JIOTHUec-
KO KpacoToii, HO, COGCTBEHHO TOBOPSI, HEIIOC-
PECTBEHHDbIX IIPUJIOKEHUI yiKe He M0JIydaio-
e, BeposiTHO, B pakTHUecKoit paboTe MaTe-
MaTHKa HYKHO TPOSBJIATD [JOJIKHYIO THPOTY.
Hecomuenno, 4To MaTeMaTUKA JOJKHBI, 9TO UX
JIOJIT, 3aHUMAaTbCS BCEMH TEMHU BOIMPOCaMH, KO-
TOPbIE HACTOATENBHO HABI3BIBAIOTCS BOTIPOCA-
MU TIPAKTUKHU. Ec/i cMesKHbIe BOIIPOCHI, YCTh
cpasy TpPHUMEHEHUI He WMeIOIIe, SBJISIOTCS
MIPUBJIEKATENBHBIMU XOTS OBl B CUJY KPACOTBI U
€CTECTBEHHOCTH BO3HHUKAIOIMX 3aja4, HMH,
KOHEYHO, TOKe HY’KHO 3aHMMATDCS.
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— Hop6epr Bunep numer B cBoeii aBTo6H0-
rpacduyecKkoii KHure, YTO MEPECTay 3aHUMATD-
csi QYyHKIHOHAIBHBIM aHATH3OM, KOTZJa MO-
yyBcTBOBaJ, 4r0 <«KoJMOropo Hacrymaer
MHE Ha OATKH». A Kak BBl OTHOCHTECHh K
KOHKYPEHIHH B MaTeMaTuke ?

— 3assiienne Bunepa MHe He COBCeM IMOHST-
Ho. B ¢yukuuonaabHOM ananmmuse s cead
HemHoro. Camasi mHTepecHas Mosi paboTa 1o
(dyHKIIMOHATPHOMY aHAN3Y HasbiBaeTcst «Crin-
pasb BuHepa u HEKOTOPbIE JIPYTHE HHTEPECHDIE
KPUBbIE B TUJIBOEPTOBOM MTPOCTPAHCTBES .

Yro kacaercsi KOHKYPEHIIUH, TO KOHKYPEH-
111 MOKET OBbITh JIPYXKECKOI, TOr/la OHA MaJio
oTJYaeTcs ot coTpyaHudecTna. TecHoe coapy-
JKECTBO, KOT/IA JIBa MaTeMaTHKa OJIHOBPEMEHHO
U HapajlJielbHO JyMAlOT HaJl OJHOI U TOW Ke
po6JIeMOoit, OPOit GbIBAET OYEHb TTPO/IYKTUB-
upiM. Ho tipu atom mHOT/a GbIBaeT U Tak, 4TO
y4acThe O/IHOTO U3 COTPYAHUKOB IIPAKTHYECKH
OKA3bIBAETCS UBJUIIHUM U TOT/JA eMy PasyMHO
6e3 o6u/Ibl OTOUTH B CTOPOHY.

— Bcerma am Maremarhka Oblia BalIuM
ocHOBHbIM yBJeuenuem? Korma Bbl okonya-
TEJIbHO BBIOpaJM MareMaTHMKy Kak npodec-
cuio?

— Her, kak ato wacto ObIBaeT, mMyTH MOETO
pasButusi 6pLtu 6oJiee u3BuaMCTEIMU. C paH-
HEro JleTcTBa OBLJIO U3BECTHO, YTO s yMEIO
XOpOIIO CYUTATH W YTO MEHS UHTEPECYIOT
MaTeMaTnyeckue 3ajaun apuMeTuyecKoro
XapakTepa; s CPABHUTEJBHO PAHO MO3HAKO-
MUJICS U ¢ Hadajgamu ajire6pbl. Ho Bce aro
OTHOCUTCSI K OYeHb paHHeMy Bospacty. He-
CKOJIBKO TIO3/IHEE, B CPEHUX KJIACCAX MTKOJIbI,
MOOE/IUJIH Y3Ke COBCEM JIPYTUE yBJIEUEHUST — B
4acTHOCTH, ucropueii. Bo3spar k MaTeMaTuke
[IPOUBOIIIET B CAMBIX TIOCJEHUX KJIACCaX CPe/l-
Hell MKOJIbI. Kor/ia 1 KOHYMT cpeIHIon TIKO-
JIy, TO JI0JITO KoJie6asicsi B BbIGOpe naibHeline-
ro mytu. B nepBbie cTyieHYeCKUe TO/Ibl, KPOMe
MATEMATHKH, sI 3AHUMAJICSI CAMBIM CEPbE3HbIM
06pa3oM B ceMUHAPE 110 J[PEBHEPYCCKOIT HCTO-
puu npodeccopa C.B.Baxpymuna. He 6po-
caJl MbICJIb O TEXHUYECKOIl Kapbepe, 1oueMy-
TO MEHSI YBJIEKaJa METaJUIyprusi, W, TapaJj-
JIEJTHHO € YHUBEPCUTETOM, s TOCTYIHJ Ha
METAJIyPrudecKoe OTjiesieHne XUMHKO-TeX-
HOJIOTHYECKOTO MHCTUTYTA nMenun Meweee-
Ba 1 HEKOTOPOE BpeMsi TaM npoyuuiics. OKoH-
YaTeJbHBI BBIOOD MaTeMAaTHKU Kak mpodec-
cuu, COGCTBEHHO TOBOPS, IPOU3OIIET, KOT/A 5
HAvaJ TOJIy4aTh IEPBbIE CAMOCTOSTEbHbIE

2020/ Nel

HaydYHBIE PE3yJIbTaThl, T.€. JeT C BOCEMHA/IIa-
TU-eBATHAIIATH.

— Koraa 06b14HO NPOSBJISIOTCS CIOCOOHO-
cru k MateMatuke? Bceraa jm, kak y Bac, B
paHHeM Bo3pacTte?

— 41 10BOJIBHO MHOTO TIPETIOIaBaT B CPeIHEl
IKoJIe. Y MEHS CJI0KUJIOCH TaKoe BIIeYaTIeHIe,
YTO MHTEPEC K MaTeEMATHKe B CPEIHNX KJIaccax,
B BO3pacTe JIBEHA/IIATH-TPUHAIIATH JIET, 4aCTO
OKa3bIBAETCSI BPEMEHHBIM 1 COBCEM IIPOXO/IUT K
crapummM Kiaaccam. Oco6eHHO YacTo aTo ObIBAET
y neBouek. C TeMH IIKOJbHUKAMHU, KOTODPbIE
yBJICUEHBI MateMaTukoil B Bo3pacte 13—14—15
JIeT, TI0-MoeMy, cTOWuT pabortaTh. [Ipnm ymensom
KyJIbTUBUPOBAHUU UX CHOCOGHOCTH TTOCTETIEHHO
Pa3BUBAIOTCS U, KAK TIPABUIIO, YK€ HE TePSIoT-
csi. bbiBaeT, KOHEUHO, M OYEHb MHOTO UCKJIIOYe-
Huii. Pagymeercsi, cepbe3Hblil MHTEpeC K MaTe-
MaTHKEe MOJKET TIPOSIBUTHCS ¥ MO3KE.

— Kakue MaTeMaTHKH CTapuIero NOKoJeHUs
OKa3aJjid Ha Bac HauboJbliee BIMSHHE?

— B crynmenueckue rozabl s ObLI YYEHUKOM
Hukonaa Hukonaesuua Jlysuna. Kpome nHero
60JIbIlIOE BJIUSHIE OKa3aal Ha MeHs Bsuecsas
BacusbeBnu Crenanos, Asiekcanjp SAxosiie-
By XununH, [laBes CepreeBud AsleKCaHAPOB
1 pyTHe MaTeMaTHKN UX TTOKOJEHU.

— Yro BaM X0TeJOCh OBl CKa3aTh O CBOHUX
yYEHHKaX ¥ KOr0 M3 HHMX Bbl XOTEJH Obl
YHOMSIHYTb ?

— MHe 1oBe3J10 Ha TAJTAHTIMBBIX YYEHUKOB.
MHuorue u3 HUX, HauaB pabOTy BMECTE CO MHOM
B KakKoi-HuGOy/ib 00J1aCTH, TTOTOM IEPEXO/INJIH
Ha HOBYIO TEMATUKY U y’Ke COBEPIIEHHO He3aBU-
CHUMO OT MEHs TOJIydaJu 3aMeyaTesbHble pe-
3yJabTaTbl. BoigeauTb n3 HUX Haubosee 3acy-
JKUBAIOMIUX YIIOMUHAHUS OBITO 6bI TPY/IHO.

CKkaxxXy TOJbKO B BUJI€ NITYTKH, YTO B HACTOS-
Tiee BpeMs OJIH N3 MOUX YIEHUKOB YIIPABJISET
3eMHON aTMocdepoil, a APYroil — OKeaHaMH.

— Anjpeii HukonaeBuy, KakoB Balll pe>KUM
aas?

— EcrecTBenHO, B TeueHUe MOEH /[OCTATOYHO
JUITHHON JKW3HM pPEXWM [THS B pasHble ee
1epuo/bl Oblyl pasandabiM. OnuILy, MoXKaIyi,
TOJIBKO TOT PEKUM JIHsI, KOTOPBIit MbI ¢ [1aBaom
CepreeBuueM AJIEKCAHAPOBBIM YCTAHOBUJIH JIJIST
cebsg Ha Te 3—4 AHS B HEJEJI0, KOTOPbIE MbI
MIPOBOJIMJIN 32 TOPOIOM, 1o/ MOCKBOii, B Jie-
pesBHe KomapoBka.

[lenp naumnascs B 7 9acoB yTpa. Ilepsorii wac
ObLI TIOCBSIIIEH TMMHACTUKe, mpobexke. B 8
YaCcOB MbI 3aBTPAKAJIM U IPUHUMAJIUCH 32 Pado-
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TY 3a CTOJIOM — C THUIIYIIel MalTmHKON Wan 6e3
Hee. B wac wim jBa yaca JHg ObLI TOJIHUK,
COCTOSIIIIT U3 MOJIOKa nin Kedupa ¢ Xiae60oM.
[Tocsie mosiHUKA MBI elile HeMHOTO paboTasu,
HO OGBIYHO OTHPABJISJINCH HA GOJIBIIYIO IPO-
TYJIKY TIEIITKOM WJIM — 3UMOU — Ha JIbDKAX, /10 4
yacoB aH4. [loToM Ha moyaca MBI yKJIabIBa-
Jmceh crath. B 5 wacos 6611 00ej. ITocie o6ea
MbI MHOT/IA ellle 3aHUMAJNCh PabGoToil, 0ObIY-
HO — BTOPOCTETIEHHOIA: [IePEIUCHIBAHUE UJIH TOMY
moo6HOe. Beuep mocBsIaics 4TeHUIO, My3bl-
ke, mpuemy rocreii. Ilepex cHOM MBI JIO6UIT
etnie Jies1aTh HeGOJIBIIYIO TPOTYJIKY. Y KJIaIbIBa-
JHCh craTh 0koJo 10 gacos.

Ho, koneuno, korga paboraenib U HAYnHAET
[IOJTy4aThCs pellieHne Kakoi-11n60 BasKHOM Mpo-
6J1eMbl, BCe OTCTYIAET Ha 3a/IHUN ILJIaH, HIKA-
KOTO pacropsi/ika JIHsI y>Ke He ObIBaerT.

— Bbl, Kak ¥ MHOTHE MaTe€MaTHKH, JIO0uTe
cepbe3HyI0 My3bIKy. Pacckaxure, moyemy.

— Bare 3ameuanne 0 MHOIUX MaTeMaTUKAaX,
YBJIEKAIONUXCSI CEPbEe3HON MY3bIKOI, MHE Ka-
JKeTCs PaBUJIbHbIM. Eciiu mpuiiTi B KOHIIEP-
THBII 3aJ1, 0co6eHHO B Mauiblil 3ay1 MockoBc-
KOl KOHCEepBATOPWH, TO BBl TaM yBUAWTE He-
MPOMOPITMOHATBHO MHOTO MateMaThHkoB. Ilo-
BUMMOMY, MeXK/y MaTeMaTU4eCKUM TBOpUe-
CTBOM U HACTOSIIIUM UHTEPECOM K MY3bIKE
uMeroTcs Kakue-to riay6okue cBs3u. Ho Boisic-
HUTb U OOBSICHUTD T CBSI3W MHE TIPEICTABJISI-
€TCsl IOBOJIbHO TPYAHBIM. 3aMeuy, BIpOYEM,
yT0 Moii ipyT [TaBesr CepreeBmy AnekcanipoB
pacckasbIBaJ, 9TO y HETO Kakjoe HalpaBJie-
HUE MaTeMaTHYeCKOI MBICJIM, TeMa JJisl TBOP-
YeCKUX Pa3MbIIIJIEHNH CBSI3bIBAIUCH C TEM UK
UHBIM KOHKDETHBIM MY3bIKAJbHBIM IPOU3BE-
JICHIEM.

Cpenn J06UMBIX KOMIIO3UTOPOB HA30BY, B
nepBylo ouepeab, Mouapra, Illymana, ny u,
KOHEYHO, BeJWYalIux My3bIKaHTOB — baxa,
BerxoseHna.

— JIMHIBHCTDI M IUTEPATYPOBE/IbI 00 PATHIH
BHMMaHHE Ha BallM IIyGJMKAIUHU 0 CTHXOBE-
AeHuio. YUTo BbI MOXeTe CKa3aTh 00 9TOM —
MeHee 00bIYHOM — COYETAaHMH: MaTeMaTHKA U
nos3us?

— MHe xoTesioch 6bI Pa3/IeTUTh 3TOT BOTIPOC
Ha JIBa, TaK KaK MO€ YBJIEUEHUE [T033MUei nMeeT
Takol ’Xe HeNmpOM3BOJbHBIN, CTUXUITHBIN Xa-

pakTep, Kak M y Jojiell, He 3aHMMAIONIXCS
TCOPETHYECKUM HCCJeJoBaHueM ctuxa. Jloobu-
Mble MOU 1103TbI — 3T0 TioTueB, Ilymkun, Biok.
Uro ke Kacaercsi MOMX Hay4yHbIX PaboT 110
MeTpUKe M PUTMHUKE PYCCKOTO CTHXA, TO OHU
JIeCTBUTEIbHO 00paTHiin Ha cebGsl BHUMAaHUe
CIIEIAINCTOB-TNTePATy POBE/IOB, HO BCE-TaKM
3TO JIOBOJIBHO CIIEIMAJIbHAst 06JIACTh MCCIE0-
BaHUsI, MHTEPECOBATHCS KOTOPOIl COBEPIIEHHO
He 00513aTeJIbHO BCSIKOMY.

— 3annmaertech i BbI cioprom? Kakxum?

— Cocrs3aTeIbHbIM CIIOPTOM $I HUKOI/la He
3aHnMascs. Ecam He ommbaioch, s TOJIbKO TPH
pasa B KHU3HH ydacTBOBaJ B ToHke Ha 10
KHJIOMETPOB Ha JIbIXKaX.

Ho s Bcerga ouenb o611 60JIbIINE IPOTY.JI-
KM MEIIKOM M Ha JIbDKAX, COBEpIIaJ JJINHHbIE
myTeriecTBys Ha 6aiiiapke uin Ha Jiojike. OueHb
mo06JTIo TIJIaBaHue, 1MOXOo/bl B Topax. Bo Bcex
3TUX 3aHATHSX S [EHI0 He TOJbKO UX ITI0JIb3Y
JUISL 3/I0POBbsi, HO TY pajoCTb OOIIEHUS C
PUPO/IOIT, KOTOPYIO OHM HPUHOCST.

Bcerpa mo6us kynanue B MOPCKOM Tipu6oe.
B cosHeuHble MapTOBCKHE JIHU JIIOOTIO /Ie1aTh
6oJrblne JIbDKHbIE TPOGETH B OJHUX IOPTAaX.
Bo BpeMs TakMX MapTOBCKUX JIBDKHBIX MPO6e-
rOB JTIOGJIIO BBIKYIIATHCS TIOCPE/IN CUSTIONINX HA
COJIHIIE CYTPOGOB B TOJIbKO YTO BCKPbIBIIEHCS
0TO JIbJla peuke. Brpouem, s He coBeTylO 00-
3aTesIbHO MOJpaXkaTb MHE BO BCEM 3TOM —
MOXKHO TIPOCTO 3aIMCaTbhCsl B KaKyo-HHOY/b
MPUBJIEKAIONIYIO BAC CIIOPTHBHYIO CEKIIHIO.

— Augpeii Hukoaaesuy, 4to 6b1 Bbl XOTEH
NOKeJIaTh HAIIUM YHUTATEJIsIM ?

— 1 cam gBJASIOCH y4YEHBIM, M, KOHEYHO, B
HEepBYIO0 OUEPE/b, s JKeJIal0 HAINM YATATEsSIM
BHECTH TOT WJIM WHOI BKJIAJ] B HAYKY, GOJIBIION
UM XOTs1 Obl MasleHbKHil. 3aMedy, BIIpOYeM,
YTO B CJIydYae eCJIi BCe HAIM YUTATeJU [PUHS-
Juch Obl MNCATh CAMOCTOSITEJbHbIE HAYYHbIE
paboThbl, TO HAYYHBIE XKYPHAJIbI HE BbIJIEPIKaIN
6b1 Takoro Hatmcka. IloaTomy s BbICKaxy M
6oJiee CKPOMHOE TIOJKEJaHne — YTOOBI MIKOJIb-
HOe yBJleueHne MaTeMaTHKOH IPUTO/INIOCh BaM
1 B gajbHelimneit xkusan. B «KBante» MbI Kak
pas crapaeMcs BaM 10Ka3aTh, Kak pazHooOpas-
Hbl IIPUJIOKEHUST MaTeMaTHYeCKOi HayKH.

Becedosan A.Cocunckuii
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30paHHble 33434

1. Yncno BAOBAB penutca Ha 101.
Kakoe 3710 4ncno?

A.CaBuH

Z. Kaxpaa rpaHb kKyOuKa pa3geneHa
Ha 4 kBagpaTa. Kaxapbln KBagpaT okpa-
WeH B OAMH M3 Tpex LIBETOB — CUHWNA,
KeNTbI UMW KPacHbIN — Tak, Y4TO KBaf-
paThl, MMeloLLIMe ODLLLYIO CTOPOHY, OKpa-
LeHbl B pa3Hble upeTa. CKONbKO MOXeT
ObITb CUHUX KBAAPaTOB?
B.[lpon3ssonos

3 . 13BeCTHO, YTO NI0OOM flypak cHnTaeT
cebsi yMHbIM, 3aTO BCEX OCTanbHbIX ~
aypakamn. Cpean yMHbIX MOryT ObITb
Takue, KTO cyMTaeT cebs mypakom, 3aTo
MPO BCEX OCTaflbHbIX TOYHO 3HAEeT, KTO
YMHbIN, a KTO Aypak (Kak 1 TOT YMHbIN,
KOTOPbIV CHUTAET cebsi yMHbIM). Onpochl

xutenen CTpaHbl YyAakoB MO3BOAMM
TOYHO ONpenenuTb, KTO 13 HNX YMHbIN, a
KTO Aaypak. ECTb 11 B 3TOM CTpaHe XOTb
OOVH YMHbIN?

AXykos

oy

4. Ha puricyHke nokasaHbl [Ba LWecCTn-
YronbHKMKa, Kaxapl M3 KOTopbix Pak
CBOUMM KNELHAMW MNbITaeTCa pa3fenmTb
NPSMON NMHMEN Ha ABe YaCTU OfMHAKO-
BOM nnouwaan. EMy yaanocb pasgenutb
nepBbIM LEeCTUYronbHKK, NpoBeas nps-
MYIO JIMHUIO Yepe3 LIeHTPbI ABYX NPAMO-
YrofbHWKOB, OAHAKO BTOPOW LIECTU-
YronbHWK 3TUM CNOCODOM AeNUTCS He Ha
2, @ Ha 3 4YacTn. Tem He MeHee, ero
MOXHO pa3fennTb U Ha 2 4actu. Nomo-
rute Paky 3To caenartb.

UAKymd

Unnroctpaumm .1 puyiykoBov
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DO YMHOXeHWe

A.CABUH

OMY KAK, AMHE TABJINTIA YMHO/KE-

Hust gaBajach ¢ Tpyaom. Komeuno,
«JIBAXKJIBI /IBA — YETbIPE» U <IIATHIO ISATH —
JIBA/IIIATD TSATh» 3AIOMHUJINCH JIETKO, & BOT
«CEMbIO BOCEMb» WJIU «JIEBSITHIO IECTb» HU-
KaK He YKJIA/bIBAJNCDH B ToJioBe. «TpymHbIE>
MIPOU3BEIEHNUS 51 BBIYHCJISAI TPUMEPHO TaK:
«ISITHIO BOCEMb — COPOK, /la JABAXK/bI BO-
ceMb — TIEeCTHAIATh, 3HAYUT, BCETO TATh/E-
cAar mecTb». Ho yuntenb Tpe6GoBas Gerbix
OTBETOB, M TAGJUILY TPUXOIIOCH «/[0JOUTH>
HaM3yCThb. JTO 3HAKOMO HE TOJBKO MHE OJTHO-
My — HEJapOM COTHHU JIET IITKOJISIPBI PA3HBIX
CTpaH, KaK/Iblll Ha CBOEM SI3bIKE, HAa3bIBAJIN
ee «gonbuna ymuoKeHus». (Mexay mpo-
YUM, Cpeld MOUX YYEHHKOB — CTYIEHTOB
cusTexa — BCTpevyaloTcs Takue, KTO 3HAET ee
BeCbMa HETBEP/IO. )

B xoH1ie KoHI0B TabuITy g BeIyunI. Broc-
JIEJICTBUM BBISICHUJIOCH, YTO ATO OBLIO HYKHO
HE YUYUTEJI0, a MHE CAMOMY: C ee MTOMOTIBIO
0Ka3aJI0Ch BO3MOKHBIM TMEPEMHOXKATH JITO-
Oble uncsa, TpUYeM JI0BOJBHO OBICTPO.

Tak s TpoKMJI MHOTO JIeT B TOJTHOH YBEPEH-
HOCTH, 4TO 6e3 TaGJIUIbl YMHOMKEHUsT THCIa
OBICTPO HE TIEPEMHOKUTD. JTY YBEPEHHOCTD
MOJIKPETLIISIIIO TO, YTO 1 Y3HABAJ O CIHOCO6ax
ymHoxkenust B Wupuu, Kurae, B EBpore
anoxu Bospoxkenusi...

W BOT OTHAK/IBI ST HATKHYJICS HA «PYCCKUIT
KPECTbSIHCKII CIT0cO6 YMHOKEHUS», KOTO-
Pl 6bLT pactipocTpaner B Poccun 1Ba cTo-
JIETHS Ha3a/l, U C U3yMJEHNEM OGHAPY KT,
YTO PYCCKUE KPECThSTHE YMEJTH TEPEMHOKATD
qucaa 6e3 noMousu mabuypl ymHoxeHus!
MM pocratouno ObLIO yMeTh YMHOXKATh W
JIeJIUTHh Ha JIBa, a TAaK)Ke CKJIA/bIBaTh YHCJIA.

Bot kak onm aro gesnann.

Hanumem oiHo U3 4imces cyieBa, BTOPOe —
cIpaBa Ha OJHOI cTpouke. JleBoe umcsi0
6yzieM JIeuTh, MPABOe — YMHOKATh HA /1Ba,

Omy6smkoBano B «KBante» Ne2 3a 1992 ron.

a pe3yJIbTaThl 3aIHUChIBATD B CTOJI-
OWK Tak, KakK TOKa3aHO Ha pU-
cyake 1. Ecim B Kakoii-to Mo-
MEHT MPUJIETCS JIeJUTh Ha [[Ba
HEYETHOEe YKCJI0, OCTATOK OTOPO-
cuM. Korga or Jsesoro yuciia
OCTAHETCs! €/INHNULLA, BbIYEPKHEM  p

BCe Te CTPOKH, B KOTOPBIX CJIeBa

CTOSIT YeTHble uucia. Bce, 4To ocrajsoch
crpasa, cjoxuM. [loaydyenHoe 4ucio — mpo-
U3Be/IeHNe TeX JBYX YHCENT, C KOTOPBIX MBI
Havasm!

CHavasia 5, KOHEYHO, He MOBEPHUJ MPOYH-
TAaHHOMY U 4ecTHO IepeMuoxxkus 13 u 17 1o
npesioskeHHoMy pertenty. [lonyummcs mpa-
BUJIbHBIA oTBeT: 221. { mome-

HSIJT YUCJIa MECTAMU U TIEPEMHO- 17 13
KT uxX cHoBa. OTBeT He uzMe- O | 20
mca — onatb 221 (puc.2). A2
41 oTka3bIBaJICS BEPUTH CBOUM — —3—404
rJiazaMm: y3K CJUIIKOM 3TO MMOXO0- 1 1208
quiao Ha (okyc Bpojie U3BECT- LT

HBIX MPUMEPOB HEMPABUJIbHBIX
JeiicTBY, MalOMKUX BepHble pe- 4G 2
3yJIbTATbhl, — TAaKMX, KaK M300paKeHHOE Ha
pucyHKe 3 «COKpalieHues apooeii.

16 _1 49 _4_1
64 4 98 8 2
Puc. 3

Ho merto okasascst aGCOTOTHO TTPABUJIb-
HbIM!

[Ipexie uem ynTaTh JAaJbIIE, TOMPOOYHTE
TAKUM CIIOCOOOM TIEPEMHOKUTH HECKOJIbKO
nap 4ucest, 4To6bl OCBOUTHCS C HUM U HaOpaTh
HEKOTOPDIIf 3a11ac YBEPEHHOCTH B €T'0 CIIPABE]I-
JuBoctu. [locunranu? A termepb s MOKaXKy,
YTO 3TO JICHCTBUTETHHO CTTIOCOO YMHOXKEHWS,
BCET/Ia A0 BEPHBIN pe3yJibTart.

B aByx mpembiaynimx HOMepax HaIero
JKypHAIa ObLn o1y 6iuKoBaHbI cTatbu M. Ar-
soma «CucreMbl cuucienusi» u « /e urpui co
CTIMYKAMK» , B KOTOPBIX MO IPOOHO PACCKA3DI-
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BaJIOCh, B YACTHOCTHU, U O [BOUYHOII CHCTEME
cuncyenus. Beskoe ymceso B Heil 3amucbiBa-
eTcsd ¢ TOMOIbIO HyJell W eIWHUIL:
32 =100000,, 13=1101,, 17 =10001, .
MaJsieHbKHIT «XBOCTHK» — THdpa 2, TPUIHU-
CaHHas K YNCJIY,— TTOKa3bIBAET, UTO 3TO UHC-
JIO 3aTMCAaHO B JBOMYHON CHCTEMe CUHCJIe-
Husg. PacmmdpoBbIBAIOTCS 9TH 3alIUCH TaK:

32 =100000, =1-2° +0-2% +0-2° +
+0-2240-2"'+0,
13=1101, =1-2° +1.2> +0-2' +1,
17 =10001, =1-2* +0-2° +0-2* +0- 2" +1.
3anuieM 1o/ Kax/ 101 1 poil JBOUYHOTO
rnpejictaBjieHust 4yucyaa 13 JeByI0 KOJIOHKY
YHCeJI, TTOJIYUUBIILYIOCS IIPU YMHOXKEHUN PyC-

CKHM KpecTbsiHCKUM crioco6oM. To ke camoe
npogenaeM u ¢ uncaom 17 (puc.4). 3amernim

111]0]1 1]0lolo] 1
11316113 1121418117
Puc. 4

3akoHomepHoctb? [la, na!l Ecim B qBonuHOl
3aITMCH YNCJIa Ha HEKOTOPOM MecTe CTOUT 1, TO
110/ HIM OKa3bIBAETCI HEYETHOE YUCJIO, a €CJIN
0 — to uernoe. IlompoGyiiTe g0Ka3aTh 3TO.
A s nepedopMyaupyio Ternepb MNpaBHIO
YMHOKEHUSI I0-KPECThSTHCKY. B 1ipaBoM cTo1-
611e 3aNUCBHIBAIOTCS YHCJIA, PABHBIE BTOPOMY
COMHOKUTEJ0, YMHOKEHHOMY Ha 2 B cTere-
HU Ha eJIMHUITY MEHDBIIEl, 4eM HOMEp CTPOY-
KU, B KOTOPYIO MBI 3aITUCBIBAEM ATO YHCJIO.
3aTeM pe3yJbTaTbl yMHOXKalOTCA Ha 1, ecau
YUCJIO CJIeBA B TOH K€ CTPOKE HEYETHO, U Ha
HOJTb, €CJIN YeTHO. [1JIst HAT/ISITHOCTY ST TIpeji-
jraraio J00aBUTD ellle OJINH CTOJIOET, TTocepe-
JWHE, W 3alUCchiBaTh B HEr0 OCTATOK OT
JleJIeHNd Ha 2 4ucJa, CTOAILEero cJeBa B TOU
ske crpoke (puc.5). Takum o6pasoM, npu
YMHOKEHUU TIO-KPECThSIHCKU MPOUCXO/IUT,
10 CYyTH, TEPEMHOKEHUE IOCTPOYHO CPETHE-
ro U MPaBOTO CTOJIOIOB, a 3aTeM CJIOXKEHUe

Puc. 5

2020/ Nel

[IOJIyYeHHbIX pe3yJbTatoB. B mnpumepe ¢
TPUHA/IATHIO U CEMHA/IIATBIO MTOJIYYaeM:

17 11417-0-2+17-1-22 +17-1- 2% =
= 17(1+0-2+1-22+1-23)=

=17-1101, =17-13
niu
13-1-1+13-0-2+
+13-0-22+13-0-2° +13-1- 21 =
= 13(140-2+0-22+0-2° +1-24) =
=13-10001, =13-17.
BerxoanT, pycckmii KpeCTbSHCKUN c11oco6
YMHO>KEHUSI OCHOBAH Ha TIPEICTABIEHUH OJI-
HOTO M3 COMHOKUTEJIEN B BOMYHOU CHUCTEME
cuncyenus? He npaspa Jii, pocTo U Kpacu-
BO?
A kaxk 6yjiet paboTaTh TaKoii crocob yMHO-
SKeHUS ¢ GOJIBIINMUI YUCJIAMU, CKAYKeM TaKu-

mu: 567 u 39847 Ilocmorpum. Ha pucynke 6
CIIpaBa MpUBe/[eHO IIPUBLIYHOE HAM «TabJIHd-

567 3984 567
283 7968 3984
141 15936 2268
29— 34079 4536
35 63744 5103
17 127488 1701
—8—+—954976— 2258928
—4——509952—
—2——4649904—
1| 2039808
2258928
Puc. 6

HOe» yMHOsKeHue. TaM IIPUXOUTCS CKIa/bI-
BaTb MeEHbBINE YNCeJ, HO KaXKJ0€ W3 HUX
MOJIy4eHo Kyza 6ojee CJI0KHBIM CIIOCO60M,
YeM B JIEBOM BapHaHTE HA 3TOM K€ PUCYHKE.
[Tosy4aercs, 4To, BBIMIPBIBA B IIPOCTOTE
BBIYHCJICHHH, MbI IIPOUTPBIBAEM BO BPEMEHH,
TaK 4TO IPUBBIYHOE YMHOXKEHUE, MOXKAJIYI,
JIydIIe. ..

«Her! — ckaxyr Te, KTo /10 CUX TIOp HE B
Jazax ¢ tabsmieit ymMmuoskennus.— Beap mpn
KPECTBSHCKOM MeTOJIie He HYKHO 3yOpHUTb
TabuIly, a 9TO Koe-4To 3Hauut!» B mosb3y
TaOJIUIBI YMHOXKEHUS ST IPUBEY TaKoil J10-
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BOJI: MTOKaJTyii, HAKJIAAHO Oy/eT XBaTarth 6y-
Mary u pydky, 4ToObl NOJCYUTATH, CKOJbKO
crosT 8 TUpokKOB 1o 7() KoTleek 3a MITYKY,
WJIN JIE3TD JIJISl 9TOTO B CYMKY 32 TETPA/IbIO, Ha
06J107KKe KOTOPOii TiomeriieHa «tabsmia Ilu-
daropa» (puc.7).

1215(18(21|24|27|30
12]16]20(24|28|32|36| 40
15]20(25(30(35|40|45| 50

Q|||
Ne)

14121]28|35|42|49|56|63|70
16(24(32|40(48|56|64|72|80
18(27(36|45(54|63|72|81{90
10{20(30/40|50|60]|70{80|90{100

|0 ||| |W N [—
—_
(=]

Puc. 7

OHa f1eficTBUTENbHO TaKas ApeBHss — 6o-
Jlee JIByX TbICSAY JieT Haszaj nudaropeiiin
YMHOKa/IH ynca ¢ ee nomoiisio. (HegaBHo
TAIIKEHTCKUH MaTeMaTHK A.A3aMOB 3aMeTHJI
JIIOGOTIBITHOE €€ CBOWCTBO: €CJIN YeThIPe YC-
JIa 9TOW TaOJIUIIBI PACTIONOKEHBI B BEPITUHAX
KBaJ[paTa, IEHTP KOTOPOTO — TOXKE YUCJO
tabaunbl Iludaropa, To Umca0 B IIEHTpe
KBaJ[paTa PaBHO cpeiHeMy apuMeTHIeCcKO-
MY 4YHCes B €ro BepimmHax. Tak, /i yncest,
BBIJICICHHBIX Ha pPHUCYHKe 7, uMeeM:
42 =(25+48 +63+32)/4.)

3a JloJTHe ThICSYeIeTHs Pa3BUTHS MaTeMa-
THKHU OBLIO IPUIYMAHO MHOXKECTBO CIIOCO60B
yMHOXKeHUs yucest. WranbsgaHckuil Marema-
TuK KoHIla XV — Havana XVI BekoB Jlyka
[Taunonm B cBoeM TpakTaTe 06 apudmernke
MIPUBOJIUT 8 Pa3JUYHBIX CIIOCOGOB YMHOKE-
Hus. BoT nBa W3 HWX, Ha MO B3TJISI,
HanboJjiee NHTEPECHBIE.

B nepBoM, KOTOPBIIl HOCUT Ha3BaHUE «Ma-
JeHbKUi 3aMok» (puc.8), mudpbr BepxHero
yucaa, HAYMHAS CO CTaplieil, MmoovyepeHo
YMHOXKAIOTCS Ha HUKHEE YUCJI0 U 3allUChIBa-
I0TCSI B CTOJIGUK C 106aBJI€HUEM HY)KHOTO
yycJa HyJeil, a 3aTeM pe3yJIbTaTbl CKJA/Ibl-
BaloTcd. IIpeuMylniectBo 3TOro Meroja Ie-

L]
3984
X (0]
567
1701000
510300
45360

2268
2258928

Puc. 8

pen OObIYHBIM B TOM, YTO YK€ C CAMOTO
Havyajla oIpeessaiorcs IUGPbl CTaplIInux
Pa3psIoB, a 3TO GbIBAET BAYKHO IIPH MPUKH-
JIOYHBIX pacyueTax.

Bropoii crtoco6 HOCUT He MeHee POMAHTH-
yecKoe Has3BaHHe: «PEeBHOCTb» (miam «pe-
neTYaToe yMHOXKEHUe» ). Pucyercst perer-
Ka, B KOTOPYIO 3aTe€M BIIUCBIBAIOT Pe3yJibTa-
THI TIPOMEKYTOUHBIX Bbruncaenuii (Ha ca-
MOM JleJie — HY’KHbIe YHcJja U3 Ta6JIHIIbI
YMHOKEHHsT). DTa pPelieTka MpeacTaBisieT
c000ii TPSIMOYTOJBHUK, PA30UTBHIN HA KBAJI-
PaTUKM, KaX/blii W3 KOTOPBIX PpasesieH
auaronanbio (puc.9). «Takas pemrerka Ha-

Puc. 9

MMOMHUHAET pelnieTyarble CTABHU-3KAJIO3M,
KOTOpbIE BENIAJNCh HA BEHEIMAHCKIE OKHA,
MeTTast YJAWYHBIM TTPOXO0KUM BUJETH CHUJIS-
MUX y OKHA JlaM W MOHAXWHb»,— THUIIET
Jlyka ITaunonu.

ITepemuoskuM aTuM crioco6om yucaa 567 n
3984. CBepxy TaGJHIIBI 3AMUIIEM OJIUH CO-
MHOXXNTEJb, a cjJeBa — APYToi. 3aTeM B
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Ka)KJI0M KJIEeTKe 3aluiieM I[POU3Be/[eHIe
nudp COMHOXHUTENEH, CTOANUX C HEl B
OTHOU TOPM30HTAJN W B OJHOU BEPTUKAJIM.
JlecaTkn 3ammchbIBAIOTCS B JIEBBIX HIKHUX
TPEYTOJbHUKAX, & EIUHUIBI — B IPaBBIX
Bepxuux. [TocJie 3amosHennst TabIUIIbI CKJIa-
JIBIBAIOTCST YUCJIA BJIOJIb HATIPABJIEHUN MPO-
BeJIEHHDBIX /[MarOHaJIell, Pe3yIbTaT 3aluChl-
BaeTcs cripaBa M CHU3Y OT TaOJUIbI. JTOT
croco6 XOPOIT BBIYUCJIUTETBHON TTPOCTO-
TOW: KJIETKU PENIETKH 3aTOJHSAIOTCS MPSIMO

2020/ Nel

u3 TabIUIbI YMHOKEHUs, a Ha JI0JII0 BbIYUC-
JINTEJISI OCTAETCS TOJIBKO CJIOJKEHUE.

OcrasbHBIE TIECTh CIIOCO60B, OMIICAHHBIE
Jlyxoii [launosu, kax u mepBbIe ABA, OCHOBA-
HBI Ha Ttabswmie yMHOXKeHus. CylecTByer
MHOKECTBO JPYTHUX CHOCOO0B YMHOKEHIS
quces ¢ TPUMEHEHNEM TaGJINIIbI, TPUIYMaH-
HBIX B Pa3HOE BPEMS U B pa3HbIX cTpanax. Ho
JIPYTOTO METO/Ia, KPOME PYCCKOTO KPECTbSH-
CKOTO, KOTOpBIil o6xoamics Obl 0e3 Hee,
[IOXOKe, He CYIIECTBYeT.

aK ofHaXObl XKak-3BOHapb
rOST0OBOU C/ioMasl (DOHapb...

A.BY34UH, C.KPOTOB

EC/ivn BCe Kpacku pagyry BMeCcre cMelLars,
TO... [TOJIYYNTCS YEPHASA [PA3b.

BpepnHiora (13 getckoro mynbTduibma)

E BYJEM UEPECUYP CTPOI'MIMU I10

OTHOIIIEHNI0 K BbBIBOAY BpeaHiorn mpo
Kpacku, a pacCMOTPUM Bce T0 TMOPS/IKY,
MOCKOJIbKY (DU3MUYECKU YUCTHIN IKCIIEPUMEHT —
9TO BeIIh JOCTATOYHO TOHKAS. ..

CxoJIbKO CyTIIecTByeT Ha CBeTe Pa3HbIX
nBetoB? OTKyZa BooOIIe OepyTcs pasHble
1nBera? OTH W MHOTHE JPYTHe BOIPOCHI U3-
JlaBHA 3aHUMAaJ/IN JI0O003HATEJIbHBIX JIIO/EH.
Bouabmioit Bkiax B cozjanne HayKu o IBeTe
BHec Beqnkuii Hpioton. Oun na6monan pas-
noxenue cosneynoro (6egoro) ceera mpu
MPOXO3K/IEHUN €ro Yepe3 CTeKJSHHYIO TPH-
3My B TaK HasbIBaeMblii ciekTp (0T JTaTHHCKO-
ro spectrum). ITosry4aionmecs: ipu 9TOM 11Be-
Ta B TOYHOCTHU COOTBETCTBYIOT IIBETAM Pa/Ly-
ru. [Ipmama mo3Bosmmra HpioToHy mosyunTh
PaIyTy B «JaGOPATOPHBIX» YCJIOBHUSIX. BOT
OHM, T[BETA PAAYTIH: KPACHDBIN, OPAH>KEBbIN,
SKEJITBIN, 3eJICHbIN, roy6oii, cuaui, dhuoe-
ToBbIii. [locMorpuTe eme pas Ha 3arjaBue
craTbu. MBI BOCIHOJb30BAJNUCh HIYTOUYHOH
(pasoii, momoraroieii 3aMOMHUTD MTOCJEI0-
BaTEJIbHOCTb I[BETOB B COJTHEYHOM CIEKTPE

Omny6sukoBano B «KBante» Ne12 3a 1987 roz.

(kaxk BuaWTE, W B Hameil NIyTKe eCcThb I0JIS
npasabl). HaBepHsAKa KTO-TO M3 Bac BCIIOM-
HUT eIle OJHO MHEMOHWYECKOEe TPABUIO —
pasy «KasKIbIil OXOTHUK JKeJIAeT 3HATD, T/1e
cugut dazans.

Nmenno Gmarogapst ombitaMm HpbioToHa B
konrie XVII Beka ObLI0 yCTaHOBJIEHO, YTO
6esblil CBET IpejicTaBsieT coO0i cMech U3
pasmunbix nseros. (B yacrnoctn, Hbooton
1I0Ka3aJ, YTO eCJIi PA3JI0XKEHHBIH B CHEKTP
6eJblil CBET CMelaTh, TO OMSTb MOJYYUTCS
Getbrit cet.) IIpoIIo MHOTO BpeMeHH, MoKa
yYeHble OCO3HAJIN, UTO CBET — 3TO PaCIpoCT-
paHsoNnuecss B MPOCTPAHCTBE KOJeOAHUS
CBSI3aHHBIX JIPYT C IPYTOM 3JEKTPUYECKUX 1
MAarHUTHBIX TOJICH, MHaYe TOBOPS — 3JIEKTPO-
MarHuTHBIE BOJHBI. HamboJiee TPUBBIYHDBIN
MPUMEP TAKOTO POJIa BOJTH — PAUOBOJIHBI.
BbLio okazano, 4To mpupo/ia CBETa U PaJno-
BOJIH — O/{HA U Ta »Ke, OHU OT/INYAIOTCS JIAIIIb
yacToToi Kosebanuii. Yactora pajroBOJIH B
ThICSIUN pa3 6oJiee HU3KAsl, YeM y CBETOBDIX.
KaskioMy 11BeTy OTBEYaeT ompe/iesieHus yac-
ToTa KoJiebanuii. Ecim Bociosib3oBaThesa aHa-
JIoTel ¢ My3bIKAJTbHBIMA WHCTPYMEHTaMH,
TO KPACHBIN I[BET OTBedaeT «6acaM», a puo-
JIETOBBINI — BBICOKUM HOTaM.

CKOpOCTb pacmpoCTpaHEHUS 3JEKTpOMar-
HuTHbBIX BOJIH ¢ = 300000 xM/c. OHa BO MHO-
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ro ThICSY pa3 GoJibllle CKOPOCTH 3BYKA, TaK
YTO PpajnoCyyliaTesb, CHIAANIMI OMa BO
BraanBocToke OKOJIO pPajiMOIPUEMHUKA,
CJIBIIINUT TOJIOC IIeBIla HAa KOHIEPTE, TPaHC-
gupyeMoM u3 MOCKBBI, pamblie, 4eM CJIy-
nraresb, CUAANIME B JalbHeM Py KOHIEpPT-
HOTO 3aJa.

[Ipuenennoe 3naveHwe CKOPOCTH CBETa
(¢ =3-10" xM/c ) otHOCUTCS K BakyyMy. [Ipu
PACIpPOCTPAHEHNN CBETa B MPO3PAYHOM Be-
IIeCTBE CKOPOCTb OKa3bIBACTCS MEHbIIEH.
OcoO6blil nHTEpeC MpecTaBisgeT TOT (axr,
YTO IIPU IPOXOXKIEHNN Yepe3 BellecTBO CBeT
PAa3HbIX 1[BETOB PACIIPOCTPAHSETCS C PA3HbI-
MU CKOPOCTSIMH. IJTO $BJICHUE Ha3blBAaeTCS
qucriepcuei, 1 MMeHHO 6Jarojapsi IucIep-
CUW TIPU3Ma pasJyaraeT GesIblii CBET B IIBETHOM
CIIeKTP.

Wrak, n3 6eg0T0 cBeTa MOKHO TOJIYINUTDH
Bce 1BeTa pajyru. A 4TO O3HA4aloT pasHble
1[BeTa Ha KapTUHKaX B 9TOM »xypHaJe? Crour
BaM IPUXBATUTb C COGOU JKYPHAJ B TEMHYIO
KOMHATY, KaK Bce IIBeTa BOOOIIe MPOIaayT,
KapTUHKHU CTAHyT IIPOCTO CEPbIMU — CaMU 110
ce6e OHU HE «CBETATCST», KAKOTo ObI I[BETA HI
66111, UTO6bI BUIETD UX PA3HOIBETHBIMU, UX
Heo6XoaMMO ocBemaTh. llpm atom magato-
LM Ha CTPAHUILY CBET YACTUYHO IIOTJIOINAET-
€S, 4acTUYHO pacCeUBaeTcs, a BUJIUM Mbl
HUMEHHO paccesiiHble CBETOBbIE JIyUU.

OueHb BakHO, YTO pasHble BerectBa (B
ety 0COGEHHOCTEN CTPOEHUSI UX MOJIEKYJT)
001a/1a10T N36UPATEJbHOCTDBIO K I[BETY — OHI
M0-Pa3HOMY TIOTJIONIAIOT U PACCENBAIOT CBET
PAa3JIMYHBIX yYaCTKOB criekTpa. OXpa noromy
HaM M KaXXeTCs KeJTOH, YTO U3 11a/Ial0IIero
Ha Hee 6eJIOr0 CBETA MOTJIONAIOTCS TOYTU BCe
JIyuu, KpoMe KeJqtoro 1seta. Man Bcnomum-
Te Mpo... nomujop. Ha pasubix crajgusax
CO3peBaHus OH [IPEUMYIIECTBEHHO paccenBa-
€T cHavaJia 3eJleHble JIyuH, II0TOM — KpacHble.
B aroM 1IposBIAIOTCS M3MEHEHUSI MOJIEKY-
JIIPHOT'O CTPOEHMA BelllecTBa nomuopa. Kera-
TH, He CIy49aiiHO B XIMHUU IIBET — Ba’KHAS
XapaKTePUCTUKA BellecTBa.

[Tpumiio BpeMsi ocTaBUTh 3a60ThI 3eMHbIe
U... Bocmaputb. [leficTBUTENTbHO, BPSIA 11
HalijileTcs 4esoBeK, KOTOPOr0 XOTb pa3 B
JKU3HU He YBJIEKJA 3arajlouHast urpa ne6ec-
HbIX Kpacok. <«lIper HebecHblii — cuHUI
1[BET...»,— Hall}caJl 3aMevaTeJbHbIH IPy3UH-

ckuit moar Huxo baparamBuau. Ho 3ana-
JIIMCST BOTIpOCcOM — Ge3yripedna Jjin pusnyec-
KU YIIOMSIHyTask CTPOYKa?

OO6bruHO rosy6u3Hy He6a 00BSICHSIOT pac-
cesHueM cBeta B arMocdepe. OHaKO move-
My TOT/la HOYHOEe HeGO Jake TMpHU TTOJTHON
JyHe He ObIBaeT roay6pM? Wam mouemy
pas3Hble ydacTKu Heba OKpAIIeHbI B CUHUI
I[BET TI0-Pa3HOMY — OJHU 6oJjiee SpKO, JIpY-
rue MeHee SpKO? A ecau oOpPaTUTHhCS K
3aX0/Iy coJiHIa? BanMareabHblil pu3nk, Ha-
OJTIOJIABIMI  3aXO0/ COJIHIIA, OTMETHJ, UTO
cHavaJsia 3amajiHas 4actb Heba mpuobperaer
JKEJITBII WM OpPAHKeBbIM OTTEHOK; 3aTeM,
KOT/Ia COJTHIIE CTAHOBUTCSI OTHEHHO-KPACHBIM,
cBedeHne HebGa MEHSIETCS OT JKEJITO-OpaHsKe-
BOTO /IO SIPKO-3€JIeHOT0; HAKOHET], TPUMEPHO
JIO BBICOTBI 25° HaJ{ TOPU3OHTOM HEOO OKpa-
IITUTBAETCST B PO30OBbIN I[BET.

[TockosbKy TpUYMHON BCEX TEpPEUNCeH-
HBIX I[BETOBBIX KOJIJTM3WH SIBJISIETCST pacces-
HUE COJTHEYHOTO CBeTa B atMocdepe, OCTaHO-
BuUMCcsT 6osiee TTOAPOGHO HA 9TOM TIPOIIECCE.
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O6bsicuenne oco6eHHOCTel OKpacKu Heba
MPUHAIEXKUT aHTIMiickomMy (usuky ¥Y.Pa-
Jefo. B obmmx veprax cyThb JAesa TakoBa.
[IBer HebGa onpe/essIeTcs 3aBUCUMOCTBIO pac-
CesTHMsSI cBeTa OT YacTOTHI mocJenHero. [Ipu-
XOJATIAsI OT COJTHIIA 3JIEKTPOMArHUTHAST BOJI-
Ha «PacCKaIMBaeT» 3JIEKTPOHBI, BXOSIINE B
cocTaB MOJeKyJ Bo3ayxa. Hambosee cuiib-
HOE BO3/leliCTBIE Ha 3JIEKTPOHBI OKA3BIBAIOT
Jiyun cuHell yactu criektpa. Takum o6pa3om,
U3 TIPUIe/Iiell CBeTOBON BOJTHBI 3JIEKTPOHBI
MOJIEKYJI BO3/lyXa <«3abupaioT» KoJaeOaHus
cuHeil yactu criektpa. Ho, npuzast B BbIHyX-
JleHHoe KoJiebaTesIbHOe JIBUKEHUE, 3JIEKTPO-
HbI OT/IAIOT Ha3a/l B3ATYIO Y BOJIHBI 9HEPTHIO.
OnHaKo OTJAIOT OHU 3Ty JHEPIHI0 yiKe BO
BCeX HANPABJICHUSX, a HE TOJIbKO B HANpPaB-
JICHUN TAJIeHNs TepPBOHAYATBHON BOJHBI OT
COJTHTIA. DTOT IIPOIIECC U PEJICTABISIET cOO0T
paccesiHue CBeTa.

Cy1iecTBeHHBIM JUIT OODBSICHEHUS pacces-
HUA cBeTa B aTMocdepe SBJISeTCS HEPaBHO-
MEPHOCTb PaclpeiesieHust MOJIEKY T BO3/yXa
B arMocdepe — IOCTOSHHO MMEIOIne MeCTo
(aykryanun mirornoctu Boayxa. Ilpu pas-
HOMEPHOM paclpe/le/IeHu MOJIEKYJ B IIPO-
CTpaHCTBe paccessHne 6bLI0 6Bl COBEPIIEHHO
UHBIM — HeGO TPOCTO-HANPOCTO ObLIO OB
YEPHBIM.

Wrak, cuabHee BCETO MOJIEKYJBI BO3AyXa
paccemBaroT CHHIO YacTh CHEKTPa, 1 TT03TO-
My Y4YacTKu He6a, KOTOpble Mbl BUJIUM B
DPACCesSHHOM CBeTe, KaXyTCsl HaM TOTyObI-
mu.! UeM cumbHee yaaaeHbl OT COJTHIIA COOT-
BETCTBYIONINE yYaCTKU HeGOCBOA, TEM MEHee
APKUMU OHU OYIYT HaM KazaTbes. [lpuunna
COCTOHUT B TOM, 4TO 4eM OOJIbIINI IyTh B
atrMocdepe MPOXOAAT COJNHEUHbIE JYYHd, TeM
MeHbIlIasg B HUX /10J14 IPUXOUTCA Ha CHHIOO
cocraBJsonlylo. Tenepb, HaBepHOE, BaM 110-
HSTHO, TIOYeMY TOBOPSAT <«KPACHO COJIHBIII-
kxo»? Ilpsamble cosHeunble Jy4yd IO IYTH K
HaM <«TepSIOT» CHHIOI COCTaBJSIONYIO, U
MIPEUMYIIECTBEHHYIO JIOJII0 TIPUXOSIIETO K

! Mosxker BOBHUKHYTb BOIIPOC: TI0YEMY TOJTyObI-
MH, a He ¢uoseToBbIMU? [leso B TOM, 4TO HAJ0
elle MPUHUMAThL BO BHUMAaHUE CIEIUdUKY BOC-
TPUATHS T[BETOB YeJOBEUYECKNM TJIa30M W TOT
¢akT, 4To B COJIHEYHOM cBeTe (PUOJIECTOBBIX JIyueit
«MEHbIIIe», YeM CUHUX.

2020/ Nel

HAGJIIO/IATENI0 U3JTYUYEHUsT COCTABJISIET MEH-
HO KPAaCHO-KeJITasl 4acTb CIEKTPA.

OueBuiHO, YTO JbIM, IIbLIb U JIPYTHE MeJl-
KHe 4YacTHIbl, cojiepsKalluecs B BO3/yXe,
CYIIECTBEHHBIM 06pa30M BJISIIOT HA paccesi-
HIe cBeTa B aTMocepe. V3BecTHO, 4TO TTOCTE
GOJILITIAX U3BEPIKEHUN BYJTKAHOB BOCXOJBI 1
3aXO0/Ibl COJIHIIA TIOPOI UTPAIOT YIUBUTE]b-
HBIMA KpacKaMW — COJIHIIE W JyHA MOTYT
Jaxe cratb cuHuMu. IlpuBenem omnucanme
MOCJIE/ICTBUN KaTacTpo(hUIeCcKOro n3BepsKe-
Hud ByJskana Kpakaray B 1883 rosay, koro-
poe /aeT B CBOell KHHUTe <«3aHuMaTesJbHAas
reoJIorusly 3aMedaTebHbIil PYCCKUN yUeHblil
B.A.O6pyueB: «Menkuii menes 3aTeMHSLI
cosiHlle B SnoHum u B APyrux Mecrax Ha
paccrosaun csbie 3000 kuaoMeTpos. ITOT
TeTet, TOJITo TIaBaBInuit B atMmocdepe, o6yc-
JIOBUJT CWHEBATBHIN IIBET COJIHIIA W JIYHBI B
Adpure n Ha octpoBax Tuxoro okeana m
3aMedaresibHble KpacHble 30pu B KoHIe 1883
roja u B Hauaste 1884 rozma, HabJogaBIIecs
110 Bceil 3emJes .

Cunsg oKpacka CoJIHIA U JIYHbI B IaHHOM
cayuae OOYCJIABJIMBAETCS PACCESTHUEM CBETa
Ha aTMocepHbIX aspo30Jax pasmepom 0,4—
0,9 MKM, T.e. pazMepoM, CPaBHUMbIM C [IJIH-
HOW BOJIHBI BUAMMOTO cBeTa. ATMocepHble
a3pP030JI1 YKA3aHHBIX Pa3MepoB 00pa3yroTCs
My TEM OCAKICHUS Ha TBEP/IBIX YACTUTIAX JIbIMa,
TIeTIIa U T./T. TIPY BYJTKAHUYECKIX U3BEPIKEHT-
IX U KPYIHBIX JIECHBIX MOXKapaxX. VIMeHHO
BCJIEICTBHE CBOETO OTHOCHUTEJBHO OOJBIIOTO
pa3Mepa OHU PacCcerBaIOT CBET KPACHOM YacTh
CIIEKTpa CUJIbHEE, YeM CHHel. ITO paccesHue
CBSI3BIBAIOT C UMEHEM HEeMeIIKOro yyeHoro Mu.
[Tpu nabuio/ileHun COJIHIIA U JIYHBI CKBO3b
TaKOH adPO30Jib OHU BU/IATCS CUHEBATHIMU —
KpacHasl COCTaBJIoNIast 6eJIoTo CBeTa pacce-
MBAeTCs, W /10 HAC JIOXOJAUT TOJbKO CHUHUN
cBeT. MTak, OTTEHKH TIBETOB, OKPANIMBAIOIINX
HEeGECHBII CBOJT, 06YCJIOBIEHBI B KOHKPETHOM
CHUTYaIN KOMOMHAIIEH PaJIeeBCKOTO pacces-
HIISI C pacCestHReM CBeTa Ha MEJKUX YaCTHIaX.

«Tomy6bie Topbl, TOMyOBIE fau, TogyOble
TOpOJl» — BCE 3TU TOATUYECKHUE COUCTAHWS
CJI0B OOBIYHO UCIIOJIb3YIOT B KAUeCTBE CHMBO-
JIOB TIEPBO3/IAHHOCTH, HEOOGBIKHOBEHHOIT UnC-
TOTBI, 3arajoyHoctu. Camoe yAMBHUTEJIbHOE
COCTOWT B TOM, 4TO U 3/IeCh He 060IILIOCh 6e3
¢usnku. Tax, wHOTZA HAI MOKPBITON 3eJie-



HBIO OTKPBITOH MECTHOCTHIO, HE CJUIIKOM
3arpsiI3HEHHON BCJIE/ICTBUE YeTOBEUECKOI Jie-
SITEJIBHOCTH, BO3BHUKAET OUEHb KPacHBasl Ta-
MHCTBEeHHas Tosry6ast apIMKa. B smureparype
4aCcTO yIIOMUHAIOTCS ToTyGble Topbl KaBkasa,
a Tomy6pie TOpbl B ABCTpaJnu 3HAMEHUTBHI
UMEHHO cBoeil roay6oit apiMKoi. [oy6oit
I[BET «/IBIMKI» O0YCJIOBJIEH PACCESTHIEM CBE-
Ta Ha MEJbYalINX 4acTUllax, pasMep KOTo-
PBIX MHOTO MEHbIITE ITMHBI BOJTHBI BUANMOTO
cBera. TakuMmu gacTuiiaMu MOTyT OBITH Opra-
HIYECKHe MAaKPOMOJIEKYJIbI, UCITyCKaeMbIe pa-
CTUTEJbHOCTHIO, a TAaKKe MeJbyaiiiinme Jac-
THUI[bI, CPBIBAEMbIE C OCTPBIX YacTeil pacre-
HUH 3JIEKTPUYECKUM ToJieM 3emun. MTak, B
MeCTaxX CKOTJIEHUS] MEJbYANIITIX YaCcTUI] BO3-
HUKaeT 106aBOYHBIH 3(PdEKT paccessHus cu-
Hell YacT! CITeKTpa.

3aBepiast cTaThio, TPEIATAEM UNTATETIO
CIOXKETBI JIJIST CAMOCTOSITEJTBHOTO PACCMOTPE-
HUA.

N3bpaHHble 3apgaun

1. Uucso 1995 MoskeT ObITH TTPeICTaBIEHO
B BH/Ie CYMMbI HECKOJIBKUX MOCJIE[0BATE -
HbIX HaTypaJIbeIX quceJ MHOTUMUN CHOCOéa—
mu: Hanpumep, 997 + 998, 664 + 665 + 666,
330 + 331 +332 + 333 + 334 + 335. B kakom
13 TAaKUX MPEACTaBICHIH HANGOIbIIEe YNCTIO
cJIaraeMbIX ?
C.lsopsinuros

2. Vmeercst HeOTpaHWUYECHHBIN 3a1mac MOHET

B 1, 2, 5, 10, 20, 50 komeex u B 1 py6ib.

N3BectHo, 4TO0 cymMmMy B A Koleek MOXKHO

ymatutb B Moneramu. Jlokaskure, 4To CyM-

My B B py6uieil MOsKHO yruratuth A MoHeTa-
MHU.

Jl. Domun

3. Tlo moBepXHOCTH CTOJIA MEPEKATHIBAIOT
KyOuK, IepeBopaunBas ero dYepe3 peOpa.
MoskHo 7 ero mepeBepHyTbh 12 pas Tak,
4TOOBI OH TIEPEBEPHYJICS [0 OJHOMY Pasy

1. Tlouemy wu3manexka HOBOTOJHSIS €JIKA
(ckaskeM, crosiiass Ha TJIABHOW IJIONIA/M
BAIlIero ropo/ia) B BeuepHee BPeMsl KasKeTcst
KPaCHOM, XOTSI OHa OCBEIIeHa OTOHbKAMHU
pasHoro IBeTa?

2. Eciu BaM oBemeTrcss B HOBOTOIHIOIO
HOYD CHJIETH Y KOCTpPa, He 3a6yAbTe TI09KCIIe-
PUMEHTHPOBATH U MOKeT ObITb OJIECHYTh
mnepei OKPY’KAIOMNMHU, 337aB UM CJeAyIo-
muit Borpoc. Ilouemy BHU3y Ha (oHe aepe-
BbEB [IBIM KOCTPa KaJKETCS CUHUM, OJJHAKO
HaJl BepXyIukamu jepesbes (Ha Gpome cBersio-
ro He6a) OH BBITJIAAUT SKEAThIM?

3. KannyB HeCKOJIbKO KallesJb MOJIOKA B
CTaKaH ¢ BOJIOH, TOCMOTPUTE CKBO3b HETO Ha
CBETSIIYIOCS JTaMTIouKy . JlaMiouka mokaskeT-
¢ KpacHoBaTo-KendToBaToit. Ecam ke Tmo-
CMOTPETh Ha OTPAKEHHBIN OT CTaKaHa CBET,
oH Oyner Toay6piM. O6bscHUTe HalI0gae-
MO€ pa3Jndue 1BETOB.

yepes Kax/[0e pe6po 1 B pesy.ibTaTe OKas3a/-
csl Ha IpeKHeM Mecre?
C.Toxapes

4. Ha noJiocy 110J103K1/I1 KBa/[paT, CTOPOHA
KOTOPOTO PaBHA IMUPHUHE MOJOCHI, MPUTOM

/\

TaK, YTO €ro TPAHUIlA IEePEceKa TPAHUILY
MOJIOCHI B 4eThIpeX Toukax (CM. PUCYHOK).
JlokaxkuTe, 4TO [[BE TPsIMble, MPOXO/ISIINeE
HAKPECT Yepe3 9TU TOUYKHU, [IePECEKAIOTCS TIO/T
YIJIOM 45° .

B.1Ipoussonos




NKOJA B «KBAHTE»

O0b ogHOM
CTUXOTBOPEHUN
A.C.INywKnHa

A.KUKOUH

PE/IN TOSTMYECKNX COKPOBHIIL, OC-

TaBJICHHDBIX HAIINM BEJIMKIM HAIlMOHAJIbHBIM
moatoM A.C.IIymKIHBIM, eCTh CTUXOTBOPEHNE,
TpsMO OTHOcATIeecsd K (PU3MKe, TOUHee — K
MexaHuke. HasbiBaercsi 9TO CTUXOTBOpeHHe
«JIBmxennes. OHo HeGoJIbIOE TI0 00bEMY — B
HeM Bcero 8 CTpPOK, HO O4YeHb Ooraroe II0
cojlepKaHnio. B TepBbIX 4YeTbIpexX CTpPOKax
qUTaeM:

JIBIDKEHBST HET, cKazas Myjper GpajaThbiii.
Jlpyroii cMOJIYaT U CTAJ [IPeJi HUM XOJUTh.
CusbHee ObI He MOT OH BO3Da3UTh;
XBaJIMJIN BCe OTBET 3aMbICTIOBATHIN.

3/iech 03T PACCKA3bIBAeT O JIEeTeHJapHOM
crope J/IByX JApeBHerpedecknx ¢Hunocodos.
«Mynpent 6pagatplii» — 910 3eHOH DJIEHCKHUIA;
€T0 TIPOTUBHUK B criope — /Inoren CHHOTICKITH.
[TepBblii yTBEPsKIAT, UTO JIBUXKEHNE HEBO3MOJK-
HO; BTOPOIl CTaJ MOJIYA <«IIpeJi HUM XO/JUTb»,
Kak Obl HarJIs/[HO MOKa3blBass HECYPa3HOCTb
TaKOTO YTBEPK/EHMUS.

A pampime A.C.IIymkuH mammeT:

Ho, rocriona, 3a6aBHblii caayuaii ceii
[lpyroii mpuMep Ha TTaMATb MHE TTPUBO/IUT:
Benp xaxapiil gednb npes HaMu

COJTHITE XOJTUT.
Opnako x 1mpas ynpsambiit [ammei.

ITUMHU CJIOBAMHU TI0JT IMOKA3BIBAET, YTO JOKA-
3aresibcTBO [lMorena BoBce He Takoe Ge3yrped-
HOE, KaK Kas3aJIOChb TEeM, KTO XBaJIAJI <OTBET
3aMbICJIOBaThIil» . B camoMm nene, Beab cosmie
eJKeHEBHO JleJIaeT TO JKe, 4To Jesas Jluorex,
MapImpys Tepe;; 3eHOHOM: OHO <«IIpeJl HaMu
XOauT». B nelicTBUTEIBHOCTH JKe, KaK BCJIe] 3a
KonepHIKOM yTBepsKIaI «yIPAMbIii [amneiis,
COJIHIIE TIOKOWTCS, a JBmkerca (Bpamaercs
BOKDYT cBoeii ocn) 3emist. Ho HUKaKkoro apyro-

Ony6samkoBano B «Kante» Ne10 3a 1984 roz.

To JoKa3areabeTBa [lMoreH JaTh He MOT, 1T03TO-
MY OH U «CMOJIYAJI».

Ceiluac HempaBoOTY YTBep:K/JeHUS 3eHOHA
MOXKHO JIOKa3arth, He npuberas k Metony /lmo-
rena. [Tompo6yem ato caenats. [Ipexzae Beero,
nocrapaeMcs IPeACTaBUTh cebe, Kak 3eHOH
TPHUIIET K BBIBOAY, OYEBHHO HECYPa3HOMY,
YTO <«JIBUXKCHDS HET».

3€HOH, MO-BUMMOMY, PACCYKAAJ CJIEIyI0-
muM o6pasom. Teso, ABUrasch O HEKOTOPOH
TPAEKTOPHUH, B JI060I MOMEHT BPEMEHH MOKET
OBITD TJIe-TO 3aCTUTHYTO. MOKHO CYHTATD, YTO
B 9TOM MeCTe 1 B 9TO MTHOBEHDBE TEJIO TIOKOUTCS,
T.€. YTO €ro CKOpOcTb pasHa nymio. Ciemosa-
TeJIbHO, JIBMKEHHE eCTb JINIb Ha3BaHue, JIaH-
HOe MHOXKECTBY CJIEJIYIOIUX OJHO 3a JPYTUM
COCTOSTHMII TTOKOSI. B KaK10M TaKOM COCTOSTHIH
MIOKOSI TIepeMelrieHne Teia, eCTeCTBEHHO, PABHO
mnymo. CKJaapiBas 9TO HeNpepbIBHOE MHOKe-
CTBO HyJIel, 3eHOH, KOHEYHO, TI0JIy4aJl B UTOTe
HOJIb: «/IBUJKEHDbSI HeT» !

Tax Bot, ommnbéka 3eHOHA Kak pa3 M COCTO-
UT B TOM, YTO CKOPOCTb Tesla B KaXKJOH TOUKe
TPAEeKTOPUN OH cUnTas paBHOH Hyso. Ha ca-
MOM /[lesTe B KaK/IbIii MOMEHT BPeMEHH JBILKY-
meecs Teso 06/1aaeT CKOPOCTbIO — TaK Ha3bl-
BaeMOil MTHOBEHHOH CKOPOCTbIO . A pa3 OHO
006J1a/1aeT CKOPOCTBIO, TO 32 JI000i CKOJIb Yyro/-
HO MaJIblil IIPOMEXKYTOK BpeMeHU At Teso co-
BepliaeT MaJsoe Iepemelienue As = vAt. Yuc-
JIO TaKUX MaJbIX IepeMelleHuii, B mpeaemie —
GECKOHEYHO MAaJIbIX, 32 BCE BPEMs JIBUIKEHUS
t 6eckoneyHo Besmko. Ho cymma 6ecKOHEUHO
60JIbIIOTO YKCcIa GECKOHEYHO MAaJIbIX cJarae-
MbBIX paBHA HE HYJIO, a BIOJIHE OIIpe/eIeHHOM
BeamunHe: s = vt (ecJu CKOPOCTb ¥ OJIMHAKO-
Ba BO BCex ToukKax). CKJIaJbIBaTh HYKHO He
HyJM, Kak 3TO JiesiajJ 3eHOH, a MaJble IHepe-
MmetieHust oAt. Ha aTo BuepBble ykasas, CIiy-



IIKOJA B

cts moutu 2000 JreT mocJie JIereHIapHOTO CITO-
pa, OCHOBOIIOJIOKHUK KJIACCUYECKON MeXaHu-
ku Mcaak HbloToH, co3maBimii KpoMe TOTO
elle M 3aMevaTesbHbIil MaTeMaTHYECKHUI afia-
par nuddepeHImaabHOr0 U HUHTErPATHHOTO
UCUYUCJIEHUSI.

«KBAHTE »

B 3axJiouenme caesraeM He OYEHD CYTIECTBCH-
HOe JIJIT TeMbl Halllel cTaTbW 3aMeuaHue. B
JIeHICTBUTEBHOCTH OUHBIN criop 3eHoHa ¢ J[no-
reHoM cocroatbest He Mor: Jluoren (oxoso 400—
325 10 H.5.) poamaca uepes 30 jer mocie
cMeprn 3enona (490—430)!

3a Kakoe BpemM4
CNIBAIOTCA
Kannm?

A.BAPJIAMOB

MKNBAJIN JIX Bbl KOT'/IA-HUBY /Ib 3A

TapeJsIKoi MPO3PAuYHOr0 KypUHOTo OyJIbo-
Ha, MOKPBITOTO TSATHBIIIKAMU 30JOTHCTOTO
sxupa? Ecoiny Bac npu 9TOM He GbLIO AllTIeTHTa,
TO BbI HaBepPHsIKa MPOOOBAJIM TOHSTb STH IISIT-
HBIIIKA TI0 TapesKe, Pas3pbiBasi MEePErOpOIKN
MeK/y HUMHU HJH, HA0G0POT, COEJMHSIS IIsIT-
HBIIIKA BOEAWHO, HabJogas, KaK HECIIEIIHO
OHU CJIMBAIOTCS, TpuHUMast GOpMy Kpyra.

Jlpyroe Ha6io/ieHne U3 TOM ke cepuu — 3a
CIMSTHUEM KalleJIeK PTYTH U3 pa30UTOro TepMo-
Metpa (OCTOPOKHO — 3aHATHE 9TO HeGe301mac-
HOE, TIOCKOJTbKY PTYTh O4€Hb s0BuTa). [Ipan-
JIa, TYT BbBI IayKe HE YCIIeeTe MOPIHYTh TJIa30M,
KaK M3 JIByX Karejek o6pasyercs o/(Ha.

Or 4ero ke 3aBUCHUT BPEMSI CJIMSTHUS JKUKIX
Karnesb? IIpesk/ie 4eM MOMbITaThCsSI OTBETUTD Ha
3TOT BOIIPOC, MOTOBOPUM HEMHOTO O TPUYUHE
CJIMSTHUST KalleJib — O TIOBEPXHOCTHOM HaTsSKe-
nun kugkoctu. [Ipuaem Mbr monpobyem B3TJIsI-
HYTb HA 9TO SIBJIEHKE C TOYKU 3PEHIS SHEPTETU-
YeCKOIl.

MoJiekyJibl, PACIOJIOKEHHbIE B TOHKOM CJIOE
JKUKOCTH BOJM3H TTOBEPXHOCTH, HAXOMISITCS B
0CO0BIX yCJI0BUSX. /[€J10 B TOM, 4TO OHU UMEIOT
OJIMHAKOBBIX C HUMH COCEIEeH TOJBKO C OHONI
CTOPOHBI TIOBEPXHOCTH, B OTJIMYKE OT MOJIEKY.JI
BHYTPH JKHJIKOCTH, OKPYJKEHHbBIX CO BCEX CTO-
poH cebe mogo6HbIMI. B3anmopeiicTBrie MoJte-
KyJI Ha He CJMIIKOM MaJIbIX PACCTOSTHUSX HOCUT
XapakTep npuTsKenusi. Ecii moTeHInaabHyo
SHEPTHUIO MIPUTSIKEHUST IBYX MOJIEKYJI, HAXO/IsI-

Omny6aukoano B «Ksante» Ne11 3a 1990 roz.

muUXcsl Ha GECKOHEYHO GOJIBIIIOM PACCTOSHUN
JIPYT OT JIpyTa, CYUTaTh PaBHOI HYJIIO, TO IIPH
MEHDBIINX PACCTOSTHUAX 3Ta sHeprust OyAeT oT-
punaresnbHoii. [To aGcomoTHOII ke BesinunHe, B
MEepBOM TPHUOJIMKEHNT, JHEPTUI0 KaK/J0H MO-
JIEKYJIbI MO’KHO CYHMTAaTh IPONOPIMOHAIBHON
ey 6kaimmx cocefeii. Iloatomy scho,
YTO y MOJIEKYJ B TIOBEPXHOCTHOM cJioe (drcio
cocejieil JIUIst KOTOPBIX MEHbITE, 4eM B 0GbheMe)
HOTEHIMAJIbHAsT SHEPIUsl OKa3bIBAeTCs BDIIIE,
ueM y MoJieKyJ1 BHyTpu skuakoctu. (Erme ogaum
(pakTOpPOM yBEJMUYEHUS MOTEHIMATILHON JHEp-
THX MOJIEKYJI B IOBEPXHOCTHOM CJIOE SIBJISIETCS
TO, 4TO II0 Mepe NPHOIIKEHNS K TIOBEPXHOCTH
KOHIIEHTPAIINS MOJICKYJI TA/IA€T. )
Pasymeercst, MOJIeKyJIbI AKUIKOCTH He HEMOJ-
BIDKHBI, a HAXOJSITCSI B HENPEPBIBHOM TEILIO-
BOM /IBIDKEHUM — OJIHM MOJIEKYJIbI YXOJAT C
MOBEPXHOCTH, JIpyTrHe, HA000POT, MONa/IAI0T Ha
Hee. Ho 1 B 3TOM c/y4ae MOXXHO TOBOPUTH O
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HEKOTOPOIl cpejHell J06aBOYHOI MTOTEHINAb-
HOIi 9HEPTUU TIOBEPXHOCTHOTO CJIOST JKUIKOCTH.
A 3TO 03HAUaeT, 4YTO, [T TOTO YTOOBI U3BJIEYD
MOJIEKYJIy Ha TIOBEPXHOCTDb, BHEITHUM CHJIAM
HEOOXOIMMO COBEPITUTD HEKOTOPYIO TMOJIOKH-
TeJbHYI0 pabory. 36bITOK MOTEHIHATHHON
SHEPrUH MOJIEKYJI, HAXO/SIIMXCS HA yYaCTKe
MTOBEPXHOCTH €IHHIYHOM TIJIOIIA/H, TI0 CPaBHE-
HUIO C TIOTEHIMAJbHOI SHEPTHEl, KOTOPOii 06-
Jlafaa OBl 3TH K€ MOJICKYJIBI B TOJIIIE KUIKO-
CTH, Ha3bIBaeTCs KOA(POUIMEHTOM TTOBEPXHOC-
THOTO HATsKeHUST ¢ . OH XapaKkTepuayeTcs Toi
paboToii, KOTOpyio HEOOXOAMMO 3aTPATUTH HA
yBeJIMYeHue CBOGOIHOW MOBEPXHOCTU JKUIKO-
CTH Ha eIMHUIY TIonaau. Koneuno ke, Takoe
oTIpejiesieHe G TIOJHOCTHIO KBUBAJICHTHO M3-
BECTHOMY OTIpe/ie/ieHnio KoadduimmenTa mo-
BEPXHOCTHOTO HATSKEHUSA KaK CUJIBI, JCHCTBY-
IOIeil HA eIUHUITY [IJIUHBI TPAHUIIBI KUIKOCTH.

N3BecTHO, YTO U3 BCEX BO3MOKHBIX COCTOS-
HUN CHCTEeMBl YCTOWYHMBBIM SBJSIETCS TO, B
KOTOPOM ee TIOTEHIIMAJTbHAs SHEPTUS MIHH-
MaJbHa. B gacTHOCTH, T TOBEPXHOCTD JKUIKO-
CTH CTPEMHUTCS TPHUHATb Takyio (opMmy, mIpu
KOTOPOUi ee MOBEPXHOCTHASI SHEPTUsl B 3a/IaH-
HBIX yCJIOBUSX OyneT MUHUMaIbHOi. Tak, s
OJTHOII KaIlJIn B YCJIOBUSIX, KOT/J[A CUJION TsKe-
CTH MOKHO ITpeHe6pedb, SHEPTeTHYECKN Hambo-
Jee BeITOIHA cpeprudeckas gopma. [ng aByx
MJIN HECKOJIBKUX KacCalolIXCs APYT APyTa Ka-
1eJib BBITOJIHEE CJUTHCS BOEIUHO — TIOBEPX-
HOCTb OJIHOTO GOJIBIIIOTO IIapa MEHbBIIEe, YeM
cyMMapHasi MOBEPXHOCTb HECKOJIbKUX MAaJbIX
HIapoB ¢ Toii ke o6meil Maccoii (mpoBepbTe 5T0
CaMOCTOSITE/IBHO), @ CJIe[JOBATEJbHO, TOBEPX-
HOCTHAsI SHEPTHs y OJHOI OGOJIbIIOH Karliu
6y/JleT MeHblIIe.

Termepb MBI MOJKEM BEPHYTbCS K TIOCTaBJIEH-
HOMY B CaMOM Hadyajle BOTIPOCY: OT Yero Ke
3aBUCHUT BpeMs CIMSHUS IBYX Kameab? Hap
3TVM BOTIPOCOM yUeHbIe HadaJIl 33, [yMbIBATHCS
JIOBOJIbHO /1aBHO. Tem Gosiee, 4TO OH BOBCE He
MPa3/IHbIii, a UMeeT, KaK OKa3aJa0Ch, GOJbIIOEe
MpaKkTU4ecKoe 3HaueHwe. B wacTHOCTM — I
MMOHUMAHWS (DU3UIECKUX TTPOIIECCOB, TIPOUCXO-
JIAIIIX B TIOPOIIKOBOI METAJIJIYPIHH, T/I€ CITpec-
COBaHHDBIC MeTAJJIMYeCKHe 3epHa B Iporecce
TEPMHUYECKOil 00pPabOTKH «CIIeKaioT» B Bellle-
cTBa, 06JIa/IaI01I1e YHUKAIbHBIMU CBOMCTBAMH.
B 1944 rony 3amMevare TbHbBIN COBETCKU (DU3UK
A.1.DpeHkenb TPesIOKII TTPOCTEHITYIO MO-
JIeJTb 3TOTO SBJIEHUS, B PE3yJIbTaTe Yero TOsSBH-
JIaCh €ro THOHepcKas paboTa, 3aJ0KUBIIAsT
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(puanuecke OCHOBBI MOPOIIKOBON MeTaJIyP-
run. OCcHOBHAS H/iest 3TOi paGOThI U TIO3BOJIUT
HaM OIIEHWUTDb BPeMs CJMSIHUS SKUIKUX KaleJb.
J1711 3TOTO MpOIIie BCETO BOCIIOIb30BAThCS SHEP-
reTHYeCKUMH COOOPAKEHUSIMH .

[Tyctp aBe OaMHAKOBBIE KAITM B KaKOH-TO
MOMEHT IIPUXO/ISIT B CONPUKOCHOBeHHe. B Mecre
KacaHus o6pasyercst nepenieek (cM. PUCYHOK),

le Ax N

I~ “1

KOTOPbIf HAUMHAET TIOCTEIIEHHO PACTH U PaCTeT
JI0 TeX 10P, TOKa CJAusSHIe He 3aBepiuTces. Yto
K€ TIPOMCXOUT C TOUYKH 3PEHUS dHEPTHN ?
Bcero B «aktuBe» y CUCTeMbl [IByX Kalleslb
nmeercsi u36bITouHas sHeprust AE,, paBHas
PA3HOCTU TIOBEPXHOCTHBIX 9HEPIUil HAuaJIbHO-
IO 1 KOHEYHOI'O COCTOSIHUH, T.€. Pa3HOCTHU 3HEP-
Uil ABYX OT/AEJbHBIX KalleJb PAJUYCOM ¥
Kak/as ¥ OJTHOW oOTIell KaIIi pajnycoM 7:

AE, = 8o - 4nor? .

Tax xak Ipn CJAMAHUM KalleJb uX IIOJIHBII

00beM He MEHSETCS, CIPABE/JINBO PABEHCTBO
4 - 4 -
—mrd = 2~—rcr05
3 3

OTKyJa I10JIy4YaeM
r = 70%3/5 .

TakuM o6pasoM,
AE, = 47:0(2 - 22/3)r02 .

Corsacno nzee DpeHkess, 3TOT HU3OBITOK
SHEPIHUH JI0JIKEH ObITh M3PAaCcXO0BaH Ha pabo-
TY TIPOTUB CUJI BSI3KOTO TPEHMUSI, BOSHUKAIOINX
B IIpoOIlecce TEepeMENeHnsT BEIecTBa Karesb
npu ux causiiun. [lonpoGyeM OlEeHNTDb BeJTnIn-
HY 3TOI Pa6OThHI.

[l onpejiesieHUsT CUJIBI BSI3KOTO  TPEHUS
BOCIIOJIb3yeMCSl  BbIPQKEHUEM, Haii/[eHHbIM B
cepejinHe TIPOIILJIOrO BEKA aHTJINHCKUM yUeHbIM
[x.CTokcoM st mapa pajnycoMm R, ABUXKY-
IErocsi B KUAKOCTH CO CKOPOCTBIO U

F =6mRo.
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Bormmeammii B a1y dopmyy (HasbiBaeMyio Te-
nepb (hopmyioit nn 3akonom CTokca) pasmep-
Hbiil KoapduimenT N HasbiBaercst Koadduin-
€HTOM BSI3KOCTH HJIM IPOCTO BSI3KOCTbIO. OH
XapakTepu3yeT CIOoCOOHOCTD SKUIKOCTH 3aTOP-
Ma;KMBATh OTHOCHTEILHOE JIBUKEHUE COCEHIX
CJI0eB.

[lonatHo, WTO B HameM ciydae CIUSHUSI
JKUJKIX KalleJb CHJIA BA3KOTO TPEHUS TakKe
MO3KeT 3aBHCETDb JIMIIb OT BSI3KOCTU BEIIECTBA
KareJsb, UX JIMHEHHBIX PasMepoB U CKOPOCTH
IpOTEKaHus mporiecca caustHust. [loatomy s
OIEHKH TO MOPS/IKY BEJMYMHDI CUIBI BSI3KOTO
TPEHTIs BIIOJIHE IOMYCTHMO HCTI0Ib30BaTh (hop-
mysry Crokca. Tosbko mpousBezieM B Hell He-
60JIbIIIYI0 3aMeHY. A IMEHHO: BMeCTO R mojicra-
BUM PaJINyC HAIINX Kalesb %, , BMECTO CKOPO-
CTH IIapa v — CKOPOCTb IIPOIecca CJIMSHIIS,
0603HAUNB ee TOXKe uepe3 v, a Mox M OyaeMm
[OHUMATh BS3KOCTb BelllecTBa Karesb. Torza
[T CHJIBL BS3KOIO TPEHUSA B HAIIEM CJIydac
HOJTy4InM

F =6mro.
3ametnM, 4TO MacuITab TepeMeNieH st Macchl
JKUJIKOCTU TIPH CJIMSIHUM KareJb — TOTO JKe
HOPS/IKA, YTO U pajuyc Kameuab: Ax =7, . Ilo-
9TOMY PaboTa CUJI BSI3KOTO TpeHusi Oy/ieT paBHa
A= FAx = 6mrio .

s TMOJIYY€HHOT'O BbIpAasK€HUA BU/IHO, YTO YEM

«KBAHTE »

6bICTpee CAUBAIOTCS KAILIH, TeM GOJIbIIAst 9HEP-
rust Ha 910 Tpebyercst (M3-3a BO3PACTAHUS CUJT
Bsskoro Tpenus). Ho sanac smepruum y Hac
orpaHuyen BejguunHoi AE, . OTUM u ompeje-
JISIETCST HCKOMOE BPEMSI CJIUSTHUSA Kareab T (Tak
HasbiBaeMoe (PPEHKETCBCKOE BPEMsI CIUSIHYS).
OreHnBast CKOPOCTb IIPoIecca Kak v = % /T , 13
yenosust A = AE,, mosrydaem

6mn L 4no(2 - 22/3)702 )
T

nJjan

o
b

Bor neckosbko npumepos. [l kamnesanb Boibl
cry~1 em, 6 ~0,1H/Mmun~107 xr/(m-c)
COOTBETCTBYIOIEE BPEMSI T COCTABJISIET BCETO
s ~107% ¢, A s sHaumMTeNBHO GOsTEe
Ba3koro raunepuna ¢ o©~0,001H/M n
n~1kr/(M-c) Bpemsa comsmusa yxe ~1 c.
Takum 06pa3om, st Pa3IMIHbIX KUJAKOCTEN, B
3aBUCHMOCTH OT UX BSI3KOCTU U TIOBEPXHOCTHO-
IO HaTSDKEHHSI, BpEMsI IPOLecca CJMSHUS Ka-
TeJib OJTHOTO 1 TOTO YK€ PAJINYCa MOXKET MEHSITh-
cs B BecbMa IIMPOKHUX Tpejesax. MaJso Toro,
6srarofapsi CUJIBHON 3aBUCUMOCTH BSI3KOCTH OT
Temieparypbl (4ero Hestb3s ckazath 0 Koaddu-
IMEHTE TIOBEPXHOCTHOTO HATSKEHHUS ), 5TO BPe-
MsT MOJKET CYIIECTBEHHO U3MEHSITbCS W JJIst
OJTHOH M TOM K€ KUKOCTH.

T~

JIYHHbBIN TOPMO3

J1LACJTAMA30B

3/IABHA JIIOAU CHUTAJIN, HTO MOPC-

KIe MPIJINBBI cBA3aHHbI ¢ Jlynoil. Jlyna
MPUTATMBAET BOJAYy MHUPOBOro OKeaHa, W B
TOM MeCTe OKeaHa, HaJl KOTOPBIM HAXO/UTCS
Jlyna, o6pasyetcst BogsiHoit «rop6y». ['opb «cTo-
ut» 1ox JIyHoii, a 3emJisi Bpaiaercss BOKPYT
CBOEIl OCH; TOJHSBIIASCS BOJA <«HAIOJ3AET>
Ha Geper — HacTynaeT IPHUJINB, BOJIA OTCTYIIA-
er — orsmB. Kasanoco 6bl, Takoe oObaACHEHUE
BBITJISIZIUT BIOJHE ectecTBeHHO. OHAKO Tpu-
3HATH €r0 Y/IOBJIETBOPUTEJNbHBIM HEJIb3sl: U3

Omny6ankoBano B «KBanrte» Ne8 3a 1987 roz.

HEro CJIeyer, YTo HMPUJIUBbBI JOKHBI HAOJIIO-
JIaTbCS O/INH Pa3 B CYTKH, a B JICHCTBUTEIBHO-
cTi OHU ObIBAIOT Kaxibie 12 vacoB, T.e. /Ba
pasa B CyTKH.

[IepByto Teopuio TPUINBOB, O6DBICHSIONIYIO
3TO sBJICHWE, co3fag HbIOTOH Bckope mocsie
OTKDBITHS 3aKOHA BCEMHUPHOTO TATOTEHUSA. B
oKeaHe JIeHCTBUTEIbHO 06pasyioTes /1Ba ropba:
ofuH — y Oukaiimeit k JlyHe rmoBepxXHOCTH
BOJIbI, & IPYTOIl — C TIPOTUBOTIOJIOKHON CTOPO-
ubl 3emun (puc. 1). O6eyaum noapoGHee npu-
YIHY BO3HUKHOBEHUsSI BTOPOTO ropoa.

Oxean

~4 -

Jyna

Puc. 7
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MpbI IPUBBIKJIN TOBOPUTDH, uTO JlyHa Bpamia-
ercsi BOKpyr 3emuin. Ha camom ke jgesie u
Jlyna u 3eMmJs BpamaloTcs BOKPYT OO6IIEro
nentpa. Ecsu 6bI aToro BpareHus He ObLIO,
TO TIOJ MEHCTBUEM CHJIBI TIPUTsKeHus JlyHa
yuajia 6ol Ha 3emio (tounee, 3emiis u Jlyna
ynaau Obl Apyr Ha jApyra — Beab Jlyma toxe
npursaruBaer 3emao). Kak ske mpomexomut
ato Bparienne? [IpegcraBum cebe, 4TO Macchl
3emun u JlyHoer omuHakoBbl. Torga onu 6ymyT
JIBUTATbCA BOKPYT TOYKH, KOTOpas JIEKUT Ha
cepeHe OTpe3Ka, COEJMHSIONET0 WX IIeHT-
pol. Temepnb maBafiTe MBICTEHHO «HAPAIBATh»
maccy 3emun. Torga menTp BparieHusi 6yjaer
cMemarbest B ctopony 3emun. [Tockosbky Mac-
ca 3emsn ropaszno GoJbiie Maccbl JIynbl (B
81 pas), 1o nentp Bpauierus C OKa3bIBACTCA
JiesKauM BHYTpH 3eMHOro mapa (Ho oH 00s-
3aTEJIbHO CMEIeH OTHOCHTETIbHO IeHTpa 3eM-
mm O).

DTo BpallleHue CYNIeCTBEHHO BJIMSIECT HA Kap-
TUHY TPHUJIUBOB. Boma orcTymaer ot IieHTpa
ppamienuns. (Heuro 1ogo6HOE NPOUCXOAUT B
CTakane BOJIBI, KOT/IA, Pa3MeINBas BOLY JIOK-
KOH, BBl IIPUBOJUTE e€e BO BpaIleHHWEe, — BOJA
OTXOJIUT OT LEHTPA CTAKAHA U TOJAHUMAETCS Y
kpaes.) Ha panbueii ot Jlynbl cropone 3emin,
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T/l HANMEHDINAS CUJTA TPUTSHKEHHST, 00pasyeT-
cs1 BOJISTHOI rop6.

Kowneuno, mpusesieHHoe HaMu OObsICHEHUE
[IPUJINBOB SIBJISIETCS] BEChMa YIIPOIeHHbIM. MbI
He IPUHUMAJIE BO BHUMAHIE HEPABHOMEPHOCTD
pacripe/ieleHust BObI 110 TIOBEPXHOCTH 3€eMJIH,
He y‘H/ITbIBaJII/I BJANUAHUA CUJ TPUTANKECHUA K
Coutiry u ipyrux (hakTopoB, CIIOCOOHBIX CYIIe-
CTBEHHO M3MEHUTD OMUCAHHYIO KapTuy. OiHa-
KO OTBET Ha TJIABHBIA BOIPOC MbI MOJIYYHJIN:
nputsprenue K JyHe v Bpatienne 3eMJIi BOKPYT
o6iero ¢ Jlynoii nearpa C npuBosT K 00paso-
BaHUIO ABYX TIPUJINBHBIX FOp60B B OKeaHe.

A Teriepb camoe BpeMsi OGbSICHUTD TTPUHITHIL
JIeUCTBUS JTyHHOTO TOpMO3a. OKa3bIBAETCsI, UTO
BOJISTHBIE TOPOBI HAXOJSTCS HE HA JIMHUH, CO-
equnsomen nenrpol 3emun u Jynst (Kax g
[POCTOTHI ITI0KAa3aHO Ha pucynke 1), a He-
CKOMIBKO cMemienbl B ctopony (puc. 2). Ilpo-
UCXOJIUT JTO 110 CJIEYIONeil mpudnte. 3eMis,
BpaIasicb BOKPYT CBOeH OCH, yBJIEKaeT 3a
co00ii 1 Bozty B OKeate (9TO IIPOMCXOAUT T10TO-
My, YTO CyIIeCTByeT Tpenue). B pesyibrare
ATOTO TI0 Mepe MOBOPOTa 3eMJIU B IIPUJIHBHbIE
ropObI JIOJIKHBI BOBJEKATHCST BCE HOBBIE W HO-
Bble Macchl Bojibl. [ledbopmariusi, osHako, Bee-
rJla 3ala3/[bIBAeT 10 OTHOIIEHUIO K BBI3bIBAIO-
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Puc. 2

meit ee cue (Beib cUla CO3Ja€T YCKOPEHUE, U
JIOJIKHO MPOITH KaKoe-To BpeMsi, 4yTOObI vac-
THUIBI TPHOOPETH CKOPOCTh W CMECTHJINCH Ha
3aMeTHbIE paccTosHms1). [109TOMy TOUKa Max-
CHMaJIBHOTO MOAHATUS BOAbI (BepIIMHA TOP-
6a) M TOYKA Ha JIMHUM LEHTPOB, IJie Ha BOLY
JIefiCTBYeT MaKCUMAJIbHAST CUJIA TIPUTSDKEHUST K
Jlyne, He coBmagaior. O6pasoBanue ropba mpo-
UCXOJIUT C HEKOTOPBIM 3alas3/IbIBAHNEM, U OH
cMelaeTcsl B CTOPOHY BpamieHns 3emuan. A B
TAKOM CJIy4ae, KaK BUJIHO M3 PUCYHKA 2, CUJIA
nputsprenust JIyHbl K BOJIe yyKe He MPOXO/UT
4yepes MeHTp COGCTBEHHOTO BpallleHusT 3eMJIU 1
Kak Obl CTPEMUTCST <[IOBEPHYTb» €€ B IIPOTHUBO-
MOJIOXKHYIO CTOPOHY, MHBIMHU CJOBAaMU — TOP-
MO3UT ee BparieHne. J[JresbHOCTb CYyTOK KaxK-
JTOJTHEBHO YBEJNYNBAETCS!

«JIyHHbBII TOPMO3»> 6E30TKA3HO PAGOTAET YiKe
MHOTHE MUJLIMOHBI JIeT. Y OKAMEHEBIINX KO-
PAJIIOB, JKUBIIUX B OKeane okoJio 400 mMusin-
OHOB JIET Ha3a/1, y4eHble OOHAPYIKUJIU CTPYKTY-
Pbl, CBSI3AHHBIE C CYTOUHBIM U T'OJIMYHBIM POC-
TOM KOpaJsioB. CTPYKTYPbI 9TH HA3BAJIH CYyTOY-

HBIMU U TOAWYHBIME KOJIbIIaMu. Koraa Kosbiia
TIO/ICYNTATIH, TO OKA3a70Ch, YTO Ha KaK/IBIH TO/T
npuxoaures 395 cyTouHbIxX KoJewl. IIpogosmku-
TEJBHOCTb TOJIa, T.€. BPEMEHHU, 3a KOTOPOE
3eMJIst coBepIIIaeT MOTHbBIT 060poT BOKpyT CoJl-
HI[a, C T€X MOp, MO-BUANMOMY, He U3MEHIIACD.
3uaunt, Torga — 400 MUJIIMOHOB JIeT Ha3am —
B CyTKax ObLJIO TOJbKO 22 yacal

JlyuHnbplii TopMO3 TpojoJ/uKaeT paboraTb U
ceifyac, yBeJIMUYWBAS JJIUTENbHOCTH CYTOK. K
YeMy TO MOSKET ITPUBECTHU B OTJATIEHHOM OY/Iy-
mem? B KoHIle KOHIIOB BpeMsi oGpalieHust
3eMJI BOKPYT CBOCH OCH MOXKET CPABHSTHCS CO
BpemeneM oGpaiienus JIynbl Bokpyr 3emun, u
TOTJIa TOPMOJKEHHE TIPEeKpaTuTCs. 3emiist Gy et
obpamiena K JlyHe Bcerga OIHOW CTOPOHOM,
TOYHO TaK ’Ke, Kak oOpaiieHa K HaM OJIHOM
croponoii Jlyna (rronpo0yiite camu 06 bACHUTD,
HOYEMY 9TO IIPOU30NLIO0) . [[JIUTEILHOCTD CYTOK
Ha 3eMJie YBEJIMYUTCS, W B pe3yJabTaTte MOJKeT
U3MEHUTbCS Kaumar. 3emJst GyJIeT 10JIr0 ocTa-
Barbcst obpaiiennoit kK CoJHILY OJHON CTOpO-
HOIi, a HA JAPYTOil CTOpOHE B aTO BpeMs GyneT
TOCIIOZICTBOBATD J0JTast Houb. [opsumii Bo3ayx
C HATPeToil CTOPOHBI C OTPOMHOI CKOPOCTHIO
yCTpEeMUTCST K XOJOAHOH, Ha 3emiie 3aayioT
CHUJIbHDBIE BETPbI, TIOJIHUMYTCS Tlecuanble Oy pH. ..

Ho Takoii mporuo3 Mo)ketr u He COBITbCS —
BeJIb 5TU BO3MOJKHbBIC BPEMEHA CTOJIb [IAJICKH,
YTO TIPE/ICKA3aTh BCE U3MEHEHMS, KOTOPBIE TTPO-
n3oiinyT B cucteme 3emasg—J/lyna—CouHrie, mpo-
CTO HEBO3MOXKHO. A ecJu Takasg KapTHHa o
OKa)KeTCs peasibHOM, TO JIOAU 00s513aTebHO
MPUIyMAIOT, KaK MPEeJI0TBPATUTDh Oe/ICTBHE.

' lapagokc
BaBunoBa

B.PABPUKAHT

TEOMETPUYECKON ONTUKE YACTO U
TJIOJJOTBOPHO IIPUMEHSIETCS TIOHATHE O IIyY-
Ke MapaJjleIbHBIX CBETOBDIX JIyueil, IMeIomeM
KOHEYHOe IIolepevHoe ceuenue. Bosee Ttoro,

Ony6nukoBano B «Kanre» Ne2 3a 1971 roz.

JIa’Ke B TEOPHH TAKOTO BOJTHOBOTO SIBJIEHUST, KaK
nHTepepeHIns, BO MHOTHX CJIy4asix JOIyCTH-
MO HCIIOJIb30BaHIe 9TOr0O MOHATHS. Bo MHOrNX
cay4asix, HO J[lajleko He BO BceX. B kuure
«MHUKpOCTPYKTypa cBeTa» M3BECTHOTO COBETC-
koro ¢usnka C.1.BaBuioBa pazo6pan BecbMa
MOYYNTENbHBII B 3TOM CMBICJIE ONTHYCCKHUI
mapajiokc.

HaHOMHI/IM KOpOTKO, KaK BbITJIAAUT SHGPFBTI/I-
Ka uHTepdepeHinonHoii kaprtunbl. Wnrepde-
PEHINS, KaK MbI 3HaeM, eCTh CJIOJKeHIe KoJeba-
Huit. B mamem ciydae B BoJIHaX KOJIEOTIOTCS
3HAUEHVST HATIPSKEHHOCTEN JIEKTPUIECKOTO U
MATHUTHOTO TIOJIeii. DTN HAPSDKEHHOCTH B KasK-
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JI0l TOYKe ITPOCTPAHCTBA B KAXK/bIH MOMEHT
BpPEMEHH OIPE/IeNSIOT SHEPTUIO 3JIeKTPOMArHUT-
HOTO HOJIsI. JJIEKTPOMArHUTHAs BOJIHA HEepPeHo-
CHT 9HEPrHuio, N MOXKHO BBECTH MOHSITHE O ILJIOT-
HOCTH TIOTOKA 9Hepruu. Tak Mbl Ha3bIBAEM BEJIN-
YUHY, PaBHYIO SHEPIUH I0JISI, ITPOTEKAIoNIEeH B
€/INHAILY BPEMEHH Yepe3 eANHNILY OBEPXHOCTH.

Kaskas BosHa Xapakrepusyercs emie n da-
30ii. Ecsint Ipu CJIOXKEHUN [IBYX CBETOBBIX IIy4-
KOB PasHOCTb UX ha3 0CTaeTcst Bce BpeMsi O/[HOi
1 TOW >Ke, Mbl TOBOPHM, YTO MMeeM [IeJIo C
KOTE€PEHTHBIMU ITyYKaMHU.

B nnTepdepeHIoHHOl KapTiHe, BO3HUKAI0-
mell B pe3ysbraTe CJIOXKEHUS /BYX KOTepeHT-
HBIX ITyYKOB, IMPOMCXOAUT IIPOCTPAHCTBEHHOE
repepacipe/ieJieHie CBeToBoi aHepruu. B cBer-
JIBIX TI0JIOCaX 3Heprus G6oJiblle, 4eM CyMMa
HEPTuil CKJIA/IbIBAEMBIX ITyYKOB; B TEMHBIX
moJiocax, Hao6opoT, MeHble. M36bITOK aHep-
THI B CBETJIBIX HOJ0CAX KAK Pa3 KOMIIEHCUPY-
eTcs HeIOCTaTKOM ee B TeMHbIX. Ilonas anep-
s, pacrpe/iesieHHas 110 Bcell nHTepdepeHI-
OHHOH KapTHHE, TOYHO PaBHA CyMM€ JHEPTHil
JIBYX MHTep(epupyIoNX MyYKOB.

Ha pucynke 1 mokasaHa 3aBICHMOCTD IIJIOT-
HOCTH TIOTOKA dHEPTUN B MHTEPdepeHITNOHHOI
KapTUHE OT CMEIeHUs 110 9KPaHy, Ha KOTOPOM

Il nomnocmo
nomoxa

CM@IM@HH@ no IKpany

Puc. 1

ona wHaGumofaercsi. KapTuna T1iosyuena 1pu
CJIOKEHUN BYX KOTEPEHTHBIX CBETOBBIX ITy4-
KOB paBHOI sHepruu. [opmsoHTasbHAS TTYHK-
TUPHAS JUHUS 1300paskaeT CyMMY ILJIOTHOCTEM
MTOTOKOB SHEPTUIH B CKJIAJBIBAEMBIX ITyYKaX.
Yactu KpuUBOH, wuayliude HaJ 3TOi NPAMOMH,
COOTBETCTBYIOT CBETJIBIM NHTEP(EPEHITOHHBIM
ToJIocaM, a 9acTH KPUBOI, JieKalne Mo/ My H-
KTUPHON IPsiMOit, — TeMHbIM. CyMMapHas aHep-
IUsl, pacipe/esieHHass B uHTepdepeHImoHHOI
KapTuHe, W300paskaeTcsl TJIONAIbI0 TIOJ KPH-
BOIl. JTa TJIOIMAb TOYHO PaBHA TIOMIAIN TIO
MTyHKTUPHOI mpsiMoii. Tpe6oBaHUS CTPOroro
Oyxrajrepa HPUPOJbI — 3aKOHA COXPAHEHWUSsI
SHEPTUN — BBITIOJHSIOTCS HEYKOCHUTETHHO.
IlepeiizieM Tenepb K mapajiokcy, paccKasaH-
nomy C.M.BasunosbiM. IIpezncraBbre aBa co-

2020/ Nel

BEPIEHHO OJIMHAKOBBIX KOTEPEHTHBIX PE3KO
OTPAaHMYECHHBIX CBETOBBIX ITyYyKa HIUPUHOU @
KaK/IbIH, TIepeceKaronIiuXcs o/ MaJIbIM yTJI0M
o . B o6mactu ABCD npoucxoaut unrepde-
pentmsa (puc.2).

Puc. 2

Jlnst mabuonenust marepdepeHIInOHHOM Kap-
TUHBI MOKHO YCTAHOBUTH KPaH, HEepPIEHIUKY-
JISPHBII TIJIOCKOCTH YepTeska U MPOXOSIIUIT
yepe3 Toukn A um C. VurepdepeHnmonnas
KapTuHa 6y/IeT COCTOSITD U3 TIPS-
MOJHWHEHHDBIX YepeayIoNmXcs
CBETJIBIX W TEMHBIX MOJIOC, 3a-
MOJTHSIONINX 9KPaH OT TOUKW A
g0 toukn C (puc.3).

Pacripenesnienyie mJIOTHOCTH
TTOTOKA SHEPTUH B MHTEP(EpeH-
IIMOHHO} KapTHHE COOTBETCTBY-
et rpaduky Ha pucynake 1. Ecam
y 060UX MYYKOB OJIMHAKOBbIE HAYaIbHbIE (Dasbl
CBETOBBIX KoJsieGaHMii, TO pa3HOCTh (a3 cBeTo-
BBIX BOJTH MIEPBOTO M BTOPOTO IYYKOB B TOUKAX,
JIeKaImx Ha mpsaMoil BD, 6yaeT paBHa HYJIIO.
Ona coOTBeTCTBYET, TAKUM 00PA30M, CEpe/inHe
IIeHTPaIbHOM CBETJIOH Tos1ock!. B cepemme cocert-

A C

Puc. 3



Heil, TEMHOI OJTOCHI Pa3HOCTh (a3 J0/KHA GbITh
paBHa U, MHBIMH CJIOBaMH, CBETOBbIE KoJseHa-
HUS B 000UX MYYKaX J0OJUKHbBI ObITb B IIPOTHBO-
daze. Paznoctb a3 A@ paBHa pazHOCTU XO/a
AL o6enx BOJIH JI0 JaHHOTO MecTa, JeJeHHON
HA JIJIAHY BOJIHBI U YMHOKEHHOW Ha 27 :

Ap = 2n£ . €))

A
YBeIm4eHuio JIJTUHBI My TH, TPOXOAUMOTO BOJI-
HOM, HA A COOTBETCTBYET 3amnas/biBanue (aspl
wa 2m. Us dopmymsr (1) creayer, uto B
cepejinHe Guimpkaiinieil K 1eHTpy nHTEepdepeH-
[UOHHO KAPTUHBI TEMHOI 1M0J0Chl AL 101K~

HO GbITb PAaBHO 5

IHopcunraem pasnoctb xoza B Touke A. Ila-
PaJLTIeIbHBIIH TTyY0K MOKHO PACCMaTPUBATD KaK
MTOTOK TIJIOCKUX BOJIH, TIEPIEH/IUKYJISPHBIX Ha-
TIPaBJICHUIO CBETOBBIX Jyueil. [IpoBemem uepes
touky D (cM. puc.2) oJHy U3 BOJHOBBIX OBEPX-
nocreii (mosepxuocteit paBHoit (asbr) nepBoro
nyuxa. Ha aToit BOTHOBOI MOBEPXHOCTH JiesKaT
toukn D u A’. Ilytu, mpoxoaumbie 060UMU
MyyKamMu 10 Touku D, onauHakoBbI. [[1s Toro
4TO0BI TIOMACTh B TOUKY A, BOJHOBas MOBEPX-
HOCTH TIEPBOTO Ty4Ka, MPOXOJAMBINAS panee
4yepe3 TOUKy D, TOJKHA CMECTHTBCS Ha OTPE30K
A’A | a BOIHOBas IOBEPXHOCTH BTOPOIO IyUKa,
MIPOXO/IUBINIAS paHee Tak)Ke uyepe3 Touky D,
JIOJDKHA CMeCTUThCS Ha 0Tpe3ok DA. B pesy.ib-
TaTe BO3HUKAET Pa3HOCTb XOJ/a
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flcHO, uWTO TakKas ke Pa3HOCTb X0/, HO C
oOpaTHbIM 3HaKoM Oyzer B Touke C. Haunem
Terepb yMeHbINaTh yroa o . [Ipu pocratodno

A

MaJOM (L MOYKHO c/eaarb AL PaBHBIM Z

Torpa Best o6aactb AC Gy et 3anoJiHeHa 0/{HO#
cBetrJioil nHTepdepeHIonnoil mmosocoii. Cie-
JIOBATEJIbHO, BCIOJLY 9Heprust Gy/IET MPEBbIIIATH
CYMMY BHEPTHil JIByX TEPEeCEeKAIONXCs Myd-
koB. Hukakoii KoMIieHcanuu 3a cyer o6pasoBa-
HUS TEMHBIX IOJIOC HET, TaK KaK OHM BOOOGIIE
orcyTcTBYIOT! MOXKHO TOJIYYUTb M, TaK CKa-
3aTh, HEraTUBHbII Pe3yJibTaT, 3aCTABUB Iepe-
CEeKaThCST TYYKH ¢ HAYATbHOU pa3HOCTHIO (has,
pasnoii 7. Torga o6macts AC 6yzet 3amoiHeHa

TEeMHOI WHTepepeHIIMOHHON TmoJocoii. B mep-
BOM CJIyuyae HEMOHITHO, OTKY/1a GEPETCsT 1001
HUTEJbHAS SHEPTUSA, BO BTOPOM — HESICHO, Kyaa
MCYE3aeT IHEPIUS.

O6a ciyuas SBHO IPOTHBOPEYAT 3aKOHY CO-
xpaHenust aHeprun. O4YeBHIHO, B HAIIUX pac-
CYKJICHUSX €CTb KaKOH-TO nedexT, mpuBOIs-
MUH K TTPOTHBOPEYNIO C OJHUM M3 OCHOBHBIX
3aKOHOB TPUPO/bI. UTOODI IOHSTD, B YEM 3/1ChH
neno, sammuem gopmyay (2) 11 ykazaHHOTO

caydast, Korjla AL = =, ¥ BOCIIOJIb3yeMCsl ITPH

9TOM MaJIOCTBIO yria o, (sina = o /IS MaJIbIx
o ). Mbl IOKasKeM HUIKE, 4TO YTOJI ¢, JAeHCTBY-
TeJIbHO OYeHb Mast. Torza mosyynm
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BossMeM @ = 1 ¢M, A=5-10" cM, TOTZA
o =2,5-10" pagmama. 3 (4) MbI BugmM, 4TO
HETPUSTHOCTH C 3aKOHOM COXPAHEHS 9HEPTUH
BO3HUKAIOT TIPU YTJIE€ MEXKIY TTyYKaMU TOPSIIKA
OTHOIIEHNS JITMHBI BOJHBI K BEJUYUHE TIOTIe-
PEYHOTO CEeYeHUsS MyyKa.

Pemenne mapasiokca 3akai04aeTcs B TOM, 4TO
IIPU TaKUX MAJIBIX YIJIaX y)Ke HeJb3sl 10JIb30-
BaTbCsl MOHSITHEM H/I€AJBHOTO apajiebHOTrO
My4YKa KOHEYHOTO ceyeHus. [1pu o601t mombIt-
Ke peasn30BaTbh TaKWe MYYKH MBI MOTEPIINM
Heygady. bBaarogaps sBienuio audpakimu,
orpaHryeHne pa3MepoB MyyKka ¢ HeoOX0MMOC-
TBIO TIPUBOJIUAT K TIPEBPAIIEHUIO €70 B PACXO/ISI-
HIUICS ITYYOK. Y TOJI PACXOXKIEHUS ITyYKa OTIpe-
pensercsa kKak pas gopmydoi (4). IIpu atom,
€CTECTBEHHO, YTOJI, MO/l KOTOPBIM TIepeceKaroT-
CS TTyYKM, MOXKHO OTPECIUTD JIUIIH C TOYHOC-
TBIO /10 BEJIMYNHBI IOPSA/IKA YTJIAa PACXOKICHI
TePeceKaoMuXCs MyIKOB.

Ecau 661 qudpakimus eie He 6blTa OTKPHITA,
MBI HA OCHOBAHHUU 3aKOHA COXPAHEHS HEPTIH
u opmybl (4) 10/KHBI ObLIK Gbl HE TOJBKO
JIOTA/IaThCS O ee CYTIEeCTBOBAHNM, HO M YKa3aTh
Ha OCHOBHYIO 3aKOHOMEPHOCTD, YIPaBJISAIONIYIO
BEJMYMHON AUQPPAKIIOHHOTO yria. ITO XOPo-
HIMI [PUMEP TOTO, YTO 3aKOH COXPAHEHUS B
dusnke Bcera MOXKET CJIYXKUTh HAJIEKHOI
IIyTeBO/IHOI 3Be3/1011.
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abnoneHns
Had, TYMaHOM

A.50POBOU

PUCMATPUBAJIVCDH JIN Bbl K TOMY, KAK IIO-

SIBJIIETCS HAJl PeKoil BeuepHuii TyMan? OH BO3HUKAET He
cpasy, a cHavyaJsa CTyIaeTcs Hajl BOJIOBOPOTAMHU U TlepeKara-
Mu. OT/iesbHBIE JIeTKHe 00/1auKa B IYHHOM CBeTe HallOMIHA-
10T JKeHcKkue ¢urypbl B OesbIX ofexjax. V HaunmHaenrb
TTOHNMATh HAINX TPEIKOB, CO3/ABIINX TaK MHOTO JIETE€HJI O
pycaJKax.

C onmcaHueM 3TOro WHOT/IA YAMBUTEJIbHO KPACHBOTO, a
yare TPEBOXKHOTO 1 3araJI0YHOTO TPUPOJIHOTO SIBJIEHUS MBI
BCTpeYaeMcsl 1 Ha CTPAHMIIAX [TPOU3BEIECHUIT Xy/I0KEeCTBEH-
HO#l ymTeparyppl. Ha nossx sroil u cienyronieil crpaHulg
TIPUBE/IEHO HECKOJIbKO MPO3aMYeCKUX M CTUXOTBOPHBIX ITH-
TaT, B KOTOPBIX ommchiBaeTca TyMman. Ilocrapaiitech pora-
JIAThCsI, KTO UX aBTOPDI.

Kak uacto ymaercst J060BaTbCsi TYMaHOM, 3aBHCHT OT
ocobeHHocTell MectHocTH. Hampumep, s xureneir Hpio-
dayn/enia, ocTpoBa, paciooKeHHoro y 6eperos Kanaip
B MecTe, T/e Tertoe TedeHne [oabdcTpuM cTamkmBaercs
xoJsio/iHbIM JIabpaiopckuM TedeHueM, TyMaHbl — MOCTOSH-
Hble rocTu. TpeTbio yacTb rojja, BKJIOUAS MPAKTHYECKU BCeE
JIETHUE JHU, OCTPOB ITOKPBIT I'ycTo#l JbiMKoii. HaBephoe,
Jlayke caMoe KpacuBOE OIMCAHWE TyMaHa BPs/L JIM BbI30BET
Bocxumenne y skureseli Hoodaynanenmna. Hacrosmas
«CTpaHa TyMaHOB» — AHIJINS, <«TyMaHHBIH AMbOHOH». Y
Hac B cTpane 0co6eHHO GOTaThl TYMAHHBIMU HSIME TT06epe-
JKbsl ceBepHbBIX Mopeilt — banTuiickoro, OXoTcKoro, a Takxke
Koabckuil monyocTpos.

Ecusm Tam, /1€ BbI )KHMBETE, IPUPO/IHBIE TYMaHbl — PE/IKOCTD,
He 3a0y/bTe, 4TO y ce0s JIoMa MX MOYKHO BUJIETh OYKBAJIbHO
Ha KaXK/JI0M 1mary. besoe 06/1a4Ko, TTOSIBJSIONIEECS N3 HOCUKA
KUISIIIETO YallHUKa,— 9TO TyMmaH. B o6uxo/ie Mbl Ha3bIBaeM
€ro 1apoM, HO 3TO HEBEPHO, ITOCKOJIbKY Iap BOJIbI I1PE/ICTAB-
JisgeT coboit 6eciBeTHBIH ra3. Ecam 6bICTPO OTKPBITH Oy TBLIKY
€ Ta3MPOBAHHOI BOJIO#, TO HAJI TOPJIBIIIKOM B IIEPBbIif MOMEHT
MOSIBUTCS JIBIMOK — 3TO ToXe TyMaH. Ha yuniie B MOpo3HbIi
JIeHb TyMaH KJYOUTCS Ha/l OTKPBITOI BOAHON MOBEPXHOCTDHIO,
Ha/l 1POPYGSIMU WM TIOJIBIHBSIMU, BPbLIBAETCS B KOMHATY
uepes OTKPHITYI0 POPTOUKY, BOSHUKAET IPH JAbixaHuu (OrsITh-
TAKU MbI TIPUBBIKJIM TOBOPUTD — «IAP OT JBIXAHUSI» ).

OO6pasoBaHue TyMaHa CBSI3aHO € T€M, UTO IPU MOHIKEHUN
TeMIepaTypbl BO3/yXa BOJSHBIE Iapbl, COJEpIKAIiecs B

Omny6aukoBano B «KBanrte» Nel12 3a 1986 roz.

TYMAHD M. (tbMa, TéMenb) TyC-
TOIl Iapb, BOJSAHDIC I1apbl Bb HU3-
IMIUXD CJIOSIXD BO3[yXa, HAa MOBEPX-
HOCTH 3EMJIM ; OMPA4YEHHBIA ITapaMu
BO3/IyXb.

«JluTs, 9TO KO MHE ThI TaKk POOKO
[NPUJIbHYJI?> —

«Poaumprii, nechoii napp B riasa
MHE CBEPKHY.I.

On B TEeMHOIl KOpOHE, C TYyCTOW
60poIoit». —

«O Her, TO OeseeT TyMaH Hal
BOJIOI» .

Besast BOJIOKHUCTAS TIEJIEHA, 3aTsI-
HYyBIIIAsI TIOYTH Bce 6OJIOTO, € KaXK/I0MH
MUHYTOH TPUOIMKAIACH K [IOMY ...
Bor Gesiecble KOJIbI[A TTOKA3ATINCH C
06enx CTOPOH JIOMA U MEJIJIEHHO CJIH-
JIUCb B TJIOTHBIH Baj, W BepXHUi
9TAK C KPBIMIed BCIUIBLI HAJ HUM
TOYHO BOJIIEOHDIH KOpabJb Ha BOJI-
HaX [PU3PAYHOTO MOPSI.

JIunb BBICHIMX TOP J0 MOJIOBHHBI
TyMaHbI TIOKPBIBAIOT CKar,

Kax 6bI Bo3ayniHble pynHbI
Boutiiie6cTBOM CO3/1aHHBIX HAJIaT.

BHentHoCTh TIepeMeHbI OblIa Topa-
suresibia. CeKyH/y Hasa[ Mbl MYa-
JICH B SIPKUX COJTHEYHBIX JIy4aX, HaJ[
HaMu ObLIO sSICHOe HeOO, M JajIeKo-
JTAJIEKO [I0 CaMOT0 TOPU30HTA MOpe
[IyMeJIO U KATUJIO CBOM BOJIHBI, a 3a
HamMu OelieHo THaJcss KOpalJib, W3-



PBITas IbIM, TIJIaMS ¥ 9yTYHHBIE A/[Pa.
W Bapyr, Bo MTHOBEHHE OKa, COJIHIE
TOYHO 3araciy, HeGo HCUE3I0, JaxKe
BEPXYIIKN MauT MPOTAJIN U3 BULY, 1
Ha TJ1a3a Hallli, CJIOBHO MX 3aBOJIOK-
JIO CJIe3aMH, OITyCTUJIach cepasd TeJe-
na. CpblIpas MIJIa cTOsA/Ia BOKPYT Hac,
Kak cTeHa JAoxad. Bosockr, onex-
Jla — BCe HOKPBIJIOCH AJIMAa3HbIMU G.1e-
CTKaMHU.

Cerozus Bce BOKPYL 3acHy.IO,
Kak gpiMKoil TBepb 3aBOJIOKJIO,
W B nosmympake 3aTOHYyJIO

Bozapt urpusoe crexJo.

Kakoe-to crpannoe, ymontenbHoe
CHUsIHUE TIPUMEIIANOCh K GJIECKY Me-
cama. Hukorpa erme He cydanoch
emy Buzers nogo6uoro. CepeGpsi-
HBIl TyMaH Maj Ha OKPECTHOCTD.
3amax or HBeTynmx S0J0Hb W HOY-
HBIX I[BETOB JIUJICSI 110 BCEN 3eMJIe.

CeHTS6pb XOJOTHBIN GyTieBad,
C nepeBbeB prKaBbBI JIHCT
BaJINJICS,
[lenb noryxaromumit JpIMuICH,
Cxoamira HOYb, TyMaH BCTaBaJl.

Tyda kpy»keBo B polle CBs3aa,
3akypu/cs maxydmii TyMam.

Kax rpyctHa BeuepHsas 3emuis!
Kaxk TanmucTBEHHBI TyMambl Hajl
60J10TaMH.

Ee rnaza — xax ziBa tymana,
[Tonyybi6ka, mosymiad...
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HEM, B KaKOH-TO MOMEHT CTAHOBSTCS HACBIMIECHHBIMU U MPH
JATbHEHTIIeM OXJTaXK/ICHUN HAaYMHAIOT KOHJAeHCHpoBaThesa. U
BBIJIEJISIIOT M30BITOK BJArM B BH/E MEJIbYAMIINX KalleJdb Ha
LEHTPaX KOH/EHCAIMU — MbIIMHKAX, YACTUIIAX [[bIMAa, HOHAX
raza m T. 1. Korma Kamam TOSBJISIOTCS B BO3AYyXE, MBI
TOBOPUM O TyMaHe. A KalJl Ha MOBEPXHOCTH 3eMJIM, Ha
JINCTBSIX W TPaBe HA3bIBAEM POCOII.

Uro6bl npescTaBuTh cebe, HACKOJbKO U3MEHSIETCsT CoJep-
JKaHNe BOJSHOTO ITapa B BO3/IyXe MIPH N3MEHEHNH TeMIlepary-
PbI, IpUBe/EM Takue U@ Pbl: MAcca HACHIIEHHOTO BOJISTHOTO
napa B 1M° Bosgyxa mpu 30 °C cocraBaser 30 T; mpu
oxyakaennn Bozayxa o 10 °C macca HachIEHHOTO Mapa
yMenbiraercs g0 10 F/Ms; 3HAYNT, B KKIOM Ky6oMeTpe
Bo3ayxa 20 T BOABI JOJIKHBI BBIIEJIUTHCS B BHUE Kamesb
TyMaHa WJIH POCHI.

Pasmep Kkaresb, COCTaBJISIONUX TyMaH, Bbl MOXKETE OIpe-
JeUTh caeayomum obpasom. Ilogep:xute B TyMaHe CTeK-
JIBIIIKO, CMa3aHHOE Ba3eJMHOM, a TIOTOM PACCMOTPUTE TIOZ
MIKPOCKOIIOM OCTaBIIIECS HA HeM KAl BJaru. MUKpockor
HEOOXO/IMM, TIOCKOJIbKY Jlaske caMble KPYITHbIe KallJIu I0CTH-
raioT pasMepoB BCETO JUIIb B JECATKI MHKDPOH, UX JHaMETP
[IOYTH B CTO Pa3 MEHbINE TOJIIHBI CIINYKH.

OG6BIYHO TYMaHbBI He JI0JTOBEYHbBI. MeJIKIe KaTlTi CJIUBAIOT-
cst B 6oJjiee KPYTHbBIE W OMYCKAIOTCS BHU3 — TyMaH JIOXK/CM
BBIMIaZaeT Ha 3emyo. Ho MoXeT cydnTbcs W Tak, YTO B
TETIIOM TIOTOKE BO3/yXa KAl TyMaHa MCHapsTcs W TyMaH
pacceertcs.

Bce 310 MOXHO HA6II0MATh HA IPOCTOM OIBITE, JIJIs
KOTOPOTO TOTPe6yIoTCcs KOEHHNK, CKOBOPO/IA U HEGOJIBITIOH
KYCOK pe3uHOBOI Tpy6ku. I110THO BCTaBuM TpyOKY B HOCUK
Ko(eifHNKa, HaJdbeM B HETO BOAY W TOCTaBUM Ha ILJIUTY.
Korza Boga 3akunut, U3 TpyOKH HaYHET BLIPBIBATHCS Oesast
cTpyst BoasgHOTO TyMana. Ilogmecem (¢ moMompio muHIeTa)
KOHel[ TPYOKHU K XOJIOIHOI CKOBOPO/Ie, CTOSIIIEN Ha coce/IHel
koHdopke. Tyman 6yneT MoJHUMATHCS Ha/ Heil U YaCTUYHO
oce/laTh KaIJISIMU HA XOJIOJHYIO TIOBEPXHOCTH MeTasta. Ho
ecii CKOBOPO/IY pa3orpeTh — TyMaH TIpomajeT. B moToke
HarpeToro BO3/AyXa IJIOTHOCTb BOSHOTO Tapa CTAHOBUTCS
HIKe HACBIIEHHOH, W Kalam BOAbl He o6Gpasyiorcs (mim
HCHAPSIOTCS).

«Ipacxnane, pefic MockBa — Bopkyra 3sanepskuBaercs
BBLJICTOM Ha [J[Ba Yacar. K coskasieHuio, o6bIBJICHUS TAKOTO
poZia HEPEIKO MOKHO YCJBINIATD B asporopty. Yarre Bcero
3a/lep’KKa TMPOMCXOANT KaK pa3 m3-3a TymMana. VMenno on
MeTlaeT IPUHIMATD CAMOJIETHI, HAYIINE Ha TIOCAJIKY, U MeTla-
et ux Basery. Kak ¢ atum 60porbesi?

CHavasa WHXEHePbI TIPE/JIOKUIN TOYTH OYE€BU/IHBIN CITO-
€06, KOTOPBII TaK XOPOIIO «paboTas» B OMbBITE CO CKOBOPO-
qoii. Jlemo 6bLI0 BO BpeMsT BOWHBI. AHTJUHCKWE JIETUYNKH
JIOJUKHBI OB OTpaXkaTh HaseTsl dammceros. Ho Anraus —
CTpana TyMaHOB, 1 JIETYNK, BBLJIETAS C a9POAPOMA, JATIEKO He
ObLI yBEPEH, U4TO eMy Y[IaCTCsl COBEPIIUTH MOCAJKY B SICHYIO
moro/ty. V BOT Ha IIeCTH aHTIMHCKUX a9POPOMAX B/I0JIb BCEil
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HOC&HO‘IHOﬁ I10JIOCHI 3aIlblJIaJin OI'POMHbBIE qaa—
KeJibl. OHI IoorpeBain Bo3Ayx, Kalljin TyMa-
Ha UCIIapAJINChb, U BU/IUMOCTD ITOBbIIIaJIach BO

MHOTO Pa3 — BIJIOTb /10 KUJOMETPA.

Ho crioco6 aToT okazascst Joporum u Head-
¢exruBHbIM. [les10 B TOM, 4TO NpHU CropaHun
HedTh caMa 06pa3yeT MHOTO BOJISTHBIX 11apOB,
OHU HENPEPBIBHO MOIOJHSIOT «PE3epPBbl» TY-
MaHa, u ¢daxkesaM B OCHOBHOM IPHUXOMJIOCH
6opoTbcs caMuM ¢ co6oil. B pesysibrate Ha
Ka)X/IOM aspoj[poMe 3a CEeKyH/y cropaJja Ie-
Jast 6ouka Hedru. Ecin 11 HeGOIBbITIX a9Po-
JIPOMOB 3TO OBLJIO YK€ JJOCTATOYHO HAaKJIA/HO,
TO JIJIs1 COBPEMEHHBIX B3JIETHBIX T10JI0C ITOTpe-
6oBasach 6l 1es1ast pexa nedgru. OT moxorpe-
Ba BO3/[yXa IPUIILIOCH OTKA3aThCS.

Bousee mepcrieKTHBHBIM 0Ka3aJioch paccesi-
HUE HaJl a9pOJ[POMOM BeIIEeCTB, MOIJIOIAI0-
HIMX BJIATY, HAIPUMEP TOHYANIIETO MOPOIIKA
XJIOPUCTOTO KaJiblus. Ero yacTuirel cobupaior
Karm tymMana B GoJiee KpyIIHbIe ¥ BbINAAIOT
Ha 3eMJIIO JI0XK/leM. BirasknocTb Bo3ayxa naja-
€T, U TyMaH pacCenBaeTrcs.

Pas peub 3ammia o TyMaHaX ¥ CaMOJIETaX, Mbl
XoTesn Obl YIIOMSHYTD €llle O [[BYX CBSI3bIBAIO-
mmx ux daxrax.

Kask/iplit 13 Bac, HaBepHOe, He pa3 3amevalt
B HebGe Genblil cje OT JIETAINero caMoJieTa.
IT0 — TyMaH, 06pa3yIOIIUICs U3 TapOB BOJIbI,
MOCTABIIMKOM KOTOPBIX CJYJKHUT cropatoiiee
TomNBO. l'Opsumii BBIXJIONMHON Ta3, HACHI-
IIEHHBIN BOJSIHBIMU IIApaMH, TI0TA/laeT B XO-
JgojHyio atMocdepy 1 o6pasyer TyMaH.

Kyna GoJiee crpamiipiii «TyMaHHBIH cJIe1»
MOXKET TSHYTbCSI 32 CAMOJIETOM, TIOTEPIIEBIITIM

2020/ Nel

aBapuio. ITO — cJe/ U3 ropio-
4ero, KOTOPOe BBIOPOIIEHO B
BO3/IYIIHBIN TTOTOK W pacIblie-
HO UM B MeJbYallne KallJu.
Bosnuxkimii oronb MoxeT pac-
MIPOCTPAHATHCS IO TAKOMY CJIe-
[y CO CKOPOCTBIO B [ECSTKH
METPOB B CEKYyHZy, TaK 4YTO
HUKaKHe TO0XKapHbIe CPeJCTBA
HE CYMEIOT TIOJI0CHeTh Ha I0-
Molb. B ¢BsI3u ¢ 9TUM BO3HUK-
Jia mpo6JieMa BBEJIEHUST B TOII-
JINBO BEIIECTB, CYNIECTBEHHO
YMEHDBIIAIONIIX IOPI0YeCThb 00-
pasoBasmierocs Tymana. M Ta-
Kue paboThl BEAyTCH.
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KBaHT, KoTOpbIN noctpoun Ucaak
A.CasuH

Bor KBanrt,koTopsriit moctpouns Vcaak,
A BOT yueHHIa,

Kotopas uspemka Jio6UT XBaTUTHCS,
Uto Bce MOHMMAET HA IEJI0H CTpaHUIle
B KBante, koropsbiii ioctpons Mcaax.

Bor aBTop cratbm — 3HAMEHUTBIN y4eHbIi,
Koropplil ucan ee Tak yBJIeYEeHHO

[luig aToit 6e3 Mepbl cepbe3HO JIEBUIIDI,
Koropast u3peska JIOOUT XBaJTUTHCS,

Uto Bce MOHMMAET HA IEJI0I CTPaHUIlE

B KBante, kotopsbiii moctpouns Mcaax.

A BOT pelleH3eHT — JIaBHUII YJIeH PEeJICOBETA,
Koropbrii mpoues counHeHune aro,
[IpencraBuB cebst cUMIATHYHON JIEBUTIEH,
Koropag TiieTHo MypbLKUT CTpPaHUILY,
[IpITasgich OHSTH TO,0 YeM TOBOPUTCS

B KBante, koropsbiii ioctpouns Mcaax.

A 3TO PEJlaKTOP,CTAThIO ATY TPABUBIINIA,
Jluib aBTOpa MMST HA MECTe OCTABUBIIUI,
UYro6 maxe Tymeiinas B MUPe J€BUIA
CmMorJia XOTb €IMHOK/IbI B TOJ TIOXBAJTUTHCS,
Uto Bce MOHMMAET HA IEJIOI CTPAHUIIE

B KBante, koropsbiii moctpouns Mcaax.

A 3TO XYJIOXKHUK B TJIYOOKOIl IIPOCTpAIIK
[IpITaercs BbIAYMATh Te UJTIOCTPAIUH,
Koropble Tak o4apyioT JeBUILY,

YT0 cX0/ly OHA IPOYUTAET CTPAHUILY

B KBante, kotopsbiii ioctpouns Mcaax.

Bot riaBHbIii pejakTop — GOJIBINON aKaJIeMuK,
On npasur (3a 510 He TpeGyst JeHer),

Yr06 jies1aoch BCe TOJMbKO TaK W BOT Tak,
ITockosbKy OH ecTb aTOT camblil Vcaak,
Kotopblit o yim Biao6UJICS B IEBUILY,
Koropas majpbuynkoM ThIYET B CTPAHUILY,
[IpITasgch MOHSTH TO,0 Y€M TOBOPUTCS

B KBante, koropsbiii ioctpons Mcaax.

ITOT MaTepuas ObLI ONMyGINKOBAH B CHENNAILHOM Bbiycke «KBanTay,mocsmennom 75-tertuio V. K. Kukouna.
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