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3O paBCTBYI, JOPOroy ynTaTe/lb!

[Tepen, ToOOJ CBeXMI BBIITYCK €3KeMeCSIYHOTO HayYHO-IT03HABaATEeIbHOTO
XypHasa «KBazap». MbI padboTanyu o4yeHb A0JITO Had SHBAPCKUM BbIITYCKOM
M BJIOKWJIM B HEro BCIO CBOIO OyIiry. EC/iM cpaBHMBATH C IIPeabIOYIIM BbI-
ITYCKOM, TO Mbl BO MHOI'OM ITpeYCIIejin, Cae/aii MHOTO KapAMHAIbHbBIX M3-
MeHeHMi. Hageemcs, Tebe TOHPaBUTCS.

Kak HeKoTopsie 13 BaC 4OramaancCh, BBIITYCKM HaIllero KypHasia (MCKJII0-
YeHMe CIIeL.BbIIIYCKM) SABJISIOTCSI TeMaTUM4YeCKMMM, TO eCTh BeCh >KypPHaJl
B TOV MJIV MHOM Mepe IMOCBSIIEH OJHOM ITT00a/IbHOM M 3aXBaThIBAIOIIEN AyX
TeMe. SIHBapCKMI BBIITYCK ITOCBSIIEH TOMY, KaK Mbl BOCIIpMHMMAaeM MUp,
MeXaHNM3MaM BOCIIPUSATHUS L[BETa, ITyTeIlIeCTBUSIM BO BpeMeHM, HAIlIMM I10-
HSTHUSM O IIPOCTPAHCTBE-BPEMEHN M MHOTOMY JIPYTrOMY.

MbI cTapanuch coeaaTh CTATbM KaK MOXKHO 00Jiee HaChIIeHHBIMU, II03TO-
MY BIIOJIHE BEpPOSITHO, YTO HEKOTOPbhIE MOMEHTBI MOTYT ObITh HEIIOHSITHBIMU
1711 Te6sI, MblI K€M JII000ro TBOero oopaileHus K HaM. K coskaeHu1o, B Ha-
I11eJi IpyIIe M Ha Hallleil o4Te COBCEM MayIo OOpalleHMii OT HalllMX YMUTa-
Tejieli, Mbl IyMaeM, BaM He TPYIHO yAe/JUTb Iapy MUHYT, YTOObI HANIMCATh
OT3bIB, CBO€ MHEHMe O >KypHaJjie —TaK Bbl IOMOXKeTe Coe/aTh Halll JKypHaJl
nyuiie!

MpbI IpMBETCTBYEM KaK HOBBIX UMTATEeJIeN, TaK yKe U CTapOKMI0B «KBa-
3apar. JKemaeM HIpUSATHOIO BpeMAIIPOBOXIeHMS ¢ «KBa3zapom» B pyKe, Ha-
CTOSITE/JIbHO peKOMEeHIyeM BaM UMTATh MPeabIAyIl}e BBIITYCKN, [10 CKOJIBKY,
B KO€J-TO Mepe OyJeM OCHOBBIBATHCSI Ha 3HAHMSIX, KOTOPbI€ MbI BaM JaIu
B IIPOIJILINA pa3. Benb jiydiiie M3y4nTh UTO-TO IMOTPsiCalolee (XOTh M B Ka-
KOM-TO Mepe CJIOKHOE), OCHOBBIBASICh Ha 3HAHMSX ITOJIYYEHHBIX B IIPOILJIBIX
BBIITYCKaX. 3aMHTEpPeCOBaINCh XKypHAIoM? UuTanTe rpenbiayiiye BbIITY-
cKu!

Ellle onyH BasKHbIMT MOMEHT, KaCaIIMICS KOHLIEIITYaJIbHOCTY XypHala.
B 607bIIMHCTBE CTyYaeB CTaTby M3 Pa3HbIX pyOPMK B3aMMOCBSI3aHbI, UX I10-
CJ1IeJOBATe/JIbHOCTh He C/iyuyaiHa. MbI HACTOSITE/IbHO PeKOMEHIyeM UYMUTaTh
>KYPHAaJI IIOJIHOCTbBIO, TaK KaK, HaIIlpyuMep, B 3TOM BBIITyCKe B (py31MKe (CTaThsI
[IPO 3JIEKTPOMArHUTHBIE BOJIHBI) CO3A4aeTCsl (PyHAaMeHT AJIsI Iy4Illlero ycBa-
MBaHMS MaTepuasa 13 XxumMmuu. J1a 1 BooO1ie, H1 AJIsI KOO He CEKPET, UTO BCe
eCTeCTBEeHHbIe HAYKM Hepa3pbhIBHO B3aMMOCBSI3aHEI. [IpusaTHOrO uTeHms!

C ysaxceHuem, pedakyus xcypHana «Keasap»
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MATEMATUKA

MATEMATUKA

Hy Au B,Ha 10 1 1 coOTBETCTBEHHO B pOpMYJie OMHO-
Ma HbI0TOHA, OIMCAaHHOM IIYHKTOM paHee. Pa3jioKuB
[TOJTy4eHHbII OMHOM, MbI MOJIY4MM BbIpa)K€HlE PaB-
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psI M3 eOVHUIIBI — 9TO TOXXe TPEeyrojibHble Uycia B
HYJIbME€PHOM IIPOCTPAHCTBE — CKOJILKO ObI IIaPOB MbI
He B3I/ — O0JIbIIIe OJHOTO PACIIONOXUTh HE CMOXKEM,

100 ITPpOCTO Herge — HEeT HUM OJIMHbI, HM IINPWUHbI, HUN
BbICOTDI.

HOe CyMMe MPOou3BeAeHni1I 0MMHOMMATbHBIX KO3(PDU-
1eHTOB Ha 10 B ctennenu k, rome k HoMmep snemeHTa B
panoy TpeyroiabHMKa Ilackad.

1 11 55 165 330 462 462 330 165 55 11 1
1 12 66 220 495 792 924 792 495 220 66 12 1
1 13 78 286 715 1287 1716 1716 1287 715 286 U8 13 1
1 14 91 364 1001 2002 3003 3432 3003 2002 1001 364 91 14 1
1 15 105 455 1365 3003 5005 6435 6435 5005 3003 1365 455 105 15 1
1 16 120 560 1820 4368 3008 11440 12870 11440 8008 4368 1820 560 120 16 1
1 17 136 680 2380 6188 12376 19448 24310 24310 19448 12376 6188 2380 680 136 17 1
1 18 153 816 3060 8568 18564 31824 43758 48620 43758 31824 18564 8568 3060 816 153 18 1

A Kak HacuyeT Takoro okyca. Packpacum Bce 4YETHbIE
yKucia B TPEYrojibHMKE B OOUMH IIBET, a HEUYETHbIEe B
apyroii. Torma Mbl moaydmum (ppakTai, M3BeCTHbIN KaK

5. Kpome TOro, y TpeyrojibH1MKa MMeITCS reOMeTPu-
yeckue 3aKoHoMepHoOCTH. [locMoTpuM Ha amaroHa-
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JTO KaKOMU-TO
HenpaBU/IbHbIX TPEYroJibHUK!

Ha mepBbIM B3I/IIO MOXKET IIOKA3aThCs, UTO IIiepen,
HaMJ aKKypaTHO pacCTaBjieH HabOp 4mces, HO Ha Ca-
MOM JIejie 5TO HeycuepIriaeMbIl MICTOYHMK MaTeMaTu -
YeCKUX paJocCTer.

CBO€ Ha3BaHMe OHO IOAYYMUJIO Onarogapsi GpaHITy3-
CKOMYy MaTemMaTuky bisesy Ilackamo. ITO Hecrpa-
BeJIMBO I10 OTHOIIEHUIO K TeM TPYAaM HaIllMCaHHbIX
CTOJIETUSIMM Ha3aMd, TaK KakK (PpaHIly3 XOTb ¥ BHEC He-
COMHEHHbBIN BKJad B pa3BUTHeE, HO BCe Xe He OblI B
ymcjie ImepBOOTKpPhIBATE/IEeN TPEeYyrojbHMKA.

EciM KOpOTKO, TO OAHHBIM TPEYTOJbHUK COMEPKUT
B cebe Maccy 3aKOHOMepHOcCTeii. HauaTh ciemoBaio
Obl C IpMHINUIIA €ro IoCcTpoeHusi: Bo3sbMméem uncio 1
M IIpencTaByM I10 00e CTOPOHBI OT HEr0 HEBUAMMBbIE
HYJ/IM. CJIOKUB UX ITOIIAPHO, ITOIYUYUM C/IeAYIOIIUIA P,
Terepp MMOBTOPUM 3TY Ke OIeparuio eire pas. IIoBTo-
psist B TOM JKe OyXe, Y Bac MOJTYUYUTCS 1[eJI0UMCIeHHbIN
TpeyrojbHMK [Tackans. Takske IIPOCTO MOKHO OOBSIC-
HUTh YCTPOMCTBO 3TOr'0 TPEYrojbHMKA 3aMEeTUB, UTO
KaKIO0e UYMCJIO PaBHO CyMMe IOBYX PacCIIOIOKEeHHBIX
HaJg HUM 4ucesi. Bce amemeHTapHO, HO CKOJIBKO B 3TOM
TAUTCS uymec.

1. Tak BOT Kaykmasi CTPOKa COCTOMUT M3 TaK Ha3bIBae-
MbIX OMHOMMAIbHBIX KOS(P@UIMEHTOB Pa3I0KeHUS
o0uHOoMa (a+b)*n; rme n, 5To HOMep psAa, a OTUET Ha-
UyMHaeTcd ¢ Hy/asd. UTak ecin B34ATb N = 3 U Pa3JI0KUTD
ero B psa. To monyuuM: a”3+3a”2b+3ab”2+b"3. IIpu
5TOM KO3((PUILMEHTHI UM YMciia Iepe IepeMeHHbI-
MU UAEHTUYHbI COOTBETCTBYIOIIMM ILidpaM B POy
TpeyrojibHMKa Ilackansa. Ta ke KapTuHa OygeT Hpu
n = 4. To ecTs, TpeyrojbHUK IlacKkaus, 3TO MPOCTON U
OBICTPBIN CIIOCOO OompeneneHus BCcex TaKMX Kodppu-
IIMIeHTOB.

«peyro/sibHuK ['lacka/sisg TakK rnpocT, YTO BbIMNACATb €ro
CMOXET AaXKe AECATUNETHUN peOeHOK. B Toxxe BpeMs
OH TauT B cebe HeuncYepriaemble COKPOBMLLA 1 CBS-
3bIBAET BOEANHO PA3/IMYHBIE ACMNEKTbI MATEMATUKMY,
He uMeroLIme Ha rnepBbiv B3r/isa Mexgy cooOou Hun4ye-
ro ooujero. Crtosib HEOObIYHbLIE CBOWCTBA MO3BO/ISIOT
CYUTATb TPEeYrosibHUK [lackasig ogHou 3 Hanbosiee
N3SLLHBIX CXEM BO BCEN MATEMATUKE
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2. Ho 370 emie He Bce. K nipumepy, CJIOKMB UMC/Ia B Ka-
XIOOM PSSy, TOJMYUYMM I1I0C/Ied0BaTe/ibHble CTeIleHU
yycaa 2. OTO IPOUCXOOUT U3-3a CJIeJCTBUS 3aMeHbI a U
b Ha eguHUILY, B popMyie 61MHOMA OIMICAHHO BBIIIIE.
BBITIOJIHMB 3aMeHY MbI II0JIYUYMM, UTO 2 B CTEIIeHM N,
paBHA CyMMe OMHOMMAJIbHBIX KO3(M(MUIVEHTOB N MO
k. inu ke cymMme 4ycen psiga n B TpeyrojbHuKe I1a-
CKaJIsl.

[IpencTaBUM Kaykgoe UMCJIO B PSIAY B BUOE pPa3psmgoB
oecITUYHOM Apoou. [Ipyrumu cioBamMu, psig, HOMEp 3
oymet BoirsgeThb Tak: 1000 + 300 + 30 + 1. BoIimoaHMB
oencTBus, nojayumm uuciao 1331, uyro, B CBOIO Oue-
penp, siBaseTcsa 11°3. IlompobyeM TO ke caMoe ITpo-
InejaTh C psIogoM HoMep 7. Bbl IOJyUYUTEe CYMMY paB-
HYI0O — 1,948,717, a 3T0O HMUYTO MHOe KakK 11"7. DToT

(aKT D10BOJILHO JIeTKO 0O0OCHOBATh. BBRITIOJHMB 3aMe-
CTpoKu Yucna 1 Yucna

0 HaTypaJibHble 2 1 2®M60Haqqm
1 TPpeyrosbHble ‘1/1/8 5

2 TeTpaeﬂpaanme))/gyB
3 1 3 3 1
1/)“(\)‘f’(\ \4\ |

1 5 10 10 5 1

1 6 15 \20 \15 \6 1

o O b

[lepBbie LeCTb CTPOK TPEYro/IbHUKA C MOSICHEHUSMMU

nu. IlepBble IBe He BbI3bIBAIOT 0COOEHHOIO MHTEpeca,
CIUIOIIIHbIE eAVHUIIBI. A TTOCJIe, 1ieJible U ITOJIOKUTEJIb-
HbIe Y (CJ/ia, M3BeCTHbIE KaK HaTypa/ibHbIe uncia. Uncia
B CJIeAVIOIIen OuaroHaau, Ha3bIBalOTCS TPEYroibHbI-
MM, [IOTOMY UYTO M3 KOJIMYECTBA TOYEK PABHOIO JIIO-
OoMYy 13 Umcen JAaHHO AMaroHaay MOXKHO IIOCTPOUTD
PaBHOCTOPOHHUI TPEYTrOJIbHUK.

Crnenyrolas ayaroHaJab COCTOUT M3 TeTPaAdIpUUYECKUX
ymcesi, IIOCKOJIbKY 110 aHAJIOTUM C IIPeabIaAYIINM ITYH-
KTOM, K&K 0€ 4lCI0 paBHA KOJIMYECTBY IAPUKOB, 00-
pasyoIInx TeTpasap, TO €CTh OAMH IIap Mbl MOXXeM
ITIOJIOKUTD Ha TPU — UTOI'0 YeThIpe, O TPU IIOAJIOKMUM
[IIeCTh (HAIIPATUTEeCh U IIpeacTaBbTe!) — MTOI'0 OIeCATh,
M Tak majee. A cjlenyromiasi OMaroHaJab IIPOOEeMOH-
CTPUPYET IIOIBITKY BBIK/JIAJbIBAHMS I'MIIepTeTpasapa
B YeThIPpEXMEPHOM ITPOCTPAHCTBE — OAMH IlIap Kaca-
eTCS YeThIPEX, a Te, B CBOIO OUepenb, necsaTu. B Halllem
MMpe TaKOe HEBO3MOYKHO, TOJIbKO B UeThIPEXMEPHOM,
BUPTYaJbHOM. I TeM 6o0Jjiee NSITMMEPHDIN TeTpasap,
O KOTOPOM CBUIETEeJIbCTBYET CIeayIolas quaroHalb,
MOXeT CYIIeCTBOBATh TOJIbKO B PACCYKOEHMSIX TOIIO-
JIOTOB.

A ouyeM ke rOBOPUT HAM CaMasl BepXHSIs AaroHasb, Ha
KOTOPOM PaCIIOIOKUINCH YMC/Ia HATYPAJIbHOIO psaa?
OJTO TOXe TpeyrojibHbIe UMcjia, HO OMHOMEPHbIE, IT0Ka-
3bIBAOIIMe, CKOJIbKO IIIaPOB MOYHO BbIJIOKUTH BI0JIb
IUHUN. EC/IM Y3K UMAOTU 00 KOHIA, TO CAMbI BEepXHUM

Y'T Y'Y Yv" Yv"
£h A La Ay L L L L

Ipeyro/sibHuk CeprivHCKOro

«TpeyronbHUK CepnuHCcKoro». O60CHOBaHMEM 3TOTO
(pakTa SIBJISETCS TO, YTO eIy ABAa MOAPSA CTOSIINX
ynciaa B TpeyrojabHuKe ITackasis MMeoT OOMHAKOBYIO
YEeTHOCTb, TO UMCJIO CTOSIIee I10a HUMU — yeTHoe. [1o
aHaJIOTUM, eC/IY OBa MOAPSI CTOSAILIMX UMCIa pa3HOM
YETHOCTH, TO UMCJIO IO, HUMM HeueTHOoe. PpaKTaia —
5TO MHOXEeCTBO, 00/1aaloliee CBOJICTBOM CaMOIIOI0-
ousi. Ob6macTb, 0OBeIEHHAS B KPacHbIM KpyT nmogooHa
BCEMY TPEYIrOJIbHUKY.

4. TpeyrojJbHMK TaKKe [MoJie3eH IIPU BEIUYNCIIeHUSX Be-
pPOSITHOCTEM B 00/1acTV KOMOMHATOpUKM. CKaykeM, Bbl
XOTUTE 3aBeCTU 3-X meTeu, U XOTUTe IIPOCUUTATh Be-
POSITHOCTD UTO POOSITCS ABa MaJIbuMKa M OOHA IeBOY-
Ka. B ypaBHeHMM oHO nmpumert Bua (Manbunk+/ieBou-
Ka)"3. Ternepb IOCMOTPUM Ha TPETUM PSII, TOe IepBoe
YMCI0 COOTBETCTBYET TPEM MaJIbuMKaM, a IocjaegHee
TPEM IeBOUYKaM. A BOT BTOpPO€ UMCJIO B 3TOM POy CO-
OTBETCTBYET JBYM Ma/JIbuMKaM M OOHOM IeBOUYKe KaK
pas TO UTO MbI MCKaJ/IX: 3 MeJIeHHas Ha CYMMY BCeX Be-
posiTHOCTeM B psaay. CTano ObITh, MHTEpeCyomast Hac
BepOSITHOCTDb paBHa 3/8 mnu 37.5%.

Enre onuH npumep: [IpencraByM, UTO BbI CJIYYaTHBIM
00pa3oM BbIOMpaeTe M3 AeCsITHU Apy3eli, BOIeiidoib-
HYI0 KOMaHy, COCTOSIIYIO U3 YeThbIpEX UTPOKOB. Tak
BOT, CKOJIbKO BApMAHTOB I'PYIII Y BAC MOKET II0JTYUYUTh-
cs1? B komOGuHaTOpuKe, 5Ta 3aga4a OygeT 3ByJdaThb Kak
pa3MelleHme u3 10 1o 4. V1 BLICUMTBIBAETCSI 1O 3TOM
dopmyne (n k)= n!/(n-k)'k!= 10!/6!4!=210. Ho gocra-
TOYHO B3IVISHYTb Ha 4-1 3jieMeHT 10-ro psaga Hallero
TPEeyroJbHMKA, ¥ MbI IIOJIYUYMM OTBET.

Ipyron npumep: IIpedrnosokmuM, UTO HEKUMN IIeNnX,
cyienys 3aKOHaM rOCTeNPUMMCTBA, pelllaeT OTAaTh BaM
TPEX U3 CEMM CBOMX 3KEH. CKOJIbKO Pa3/JIMUHbBIX BbIOO-
pPOB Bbl MOXKETE CHe/JaTb Cpeay MpeKpacHbIX 00MTa-
TeJIbHUIL rapemMa? Iji1 oTBeTa Ha 3TOT BOJIHVIOIIMIA
BOIIPOC HEOOXOAMMO JIMIIb HAlITU YMCIO, CTOsIIee Ha
[iepecevyeHny JMaroHaan 3 v CTPOKYU 7: OHO OKa3bIBa-
eTcsl paBHbIM 35. Ec/iii, 0OXBaueHHbIe pagOCTHbIM BOJI-
HEeHMEM, Bbl IepenyTaeTe HOMepa AMaroHaJu U CTPO-
K1 1 OymeTe MCKaTh UMCIIO, CTOsIIee Ha IepeceyeHnm
ouaroHanau 7 co CTpPOKOii 3, TO 0OHApPYyKUTE, UTO OHU
He I1epecekarTcs. To ecTb caM MeTO[ He JAaET BaM
OILIMOUTBCS !

Kaxkue el1e OTKpbITHUS JKOYT HAaC BIiepeay, peliaTh BaM.
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Tak yeM XXe xanka oonyyanu?

B3amMHas CBSI3b JIEKTPMUUECKNX I MATHUTHBIX IOJIeNn
OblJIa YCTAHOBJIEHA BbIAAIOIIMMCS aHIIMIICKUM (PU3U-
KoM M. ®apageeM B 1831 r. OH OTKPBIJI SIBJIEHME 3JI€K-
TPOMArHUTHON MHOYKIMM. OHO 3aK/IIOYAEeTCS B TOM,
YTO MarHMTHOeE I0JIe CIIOCOOHO MOPOXIATh SJIEKTPU-
yeckoe I10jIe, a 3JIeKTpUUYecKoe I10/ie MOXKeT IMOPOXK-
OATh MarHuTHoe 1ovie. IlIpuuyem 3Tu mBa 110 BCeraa

MepIieHaUKYASIPHbI APYT APYTY

Jlpyroii He MeHee BbIgawoMiics pusuk Ixerimc Mak-
CBeJ/I IOAyMaJl, a IoueMy ObI 3JIEKTPUIECKOMY I1OJII0
M MAarHUTHOMY IIOJII0 He OBbITh BOJIHOV? TO eCTh 3/1eK-
TpUUYeCcKoe IMopoxagaeT MarHUTHOe I10Jie OHO, B CBOIO
ouyepenb, IIOPOKIAET IEKTpUUIECKOe U TaK 40 6ecKo-
HEYHOCTM. 3aK/II0UUB CBOU ITPEaIIOJIOKeHsI B MaTe-
MaTU4YeCKOM BUe, OH IIpuiIlie]l K TOMY, 4YTO 3JIEKTPO-
MAarHUTHBIE BOJIHBI PACIIPOCTPAHSIIOTCS CO CKOPOCThIO
cBeTa. /lajiee OH CKa3aj, YTO 3TO He 3JIeKTPOMarHUT-
Hble BOJIHbI MMEIOT TaKVyI0 >Ke CKOPOCTb, KaK U CBET,
9TO CBET SIBJISETCS JIEKTPOMATrHUTHOM BOJIHOM.

briBaeT HECKOJILKO TUIIOB 3JIEKTPOMATrHUTHBIX BOJIH:
PaaMOBOJIHbI, MMKPOBOJIHBI, MHPPAKPACHbIN CBET, BU-
OVIMBIJ CBeT, y/IbTPa(duOIeTOBbI CBET, pEHITeHIOB-
CKMe JIy4u, raMma U3jaydyeHue (PacIiojI0KeHbI B ITOPSI I -
Ke YMeHbIIIeHMS JIJIMHBI BOJTHbI, YBeJIMUeHNMS YaCTOThI
COOTBETCTBEHHO SHeprun).

BOJIBIIVHCTBO M3 BBIIIIEHA3BAHHBLIX BOJIH BaM 3Ha-
KOMBI. PagyOBO/IHBI IIPUMEHSIOTCS B pPagMOTEeXHMU-

CnocobHoOCTb
Y P

NPOHNKATb Yyepes
cnion aTMocdepbl
Y -ectb; N - HeT

N Y

Ke, COTOBbIX TejlepOHaX, TeJIeBUIEeHUM, TEXHOJIOTUSIX
MOPCKOro (ps10Ta, KOCMOHAaBTUKE U Be3[e, rIe HY>KHO
repenaBaTh CUTHAJI Ha OOJIbIIIOE PACCTOSIHME.

MMKPOBOJIHBI MCIIONb3YIOTCSI KaK B JOMAIIHUX MMU-
KPOBOJIHBIX I1evax MJis [OoAorpeBa enbl, TaK U B IIPO-
MBIIIJIEHHBIX 1IE/ISIX OIS TEpMOOOpPaObOTKM METAJIOB,
MMKPOBOJIHOBOE M3JIyUyeHMe Majio MHTEeHCUBHOCTU
MCII0/Ib3yeTCs B TexHOJorusax Bluetooth n WikFi.

MudpakpacHoe u3aydyeHne UCIOAb3YeTCs AJISI CYIIKNA
CTEeH 3JaHUi1 ¥ IpeBeCcHHbI, B IIpMbopax HOUHOTO BU-
OeHUs, B MeOULMHE: IJ1s YAy4IIeHUs KpoBoobpaile-
HMSI M YCKOpeHUs ITpolieccoB MeTabdbonmnsma. Orpom-
HYIO POJIb UT'PAEeT U B aHAJIUTUUYECKOM XUMMIA.

BuauMmeini CBeT—TYT OaKe TOBOPUTh HeUero, BCe 4To
MbI BUOVM — 5TO BUAMMBbIN CBET.

ViabTpaduoneToBoe U3ayueHye IMUPOKO IIPUMEHSIeT-
cs1 B MedUIMHEe, TaK KaK OHO yOouBaeT 60/1e3HETBOP-
Hble 6aKTepUMN.

PeHrTeHOBCKME JTyUM MCIOAb3YIOTCS IJISI AMAarHOCTH-
K1 3a00/IeBaHMII BHYTPEHHUX OPTaHOB Uej0BeKa.

[aMMa m3nyyeHue 00JialaeT HACTOJIBKO OrPOMHOM
SHepruen (3TUM TO, M U3IYUUIN XaJIKa), UTO U3JTyda-
eTCS TOJIbKO B pe3y/ibTaTe AOepPHbIX ITPOIeCCOB.

Ynbtpa
Bug nsnyyeHus Pagno MunkpoBosniHbl  UHPpaKkpacHoe Bugumoe broneToBoe PeHrteH. nyun lamma nyun
[1nvHa BOSIHbI (M) 10° 10°8 10710 10712

- MpnbnusntenbHbIn
MacLUTab ONNHDI
BOJIHbI

babouku

YactoTta (l'u)

Temnepartypa
0ObEeKTOB,

ronka

bakTepun Monekynbl  ATOMbI

Agpo

Npn KOTOPOW 3TO
n3nyyeHune

)

I
1K

—272 °C

ABN19eTca Hanbonee
WHTEHCUBHDbIM

100 K
-173 °C

10,000 K
9,727 °C

10,000,000 K

~10,000,000 °C
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OnbiT MankenbcoHa-Mopnu
CKopoCTb cBeTa NOCTOSAHHA!

I1OCTOSIHCTBO CKOPOCTM CBeTa A0Ka3aJM C IMOMOIIbIO
omnbITa MariikenbcoHa-Mopiu. Boobiue, [Ixkeiimc Maxk-
CBeJIJ JOKa3ajl, YTO CBET SIBJISIETCS 3JIEKTPOMArHUT-
HOJ BOJIHOM, I OH IIO403peBasl, UTO OJIS pacIpoCTpa-
HeHMS CBeTa HY)KHa Kakasi-1mbo cpena (110 aHaJIOTUM
CO 3BYKOBBIM BOJIHAMM, IJIS IIepeaBUKeHMS KOTOPbhIX
HY>XHBI YaCTUIIbI, BO3AyXa K IIpumepy). Tak npuay-
MaJy 3P —CBETOHOCHYIO Cpeay, HEKYI0O MaTepuio
pacrpoCTpaHeHHVIO 110 Bcei BcenmeHHoM. K cuacThio,
HEeKOTOpbhIe yUueHble COMHEBA/JINCh B CYIII€CTBOBAHUM
TaKOM Cpembl.

B 1887 romy nBa aMepuMKaAHCKUX (pu3uKa— AnboepT
MaunkenbCOH U I'eHpyu Mopiuy—pemnam COBMECTHO
IIPOBECTU SKCIIePUMEHT, IIPU3BAHHLIM Pa3 M HaBCer-
Ia O0Ka3aTh, YTO CBETOHOCHBIN 3(Up peajbHO Cy-
II[eCTBYeT, HAIIOJIHIeT BCeleHHYI0 U CJIYKUT Cpenou,
B KOTOPOM PACIIPOCTPAHSIOTCS CBET U IIpOoUMe 3JIeK-
TPOMAarHUTHbIE BOJIHBI.

MaiikenbCOH ¥ MoOpaM MCIIOAb30BaJAM MHTEepPepo-
MEeTp — OIITUYECKUIT M3MepUTEeNbHbIN Mpubop, B KO-
TOPOMJIYU CBETa pacClleIIsieTCsI HagBOoe II0IYIIPO3pau-
HbIM 3epKajoM (CTeK/JsSHHasl IIacTMHa mocepebpeHa
C OJHOJ CTOPOHBI POBHO HACTOJIBKO, UTOOBI YaCTUU-
HO IPOMYCKAaTh IIOCTYIAIOIIe HA Hee CBETOBbIE JTYUM,
a 4aCTUMYHO OTPakaTb MX; aHAJOTUMUYHASI TEXHOJIOTUS
CEerogHsl MCIOJIb3yeTCsI B 3epKaJIbHBbIX (POTOANMIapa-
Tax).

B uTore jayuy paciiervisieTca ¥ OBa IIOJYUMBIINXCS
JIyda pacxOnsTCS IIO[, IIPSIMBIM YIJIOM IOPYT K OPYTY,
[10C/Ie Yero OTPayKalTCsd OT ABYX pPaBHOYOA/IEHHBIX
OT ITOJIYIIPO3PAUYHOro 3epKajia 3epKaJ-OTpakaTeliein
M BO3BpAIIlAIOTCI Ha MMOJYIIPO3pavyHoe 3epKajio, pe-
3YJIBTUPVYIOIINI ITYYOK CBETa OT KOTOPOIO IMMO3BOJISIET
HaOMI0gaTh MHTEP(PEPEHIIMOHHYI0 KaPTUHY U BBISIB-
JIITHh MaJIEMIIYIO0 IeCMHXPOHU3ALMIO ABYX JIyuen (3a-
Ma3gbIBaHMM OOHOIO JIyua OTHOCUTEIbHO IPYTOoro).

OmnbiT MajikenbcoHa — Mopayu ObLI NPUHLMITMATIBHO
HalpaB/ieH Ha TO, YTOObI MOATBEPAUTH (UM OIIPO-
BEPIrHYTh) CYILLeCTBOBaHME MUPOBOTO 3(dupa Iocpes-
CTBOM BBISIBJIEHMSI «3(PUPHOT0 BeTpa» (MM (PaKTa ero
OTCYTCTBMSI). JleliCTBUTEIbHO, OBUTAsICh IO OpOUTe
BOKpYr CoJIHIIa, 3eMJIsI COBepIlaeT ABUKEeHIEe OTHO-
CUTEJIbHO IUIIOTEeTHUUECKOTo 3(dupa MoaArosa B OJHOM
HampaBJ/IeHMH, a caeayiolye mojaroga B ApyroM. Cie-
IOBaTeIbHO, ITOJT0a «3(UPHBIN BeTep» JOIKEH 00-
OyBaTh 3€MJIIO U, KaK CJIeJCTBME, CMeIlaTh IIOKa3aHMs
MHTepdepoMeTpa B OOHY CTOPOHY, MOJT0oAa —B OPYy-
ryio. iTak, HaO/a00as1 B TeUeHMe rofa 3a CBOEeN yCTa-

3epKano
NNICTOYHUK
CBeTa
.,_-‘_ e —
3epkKano
HeTeKTop
MepeBog ©KBa3ap
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ViHTepdhepomeTp MavikesiscoHa n Mopriv

HOBKOM, MaiikenbCOH 1 Mop/i He OOHapYy>XKUIU HU-
KaKx CMeIleHNii B MHTepPepeHILIMOHHOM KapTUHe:
MOJHBIV 3(PUpHLIN THUIb! (COBpeMeHHbIe 3KCIIepu-
MEHTbI ITIOJO0OHOTr0 Poa, MPOBedeHHbIe C MAKCMMAaJIb-
HO BO3MO>KHOV TOYHOCTbhIO, BK/IIOUAS SKCIIePUMEHTHI
C Ja3epHbIMU MHTepdepoMeTpaMM, JaJIy aHAJIOTNY-
Hble pe3yabTaThbl.) Tak: apupHOro Berpa, a, CTalIo
ObITh, U 5(1Upa He CyIIeCTBYeT.

C 1887 1o 1905 r. 6b11 coenaH psifg MOMBbITOK (Hanbo-
Jlee M3BeCTHas U3 KOTOPbIX IMIPUHAIJJIEKUT JaTCKOMY
bu3uKky XeHapuky JlopeHily) OOBbSICHUTH Pe3yabTaT
sKcIriepuMeHTa MaiikenbcoHa u Mopau. Ho B 1905 .
HIMKOMY JOCejie He M3BeCTHhIN ciayxKaiuui lIBenap-
CKOTO MaTeHTHOro O0po Mo MMeHM AnbOepT JiiH-
IITeH OMyOJMKOBAJa CTABIIYI0 IIOTOM 3HAaMEHUTOIA
paboTy, B KOTOPOi1I ObLJIO MOKA3aHO, UTO HMKAKOTO
3(upa He HY>KHO, eC/IM OTKa3aThbCs OT ITOHSTUS abCco-
JIIOTHOT'O BpEMEHIA.

Yepe3 HeCKOJIbKO Hele/Ib Ty Ke TOUKY 3peHMS BbICKa3aJl
OOVH 13 Beayliux (paHIy3CKMX MaTeMaTUKOB AHpU
ITyankape. ApryMeHTbl, BEIABMHYThIE JMHIITEMHOM,
ObIIM OnVKe K (pusuKe, yemM aprymeHThbl IlyaHkape,
KOTOPBIN ITOA0IIEN K 3TOM 3a/iaue KaK K MaTeMaTuuye-
ckoit. O6 DitHIITeliHe O6bIYHO TOBOPST KaK O CO3/1a-
TeJie HOBOM Teopuu, HO 1 uM4 IlyaHKkape CBSI3bIBAIOT
C pa3pabOTKOI1 Ba)KHOI ee UacTH.

ITodpobHee 0 meopuu OMHOCUMENbHOCMU CMOMPUME
Ha caedyroweti cmpaduue.




EskeCcekyHOHO, B ape coaHIia okogao 600 MIH. TOHH BOIO-
poja mnpeBpaiiaetcd B 595,5 MyiH. TOHH reaus. Takum 00-
| pazoMm, 4.5 MUTH. TOHH MaTepuy BbICBOOOKIAETCS B BUIE
sHeprumu (E=mc”"2), KoTopas UCITyCKaeTCs B BUOE 3JIEKTPO-
MAarHMTHBIX BOJIH (Yallle BCero raMmmMma-musJjiyueHue)
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M3 gByx NpUMHOMIOB (IO CYTU Oena gBisionyecs: — Takum o6pa3om, J11000ii HOpMaJIbHbII OOBEKT B CUITY
y H Aa M e H I O4YeHb MPOCTHIMMU), BBITEKAET MHOKECTBO CJI€[ICTBUIA. MIPUHIINIIA OTHOCUTEIbHOCTY HaBCerma 0OpedeH IBU-

Harmpumep, 3KBMBaJIeHTHOCTh MaCC M SHeprum — 3Ha- raTbCs CO CKOPOCThIO, He IMpeBbINIAIoIIe CKOPOCTHU
- MeHNTass popmy/ia JDMHIITEIHA — CTaBIIAsl 3TAKUM cBeTa. TOJIbKO CBET U Apyrue BOJHBI, He 00Jiagalolye
CO B p e M e H H O M ¢ M 3 M KM CMBOJIOM T€OpUM OTHOCUTEIbHOCTU — E=mc”2 (rge «COOCTBEHHOI» MaCCOM, MOI'YT IBUTATbCSI CO CKOPO-
E —5sHeprusga, m—mMacca, C—CKOPOCTh CBETa). CThIO CBeTa.
B [lepBbIli IPUHIIMII MOKHO JIETKO J0KAa3aTh ITPOCTHIM

AN [IpMMEpPOM, HAa KOTOPBIM S HATKHYJICS HA IIPOCTO- B cuiy 3KBUMBAJI€EHTHOCTM MAacCChl M SHEpPIuu, SHep- Elnle ogyH 3aMedaTebHbIM BhIBOMI 13 TEOPUU — He CY-
pax uHTepHeTa. IlpencraBbTe cebe TaKyl0 CUTYaALMIO: I'visl, KOTOPOJ 00jiamaeT OABVOKYIIMIACS OOBbEKT, O0JIK- IecTByeT abCOMIOTHOIO BpeMeH . JlaBaliTe IIOCTaBUM
B Caay BO3Jjie JOMa CTOUT CTYJI U PSIAOM BeIpO MOMKOP- Ha Telepb JOOaBJSITHCS K ero macce. IpyrMmMu cio- MBICJIEHHBIM 3KCIIepUMMEHT. [JOmyCTMM, Bbl HAXOIU-
Ha. BeI caguTech Ha CTY/I U OXugaeTe. He mpoucxoout BaMM, YeM OOJbIlle SHEePrus, TeEM TPyJHEEe YBeJIUUUTD Tech Ha OOPTY KOCMMYECKOro Kopabis, 001aaai01Iero
Huyero. Ho B 3To BpeMs BbI IBUIKEeTeCh OTHOCUTEJIb- ckopocTh. IIpaBaa, 3TOT 3M@eKT CyleCTBEHEH JINIIb IIPO3PavyHbIM KOPITyCOM (HEOOJIbIIONM HI0AHC), M Y BaC
HO ITPOCTPAHCTBA, T.K 3eMJIs BpalliaeTcs BOKPYT COJIH- IIPU CKOPOCTSIX, OIM3KMUX K CKOPOCTU cBeTa. Eciin, Ha- eCTh Jla3epHas IIYIIKA B PyKaxX, 3epKaji0 Ha ITOTOJI-
114, HO Oj1aromapsi TOMY, UTO BbI U ITIOITIKOPH ABVKETECH [IpUMep, CKOPOCTb KaKOro-HuOyab OObEKTa COCTaB- Ke U JaTuMK Ha 1ony. Ecau Kopabab 6yageT OBUraTh-
C OAMHAKOBOM, ITIOCTOSIHHOM CKOPOCTBHIO OTHOCUTEJIb- nset 10% ckopocTu cBeTa, TO ero macca auib Ha 0,5% CsI C KaKOJi-TMO0 CKOPOCThIO, a BbI OyAeTe HAaXOOUThCS
HO OpYyr apyra (HY/JIeBOi) HMUYEro He MPOUCXOIONT. 0oJbllle HOPMaJIbHOM, TOTIA KaK IIPU CKOPOCTH, PaB- Ha 00pTy KOpabJisi, TO Bbl YBUAUTE, UTO CBET JBUTAET-
Ternepp 1ipencraBbTe, UTO BbI IMOCTABUJIM CTYJI U Be- HOM 90% CKOpPOCTM CBeTa, Macca yyXe B 2 pa3a IIPEeBbI- cs1 meprieHAUKYAsIpHO. OgHAKO, eciy Bbl OygeTe Ha-
IPpO IIOIKOPHA B caJIoOH aBTOOyca. IToka aBTOOYC emeT maeT HopMaJibHy10. [Io Mepe TOro Kak CKOpOCTb 0Ob- XOOUTHCSI HA HEIOJABIKHOM OOBbEKTe, HallpumMep, Ha
C IIOCTOSIHHOM CKOPOCTBIO IIPOVICXOOUT TOXKEe CcaMoe, eKTa NMpuoImKaeTcss K CKOPpOCTH CBeTa, Macca pacTeT IIaHeTe 3eMJis, TO JJIS1 BaC UCITYIIeHHbIM CBET OyAeT
UTO M B Ca[y Balllero [oMa — He IIPOUCXOAUT HUYEro. BCe ObICTpee, TaK UYTO I/ AdajbHENIIero yCKOpeHMs IIPOXOOUTD OOJIbIllee pacCTOsIHME, TpaeKToOpyus OyaeT
MO>KHO MpeaIionoXuThb, YTO B 11000 MHepLMaIbHOM TpebyeTcs Bce Oobllle 1 0osbile sHeprun. Ha camom OMaroHajJabHOM. TaK KakK, CKOPOCTh paBHA PacCTOSI-
cucTeme orcuera (TaM, I'e Bbl M IIOIKOPH OBUKETECh neje CKOPOCTb OOBbeKTa HMKOILA He MOXXET JOCTUYb HII0, [IOZIeJIEHHOMY Ha BpeMsi, a CKOPOCTb CBETa BCer-
OTHOCUTEJILHO JIPYT Apyra C He M3MEHSIOMIENCS CKO- CKOPOCTM CBeTa, TaK KaK TOIJa ero Macca ctaja ob1 bec- Ila IIOCTOSIHHA, TO M BpeMs$ OBVKeHUS CBeTa OJISI ABYX

POCTbI0) 3aKOHbI (PU3UKM OYAYT OOMHAKOBBI (B JaH- KOHEYHO 00JIbIII0, 8 TOCKOJIbKY Macca SKBMBaJIE€HTHA ciydaeB OyzeT pa3HbIM!

HOM C/Iyuyae OHM He IIPOSIBJISIOTCS, pe3y/IbTUPYIOIIas SHEPTUM, I/ JOCTVKEeHMSI TAKOM CKOPOCTH MOTPE6O-

CJIa paBHA HYIIIO). BaJIach ObI O€CKOHEUHO O0JIbIIIas SHEePIysl. DTOT 3(PeKT Moayumu Ha3BaHMe 3aMejeHle Bpe-

MEHMU, U eCIM 4eJI0BeK IpoBeaeT roj Ha KaKoi Jmnoo
BTOpou HIPpUHIIUII IMYHO Y MEeHS BbI3bIBAJI MHOI'O BO-
ITPOCOB, S IIbITAJICSI HAUTU O0Ka3aTeJIbCTBO TOI'O, UTO

CKOPOCTH CBeTa ITOCTOsIHHA. Ha OMHOM 113 aHI/IOSI3bIU- Mirror
. s HbIX pecypcoB OblIa CKa3aHa XOopoIllas Belllb: Pu3u-
o - Ka— 9TO He MaTeMaTMKa (ga JagHo?:)), 34ech He Obl-
AnboepTt SviHwTenH (1879-1955) (7 a ), 31
BaeT TOYHBIX J0KAa3aTe/lbCTB, BbIBOJOB KaKUX-JIMOO Netactor

[Toxkanyi, camas 3HaMEeHUTAasI TeOpusl B MUpPe —TeO- ymceJi. 3eCh eCTh IIOCTY/IaThbl, KOTOPbIe JOKA3bIBAIOT-
pusi OTHOCUTEJIbHOCTU. HaBepHOe, KakablM BTOPOM CS MJIM OIIPOBEPTral0TCS SKCIIepPMMEHTOM.

(MOXeT, Jake UM KaKOplli) 4eJOBeK Cablan (dpasy

«BC€ B MMPe OTHOCUTEJIbHO». CYyIIeCTBYeT IBe BepCun [Tomo6HOe roBopu Puuapna ®eiiHMaH:

9TOM Teopum — 00111asI TeOPUSI OTHOCUTEILHOCTH (KO-

TOpas OMMCBLIBAET B3aMMOENMCTBME TeJl OBVKYIIIMXCS «Onsim, 3KchepumeHm — 3mo eOUHCMBEHHDbIL CYObs

C YCKOpeHMeM W/IM M3MEeHEeHeM TPaeKTOPUI) U YaCT- HAYUHOU UCMUHBL»
HBIV C/Ty4yay — CIleliMajbHasd TeOpus OTHOCUTEIbHO-

CTU, KOToa Tejia ABUXKYTCS PABHOMEPHO.

B ocHOBe crnenMajabHOM TEOPUM OTHOCUTEIbHO-

CTM JIeKaT JABa MOCTyJ/IaTa: l :
' ——
1. IlpyHIMI OTHOCUTENIbHOCTU — COITIaCHO €My, BO — m C

0.5¢c

BCEX CYIIEeCTBYIOIIMX CHUCTEeMax OTCYeTa, KOTOpbIe
IBUTAIOTCS B OTHOILIEHMM APYT APyra C HeM3MeHSIO- . /_/ )
IIIeyicsl CKOPOCThIO ¥ HE MEHSIOT HaIllpaB/ieHue, gen- R = | .

CTBYIOT OOHU U Te K€ 3aKOHBI. bk '

SHAMEHUTAS OopMy/ia
2. IIpyHuun ckopoctu cseTa— CKOPOCTb CBeTa OU- 9KBUBA/IEHTHOCTU MACChI U SHEPI U

HAKOBa IJI9 BCeX HaO/omartesneil U He MMeeT 3aBU-

CMMOCTM OT CKOPOCTU MX JOBVDKEHUSI. OTO BbICIIAY Tak MOCTOSIHCTBO CKOPOCTM CBeTa ObIJIO JOKa3aHO

CKOPOCTb, ¥ HUUTO B IIPUPOAE He MMeeT 00JIblleli CKO- C ITIOMOIIILI0 ObITa ManKe/lbCOHa-Mopin OIMCaHHO- Pas/inuns B ryTn CBETA A/19 PA3HbIX HAO/IO4ATEIEN.

poctu. CBeTOBast CKOpOCTh paBHa 3*10"8 m/c. ro paHee. CBepxy: nyTb, KOTOPbINA BUANT HE/I0BEK HA OOPTY KOPAO/Is rAe rnpoBOAST SKCIEPUMEHT.
CHU3Y: nyTb, KOTOPbLINA BUANT HE/TOBEK C APYroro Kopaob/is.
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IJIaHeTe, KOTopas IBUKeTCSI OUeHb OBICTPO OTHOCH-
TeJIbHO 3eMau (MM B TOM >Ke CaMOM KOCMMYECKOM
Kopabiie), TO Korga OH BepHeTCcsT Ha 3eMJII0 OKayKeTcsl,
YTO C MOMEHTA BblJIeTa MPOILIO0 JIeT TPUIAlaTh (3TO
YCJIOBHBIE 3HaueHns). Ilouemy 3TO nmpoucxoaut? Bcee
K/3HEHHbIE IPOILiecchbl MMPOUCXOAIT Ha MOJIEKYJISIP-
HOM YpOBHE, KOrJa IIpOTEKaloT XMMMHUeCKUe peak-
IV}, B KOTOPBIX YUAaCTBYIOT MOJIEKY/IbI, COCTOSIIIIE 13
aTOMOB, KOTOpPbI€ COCTOST 13 IIPOTOHOB, HEMTPOHOB,
KOTOpbI€ COCTOSIT M3 KBAPKOB (TaK MbI JOOpaauch g0
KBAaHTOBOIO YpOBHS). UTOOBI CcOBeplIaTh KaKue-JiM-
00 MpoI1ecchl, YaCTUILE, HAIIPUMED, SJIEKTPOHY HY>KHO
repebpaThCsl U3 OAHOTO MecTa B IPYToe.

Korpa BbI IBMKETECH C 0U€HDb OOIBIIMMM CKOPOCTSIMM,
BCe YaCTULbl BHYTPU Balllero Tejaa COBEPIIalOT CaMble
OOBbIUHbIE CBOM IBVKEHMUS, U3 TOUKM A B Touky b. Ho
eCc/IM pacCMaTpPMBaTh C HEMOABMKHOTO Tela, C 3eMJIN,
K IIpUMeEPY, TO T.K TOUKa b riepemeiiiaeTcs (BbI JKe IBU-
)XeTech), TO M YacTHUIla JO/KHA MPOXOIUTh OOIbIINIA
ITyTh, ¥ JJISI IOCTOSIHCTBA CKOPOCTU, HY>KHO OOJIbIlIee
Bpems. TakuM oO6pa3oM, rof, MpoBedeHHbII Ha KOC-
MMueckoM Kopabiie paBeH TpUAllaTy rojgaM Ha 3emiie
(OIIATH XK€ YCJIOBHbIE 3HAUEHMS, BCe 3aBUCUT OT TOTO
HaCKOJIbKO ObICTPO BbI ABUTAINCH).

HTepecHbI (PaKT, YTO BPEMSI Mbl MOXXEM U3MEPSITh
ropaszo TOuHee ueM IJIMHY! [Iaske MeTp oIIpeesieT-
Cd KaK pacCTOsIHMe, KOTOpOe CBeT IIPOXOAUT 3a BpeMs
0,000000003335640952 cekyHObI, U3MEpeHHOe IIpu
[IOMOIIM IIe3MeBbIX YacoB. CaMO 5TO UMCIO COOTBET-
CTBYET UCTOPMUECKOMY OIlpeae/ieHMI0 MeTpa KaK pac-
CTOSIHUMSI MEXKIY OBYMS OTMETKaMM Ha CIielMaJIbHOM
IJIATMHOBOM CTepsKHe, XpaHsiieMcd B [1apuke.

Tak >xe, Teopuss OTHOCUTEJIbHOCTM BBIHYKIAeT HacC
IIPMHMMAaTh a0COJIIOTHO HOBOE ITpeCTaB/IeEHME O IPU-
poze IIpoCTpaHCTBA. MbI IIPUBBIK/IN CUUTATh, YTO MBI
KMBEM B TPpeXMepHOM ITPOCTPAHCTBE, MHBIMM CJIOBA-
MM, IIOJIO’KEHME TOUKM B IIPOCTPAHCTBE 3aJaeTCs Tpe-
M$S KOOpAMHATAaMM. OMHIITEMH >Xe CKasaJl, YTO MBI
JKMBEM B UeTbIpeXMEepPHOM MMUpe, rae MPOCTPaHCTBO
M BpeMsl Hepa3pbIBHO CBSI3aHbI ¥ 00pa3yIOT eaViHbINi
IIPOCTPAHCTBEHHO-BPEMEHHOM KOHTUMHYYM, UM K€
[IPOCTO IIPOCTPAHCTBO-BpeMsl. JI;00asi TOUKa B UeThI-
pexXMepHOM MHUpe 3a4aeTcs TpeMs IMPOCTPAHCTBEH-
HbIMM KOOPAMHATAMMU ¥ OOHOM BpeMeHHON.

CroenyanbHasi TeoOpuss OTHOCUTEIbHOCTU IO3BOJINMIIA
OOBSICHUTD IIOCTOSIHCTBO CKOPOCTY CBeTa JIJ/I BCEX Ha-
omogareseii (yCTaHOBJIEHHOE B OIIbIiTe MajikenbCOHA
1 MopJin) 1 IpaBUJIbHO OIMChIBAJIA, YTO IIPOUCXOONUT
[IpU IBVDKEHUM CO CKOPOCTSIMMU, OJIM3KMMMU K CKOPOCTH
ceeTa. OgHAKO HOBAs Teopus MPOTUBOpeumnsia HbIO-
TOHOBCKOM TeOopuM TpaBUTALIMM, COIJIACHO KOTOPOM
OOBEKTHI IPUTITUBAIOTCS OPYT K APYTY C CUJIONM, 3aBU-
csIIey OT PacCTOAHUS MexXay HuMM. IlociemHee 03-
Ha4vaeT, YTO, eC/IM COBMHYTh OOMH 13 00BEKTOB, CHUJIA,

IeyCTBYIOIAS Ha OPYIroy, M3SMEHUTCS MTHOBEHHO.

Haue roBOpsi, CKOPOCTh PaCIIPOCTPAHEHMS I'PABUTA-
IIMOHHBIX 3(PPEKTOB JO/KHA ObITh 6€CKOHEUHOI, a He
paBHOM (MJIM MEHbIIIel) CKOPOCTM CBETa, KAK TOI'0 Tpe-
ooBana Teopus otHocutenbHocT. C 1908 o 1914 r.
DVHIITENH IIPeaIPUHSII s 0e3yCIIeNIHbIX ITONbITOK
IIOCTPOUTH TAKYI0 MOIeNb I'paBUTALIUM, KOTOpPas CO-
r7acoBajiach O6bI CO CIelMabHOM Teopyueil OTHOCHU-
TenbHOCTU. HakoHell, B 1915 r. oH onmy6iamuKoBas Te-
OpM110, KOTOpAasl ceiyac Ha3bIBAeTCsI OOILel Teopuen
OTHOCUTE/IbHOCTMN.

OVHILTEH BbICKA3aJI IIPeAII0JIOKeHe PeBOJIIOLIOH-
HOI'O XapaKTepa: IpaBUTalMsI — 3TO He 0ObIUHAs CHUJIA,

: b PR : : ; : s iy N
VIMeHHO TaKkas TRDAEKTOPUA AB/IATCAH CAMbIM KOPOT-
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a CJIeZICTBYIE TOr'0, UTO IIPOCTPAHCTBO-BPEMS He SIBJISI-
eTCd IVIOCKMM, KaK CUMTA/JIOCh PaHbIIIe; OHO VMCKPU-
BJIEHO paclpeneeHHbIMIM B HEM MaCCOM U SHepruei.
Takue Tena, Kak 3eMJist, BOBCE He IIPUHYKIAIOTCS B -
raThCs IO MCKPUBIEHHBIM OpOMTaM I'paBUTALIMOHHOM
CUJION ; OHU IBVIXKYTCS I10 JIMHUSIM, KOTOPbIE B VICKPU-
BJIEHHOM IIPOCTPAHCTBEe 00jiee BCero COOTBETCTBYIOT
IIPSIMbIM B OOBIYHOM IIPOCTPAHCTBE UM HAa3bIBAIOTCSI
reoge3nuyecKMM.

[eogesnyeckasi —3TO CaMbIii KOPOTKUM MYTh MEXKIY
OIBYMSI COCeIHMMM TOUKamu. Harmpumep, IOBEepXHOCTD
3eMJIM eCThb MCKPUBJ/IEHHOE OBYMepHOe IIPOCTPAH-
cTBO. ['eoge3nueckast Ha 3eMJjie Ha3bIBA€TCSI OOIbIINM
KPYTOM U SIBJISIETCSI CAMbIM KOPOTKUM IIYTEM MEXKIY
OBYMS TOUKamMM. IIOCKOJIBKY CaMbIii KOPOTKUN IYThb
MEXIy IBYMS aspoIropTraMu—IIO Treome3muyecKon,
oyicIieTuyepsl BCerma 3a4al0T IMMUMJI0TAM MIME@HHO TaKOou
MapumpyT. COrmacHo 0O0Iel Teopuy OTHOCUTEIbHO-
CTU, TeJia BCeraa repeMeIarTcs o MPSIMbIM B UeThI-
pexmMepHOM IIPOCTpaHCTBe-BpeMeHM, HO Mbl BUINM,
YTO B HAIlleM TpexXMepHOM IIPOCTPaHCTBE OHU IBU-
JKYTCS 110 ICKPUBJIEHHBIM TPAEKTOPUSIM.

Macca ConHIIa TakK UCKPUBJSIET IIPOCTPAHCTBO-Bpe-
MsI, UTO, XOTSI 3eMJISI OABUXKETCS M0 IIPSIMOiL B UeThI-
pexMepHOM MPOCTpaHCTBe, Mbl BUIMM, UTO B HallleM
TpeXMepPHOM IIPOCTPAHCTBE OHA ABIKETCS II0 KPYTO-
BOJ1 opouTe. OpOMUTHI IIJIAHET, IIpeacKa3biBaeMble 00-

OU3NKA
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VickpuB/ieHWe rnpoCTPAHCTBA BPEMEHM, BbI3BAHHOE MACCOM T€/1a

el Teopueii OTHOCUTEJIbHOCTU, IMOUTH COBHIAZAIOT
C IpeackasaHUSIMM HbIOTOHOBCKOM TeOpPUM TSTOTe-
Hus. OOHAKO B cydae MepKypusi, KOTOPBI, Oyoyun
omvkaiiinen K CoMHILY IJIaHEeTOM, UCIIBITBIBAET CaMOe
CUJIbHOE JeiCTBMe TpaBUTALIMM U MIMeeT JOBOJIbHO
BBITSIHYTYIO0 OpOUTY, 00111as1 TEOPISI OTHOCUTEIbHOCTH
IIpencKasbIBaeT, YTO OO0JbIIasi OCh 3JIJIMIICA OOJKHA
IIOBOpauMBaThCsa BOKPYTr COMHIIA ITPYMMEPHO HA OOVH
rpagyc B JecsITh Thicsg4 jieT. HecMOTps Ha ero MaJioCTh,
9TOT 3PdeKT ObLT 3aMeueH emie 10 1915 r. u paccma-
TPUBAJICS KaK OJHO U3 IMOATBEPKOEeHU TeOpUM IMH-
IITeHa. B roc/iemaue rogbl pagoJIOKalMOHHBIM Me-
TOOOM OBbIJIM M3MEpPEHHI €ellle MeHbIlIMe OTKIOHEHMS
OpOUT ApYyTrMX IJIaHeT OT IIpencKasaHuii HbloToHa,
M OHM COIVIACYIOTCSI C IIpeAcKa3aHMsIMU OOllei Teo-
P OTHOCUTEIbHOCTMH.

Ente ogHO mpeackasaHye 0011ei Teopuym OTHOCUTE/Ib-
HOCTM COCTOMT B TOM, UTO BOJIM3M MACCMBHOTIO TeJa
THUIa 3eM/JIM BpeMs OO/IKHO Teub MeajieHHee. JTO
cjlendyeT U3 TOro, YTO JOJ/IKHO BBIIOHSITHCS OIpee-
JIEHHO€ COOTHOIIIeHMe MeXIy SHeprueil cBeTa U ero
YacTOTOM (T.C. UMCJIOM CBETOBBLIX BOJIH B CEKYHIY):
yeMm Oosblile SHeprus, TeM BbIllIe yacToTa. Ecinu cBeT
pacIpocTpaHsieTcs] BBepPX B IpaBUTALIMOHHOM II0JI€e
3eMJIl, TO OH TepsieT SHEePruio, a IOTOMY €ro 4acTo-
Ta YMeHbIIaeTcs. (OTO 03HAYaeT, YTO YBeIMUMBAETCS
MHTEepBaJ BpeMeHM MeXIy I'PeOHSIMU IBYX COCeIHUX
BOJIH). HabmiomaTenio, pacnoaokKeHHOMY Ha 00JIbIIIo
BbICOTE, JO/DKHO Ka3aTbCsl, YTO BHM3Y BCE IIPOMUCXO-
OUT MedJieHHee. DTO IIpeacka3aHye OblJI0 IPOBEPEHO
B 1962 . ¢ HOMOILIBIO IBYX OUE€Hb TOUHbIX YaCOB, pacC-
ITOJIO’KEHHBIX: OJHM Ha CAMOM BepXYy BOJOHAIIOPHOM
OalllHM, @ BTOpbIE — Y €e ITOAHOXbSI.

OKkas3ajioch, UTO HMKHME 4Yachl, KOTOpbIe ObLIM OJIN-

Ke K 3emiie, B TOUHOM COOTBETCTBUM C 0OI1Iell Teo-
puen OTHOCUTEJIbHOCTM LIIM MenjieHHee. Pa3Huiia
B XOJle 4YacoOB Ha pa3HOI BbICOTE HaJ IOBEPXHOCTbIO
3eMIM IpuooOpea ceiyac OTPOMHOE MPaKTUUeCKOoe
3HAUYeHle B CBSI3M C IOSIBJI€EHMEM OYeHb TOUHBIX Ha-
BUTALIMMOHHBIX CHUCTEM, paOOTAIOLIMX HAa CUTHAIaX CO
CITyTHUKOB. Ec/ii He MpMHMMAaTh BO BHUMAaHMe MpeJ -
CKa3aHMI1 00111eli TeOpUM OTHOCUTEIbHOCTH, TO KOOP-
OVMHATBHI OYyOYT PACCUMTAHBI C OIIMOKON B HECKOJIbKO
KMJIOMETPOB!

Teopuss oTHOCUTENIBHOCTM OCBOOOAMIA HAC OT abCo-
JIOTHOTO BpeMeH!. Bo3bmeM mnapy 6/1m3HenoB. [Ipen-
ITOJIOSKMM, UTO OAMH 13 HMUX OTIIPaBUJICS JKUTh Ha Bep-
IIMHY TOPbI, a APYTO¥ ocTajics Ha ypoBHe Mopsl. Toraa
[IePBbIN COCTAPUTCS OBICTPEe, YeM BTOPOIL, ¥ TIOSTOMY
[IpM BCTpeue ONMH M3 HUX OyIeT BBIMISIAETDb CTaplile
npyroro.IIpaBaa, pa3Huiia BBo3pacTe 6b11a ObI COBCEM
MaJia, HO OHa CMJIbHO YBeJIuuMaach Obl, ecjiv Obl OOMH
13 O/1M3HEI0B OTIIPaBUJICS B JOJATO€ ITyTellleCcTBMEe Ha
KOCMIUYeCKOM KopabJjie co CKOpOCTbIO, 0/IM3KO0I K CKO-
pocTu cBeTa. [Io Bo3BpallleHM OH OKa3aJICcs Obl 3Ha-
YU TEJIbHO MOJIOXE CBOEro Opara, KOTOPbI OCTaBasICs
Ha 3emyie. DTO TaK Ha3bIBaeMblli MapagoKCc OIM3He-
1I0B, HO OH IapajoKC JMIIb JjIS TOTO, KTO B INIyOMHeE
OyIIM BepUT B abComMOTHOE BpeMsi. B 0611eli Teopun
OTHOCUTE/JIbHOCTU HeT eAMHOI'0 a6COIIOTHOT'O BpeMe-
HM; K&KIObII MHOAVBUAYYM MMEET CBOJ COOCTBEHHbIN
MaclITab BpeMeH!, 3aBUCSILUI OT TOTO, I1ie STOT MH-
OVUBUIYYM HaXOOUTCS M KaK OH JBVKETCS.

Teopnst OTHOCUTENBHOCTH 3a70XKNIa QYHOAMEHT OJISI
Bceli M3MKM Ha OmpKaiilme CTOJeTHSsI, XOThb OHa
1 00/aaeT HEKOTOPbIMM IIpOMaxaMM, 13-3a Yero ee
He IIPMHMMAIOT KaK eMHCTBEHHYIO Teopuio Bcero. 06
5TOM IOTOBOPMM B CJI€OYIOIIMX BbIITYCKAaX.




MHTepecHbIN PakT!

Teopust 60/bIIOr0 B3pbhIBa (O KOTOPOI MbI IIOTOBOPUM
B OJHOM M3 CJIeIYIOLIMX BBIITYCKOB) XOTb 1 OCHOBBIBAET-
csI BO MHOTOM Ha TeOpuM OTHOCUTEJIbHOCTM, OHAa OJHO-
BPEMEHHO MOKa3bIBA€T HEMOJHOLIEHHOCTh 3TOM TeOpUMH,
MOKHO Ja’Ke CKa3aTb HapyllaeT ee, JOMAaeT B ITyX U IIpax.
O06 3TOM paccKaykeM I103Ke:)
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O6peuyeHHbIn MapTn Makdnain

[IyTeniecTBe BO BpeMeHM — MU3JI00JIEHHBII CIOKET
MHOTMX PEXKMCCEepPOB, MNPearIounMTaINX (UIbMbI
c snemMeHTaMy paHTacTuUKU. Yero crout puabm «Ha-
3a/, B Oymy1ee», rae repoy IyTemecTBYIOT BO BpeMeHM
IIpY IIOMOIIM CITelaJbHOM MalllHbl. HO ¢ HemaBHe-
ro BpeMeHM 3Ta TeMa CTaJjia Ha3bIBaThCsI HEe (DAHTACTU -
Ka, a HayyHas (paHTacTMKa. 3a 3TO OTPOMHOE CIIacubo
VUEeHBIM U OTOe/IbHO KMHOKApTUHe «/HTepcTeniap»,
KOTOpas Co34aBajiach, OMpPasiCh Ha CAMbI€ COBPEMEH-
Hble 3HaHMSI 0 KOCMOCe 1 ero npoiieccax. Cormacurecs,
ceifuac 06 3TOJi TeMe TOBOPSIT y)Ke He KaK O JeTCKOM
Jernere.

INaHHag CcTaThs LIEJIMKOM M IIOJTHOCTBHIO OCHOBaHa Ha
cykmeHnsax CtuBeHa XOKMHIa — M3BECTHEMIIIero KocC-
MOJIOTa U (PM3MKa COBPEMEHHOCTH. JITaHHBIN Ye/I0BEK
BCerma CTPeMUJICS OOBSICHUTb OOBIYHBIM JIIOISIM VOM-
BUTEJIbHeNIIIMe Mpolecchl BO BceleHHOM, onnupasich
Ha JJOTMKY M He mpuberas K CJIOKHeNIIMM GopMyIam
3 TeopeTmyeckoin ¢pu3uku. biarogapss eMy KOCMO-
JIOTUS Cceryac Takasi, KaKOBOM SIBJISIETCSI M OOCTYITHA
maske meTsIM.

IlyTeumiecTBuUAa B npoiiioe. Ilapamokc

XOKMHT OU€Hb JIIOOUT OKAa3bIBATh CBOIO TOUKY 3PEHMS
IIpY IIOMOILY 3KCIIepMMEHTOB, KOTOpbIe ObLJIM CO3/1a-
HbI B ero BooOpaskeHmu. OnHaskIbl, cCOBepiiasi OAMH U3
CBOMX KCIIEpPMMEHTOB, OH HAaTKHYJICS Ha Iapajokc,
KOTOPbBIN ObI1 Ha3BaH «Ilapagokcom 6e3yMHOr0 yde-
HOT'O»:

«X™lIpedcmasvme, umo ecmov HeKuUll O€3YyMHbIU YUEHbll,
20Mo8blll NONIamumucs c80ell HU3Hbi0 padu IKcnepu-

meHma. OH co30a1 8peMeHHOL MOHHEb 8 NPOULIOE NPO-
MSHEHHOCMBIO 8Ce20 8 1 MUHYMY, MO eCMb Uepe3 Imom
MOHHENb YUeHblli Moxem sudemov cebsi makum, KaKkum
OH Obl71 po8HO 1 MUHYmMy Ha3ao, C108HO OH CMOMPUM
HA IKpAH. Y Hez0 Ovll1 nucmoJjiem, Komopablil OH 200U
0/14 8vicmpenia 8 meuerue 1 MuHymul: 3apaxicai, Npuxkpy-
yugasl 21yuumens U m.n. A 3amem, 3apsous nucmoJiem,
nocMompes 8 moHHe b U 8udes, Kak OH cam 0o Cux nop
20Mmosum nucmoJjiem K 8vlcmpeny, mo ecms yguoena mo,
ymo 0b1710 C HUM MUHYmMYy Ha3ao. A 80pyz emy 3axouemcs
8bICMpeUmsb 8 MOHHENb U Youms cebs npexcHezo? OH
gvicmpenus u youa cebs,, Ho mozda, eciu 8 NPOWIOM OH
ymep u 0axce He YCheJl HaXamas Ha KYPOK, KAK OH MO2 8bl-
cmpeaums 8 cebs 8 Hacmosuwem? Kmo 8 Hezo cmpensn?
Mo u ecmv napadokc u e20 He Makx mo J1e2Ko NOHSIMb. »

OCHOBHOJ 3aKOH (PU3UKU — IIPUYMHA IIpenoIpenesis-
eT CJeICTBME, HO B SKCIIepUMMeHTe ¢ 0e3yMHBIM yue-
HbIM IIPOM3O0IILJIO TaK, UTO CJIeACTBME IIpeaoIIpeIesim-
JI0 IpUYMHY. TaKoe HeBO3MOXKXHO, a 3HAUUT, CKOpee
BCEro, K COXKaJIEHUIO MM K CYaCThlO, IyTelleCTBUE
B IIPOIIJIOe U3 OyAVYILEero HMKakKuM yCIIeEXOM He YBEeH-
yaeTcs.

Ecnu nymewecmaust 60 8pemMeHU 803MOMCHbL, MO 20€e e
mypucmesl u3 6yoyuiezo?
— CmuseH XoKuH2

ITyremecTBus B Oyayuiee

Tem He MeHee, ecii ITyTEIIECTBOBATD B IIPOIIJIOE HU-
KTO He MOXeT, 3TO ellle He 03HadyaeT HEBO3MOXXHOCTb
ITyTelleCTBUS B Oyayliiee.

KOCMOC

Eire Anp6epT DMHIITENH MPeanoIoXKNUI, YTO eCTh Me-
cTa, IJe BpeMs 3aMeJIsIeTcs, a eCTb MeCTa, I/le OHO
ycKopsieTcs. I ;okas3aTeabCTBO 3TUX CJIOB Mbl MOXKEM
BUIeTh yKe cemmyac. Cucrema GPS, KoTopas craia He-
3aMEHMMOI Belllbl0 B HABUTalM, COCTOUT 13 31 CcImyT-
HJKa, KOTOPbIE€ MOCTOSSHHO CKaHMPYIOT MMOBEPXHOCTD
IJIAHEThI M OTIIPABJSIOT JaHHbIe Ha 3eMJit0. MiMeH-
HO 3TU CIIYTHMKM JOKa3bIBAIOT, YTO BpeMS Ha OpoOUTe
3eMJI TeueT ObICTpee, IO CPAaBHEHUIO CO BpeMeHeM
Ha 3emie. B cTpoeHNM abCOMIOTHO JHOO0T0 CIIyTHMKA
MMEIOTCSI OUeHb TOUHBIE YaChl, HO BCE paBHO, CPaBHM -
Bas C 3eMHbIM BpeMeHeM, Lidepoat yoeraet Ha 1/3
MUWJJIMAPOHOM OO CEKYHIbI B IeHb. FIMEeHHO IM03TO-
MY B Ka>KIOM CIIYTHMKe eCTb crielanbHoe 110, rpen -
Ha3HauYeHHOoe [JiSI KOPPEeKTUPOBKU BpeMeHM, MHaue
Bcs1 cuctema GPS 6ygeT MMeTb MOTPeIIHOCTb, KOTOPast
VBEJIMUYMBAETCS HA 9 KMJIOMETPOB B [IeHb, TO €CTh B Ba-
X HaBUratopax OyaeT IMOKa3bIBATbCSI MECTHOCTD,
KOTOpas 3HAUMTENbHO Jajbllle OT BAalllero peajbHOro
MEeCTOIIOJIOKeHMSI.

Ha ocCHOBaHMM 3TOr0 MOXKHO IIPenIlOIOXUThb, UTO
BO/MM3M MAaCCUBHBIX TeJ BpeMs 3aMenJjsieTcsl M Ha
Hero BAMSIeT MaTepysl, T03TOMY KOCMOHAaBThI MOJIOKE
IIOCTOSIHHBIX JXUTeJIeil 3eMIu MeHee YeM Ha CeKYyH-
oy. A 3HaumnT, BOIM3M CBEPXMACCUBHOIO Tejia BpeMs
1 BOBCe OyIeT Teub MeJlJIeHHee.

YepHble AbIpbl 00/1a0aI0T CAMbIMM OOJBIIMMM MacC-
caMM, IMOSTOMY SIBJSIIOTCS MOeaJbHbIM MeCTOM [JIsI
IyTellecTBUiM BO BpemeHn. [1o rmogcueram, ecin KOC-
MIYEeCKOMY KOpaoOJIio yaacTcsi HaXOOUThCS Ha OpouTe
YepHOI AbIPbI, TO BpeMs 3[ech OyaeT Teub B 2 pasa
MeJlJIeHHee, TO eCTh eI ammapaTr HaxOOWJICSI TaM
5 neT, TO Ha 3eMJie 3@ 3TOT IIPOMEXYTOK ITPONIET YKe
10 eT u Mo nMpuOBLITUM Ha 3eMJII0 WIeHbl SKMUITaXKa
OyoyT MoJIOXXe CBOMX poBeCHMKOB Ha 10 jet. Ho cy-
[eCTByeT NpobiemMa — HY>KHO yIep>KaTbCs HA opouTe
YepHOI ObIPbl, KOTOpAas MPUTITMUBAET gaxke CBeT. [Is
9TOr'0 arrapary TpebyeTcsl OorpoMHasi CKOpOCTb IIpy
IBVDKEHUM 10 opouTe, paBHast 99% CKOpOCTU CBeTa,
UTO IIpY HbIHEIIHMX TEXHOJIOTIMSX COBepIIeHHO He-
BO3MO>KHO.

EcTh BTOpOJ cmoco6 moracTh B Oyayiiee, KOTOPHIN
yoke He TpebyeT Hanmuus yepHoii gbipbl. HyskHO pas-
BUTb CKOPOCTb, CUJIbHO IIPUOIVKEHHYI0O K CKOPOCTH
cBeTa, ropaso 00/bllIyI0, YeM B C/Iydae C YePHOI JIbI-
poii. I onisITh ke, HaM IOTPeO0yeTCs SKCIIEPUMEHT XO-
KMHTA.

IIpedcmasvme, umo no 8ceii nogepxHocmu 3emau npo-
MsSHYyma mpaHcnopmuas cucmemd, no Komopotii 08u-
J}cemcs noe3o, C030aHHbwIL 07151 nymewecmauti 80 8peme-
Hu. Iloe30 cmpemumcs K ckopocmu cgema. M 60m oH yce
docmuz 0KoJ10c8emHoll ckopocmu u 3a 1 cekyHdy denaem
7 BUMKOB 80KpY2 ninaHemosl. Ho 8pems u ckopocms cgema
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amo 0ea coobujHuUKa, cmepezyujue 3akoHsl pusuku. Hu-
Umo He Moxcem 08u2amuscs bvicmpee CKopocmu cgema.
Umobsl nomeuwiams noe3dy o6ozHams ceem, 8pems Ha-
yuHaem 3ameonsimocs, 0absl NOHU3UMb OMHOCUMETIb-
HYI0 CKOpocmb noe3da. A meneps npedcmagvme, Umo
8HYMpu noe3oa ecmasi 00UH NACCaxcup U Hauaa oexcamao
no HanpasaeHuro dsuxiceHus noe3da, N03Momy €20 CKo-
pocmu 6eza 6yodem HaKAadvleamuvCsi Ha CKOPOCMsb noe3od.
B maxom cayuae gpemsi euje 60nblie 3amMeonumcs u ece
pPABHO, NACCaXcupy HUK020a He npes3olimu ceem, UuHaue
gecyb (pyHoameHm Qu3uxku, aCMpoHOMUU U KOCMOJI02UU
pyxrem. M eom, ko20a noe30 ocmaHo8umcs, Naccaicupbl
yxce 6ydym 8 danekom 6yoyuiem, maxk KaxK 8pems 8He no-
e30a Nno OMHOWeEHUI0 K naccaxcupam 0s.10 NPoCmMo MoJ-
HUEHOCHbIM.

K cuacTseio, y3Ke cemyac MmmeeTcs IMMPaKTUUYECKMUI aHa-
JIOT TAKOr0 3SKCIIepMMEHTA, KOTOPbIM Ha3bIBAETCH
boJibiIo AOPOHHEIM Kojiamaep (IIpO Hero HaBepPHS-
Ka OymeT cTaThsl B OOGHOM M3 CI€OYIOUIMX BbIITYCKOB)
WUJIN K€ YCKOPUTEIb YaCTUII. DjiIeMeHTapHbIe YaCTULIbI
B 3TOM YCTPOJCTBe 3a OOJI0 CEKYHIbl MPUOOpETAIOT
99% oT ckopocTu cBeTa. Korma 3TO NpOUCXOOUT, OHU
TOK€ HAUMHAIOT [IejlaTh CKAauYKM CKBO3b BpeMs. Ha-
[IpumMep, CYIIeCTBYIOT YaCTUILIbl, KOTOPbIe Ha3bIBAIOT-
cs1 IM-Me30HaMu. IX 0coOOeHHOCTH B TOM, UTO OHU ITpU
OOBIYHBIX YCIOBMSIX PACHagalOTCs 3a 2 MUJJIMOHHOM
IIOJIV CeKYHObI, HO IPY pa3roHe B YCKOpUTe/e BpeMs
X pacrnaga ypeauumuaeTcs B 30 pas. OHu myrelie-
CTBYIOT BO BpeMeHN!.

1 B iepBOM, 11 BO BTOPOM CJ/Iydae HaM IIOTPeOyeTCsI pa-
30THAThCS OO OTPOMHENIINX CKOPOCTENM, UYTO ITOKA He
[IpeaCcTaB/asIeTCsI BO3SMOXKHBIM. 1JIs IIOJIydeHs SHep-
I’V MBI MICIIO/Ib3yeM He(PTb, YTOJIb IV BOJOPOJ, (B KOC-
MMUEeCKOM 3HepreTuke). K coskajieHnio, 3TOM SHeprumn
HeIOCTAaTOYHO 15 pa3roHa 0 CBETOBBIX CKOPOCTEIA.

B mutore, yejoBeuecTBO MOKET OTBETUTDH Ha ABa BO-
[IPOCa, CBSI3aHHbBIX C ITyTEIIeCTBUSIMM BO BpEMEHM.
B0o3MOXHO /11 rtepeMecTUThCS B ripouioe? Het! Bos-
MOKHO JIM IIepeMecTUTbCS B Oynyiiee? [la! A 3HaUnT,
ecau 661 Maptu Makdnait n3 duiabma «Hasag B 6y-
nyliee» CylleCcTBOBAJI He TOJIbKO Ha KMHOIIJIEHKE, HO
M B peajJbHOCTH, OH ObIJI ObI OOpeueH 3acTPSITh B OY-
oyIleM, He Mes IIaHCOB II0IacTh JOMOIA.
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Kak Tonbko (haHTacThl HE TPEHCTABIsIM cebe IMyTelecTBus
B KOCMOCE Ha CBETOBbIX CKQPOCTAX, CKOTbKO KMHOIIEeBPOB Bbl-
1IIJI0 HA 3Ty TeMaTuKy! 3Be31HbIe BOVHBI, 3B@34HbIi1 ITYTh, Ha3a/]
B Oyaylllee M MHOI'O APyrux!

VHTepecHOo, ueii ke GUIbM OKaXKeTCs 6)114}1(5 K I/ICTI/“.I
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[lapanokc Pepmu:

B 3BE3IHYI0O HOUb KaXXObIil M3 HAC YYBCTBYET HEUTO
ocobeHHOe, KoTza obpalllaeT CBOJ B3IV, HA HOUHOE
HeOO U BUAUT MOAOOHYIO KAPTUHY.

Kak mpaBmio, MHOXECTBO JII0eli 00eCKypaskeHbl I'-
raHTCKMMM pa3MepaMy BUIAMMOM BceeHHOM. JIMUHO
MHOM OBJIaJIeBaeT OITYCTOIIeHHOEe COCTOSIHME, He I10-
Kgarwliee MeHs, 10 KpaiHen mepe, IMocaeayrolye
rmojivaca. Kaxkabiit YyBCTBYET HEUTO.

Halwe HouHoe Hebo
COCTOWT N3 Hebonbworo

KONWYecTBa CamMblX APKUX
1 bnvkanwnx 3B&3n

N3 KPpaCHOW obnactu waitbutwhy.com

[anaktmka «MaeyHeIn rnyTe

OaHu nu Mmbl BO BceneHHon?

To ke camoe HedTO OIIYTUI PU3UK IHPUKO Pepmu,
3aJaBIINMCS ITapagoKCaJbHBIM BOIIPOCOM: A rae Bce?

3Be3aHOe HeO6O, KaKeTCSI OTPOMHBIM, HO 3TO TOJIBKO
BUOMMAY OJIS HAaC 4acTb BecesleHHO. SpKMe OroHbKu,
KOTOpPbIe Bbl BUINTE —I3TO HA/JIEKMUII CBET, KOTOPbIN
IoIIea OT OMVKamiux Hac 3Be31 3a HeCKO/JIbKO MUJI-
JIMAPOOB JIeT. B jyullieM cjiydyae Mbl BUOMM IOPSOKa
5 TBIC. 3Be3/ (3Ta OHA CTOMUJ/IJIMOHHAY YaCTh OT Ha-
e BceleHHON), U BCé OHM HAXOHSTCSI MeHee ueM
B 2000 cBeTOBBIX romax oT Hac (1% muamerpa Miieu-
Horo IlyTtu). Ha camom fiejsie Mbl BUOMM 3TO (B3I/ISTHMU-
Te Ha KapTUHKY CJIeBa)

HaTsikasicb HA TeMy 3Be3[ M raJlaKTUK, JIIOAM Heus-
O0eKHO HAauMHAIOT 3a71aBaThCsI BOIIPOCOM, «CYIIIECTBY-
eT JI TaM pa3yMHas K1M3Hb?». [laBaiiTe BO3bMeEM He-
MHOTO uyces1. Paguyc BuauMon BceieHHOM IpUMepPHO
45,000,000,000 cBeTOBBIX JeT. B Heit KAK MUMHUMYM
100,000,000,000 ramakTuk. B Kaxkgoi1 M3 KOTOPbIX CO-
nepxxkurcsa or 100,000,000,000 o 1,000,000,000,000
3Be3/. B 06111eM ciydae cpeay STUX 3Be3/, BCTPEUYaloT-
CsI M COTHIIennogo00HbIe 3Be3/bl (MIeHTUYHbIE 10 TEM-
repaType, pa3Mepy 1 I10 KOJIMYECTBY SK30IIIAHET).

M3BeCTHO,YTO 3eMJIeII000HbIE ITJIaHEThI, OKOJIO COJTH-
IIeII0J00HBIX 3B€3]l, BCTPEUYaloTCs TOKe O4eHb 4acTo.
1 cKkopee Bcero, CylleCTBYeT TPU/JIMOHbI OOMTaeMbIX
IJIaHeT BO Bceli BceseHHOi. 3HAUUT, JO/DKHA ObBITh

KOCMOC

Macca BO3MOXKHOCTEN IJIS 3apOKIEHMS UM Pa3sBUTUS
pPa3yMHOM KU3HIA.

IIpoBegem TeopeTusainio: [1omycTum, 4TO I1ocjae 00-
CTAaTOYHOTIO IOJITOr0 BpeMeH!, Ha 1% IJIaHeT 3eMHO-
I'o TUIIA 3aPOaMIaCh OOHOK/IETOYHAs JKIM3Hb, a elile 1%
IOIIJIA 10 YPOBHS IMBUIN3ALIMN, UHTEJIJIEKT KOTOPOU
CXOXX C Halleu riaHeTou. Torma KOJIMUYECTBO TaKUX
rIaHeT OymeT cocTaBisiTh 10 KBagpu/iMoHoB! Uncio
OUeHb BHYIINTE/IbHOE, COIJIaCUTEeCh.

BepHeMcd K Hallleil rajJlaKTMKe U IIpoaeaaeM TOT Ke
onbIT. [Tonmyuum uto cpenu 100 mmyimMapaoB 3Be3[,
ecTh Kak MyuHUMYM 100 000 pa3symMHbIX IMBUIN3ALIA.
DTO 3HAUuUT, yTO Kak MmHMMYM 100000 rmiaHeT pas-
BUTHI TAK Ke, KaK ¥ Mbl. Y Bce 3TO B Hallleil rajlakTuKe.

SETI («ImoMCK BHE3eMHOro pa3yMa»)—3TO OpPraHMu-
3alysl, KOTOpas 3aHMMAaeTCsI TeM, UTO IIbITAeTCS YyC-
JIBIIIATH CUTHAJIBI APYTOM PAa3YMHOM KM3HU. EC/IU MBI
rpaBbl U B Hale rajakTuke 100000 miu 60bliie pas-
YMHBIX IMBUIN3ALINIA, ¥ XOTSI ObI YaCTh 13 HUX ITOCHI-
JIaeT paayiOBOJIHBI UJIM JIa3epHbIe JIyUM, IbITAsICh CBSI-
3aTbCs ¢ apyrumu, SETI momkHa ObL1a MOMMAaTh 3TU
CUTHAaJIbI XOTs OBbI pa3oK.

Ho He nmommasna. Hu ogHoro. Hu pa3y. OTcroma r1aB-
HbIN BOIipocC: I'me Bce?

OTO cTpaHHO. CoJIHIIe — OTHOCUTEJIbHO MOJIOHAs 3Be3-
Ima 1o mepkaMm BceneHHOM. JIOTMUYHO pPacCy>KaaTh UTO
CYILIeCTBYET IIJIaHeTa 3€ MHOTI'0 TUIIa, KOTOPas 3apoai-
J1aCh ropa3ao paHblie, yeM 3eMJIs, ¥ YPOBEHb Pa3BU-
TUS UMBUJIN3ALIUU BBIIIE 3¢ MHOIA.

K npumepy: JOMyCTUM, YTO B HEKOTOPOM MeCTe B Ha-
ey rajlakTuKe, eCTh IJIaHeTa (Ha30BeM ee X), KOTopas

t

Bonblwon B3apbiB

3apoamiachk 8 MJIpA JieT Ha3ald. B To ke Bpems Hallla
3eMJisl, MUMeeT BO3pacT ~ 4.54 mipp, jier.

Taxoke TOITyCTUM, UTO MICTOPUS 3TOM IJIAHETHI CXOXKa
c 3eMHOIJ1. Torga KakoB OyeT ypOBeHb Pa3BUTHS 3TOM
LIVBUIMN3ALIUN

YpoBeHb pa3BUTUS, 3HAHUS U TEXHOJIOTUW 3TOM LIVIBU-
JIN3alMM, KOTOpas cTaplile Hallei Ha 3.46 Muinapga
JIeT, MOT'YT IIIOKMPOBATh HAC TAK JKe, KAK COBpeMEeHHbIN
MMP HeaHIepTaJblly M3 KAMEHHOTIO BeKa. [lnBuin3a-
11Ms1, KOTOpas BIIepeay Hac Ha MWIAuapm, JeT, Oyger
BEpPOSITHO HEIIOHSATHOM OJI Hac.

CyinectByet mkasna KapoaiieBa. C ee IIOMOIIBIO MbI
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MpomexyToK
BpPeMeHU oT
BbIMUPaHUA
OWHO3aBpoOB A0
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3,46 Mmunnuapaa net
Ha pa3BuUTHe C TOlo
MOMeEHTa, rae Mbl
cemvyac

omnpenejanM YPOBeHb Pa3BUTUSI UMBUIN3ALUU B TPEX
TUIIAX, [10 YPOBHIO MICIIO/Ib30BAHMS SHEPIUA .

e lluBuamsanus I Tuia 1CII0/J1b3yeT BCIO SHEPIUIO
cBOe€i1 T1aHeTbl. MbI ITOKa He JoOpaluch 40 LIMBUJIN-
sauum [ Tuna, Ho mpubmmkaeMcs Kk atomy (Kapin Ca-
raH Ha3BaJl HaC uuBuamsauuen 0,7 Tuma).

e luBuausamua Il Tuma MUCIiojb3yeT BCIO SHEPTUIO
CBOEN POOHOM 3Be3bl. DTO TPYIAHO IIPeCTaBUTh, TaK
KaK CJIO’KHO JorajaTbCs B IIPUHIIMIIE PaOOThI TAKOT'O
MexaHMu3Ma. B rpaduueckoii namocTpanum 3To 6yger
YTO-TO Haromooue cdepsl JlaiicoHa:

e lluBuamsauusa IIl Tuma 1cCmIoab3yeT SHEPIru, Co-
[IOCTaBMMYVIO C T€M, YTO BbipabaTbiBaeT BeCcb Mieu-
HbIN [1yTh.

Ecim Bam TpyaHO MMOBEPUTH B BO3MOXKHOE CYIIeCTBO-
BaHue uuBuan3auuu Il tuna, Bam He cToUT 3a0bIBATh,
UyTO IUIaHeTa X I10 HallleMy YCIOBUIO OIlepeskaeT Hac
Ha 3.46 munapga jgetr! CocTtaBUB IIPOrpeCcCculo, UTo
3a 4.54 mupA, 1eT Mbl JO1IM 40 YPoBHS 0.7 Mo 1IKase
KappaiieBa, To 3a 8 MuIpz, jieT riaHeTra X momaget oo 111
YPOBHS (ITPOTrpeccus reoMmeTpuyeckas).

EcTh rumoTesa o0 ToM, Kak OyaeT IPOBOAUTCS KOJIOHM-
saums rajgakTuku: HuBunmsanms, onouns 111 ypoBHS
OTIIPAaBUT MaIllMHHbIE 30HbI HAa OPyrue 3K3O0IlJIaHe-
ThbI, B KOTOPBIX JOCTATOYHbIE YCIOBMS 1151 BO3SHUKHO-
BeHM XMU3HU. [lajiee HA 3TOM IIaHETe IIPOM30MaeT
TOT JXKe CaMbIi rpoiiecc. Y eciin yuecCTh, 4YTO Te CaMblie
30HbI JOOMPAIOTCS OO0 IJIaHET ¥ KOJIOHU3UPYyeT UX 3a
500 net. To KomoHM3aIIMI BCeM rajJlaKTUKU 3aiiMeT 3
MWJIJIMOHA JIET, UYTO SIBJISI€TCSI MTHOBEHMEM JISI ICTO-
pUM 3apOKOEeHUS TaIaKTUKINA.

[Ipomo/mkaem pasmbiuuisaTb. Ecam 0.19% pa3ymHOI
>KM3HU BbDKMBAET JOCTATOUYHO JOJIT0, YTOOBI CTATh I10-
TEeHI[MaJIbHOM KOJIOHU3UPYIOILEN raJTaKTUKY IMBUJIN-
sanmen I1I Tura, HalM pacyeThl IPUBEOYT K pe3y/bTa-
Ty, YTO KOHKPETHO B Halllel rajakTuKe JOKHO ObITh
He MeHblle 1000 uuBuansanyen 111 Tura—u, npen-
Tojiarasi MOIb TAKMX IMBUIMU3ALNI, UX IIPUCYTCTBUE
enBa JiM OCTaJIOCh ObI He3aMeueHHbIM. HO MbI HUue-
IO He CJIBIIIMM, He BUOVM U BOBCe He 3aMeuaeM. Ham
HIM4Yero 0 HuUX He U3BeCTHO.

OTcroga Bonpoc: I'me >xe Bce?
HoOopoe nmoykajioBaTh B napagokc ®epmmu!
(npodoJxceHue 8 cned. 8vinycke)




|

n
Ll el
| ] n
o T
-

]
I

-
r

N

E

by A

AT FT R ST
T ILTIERET LE

s R
CLOIR S R

Takum o6pa3om, Mo MHEHIIO (PaHTACTOB, OYAET IOJIb-
30BaTbCs aﬁepmef/’l 3Be311bl IUBUIN3ALIMA 2 TUIIA.
2TO cdepa JlaricoHa
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XumMmua usera

HaXOOAIIMXCS B gape. SIapo COCTOUT U3 IMOJIOKUTENb-
HO 3apsS’KeHHBIX MIPOTOHOB ¥ HEMTPOHOB (He MMelo-
ux 3apsana). O gsape mMoroBOpuM B IPYTOM BBIITYCKE,
Korga 6ymeMm Kacatbcst CTaHOAPTHOM MOOENN. A 3/1€K-
TPOHBI MIPECTABISIOT OOJbIINIA MHTEpEC ceitvac.

[ToueMy HEKOTOpbIE XMMUUYECKME COeIVHEHMS 1IBeT-
HbIe, a Ipyrue HeT?

Boo0i11ie, xumMmueckye BellecTBa ObIBAIOT OpraHuye-
CKMe M HeopraHmyeckue. Bce BelllecTBa, ComepsKa-
/e yrjaepom—3TO OpPraHMYecKue BellecTBa (MHO-
Ima OPraHMYeCcKylo XMMUIO Ha3bIBAIOT ITPOCTO XMMMUS
yriepopa). liBeTHble HeopraHuueckue BellecTBa 00-
yCIaBIMBAIOTCS OOHUM (PAaKTOpPOM, a ILIBETHbIE Op-
raHu4eckye — COBCEM IPYTUM, XOTSI B OCHOBE JIEXKUT
OOVH M TOT ke ITpoliecc.

HauHeM ¢ HeOpraHmM4YeCKux CoeaMHeHUM.

Eciy nmocMoTpeTh Ha MePpUOAMYECKYIO0 TAOIUILY 3J1e-
MeHTOB /[IMmutpus ViBaHoBuua MeHOeleeBa B IOJIMH-
HOIIepMOAHOM BapuaHTe, TO MOXKHO 3aMeTUTh 0CO0Y10
IPYIIITY 3JIEMEHTOB (XMMMKM HA3bIBAIOT MX IIePexo-
HbIe MeTa//Ibl) KOTOpasi HaXOAMUTCSI B LIEHTpe TabJM-
11bl. Bcero 66 mepexomHbIX MeTa/lJIOB, IpuyeM 38 13
HuX d-smemMeHTshl, a 28 f-anemeHThl. B Heopranuue-
CKOM XMMMU 4Yallle BCero OKpallleHbl COeaVMHEeHMS T1e-
pPeXOmHbIX MEeTaJIJIOB.

HeMHOro orBjieuemMcsi, YTOObI IIOHATHh KaK YCTPO-
€H aTOM U Irje HaXOoOATCH 3JIEKTPOHBI.

MoJieky/ibl COCTOAT M3 aTOMOB, aTOMBI COCTOST W3
gpa Y OKPYKAIIIero ero 3jJeKTPOHOB. JJIEeKTPOHbI
3apsIKeHbI OTPULIATEIbHO, IIO3TOMY IJ/15 BBITIOTHEHMS
JIEKTPOHENTPAILHOCTY aTOMA, X KOJIMYEeCTBO PAaBHO
KOJIMYECTBY IIOJIOKUTEJIbHO 3apS’KeHHBIX MPOTOHOB,

OueHb 3HaMeHUTHIN PuU3MK Hunbc bop mpenmoxni
TeOpMIO0 aToOMa BOOOPOda, COIJIACHO ee MaTeMaTuye-
CKOMY amrapary, CKOPOCTb 3JIEKTPOHA B aTOMe BOIO-
pozna paBHa 2190 km/c. B aTome Bomopoza BCero oo
IIPOTOH M COOTBETCTBEHHO OOMH 3JIeKTPOH. ITo mepe
VBeJIMUEeHUS UMCIa JIEKTPOHOB OHM HAXOISITCS BCe
oajbllle M Oajblile OT SApa, M UX CKOPOCTh YBEJIMNUM-
BaeTtcs. To ectb 2190 KM/Cc—3TO caMasi MMHMMAJIbHAS
CKOPOCTD JIeKTPOHA.

CylllecTBYeT HeKasl mepapxusi d3JIeKTPOHOB B aTOME.
CHauaja ecTb dHepreTuyeckme yposum—1, 2, 3, 4, 5,
6, 7, MIOTEHIMAaJIbHO MOI'YT ObITh M AaJibHENIINe, HO
IMOKa M3y4yeHo 118 ajieMeHTOB, 1 3JIeKTPOHBI ITOC/IeI -
Hero yMelarTCsa Ha 7 YPOBHSAX. DHEPIus 3TUX YPOB-
Hell Bo3pacTaeT OT 1 u BhIlIe. 3aTeM eCTh 3JIEKTPOH-
Hble opobutann—s, p, d, f, Koropsle pa3anuaroTCs MO
cBoeil (popmMe. DHeprusi OpoOMUTaIM TOXKE BO3pacTaeT
HadMHas OT S U BbIllIe B TOM IIOPSIIKE, B KOTOPOM OHU
repeunciaeHbl. YTo Takoe opobuTtanb? B o01eM, 1100ast
TOYKA BHYTPU OPOUTAIN — ITO ITOJOKEHME, B KOTOPOM
9JIEKTPOH MOKeT HaXOIUThCS C HanOO/IblIeli BEpOsIT-
HOCTbIO. TPYIHO yCIeAUThb 3a MaJIeHbKOM YaCTUYKOM,
Macca kotopoi 9107 (-31) Kr gBUraroieiicsi C OorpoM-
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1 = n 18
1A Periodic Table of the Elements Vila

1 2

2 13 14 15 16 17

|w!* . A A IVA VA VIA VIIA tiﬁ?
ydoge 2A 3A 4A 5A 6A 7A 40580

3 4 5 6 7 8 9 10
‘ . B € N O F Ne
Boron Carbon Nitrogen Oxygen Fluorine Neon
10.811 12011 14.00674 15.9994 18.998403 20.1797

11 12 3 4 5 6 . 8 9 10 11 12 13 14 . 15 16 17 18
'IIII' lHIB VB VB ViB ViIB Vil IB 1B I\I Egl F: E; (:I l\r
38 4B 58 68 78 ' 8 ' 18 2B csoeisw 28085 s0e7a%2 32080 s 30048

19 20 21 22 . 23 24 25 26 27 28 " 29 30 31 32 33 34 35 36
‘ | Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
4495591 47.88 50.9415 51.9961 54.938 55.847 58.9332 58.6834 63.546 65.39 69.732 72.64 74.92159 78.96 79.904 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
. Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Yttrium Zirconium Niobium Molybdenum  Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
88.90585 91.224 92.90638 9594 98.9072 101.07 102.9055 106.42 107.8682 112.411 114.818 118.71 121.760 127.6 126.90447 131.29

57-71 77

72 73 74 75 76
Hf Ta W Re Os Ir

Lanthanide
Series

o7 58 59 60 61 62 63 64 65 66
La Ce Pr Nd Pm Sm Eu Gd Tb Dy

Lanthanum Cerium Praseodymium MNeodymium  Promethium Samarium Europium
138.9055 140.115 140.80765 144.24 144.8127 150.36 151.9655

80

78 79 81 82 83 84 85 86
Pt Au Hg Tl Pb Bi Po At Rn

Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Mercury Thallium Lead Bismuth Polonium Astatine Radon
178.49 180.9479 183.85 186.207 190.23 192.22 195.08 196.9665 200.59 204.3833 207.2 208.98037 [208.9824] 209.9871 222.0176

87 88 89-1 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
.. Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uuq Uup Uuh Uus Uuo
Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium  Darmstadtium Roentgenium Copernicium Ununtrium Ununguadium Ununpentium Ununhexium Ununseptium  Ununoctium
[261] [262] [266] [264] [269] [268] [269] [272] [277] unknown [289] unknown [298] unknown unknown

67 68 69 70 71
Ho Er Tm Yb Lu

Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutatium
187.25 158.92534 162.50 164.83032 167.26 168.83421 173.04 174.967

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinide
Series

[lepnoanyeckas rabsmya MeHgerneeBa.
d-3/1eMEHThI OKPALLIEHb!I B CUHWM, -3/1eMEHThI OKPALLIEHb! B 3€/1€HbIN 1 KPACHbIV

HBIMM CKOPOCTSIMMU, II0O3TOMY COIJIACHO KBAHTOBOM Te-
opumn (0O HeM TOXe MMOroBOPMUM B CJIE€OYIOIIMX BbIITY-
CKax) I'OBOPST O TOM, I'lle BePOATHOCTb HAXOXIEHMS
3JIEKTPOHA HAMBBICIIIAM.

Ha xkaxmoit u3 opbuTaneii MOKeT HaXOOUThCSI HEKOe
KOJIMYECTBO 3JIEKTPOHOB Ha S—2, Ha p—6, Ha d— 10,
Ha f— 14. IloaTOMY 3/IeKTPOHBI MOXHO Ha3bIBaTh 18,
WU 2S, WIn 2p, Uan 3s, uinu 5s u Tak gaee.

B npuHIiIe, MmoxkeM BO3BpalIaThbCs K IMepexoaHbIM
MeTaiaM. JIlooble XMMIMUYeCKMe CoeqMHEeHSI 00pa3y-
I0TCS O61arogapsl CriapMBaHMIO SJIEKTPOHOB JABYX 3J1€-
MEHTOB (3JIEKTPOHOB Haubo/iee yaaJleHHbIX OT SIApa).

[TepexogHbie MeTasIbl 00/1aaI0T YHMKATIbHBIM CBOJ-
CTBOM, Y HUX HauboJjiee yoajeHHbIe opouTanmm —d uian
f. [TomHUTE MBI YIOTPEO/SIM TEPMUHBI d-3/I€EMEHT

1 f-aseMeHT? 3TO MPOCTO MMOKA3aTeNb e HaXOOsTCS
BaJIEHTHbIE 3JIEKTPOHBKI (T.€ YYaCTBYIOLIVE B 00pa3o-
BaHUM XMMMUYECKOI CBSI3M). A yeM ke ocobeHHbI d 1
opouTanu? B Hux momMeniaeTcss OUeHb MHOTI'O 3JIEKTPO-
HOB, 10 1 14 coorBeTCTBEeHHO. bojiee TOro, COrjiIacHoO
Teopuu Kpucramimyeckoro 1osas, BHyTpu d-opoura-
JIV €CTh pa3auUyHbIe IT0J0KEeHNS, KOTOpble MOXKET 3a-
HMMAaTb 3JIEKTPOH, 00/1aalolye pa3Hoii SHEPTUeIi.

Ec/iv COOOIIMUTD 371€KTPOHY SHEPTHIO (OOIYUUTD 371€K-
TPOMArHUMTHOM BOJIHOM)—OH 3alMeT I[IOJIOKeHNe
C BbICIIeN sHeprueii. Eciy y ajeKTpoHa OymeT BO3-
MO>KHOCTB 3aHSATH ITOJIOKeHMe C HMU3IIel SHeprmem —
OH 3aliMeT ee, a U30bITOK SHEPIUM U3JIYIUTCS B BUE
3JIEKTPOMArHUTHOM BOJIHBI. OT pasHUIBLI SHEPIrumn
IBYX COCTOSIHMI 3aBVICUT KaKas 3JIEKTPOMATHUTHAaS
BOJTHA M3/Iy4YaeTCs UK MOIVIOIAeTCs.

—

bosiee Toro, Ha UBET B/IMAET HE TOJ/IbKO TO, CKO/IbKO SNIEKTPOHOB or14aeTr dToM, HO 1 TO, KeEM OH OKPY>KEH.
CreBa HArNpadso. HNUKe/Ib OKPY>KeH AMMWAKOM, ANAMWHSTUTIEHOM, X/T0POM, BOAOM. (KOMHH@KCHb/e CO@,HI/IHGHI/IFI)
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Y10 >xe gesnnaet MOpKOBKY TAKOIro SIPKOro OPAHXEeBOro LBera?

[TosTomy, BHYTpH d- 1 f-3/71€eMEHTOB 3JIEKTPOHbI MOTYT
[IOIJIOIIATh 3JIEKTPOMATrHUTHbBIE BOJIHBI M3 BUIMMO-
ro AuarasoHa, MPOoILecC Ha3bIBaeTCsI BO30OYKIeHMEM
3JIEKTPOHA (KOIIa OH 3aHMMaAaeT BBICIIYIO [0 SHepPIrumn
rmo3uinio). [louemy MMeHHO M3 BUOAMMOIO JMaIla30-
Ha? Tak ImojiyuyaeTcs, YTO MMEHHO BOJIHbI 3TOI'O Iua-
[1a30Ha 00/1a1a10T JOCTATOUYHO BbICOKOI SHEeprue Is
BO30Y>KOeHMsI, IIPY 3TOM AOCTAaTOYHO HMU3KOM SHep-
rMei, 4ToObl IpefoTBPATUTb Iepexodbl 3JIeKTpPOoHa
Ha APYTYI0 OpOUTab, IV BOBCE APYTOJ SHEpreTuue-
CKMI1 YPOBEHb.

JIrnboe coemmHeHne d- m f-ajmeMeHTa IIOIVIOHIAET
oIIpefeleHHYIO BOJHY M3 BUAMMOTO AMara3oHa, IIpu-
yeM JI/IMHA IOIVIOIaeMOii BOJIHBI 3aBUCUT OT IIPUPO-
IIbI 37IeMeHTa. M To, UTO ITpOoUCXOOUT JaJablile — Kpaii-
He MHTepecHO. JI10601i Oesblii CBET COCTOUT U3 BCEX
BOJIH BUIMMOTIO AMaria3oHa (BCe Ke 3HAIOT OIIBIT I10
pa3J/IOKeHUIO CIIeKTPa Ha ero cocrasisgwinme?). Korma
OeJiblit CBET MPOXOOAUT CKBO3b 3TU COeOUHEHMSI, IO0-
[JIOIIAeTCsl oIIpenesieHHasl IjiMHa BOJHBI. 1 UTO MbI

HiC CHj CHs CHs

BUAMM? MbI BUOAMM BeCbh CIIEKTP 0€3 OTHOI KaKoii-TO
BOJIHbI, K IpUMepy CUHel, I0O3TOMY COeIMHEeHe yKe
He MOKeT ObITh OecliBeTHbIM, HaM OHO KayKeTCsI OKpa-
III€HHbIM.

Enie uHTepecHei TOT aKT, UTO B cOeAMHEHMSIX 3TU d-
1 f- s1eMeHTBI OTHAIOT 3JIEKTPOHbI APYTUM 3JIEMEH-
TaM, ¥ B 3aBMCMMOCTH OT TOr'O, CKOJIbKO 3JIEKTPOHOB
OTHACT 3JI€EMEHT — OyJeT pas3JamuuyaThCs LIBET CoegHe-
Hus1. Harmpumep, eciit MapraHel OToacT 7 371eKTPOHOB,
TO coenyiHeHMe OyaeT (p1oJeTOBbIM (MapraHI[OBKa),
ec/ii OH OTHACT 6 3JIeKTPOHOB—COedyuHeHMe OyaeT
TeMHO 3eJIeHBIM, a eC/IM OTOACT 4 —TeMHO-KOPUYHe-
BbIM, [IOUYTY YePHbIM.

IlepenaeM K OpraHM4YeCKMM COEIMHEHVSIM.

31.eCh MOXOXKMI IIPUHIUII, TOJIBKO B MHOM (pOpMe.
HaM HY)KHO M3Y4YUTb CONpSDKEHHBbIE OpPraHMYecKyue
BeniecTBa. Kak s y>ke roBOpuJI, BCe OpraHnyeckue Co-
eIVHEeHs COAepKaT yIjiepo, IIpUuYeM TOJIbKO B MO-
JIleKyjie IIPUPOSHOrO rasa (MeTaH) BCero OOMH aTOM

Hj

A e e S T e U G

CHs

O0eTa-KAPOTUH
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Visible Light

5x 107

4% 107

s 0 b

6x 107

Wavelength (in meters)
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High Energy

Low Energy

Bo/1HbI BUAMMOro Anara30Ha. CHDOBO HA/IeBO yBe/IMHeHne sHepPlr i, YMeHbleHne [/IMHBlI BOJIHbI

yIjiepoaa, a B OCTAJIbHBIX MOJIEKY/JIaX MPUCYTCTBY-
I0T CBSI3U YIJIepOL-yIyiepo. bojsiee TOro, CBSI3yu MOTYT
OBITh OAVMHAPHBIMM, IBOMHBIMM U TPOVHBIMMN.

CorlpsKeHHbIe CoeiMHeHUSI — 3TO TaKue coeJuHeH],
B KOTOPBIX MOET yepemoBaHMe OBOMHBIX M OOVHAP-
HBIX CBSI3€M IO TUIIY yIJIepoh-yriaepoxn. Hampumep,
CH2=CH-CH=CH-CH=CH-CH=CH2 (rme C—arom
yriepoja, H—artom Bogopoma). Bce CBSI3M MeXXay aTO-
MaMM 00pa3yloTcs MepeKpbIBaHMEM 3JeKTPOHHBIX
00/1aKOB, TO €CTh 37IEKTPOHBI IBYX aTOMOB CTAHOBSITCSI
o61yMu. JIrobast ogyHapHasi CBsI3b 00pa3oBaHa ABYMS
3JIeKTpOHaMM. JIBOMHAS CBSI3b— 3TO COUETaHMe OOV-
HAPHOM CBSI3M U ellle OGHOM OUeHb MHTepeCHOM CBSI3H,
KOTOpasi Ha3bIBA€TCSI MU CBSI3b. JJIEKTPOHbBI, 00pa3yio-
I1¥e I CBI3b 00/1a1al0T ropa3go 00JIbIleit cBO60O 0,
yeM 3JIeKTPOHbI, 00pa3yolye 0O0bIUHYIO CBSI3b. [103-
TOMY, B COIPSDKEHHBIX COeAMHEHMSIX OHY MOTYT I'Pyo0
TOBOPS I'YISATH II0 MOJIeKyJie (TOJIbKO BHYTPU COIIPSI-
KeEHHOM YaCTU MOJIEKYJIbI), TO €CTh OHM JIeJI0KaJIN3Y-
I0TCSI. DTOT MOMEHT MPUTOOUTCS UYYTh I1O33Ke.

Korma o6pa3yeTcsi i CBSI3b, 3JIEKTPOHBI 3aHMMAIOT HO-
Bble MoJIeKy/sIpHbIe OpOMTaaM (X KOJIMUYECTBO PAaBHO
YJC/Iy 3JIEKTPOHOB 00pa3yromux cBsi3b). COnmpsrKeH-
HbIe CMCTEeMbI IOIJIOMIAI0T 3JIEKTPOMAarHUTHbIE BOJI-
HbI U3 YIbTPaQUOJIeTOBOIO CIIEKTPA, ISl TOI'O YTOObI
I/ 3JIEKTPOHBI MOIJIM IepPeMeCTUTHCS C BBICIIEN I10
SHEPIrUM 3aHSITOM MOJIEKYISIDHOVM OpOUTanyM Ha HU3-
IIIYIO 10 SHEPIUM He 3aHSITYI0 MOJIEKYISPHYI0 Opou-
TaJb.

Ho MbI 3HaeM, 4TO yabTpad1oaeToBasi 0671acTb I'pa-
HUYUT C 0071aCThI0 BUAMMOTO cBeTa. [IosTOMy B coe-
OIUHEHUSIX C OUeHb O0JIbIIMM COIPSIKEeHHBIMU CUCTE-
MaMy (MHOTO YepeayIoNIMXCcs IBOHbBIX M OOMHAPHbIX
CBSI3€i1), 3JIEKTPOHBI PaCIIPOCTPaHEHbl Ha HACTOJILKO
00/bIIIOE pacCcTOsIHME (O UeM S TOBOPUJI paHee), UTO
OHM 00/1aJal0T COBCEM MaJeHbKOW sHepruei (Uem
OoJIbIlle MPOCTPAHCTBA IJIsI ABVOKEHMSI SJIEKTPOHA —
TeM MeHbllle ero SHeprusl), U COOTBETCTBEHHO UM
HY>KHO IOTJIOTUTDH MEHBIITYIO SHEPTUIO 18 IIepeckoKa

5J1eKTPOHA Ha APYTYI0 MOJIEKYISIPHYIO I OpOUTAIb.
YcunuBaet 3TOT 9P@EKT TOT MAKT, UTO B OOIbILINX CU-
CTeMax MHOTO MOJIEKYISIPHBIX OpOuTaneii, TO eCcTb
y 3J1eKTpOHA MHOIO BapMaHTOB Kyda I1epeCKOYMTb,
M HaBEepHSKa HauaeTCsS BO3MOXHOCTh II€pPeCKOUYUTH
C MMHMMAJIbHOM Pa3HUIIEN B SHEPIU.

Ecin, mocMoTpeTh Ha 3JIEKTPOMATrHUTHBIN CIIEKT],
MbI 3aMEeTUM, YTO Y YJIbTPa(PMOJIeTOBBIX BOJH AJIMHA
BOJIHbI MeHbIlIe, UeM Yy BUIAMMOIO cBeTa. To eCTh, UX
yacToTa 60Jibllle ¥ SHEeprus BhIIle, YeM Y BUAMMOTO
cBeTa. M mmomy4daeTrcs, 4TO B OOJbIINX COMPSIKEHHBIX
CUCTEeMAaxX HeT CMbICJA IIOIVIOIIATh YIbTPapuosieTo-
BbIe JIyUl, Bellb €CTb BO3MOXHOCTbH IIOIVIOIIATH BUJIM-
MbIN CBET (TAKOBOM BO3MOXHOCTM HET y Ma/IeHbKUX
COIIPSI>KEHHBIX CUCTEM).

OTCr01a MOKHO 3aK/IIOUYNTH CJISAVIOITYIO TEHIEHIIUIO —
yeM O0sblile CONPSDKEHHAsI CUCTeMa, TEM HYKe HY>KHa
SHeprus IOjs1 OCYIIeCTBJIEHUS 3JIEKTPOHHBIX I1epexo-
OB, Y1 TEM JIAJIbIlIe UOEeT COABUT B CTOPOHY MUKPOBOJIH.
PasHble COIIpsSsKeHHbIe CUCTEeMBbI ITOIVIOLIAIOT 3JIeK-
TPOMArHUTHOE M3JIyudeHMe pa3HbIX JJMH BOJH. Ha-
[IpyMep, TOT CaMblli IUTMEHT U3 MOPKOBOK 0eTa-Ka-
POTUH comepsKUT 11 OBOMHBIX CBSI3€M B CONPSIKEHUN,
M IIOIVIOLIAeT CBET C IJIMHOM BOJHBI 455 HM.

besibii1 cBeT OT COMIHIIA MJIM HACTOJIbHOM JIAMIIbI, KaK
s y’Ke TOBOPWJI paHee, COCTOUT 13 BOJIH BCeX AJIMH BU-
OuMoOro permosHa. Korma 6enbiii CBET IIPOXOIUT Yepes
6eta-KapoTuH, BoaHbI ¢ aanHoi oT 400 o 500 HM (co-
OTBETCTBYVIOIIME CMHEMY 1IBeTY) MOIVIOLIAIOTCS, a BCe
OCTa/IbHble MPOXOISIT HaJbllle M HOCTUIAlOT HaIlMX
rina3. Takum obpasom, Mbl BUAMM CBeT, 6e3 OIHOM
BOJIHBI CMHETO 1IBeTa, ! I0/JTydaeM KeJITO-OpaH)XeBYIO
OKpacky a8 oeta-KapoTuHa.

YTo 0COOEHHO MHTEePEeCcHO, TaK 3TO TO, UTO COMNPSIKEH -
Hble COedMHEHNS MOTYT BUAOM3MEHSTHCS B 3aBUCU-
MOCTM OT KMUCJIOTHOCTU Cpenbl, TO €CTb M MEHSeTCS
[[BEeT CaMMX coemHeHumn. BoT mouemy, 1iBeT IJIOOOB
MEHSIeTCSI C 3eJIeHOro Ha KpacHbli. [logpobHee HILKe.




XUMUA

COK KPACHOKOYAHHOM KAryCThl B PACTBOPAX C PA3HOM KUC/TOTHOCTHIO CPEAbI.
Cnea Harnpago: pH 1-2—-3—4-5—-6—/-8-9-10-11-12

AHTOLIMAHDI
NnpUpoaHble Kpacutenu

RS

BBepxy ob611Mii B, MOJI€KyYJI aHTOLIMaHOB. JTO Opra-
HMYECKMe BelleCcTBa, KOTOpble 00/1aJaloT YHUKAJIb-
HbIMM CBOVcTBamMM. UTOObI Bbl MOHMMAaJAM KapTUH-
Ky, HY>)KHO 3HATh C/IeayIolllee: repea BaMu CKejleTHasd
CTPYKTYpa. B KaxKmoy BepilHe yrjiia HaXOOUTCSI aTOM
yriepona (Ui OpPyrom aToM, HO OH yyKe YKa3bIBaeTcs,
Buaute kucaopod—O0?) KpacHbie um@pbl—3TO MH-
IeKC KaykKooro aroMa yriaepona. Bel 3aMeTu/n COmnps-
KeHHVI0 cucTtemMy? UepenyioTcs IBOVMHbBIE CBsI3U (53—4,
*-5,6—7 U T.I1) U oguHapHbIe (4-*, 5-6 u T.1m).

YeM >Xe TaK YOMBUTEJIbHBI aHTOLMAaHbI? IloMHUTE
S TOBOPWUJI, YTO HEKOTOPbIe MOJIEKYJ/Ibl OKPAIIBAIOT-
CSI B Pa3HbIM IIBET B 3aBUCUMOCTHU OT cpenbl? Ceituac

s1 BaC MO3HAKOMIJIIO C TaKMM IOHATHMEM, KaK KUCJIOT-
HOCTb cpenbl. UYTOOBI He 3aMOpauMBaThCs, He BlIaBa-
SICh B Je6py pacyeToB U IIPOYEro, CKaxky NpoCTO: 3TO
HeKas XapaKTepucTuka cpenbl. To eCcThb cpelia MOXKeT
OBITH KIcC/Ias, HelTpaabHas UaM 1iejaouyHasi. Bot mapa
IIPMMEPOB: PaCTBOP COAbI — CJIaOOIEI0UHON, pACTBOP
YKCYCHOWM KMC/IOThI — KMUCJIbIN, BOJA — HeUTpaibHas.

1 orpenesieHNsT KUCJIOTHOCTU CpeObl MCIIOJAb3YIOT
crenyagabHyi0 MepKy—pH. 9To moka3sarejb, KOTO-
pbIV IIpUMHMMAaeT 3HauyeHus B uHTepBaie or 0 mo 14
(0 —Kucnag cpena, 7 —HeuUTpasabHas, 14 —1esouHas).

Bbrl Korga-HuOyOb 3aAyMbIBAJINCh, IIOYEMY HecIIe-
J10€e SI0/I0KO 3eJIeHoe, a crejoe KpacHoe? AHTOIMaHbl
comep>KaTcsl B OO/NBIIMHCTBE OKpAallleHHbIX IIJIOOOB.
Sl mpoBOAMIT OIIBITEI C COKOM KPAaCHOKOYAHHOM Kally-
CThI, ¥ TIOJIYUYMJI CJIEOYIOLINI pPe3yaIbTaT: aHTOLMAHBI
B KMCJION Cpede OKpallleHbl B KPACHBIM, B HEMTPAJIb-
HOW B CMHU, B CJIa0OIIIeIOUHO B 3€/I€HbI, B I1IeJ10Y-
HOW B KeJIThIMN.

YUUTBIBASI TO,YTO B PA3HBIX IJIOAAX HAXOOATCS pa3HbIe
aHTOILMAHBI (3TO LIEeJIbIN KJIACC MOJIEKY/I, IOCMOTPUTE
Ha KApPTUHKY BbIIlie, BMecTO R1, R2 1 T.n MOryT Haxo-
OUTHCS COBEPIIEHHO pa3HbIe I'PYIIIbl aTOMOB), OKpa-
CKa MOXXEeT MEHSITbhCSI, HO O0I11asl TeHAeHIIMSI COXPaHsI-
etcs. JKIKoCcTh BHYTPU KOXKYPbI HECIIeJ0ro s16710Ka

XUMUA
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& CONPAKEHHBIX

5 CONPAKEHHBLX DBHSEHR,I
HO WaKe OOYIX No CBOeM NpuMpone

OH -7

ﬂBG COI_IDQMGI—IRH‘IH}( CHCTENMDI

10 3 W 4 CBA3U

cy1aboleIouHasi, I03ToMy KoKypa 3ejeHast. [To mepe
CO3peBaHUs, Ccpela MNpUOMMKaeTcsl K CIaO0OKUCION,
M II03TOMY IJIOL OKpaIlleH B KPaCHbIN 11BeT. KOHeuHO,
5TO CMJIbHO Ipyboe npub/mkeHue, HY;KHO YUUThIBATh
MHOTMe (aKTOpbl, HO B 00IeM ciay4yae, IIBeT IIOOA
OOBbSICHSIETCSI TAKMM 0Opa30M.

3aBUCUMOCTb CTPYKTYPHI U IIB€TA aHTOIL[MAaHOB OT pH
cpennl. Ha miutrocTpalium Belille, IpeKpacHO 3aMeTHO,
KaK aHTOLIMaHbl MEHSIIOT OKPAaCKy B 3aBUCUMOCTHU OT
KUCJIOTHOCTU cpenbl. IIpoucxoout uepema peakiinm

[Be conMpakeHHsE
CCTEMEL TI0 2 1 4
CBA3N,

R
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[IPOTOHALMM, JEIPOTOHALIUMN, TUApaTaALlUN, JeTuapa-
Taluuy (BCe IIPOLeCChl O0YC/JIOBJEHbl M3MeHEHNEM
KMCIIOTHOCTY Cpenbl), U BapbUPyeTCs OJMHA COIIPSI-
>KEHHOM ceT. A Kak yXe ObLJIO CKa3aHO paHee —4YeM
IJIVHHEee COIpsDKeHHAasI CucTeMa —TeM Aajiblile MoJie-
KyJia BBIXOOUT U3 YAbTPa(pMOIETOBOIO CIieKTpa. VH-
TepeCcHOe HabmaeHne, BeIb BaKHO He TOJIBKO KOJIM-
YeCTBO CONPSIKeHHBIX CBSI3ei, HO 1 ux npupoga! Beap
y IIepBOil U TpeTbhei (POpMBI 10 8 CBsI3€i, Y BTOPOII
M MISITOM OBe CUCTeMBbI 110 3 U 4, TeM He MeHee 1IBeTa
pa3Hbie!




LIBeT KpoBU/

KpacCHas duoJsieToBasn

Jlrogn n 60NBLUMHCTBO NMaykun, pakoo6pa3Hbie, KanbMmapbl CermeHTMpOBaHHbIE yepBun  Mopckue YyepBu, CUNYHKYNUAbI
XULLHUKOB HEKOTOPbI€ MONEeKY/ibl, OCbMUHOIN NMUABKU, MOPCKUE YEPBM npuanynuabl, 6paxuonoabl
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Hamiy rimasa oTBe4yarT 3a BOCIIPUSATHE BU3YaJIbHOM
mHPopmaumy. OCHOBHBIM MCTOYHMKOM IOJTYYEHUS
MHPoOpMaLUM 00 OKPY:KAaIIeM Hac MUPE SIBJISIIOTCS
r71a3a. [1Jjiss MHOIMX JIIoge MeXaHM3M 3peHUs KaykeT-
CS 3araJiO4YHbIM, M OTTOrO YaCTO BO3HMKAIOT TaKue,
BOITPOCHI KaK:

¢Kak MbI pasjimyaeM 1iBeTa?
¢KakoB MexXaH3M 3peHus?
¢llouemy HeKOTOPBKIE JIIOAM He Pa3/IMYaloT IiBeTa?

Ha 3Tu u MHOrMe opyrue BOIIPOCHI BbI HalieTe OTBET
I10CJIe IIPOYTEeHMS JaHHOM CTaThIA.

o !

[71a3a HAUMHAIOT CBOE Pa3BUTHeE ellle B yTpoOe, 0ObIU-
HO Ha TpeTheun Henese pa3sButud. C pasBuTMeM MJia-
IeHIIa, pa3BMBAIOTCS U ero rasa. M K 5 Hegene y Ma-
JbIa (OPMUPYIOTCS I71a3a CO CJIOXKHBIM CTPOEHMEM.

TalHbl 3peHus

J171s1 TOTO YTOOBI IIOHSTh ME€XaHM3M 3PEHMS, paCCMO-

Cknepa Cocyawucraa obonouka

CeTyaTka

Poroewua
3pavok

XpycTanug

Pagy»xka 3puTeNbHBIN HEPB

PecHWYHbIKM NOACOK CTE'KIIEIEM,D.HDE" Teno

TPUM HEKOTOpPbIe 0COOEHHOCTY CTpOeHMs IJ1as3a.
Onupasicb Ha PUCYHOK BbIllle, IPUCTYIIUM K 00BSIC-
HEeHMI0 MexXaHM3Ma 3peHus y JyejioBeka. /1Jig Hayalia
CBET MPOXOAUT 4Yepe3 POoroBuily (KymoJooOpasHyIo
IIOBEPXHOCTD), KOTOpas IIOKPbIBAET IIePEeaHIOI0 YaCTh
r71a3a. Porosuiia nmpenomsisieT nagariaui ceer. Ilpe-
JIOMJIEHME CBeTa SIBJISIeTCS OOHUMM M3 Ba’KHBIX OITH-
YeCKUX SIBJIEHUM, IIPOUCXOOMIIINX B I71a3y. Y HEKOTO-
PBIX JIIOZEeli 3peHMe HapyLIeHO 13-3a M30bITOYHOM U
HeZOCTAaTOYHOM IMpeIOMJISIONIeN CUJIbI IJ1a3a.

[Tpy HemOCTATOYHO ITpeTOMIISIONILEN CHIe [VIa3a Iyun
cBeTa (POKYCUPYIOTCSI Ilepend cetyaTkoil. Ilpm sTom
YXYIIIAeTCsl 3peHnue Baajab. JTO 3ab0/eBaHMe HOCUT
Ha3BaHMe 0/11M30pyKOoCTh. OOpaTHLIN NPOLEeCcC MPOUC-
XOOUT IIPU JalbHO30PKOCTH. 13-3a 1130bITOUHO CUJIbI
I71a3a JIyuu cBeTa (POKYCHMPYIOTCS 3a ceTuaTkoit. ITpu
5TOM YXYALIAeTCSI 3peHue Ha OIM3KOM PacCTOSTHUMN.
O6a coCTOSIHUS MOTYT ObITh BbI3BaHbI KaK M3MEHEHMU-

bUO0JIOrnd

- OCTb LH--..E.LI |IbHO30PKOGiH#

eM pasMepa IVIa3HOTOo s10/I0Ka, TaK ¥ HapyllIeHNeM pe-
TV KPUBU3HBI XPyCTaIMKA.

Jlajipilie CBET HaIIpaBJIIeTCAd K paaykke. OyHKIMEn
Pagy>KHOJ 000/IOUKM SIBJISIETCS PeryaupoBaHle pas-
Mepa 3padyka ¥ KoJIM4ecTBa Iaalollero cBeTa Ha I71as.
YeM IIMpe OTKPBIT 3pauyoK, TeM Oo/ibllie cBeTa IoMa-
IaeT B IJIas3.

3a 3pauyKOM HaxXOOUTCS XPYyCTaNAUK (ITpo3pauyHasi 0060-
JI0UKa OBaJIbHOM (POPMbI), KOTOpas CIIOCOOCTBYIOT (PO-
KyCHMpOBaHMIO cBeTa Ha ceTuaTke. CeTuaTKa IIpeaCcTaB-
JsieT cOo60J TOHKYIO, CBETOUYBCTBUTEIbHYIO TKaHb,
KOTOpasl COmep>XXUT (POTOPELEeIITOPbI, MPeobpasylo-
I1[Je CBeT B dJIeKTpuueckue curHaabl. EcTb gBa Buaa
doTopelenITOpOB: KOJIOOUKM U MaIouKM. B ceTuaTke
HaxXOIsITCSI M HepBHbIe KeTKU. HelipoHbI B ceTUyaTKe

[epudepmna ceTyaTkn™
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00pa3y0T MHOT'OC/IOMHYIO CeTb, IPOIsI 110 KOTOPO
MHopMalus coorpaeTcs: B 3pUTeJIbHOM HEpPBe, M Ha-
ITPaBJISIeTCSI B TOJIOBHOM MO3T.

JIyuu cBeTa IIPOXOIST Yyepe3 TPU CJI0SI pa3HbIX KJIETOK,
M JTUIIb TIOTOM JOCTUTAIOT ITaJIouek U KOJIOoUeK.

B ceTuaTKe 171a3a Comeps>KUTCs 0K0JI10 120 MJIH Imasiouek
M JIUIIb 6 MJIH KO/100U€eK. [TTaBHBIM pas3amnuuemM MexXIy
IMaJIOYKaMM U KOJIOOUKaMM SBJISETCS TO, YTO KOJIOOU-
K1 pa3/MyaloT 1IIBeTa, a IIaJIouKy — HeT.

B ciyyae manodek, ogHa HepBHAasI KIETKAa OOCTYKU-
BaeT Cpa3y HEeCKOJIbKO Mmajouek. B aiydae ke Komabo-
yeK, OJJHA HepBHAS KJIeTKA OOCTY;KMBAET TOJIbKO OHY
K0JIOOUKY. [locmeqHee obecreunBaeT MaKCMMa/JIbHYIO
OCTPOTY 3peHMs, TaK KaK KaX1asi 4acTb MHPOpMaLUM

*NOCKONbKY 60nblie
nanouek, Yyem Konbouek
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Kak BuAST CBETOMOP: C HOPMA/IbHbLIM 3PEHNEM (C/1EBA) M C 4A/IbTOHU3MOM (CrpaBd)

BOCIIPMHMMAETCSI OOHOM 0C000J1 KJIeTKOV, MO3TOMY
MHPOpMAaLVMsI He CIMBAEeTCS C APYTUMMM CUTHaAJIaMM
(He MPOUCXOOUT KOHBEPreHIIn).

OcTpoTa 3peHMsI 03HaYaeT CTeIeHb pa3/JINueHM s MeJl-
KX geTaneii 00beKToB. [JomyCcT M, YTO Ha paCCTOSTHUM
2 M OT Bac HapMCOBAaHbI IB€ TOUKU, €C/IM ABe TOUYKU
CJIMBAIOTCS B OOHY, TO Y Bac ¢jaadasi oCTpoTa 3peHusl,
a ecJiM >Xe Bbl BUAMTE IBe YeTKMe TOUYKM, TO Y BAC XO-
poias octpoTa 3peHus1. Okojio 90% Kombouek pacro-
JIaraloTCd B LIEeHTPpaJIbHOM SIMKe, a ITaJIOUKyM pPacIioio-
XeHbI 110 riepudepun. I[locmoTpuTe, 4TO MOTyYaETCH.
[TpenMeTsl, HaxoOs1ecs B O0KOBbIX ITO/ISIX 3peHus,
Mbl BUIMM UE€pHO-0eJbIMU M Pa3MbIThIMU (MbI BU-
OIVM Hajgouykamm). To, YTO HAXOAUTCS B IEHTPAJTbHOM
3peHNM, Mbl BUIVM SIPKO, UeTKO (MbI BUAUM KOJIOOU-
KaMMn).

Konbouku copepskaT TpU 3PpUTEIbHbIX IIMIMEHTA,
UYBCTBUTE/IbHBIX K OIIpeae/leHHbIM JIJIMHAM BOJIHBI:
KpacHOMY, CMHeMYy, 3ejieHOMY. IlyTemM 3TUX Tpex oc-
HOBHBIX IIBETOB, MOXXHO YBUIETh K000 APYTroii 1iBET.
B konmboukax y Jogei ¢ HOpMaJIbHbIM 1IBETHBIM 3pe-
HMEeM JMMEIOTCS BCe Tpu IUrMeHta. VX Ha3bIBaloOT
TpuxpoMaTtamu. OTCYTCTBME Y JIIOAEei OOHOI'O U3 TpeX
3pUTENbHBIX IIMTMEHTOB, BeIeT K LIBETOBOM CJIEIIOTe.
SpKumM nmpuMepom TaKOro gedeKTa SIBIASEeTCS Oajlb-
TOHM3M. JJaJIbTOHM3M BBIPAXAeTCsI B HECIIOCOOHOCTH

pas3anyaTh OAVH UM HEeCKOJIbKO IIBEeTOB, Yallle BCero
3e/IeHbIMl M KpacHbI. OTO 3aboseBaHMe MepenaeTcs
10 HAaC/Ie[ICTBY, I10 SKeHCKOM JTMHUM KaK pelieCCUBHBIN
npu3Hak. Kak mmpaBuiio, OposiBjsieTcs: 3TO 3a00/ieBa-
HMe yallle BCEero y MY>KUMH.

IIoMHUTE CONpsIKeHHbIe CUCTeMBI, IIPO KOTOphIe pac-
CKa3bIBa/JIM B XUMMUM? Tak BOT, COMPSIKEHME OTBeUYaeT
He TOJIbKO 3a OKPACKY BellleCTB, HO U SIBJISIETCS CYIIe-
CTBEHHOM Oy MexaHms3ma 3peHuss. OCHOBHOe Be-
IIIeCTBO — CTapblil HOOpBIMi 6eTa-KapoTuH, KOTOPbIA
TpaHCPOPMUPYETCSI B BUTAMUH A IIPU MOMOIIM (pep-
MEHTOB (MOJIEKY/IbI YCKOPSIOIIME XOO XUMUUYECKUX
peakii B JXMBBIX OpraHM3Max) B leuyeHu. Buramuu
A mipeTepnieBaeT OKMC/IE€HMe U M3MeHeHMe reOMeTpUn
OJHOV 13 OBOVHBIX CBsI3eli. OOpa3yeTcsl LUC-peTu-
HaJlb.

IlaBaiiTe caenaemM HEOOJbIION SKCKYpC 0OpPaTHO B XU
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‘UMC-PeTHHAaNE CBA3AaHHBIA ¢ GenkKoM **TpaHc-peTHHaNbL CBA3aHHbIA ¢ GenKoMm

Muio. [loMmHUTe Te caMble 0coOble i cBsI3u? Tak BOT,
OHM HACTOJIBKO ITPOYHbIE, UTO OHM HEe MOTI'YT BpalllaTh-
CsI BOOJIb CBOEN OCU. B3mmsiHMTe Ha KapTUHKY. Tak
KaK CBSI3b He BpalllaeTcs, CoeaMHeHe cJieBa U CIIpa-
Ba— COBCEM pa3HbIe Belly. BepHeMcCs K LIMC-peTHHA-
JII0, LIVIC — 3HAYUUT JIMHUN (XMM. CBSI3U) UCXOOSIINE OT
IBOVMHOM CBSI3M HaIlpaBJIeHbI B OAHY M TY >K€ CTOPOHY.

B manmoukax, 3TOT caMbIil LIMC-PETUHAJIb COeOVHSIeT-
cs1 ¢ 0enkoM (OUYeHb OTPOMHAasl MOJIEKY/a), Mojy4a-
eTCSI OUeHb UYBCTBUTE/JbHASA K CBEeTYy MoJjiekyia. [1pn
OeVCTBUN 3JIEKTPOMAarHMTHOIO M3JIy4eHUs, a MMEeH-
HO BOJIH BUOMMOTO AMara3oHa MOXeT IMPOUCXOOUTD
nzomepumsainua (TO eCTb IIpeBpallleHMe IMC-TPaHC)
OBOVMHOM CBA3U. IIpoCTO IMOCMOTpUTE HA KapTUH-
Ky, 00OpaTuTe BHMMAaHMeE KaK CMJIbHO MeHseTcsI pop-
Ma moJiekysbl! To oHa Oblia M30THYTOM, TO OHA MPSI-
Mas, pa3Huila OrpoOMHas. ITO U3MEeHeHe reHepupyeT
HePBHBIN MMITYJIbC, KOTOPBIN MTOChLJIA€TCS B TOJIOBHOM
MO3T U BOCIIPMHMMAEeTCS UM KaK 3peHue.

ECTh OIVH CHOCSILIMI TOJIOBY (PaKT— IIPOIleCcC u3me-
HEeHUS TeOMEeTpPUM MOJIEKYJIbI B OTCYTCTBUM CBEeTa
nymiacs 6s1 1100 yeT. B mpucyTCcTBUE cBeTa OH AJIUTCS

200 ¢pemTocekyHp, (2*10"(-13) mau 0,0000000000002
CeKyHbl). BOoT Takue meina.

MbI pa3ob6pay Bce IIPpOoLeCcChl, TPOMUCXOASIINE Ha CeT-
yaTKe Iy1a3a. Terepp sjieKTpuyeCcKme CUrHajbl OT CeT-
YaTKM I10 BOJIOKHAM 3PUTEIbHOIO HepBa HaIIpaBJIsI-
IOTCSI B KOPY OOJIbIINMX ITOAYIIAPUIA, 8 UMEHHO B 30HY
3pUTEJIbHOM KOpbI. IIpoBomsmime IyTu 3pUTEIbHONI
CHUCTEMbI YCTPOEHbI TaKMM 00pa3oM, UTO B JIeBOE
OJylIapye roJIOBHOIO MO3ra IornajgaeT MHPopMaLus
C IIPaBOTO IIOJISI 3peHMsI, a B IIpaBoe IToJaylIapye Io-
najgaet MH@OpMaLMS C JIeBOTO MOoJsI 3peHus. B 30He
3pUTEIbHOM KOpbl MHQpOpMALMs, IOCTYIMBIIAS OT
[aJIoueK U Kojaboudek, 00padaThIBA€TCS M BOCIIPOU3-
BOAUTCS B TO, YTO MbI «BUIVMD».

Harmociienok rapa «Imvitoiiek». Hepenko mMbI CTa/IKM-
BaeMCs C HeOKMUOAHHbIMM dP@PeKTaMM 3PUTETbHOTO
BOCIIPUSITHS, X HA3BIBAIOT 3PUTEIbHBIMM MUJITIO3SI -
MI. [IpMUMHBI TAKMX BOCIIPUSITUIN COCTOSIT B 0OCOOEH-
HOCTSIX (DM3MOJIOTUM HAIIero 3peHus, a TAaKKe B IICU-
XoJiorum Bocrpudatud. IlpuBenem aBa rpumMepa.

OOVHaKOBBI JIM KPYTM B IIEHTPE MEeKIy C000M?

OTBeT: 13, OOVMHAKOBBLIE.

IlosicHeHMe: 3Ta MIII03MS IMOKa3bIBaeT TO, KaK MO-
XeT BJMSITh Ha Hallle BOCIPUSITHE OOBEKTOB, TO OKPY-
JKeHJe, B KOTOPOM OHM HaXOOsITCS.

a5 Ha ciepylolee M300paskeHue, CMOTPUTE Ha UEP-
HYIO TOUKY. Uepe3 HeKoTopoe BpeMs I[BeTHbIe IMATHA
IOJIKHBI YUTMU.

ITosicHeHMe: 5Ta WIII031sI BO3HUKAET 13-3a NesITe/lb-
HOCTHU (oTopenenTopoB. Korma Mbl CMOTPUM J0JITO€
BpeMsl Ha YepHYIO TOUKY, BK/IIOUAIOTCS B paboTy Iia-
JIOYKM, He BOCOPUHMMAIOIIME BCe IIBETa, KpOMe Uep-
HOTO.

Hoporue ynuTaTenau, HaaeCh, YTO JaHHAS CTaThs I10-
MOTIJIa BaM IIOHSTh HEKOTOpPbhIe MeXaHM3MBbI 1 IIpolLiecC-
Cbl, KOTOPbIE paHbllle BaM Ka3aJICh TaMHCTBEHHBIMIA.
Eciv BamM IMOHpaBMIaCh 3Ta CTAThS, JKOMUTE CIIe YOI
BBIIIYCK HAIllero Hay4HO-II03HaBaTeJIbHOI'O XypHaJa.
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[IaHabl OUeHb OpeBHME U peaKkyue KMBOTHEIe. B 1ep-
BbIe, O BOJIBIINMX MMaHgaX CTAJIO U3BECTHO 3 ThICSYM JIET
Ha3azg. OHM O6UTaIM ITOUYTU Ha Beeli TeppuTtopun FOxk-
Horo 1 BoctouHoro Kutasa, CeBepHoit MbsiHMBI U Ce-
BEepHOro BbeTHama.

M3HauanibHO YeI0BeK Jaxke IogodpaTh Ha3BaHMeE ITO-
MY KMBOTHOMY He MoT. ITaHay Ha3bIBaau U MeIBeIeM,
M TUTPOM M Jake JIMCOM. DTO MeaBengeoOpa3Hoe K-
BOTHOeE JI0/IT0€ BpeMsI CUMTaIN «TUTAHTCKUM €HOTOM »
M3-3a OOIIMX aHATOMMUYECKUX YepT C MaJol IMaHgoMi
(cuMTaBIIENiCSI €eHOTOM 0€30rOBOPOYHO).

MoneKy/IsIpHO-0MOJIOTMYECKOe U KapAyOoJ0oTMIecKoe
MCCIen0BaHMs bonbilion MmaHabl, IPOBEdeHHbIE IPYII-
10V aMepUKAHCKUX 1Cc/IemoBaTeen, I03BOIMIIN Cae-
JIaTh BBIBOJI, UTO B IIpOllecce 3BOJIIOIMN BEeTBb bOJib-
IO ITaH OBl OTHEe/INIACh OTJIMHUM PA3BUTUSI MeaBemein
OKOJIO 25-18 MuH JieT Ha3ag—B MEepPBOJ MOJOBUHE
MMOIIeHa.

HexoTopbie cBOeoOpa3Hbie 00IIMe IPU3HAKU Y O0JIb-
1110¥1 ¥ MaJIo¥ maH, IT0-BUAMMOMY, OOBSICHSIIOTCS He
MX OOILIVM IIPOMCXOKOEeHMeM, a Hapa/ieJbHbIM CO-
XpaHeHeM IIpeIKOBBbIX ITPM3HAKOB B OIMHAKOBBIX
IIPUPOOHBIX YCIOBUIX KOro-BOCTOUHOM A3MIA.

EcTh rumnorespl, YTO ['MraHTCcKast mmaHaga — 3TO >KMBOe

BbiMupaloLuee Yyzo...

' ey S
.

MCKOIIaeMoe, pOOCTBEHHMK BbIMEPIIUX poanyein Mej -
Belell —arpuorepues.

Bosblliag maHma BHEIIHE IMOXOyka Ha mensemeir. He-
napoM ee 30BYyT baMOYKOBBIM Me[BeaeM, 5TO HaIMpsi-
MVIO CBSI3aHO C OCHOBOW paliMOHa boapIon maHbl.
Teno ma”wabl gauHom 0o 1.2-1.8 m., maccom 17-160 Kr.
[TokpbITO T'ycThIM MexoM.KopoTKue 1 TOJCTble HOTU
C IIMPOKMMM JallaMy, BOOPY>KEHHbIMM CUJIbHbIMM
KOrtTsamu. Ha rnogoiBax ¥ BOCHOBAaHMM KayKIOI'O I1aJ1b-
I1a XOPOIIO pa3BUThHI TOJblie IOAYIIEUKM, 0OJierdyaro-
1ye yaepsKMBaHue ragKkux crebsieit 6amoyka. 'omosa
y 6O0JIbIIIOI MaHAbl MacCUMBHAasI, TyrmoMopaasi ¢ 60jb-
MMM CTOSTUMMMU VIIIaMMU.

«XBaTaTe/JIbHOEe» CTPOEHMe Jiallbl II03BOJISIeT Jake
B3pOC/JBbIM OOJIBIIIMM IIaHIAM B30MpaTbhCs BBICOKO Ha
nepeBbsi. CBOM BepxoJia3HbIe CIIOCOOHOCTM OHM MC-
[10JIL3YIOT OJISS CaMbIX Pa3HBIX Iiejie —OpPUEeHTUPO-
BaHMSI HA MEeCTHOCTH, JEerycTaly MOJIOAbIX ITOOEroB
myy 3a06aBel pagy. [TaHObI Jaske MOTYT MOOOJTY OTObI-
XaTh, Jieka Ha BeTKaX. bosnbiine ITaHObI OTIMUYAIOTCS
OT MeZBe el TOBOJIbHO OJIMHHBIN XBOCT, KOTOPbIN 10-
cTuraet 12 cm. B IJIMHY.

JKuByT Bosbiine naHabl B IYCThIX 6aMOYKOBBIX 3apOC-
ns1x Ha BbicoTe oT 3500 10 4 500 MeTpoOB HaJ, yPOBHEM
Mops. PacripocrpaHeHbl bosbiine maHabl B Kurtae
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(mpoBuHIMM ChluyaHb, IIIsHBCH, 'aHBCY) U B BOCTOY-
HbIX CKJIOHaX TubeTckoro Haropbs. 1o TOro, Kak 4yejo-
BeK CTaJ UCTpebasaTh bonblimx maHga (4JOBOIbHO TaKM
BecKas IPpMYMHAa, YTOObIl HEHABUIETb JIIOJIEN), ST MMU-
poJII00MBbIE KMBOTHbBIE 00MTasIa Tak ke B UTHOOKuTae
M Ha ocTpoBe KanumaHTaH, B TOPHbIX 0aMOYKOBBIX
mecax.

I'ycThie 3apociam 6amMOyKa, JOCTUTAIOLLETO B BBICOTY
3—4 MeTpoB, 0becreunBalOT BOJbIIYIO MAHAY YKPbI-
TUSIMU U 3ariacaMu Ouinu. bonpuiag radmaa — Berera-
puaHel M IMUTaeTCsI COUHbIMM MOJIOABIMU ITOOGeramu
M CTapbIMM CTEOJISIMM, KOTOpPbIE OHA IIepeTUPaEeT ue-
JIIOCTSIMMN.

[TnieBon 1 >kenyagoK bosbIlioNn maHabl BbICT/IAH CJIO-
SIMM YIIPYTOM CAM3UCTONM TKAHM OIS 3alIUThl OT OaM-
OyKoBbIX 1IenoK. Cte6am bosbiias naHga yaepskiBa-
eT B Jialle IIpY [IOMOIIM KOI'T” — IIeCcTOro najabla”,
IIPOTUBOIIOCTABJIEHHOI'O OCTaIbHbIM.

3HAMEHUTHIN «IIeCcToi Iiajiell» OOJbIION ITaHAbI Ha
CaMOM Jejie BOBCe He Iajell, a BbIPOCT OOHOM 13 KO-
cTeil 3anscThsl. biarogapsi emy naHga MoXeT «OpaThb
B pYKy» 0aMOYKOBBI€e CTe0/1 U SpyTHe ITpeaMeThl, XBa-
TaThCS 32 BETKM BO BpeMsI JIa3aHbS M BBIIIOJHSTD PSIT
OeiCTBUIT, HeJOCTYIHbIX APYTUM MeIBeIsIM.

Bosnbline maHabl BIepBble YIIOMMHAIOTCA B~ OImca-
HIUU TOP U peK”’, cCaMOM OpeBHEeM M3 M3BEeCTHbIX KI-
TaliCKMX TEKCTOB O reorpadun, HanucaHHoMm 2700 et
Hasan. [laHma 3mech OMMChIBAETCS KAaK IMOXOXKee Ha
MeaBels1 UepHo-0e10e KMBOTHOe, KOTOPOe IUTaeTCs
MeObIO M JKejie30M M XKMBeT B ropax CTpaHbI SIHDao”.

JItT060Bb K Meay U >Kejae3y NPUIIMChIBAIACh MaHIe I10-
TOMY, YTO IaHbl MHOTAA IPUXOOMIN B JEPEBHU U 00-
JIN3BIBAJIM ITOCyny. Bo BpemMs BOMH U3 Kejie3a Oeiajin
Opy>Kue, a U3 Mmenu—cratyu byaabl. IIo3TOMY roBO-
pPUJIN, UYTO BO BpeM$ BOMHBI ITIaHaM I'OJIOJHO, a XOPO-
I1I0 TOJIbKO B MUPHOE BpeMs4l.

Kuuru HanincanHbie 1700 jieT Ha3ad Ha3bIBAIOT ITAHIY
CMMBOJIOM MMPa, IOTOMY UTO OHA HE eCT KMBbIX CY-
miectB. C Tex mop B Kutae naxHga saBjasieTcs CMMBOJIOM
MIpa 1 Apy>k0bl. ITocie BTOpOii MUPOBOI BOVIHBI paii-
OHbI OOMTaHMS 3TUX peadaiiImx 3Bepeit 6bIN 00bSIB-
JIeHblI 3aroBegHbIMM. HeckonbKO MccieqoBaTeIbCKUX
TPYIIT HAyaay TIIATEeJAbHO M3ydyaThb IaH[, YTOOBI y3-
HaTbh, MOKHO JIM COIep>XaTb ¥ pa3MHOXaTb 6aMOyKO-
BbIX MelIBellell B HeBOJIe.

99% pauyoHa Bonbmiux IaHpg cocTaBiasgeT 6aMOyK.
Bosnbliye maHabl JI00ST IAKOMUTCS JIUCThSIMU U MO-
noabIMU To6eramy 6amoyka. CpemHsist B3poc/iasi MaH-
Ima ect 14 yacoB B CYTKM. 34 IeHb [TaH1a MOXKET CheCTh
10-20 kunaorpaMm 6am6yka. ITaHabl IToefaloT U He-
KOTOpbI€ Opyrue pacTeHus, LIBEThl, KOPY epeBbheB,
IpeBecHbIe Ipubbl, HACEKOMbIX. ECTh CBemeHMs, 4TO

MHOTIAa OHM JIAKOMSITCSI pbIOO#, MEJIKMMM I'PhI3YHAMMU
M OPYTUMM KMBOTHBIMM, €CIM UM YOAEeTCS UX MOi-
MarTh.

B Kutae BcTpeuaetcs okono 300 BumoB 6ambyka. Ho
MMaHIa corviallaeTcs ecTb U3 HUX Toimbko 10-15. Bee
[IpencTaBUTeNN OOJHOIO Buaa 6aMOyKa LIBETYT U IO-
rnbaroT OMHOBPEMEHHO, KaK eauHoe pacTteHue. [Tocie
9TOT'0 HOBBIE ITPUTOJHBIE B MUY pACTEHMS 3TOT0 BIIa
MOSIBJISIIOTCSI He paHblile, yeM yepe3 5—10 jieT. [1oaTO-
My bosbIiioii maHge, 4Tobbl He yMepeTh C TONI0AY He-
00X04MMO KaK MMHMMYM JBa pa3HbIX Buaa 6amoOyka
pacTyIIVX MOOJIM30CTHA.

Ha 3emuie cyiecTByeT HEeCKOJIbKO BUIOB XMBOTHBIX,
KOTOpbIe TaK CUJIbHO 3aBUCSIT OT 0amMOyKa: bosbiias
1 Masible 1aHObl, HeKOTOpbie BUAY JlemypoB (30J10-
Toi Jlemyp, Bambykosbiii Jlemyp) u BamOyKoBasi Kpbl-
ca, )KuBYIIasg Ha Magarackape.

OueHb MHOTO 6aMOYKOBBIX JIECOB I'YOUT Yel0BeK. Ye-
JIOBEK — 3TO OCHOBHAS MMpMUYMHA I'MOeIM U COKpallle-
HUS TIONYJISILMY BonbliMX MaHmg, a U ApyrmMxX pegKkux
BUJOB KMBOTHBIX. JIIOAM XMBYT OOJHUM JHEM U CTa-
paroTCS U3BJIeUb MAKCYMYM BBITOObI 13 OKPYyKalollen
cpenpbl.

Bosbnine maHabl MUPOIIO0MBbIE JKMBOTHBIE, KOTOPbIE
O0MTaIM B TOpax ¥ He HallagalIu, M He pa3opsijii Uejio-
BeuecKkMe Kuania. Ho yemoBek, Kak Bcerma, MmorHal-
Cs1 3@ BBITOA0M U paJyi HAXXKUBBI, pajy LIeHHO HIKYPbI
CTaJl UCTPeOSATh bonblmx HaH.

TakKe, M3-3a IMPOABMKEHUS M Pa3BUTUI CeIbCKOTO
X034VICTBA JIIOAY He 3aayMbIBasICh, pa3pyIIMIN Cpemy
0O0MTaHUS KMBOTHBIX, BBIpYOUIM 6aMOYKOBBIE Jieca,
JUIIVB TeM CaMbIM He TOJbKO BojblIMX maHz, HO
U IPYTUX SKUBOTHBIX OyIyIIEero.

B HacTrogiee BpeMsa Kurtail cepbe3HO 3aayMaJiCs Hap
npobseMmoii mcuesHoBeHus bonbninx mang. B KHP
BBeJIeHa CMepTHAas Ka3Hb 3a IIpUUMHeHMe Bpeaa bojib-
/M ITaHOaM M 3a UCTpeOJIeHMe 3TUX KMBOTHBIX (J0-
CTOJHO IToxBaJ). Bce ocobm maH, a Takke IOTOMCTBO,
KOTOpOe OHU JAaAYT B OyAyieM, IPUMHAAJIEKAUT TOIbKO
Kuraro.

I TOoro 4ToOBbI pa3BMBATh IIPOrpaMMbl IO COXpa-
HEeHMIO 3TOr0 peaKoro Buaa >KMBOTHBIX, Kutan comaet
B apeHay 300I1apKaM OPYIruX CTPaH DOJbIIMX MaHM.
CpenHss CTOMMOCTD apeHabl Ha o, COCTaBIsIeT 1 M/IH
moJyitapos CIIIA.

To/IbKO BO3HMKAET BOIIPOC, KOraa Ue/IOBeK HaUHeT [Iy-
MAaTb Mepes TeM, KaK UCTPEeOISITh SKMBOTHBIX, UTOOBI
IIOTOM He IIPUXOAUIOCH C TAKUM TPYIOM U JeHEeXXHbI-
MU 3aTpaTaMy BOCCTaHABIMBATb HApPYILIEHHOE UM Ke
caMIM paBHOBecCHe.




[IpyMepHO Tak HaHAbI MHPOBOIST OOJBIIVIO
YacTb >KM3HM, OCOOEHHO eCjIyi OHM HaxOOsITCS
B 300I11apKe. KTo He MeuTaJsl O TAaKOM KU3HU?
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"JKCKYpPCHS BHYTPb
LLUPPOBbIX TEXHO/IOMUM

YeioBeK cr1ocobeH BOCIIPMHMMATD 1Ie/IYI0 Kyuy Oeli-
CTBUI BOKPYT, M B CBSI3M C HAYYHO-TEXHOJIOTMYECKUM
IIPOrpeccoM B MHUpe MOSIBMIMCH TaKue YCTPOiiCTBa,
KaK BUJIe0 M ayayo 3aIMCchIBalolIe M 0TOOpasKalolye
ycTpoiictBa. OHM CUIbHO 00JIerYman XX13Hb 4eloBe-
Ka, BeIb Telepb C IOMOIIbIO OPTaHOB UYBCTB YeJIOBEK
MOXXKET BOCIIPMHSITDH IMPaKTUUECKM JI00YI0 MHPOpMa-
[IMI0 KOTOPYIO CIOCO6eH 00paboTaTh MO3T, UTO CIIO-
coobcTBOBasIO rmobanusanuyu TB B Mupe. ECcTb MHOKe-
CTBO TeJIeKaHaJ0B, KOTOPbIE BEIAlOT 10 BCEMY MUPY
1 Ha 50 pa3HbIX SI3bIKAX.

MHOTOIIOTOYHbIE Te/IeBU3MOHHbIEe KaHAJIbI, 3TO CJIOXK-
Hasd Liellb PeTPAaHUISITOPOB Ha 3eMJjie, UIN Ke B I10-
cJlegHIe TOAbl M300paykeHMe U 3BYK PeTPaHCAUPYeTCS
C IIOMOIIBI0 CITyTHMKA. CIyTHMKOBOe TB mpencras-
nsieT co00¥1 TPaHCISITOP, KOTOPBIN U3/IydaeT 3JIEKTPO-
MarHUTHbIE BOJIHBI, KOTOpbIE B CBOIO oUuepeab oopada-
ThIBAE€T aHTEHHA-IIPMEeMHUK (CITYTHMUKOBAS TapesKa).
JTO JaeT BaM BO3MOXKHOCTb CMOTpPETh OecIliaTHbIE
KaHaJIbI.
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KabenpHoe TB —orpomHas ceTb TeJI€BU30POB, COeIN-
HEHHBIX ITOCPEeACTBOM KabeJisl ¢ LIeHTPaabHO T'O/I0B-
HOM CTaHIIMeN, KOTopas IPpUHUMAaeT CUTHAJ CO CITYT-
HIKA.

[IndppoBoe TB—TexHomorusa mnepemaum u3oOpaKe-
HMS M 3BYKa C [IOMOIIbI0O KOAMPOBAHUS BUOEOCUTHA-
na B uudpoBom gopmare. TeneBuageHne Ha JAHHbIN
MOMEHT O4YeHb Pa3BUTO, OOHAKO OHO CKOpee BCero,
B CKOPOM BpeMeHMU IepeigeT B Apyroi popmar (IIPUM.
pen.— Ccyryoo JnmuyHoe MHeHMe aBTopa). [IosTomy g He
CTaHy paccKkasbIBaTh 00 YCTPOJCTBE OOILIMX CEPBEPOB
M T.O. PaccKaxky HemocpeacTBEHHO 00 yCTPOJiCTBax
OTOOpaskeHMs U 3aIUCH.
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[IMKce/b — ABJISI€TCS 3/JIeMeHTapHOM (T.e HeIeJaInuMON)
YacTbl0 PacTPOBOro M300pa>keHMsl, TaKXke MUKCeIb
SIBJISIETCS. (PUM3MUECKOM 3JIeMEeHTApHOM 4Y4acTbl0 BCEX
11M(POBBIX AycIieeB B Mupe. DoTon300paskeHus Jie-
JIITCS HAa 2 TUIIA: PaCTPOBbIe M BeKTOPHEIE.

TEXHUKA
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PacTpoBoe (c/1eBa) u BEKTOPHOE (CripaBd)

BexTopHble 1M300paskeHMsI —ITO OTOOpaskeHUe Ka-
KMUX-IMO0 OOBEKTOB MCHOJIb3ysI MaTeMaTudecKue
(opmyibl. [I03TOMY I71aBHBINM IIIOC BEKTOPOB, UX Pa3-
Mep MOKHO M3MEHSITb KaK YTOAHO U CKOJIbKO YI'OJHO,
KaueCTBO KapTMHKU He M3MEeHUTCS.

PacTpoBble M300pakeHMsI —yCTPOEHbI COBCEM MHA-
ye, X OPUTMHAJIbHBIN pasMep —3TO CaMbIM BBICOKU
ypPOBEHb JeTanusauyuy. Eciu ke yBelImMuuTh n3o00pa-
XeHMe, TO MuKceayu OyayT BUAHBI HEBOOPY>KE€HHBIM
[71a30M M OyOyT HAIIOMMHATh 3epHa.

Bugeodopmatr paccMaTpuBaeTcs Tak ke, KaK U
pacTpoBOe M300paykeHlMe, TaK KaK BUIEO0 3TO U eCThb
COTHM (poTOrpaduii 0oToOpaKkaeMbIX IT0 KaJgpaM C OIlpe-
IeJIeHHOM CKOPOCTBIO M YaCTOTOI.
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Nonapuiatop

LigeToBOW dUNLTR
VPP Cresna puneTpa

Huaxne .
KEWCTANMbI »

HanpadeH4we

B TFT crexkna

NonapuaTtop

MNonceeTka

AHAaJ/IOTOBBIE TUITBI OTOOpaKeHMSI M300pakeHMI JaB-
HO y>Ke B rpoi1iioMm, a BOT JKK u LED myicriyien 1oBOIb-
HO ITOMY/ISIPHBI ¥ aKTYyaJIbHBbI.

JKK nmucriieini —OCHOBAHHBINM Ha (PU3MUYECKUX CBOM-
cTBax ()a30BOT0 COCTOSIHMS BelleCcTB. B OCHOBHOM 3TU
BelllecTBa, 9TO KPMUCTAJLIbI XojecTepuadeH3oara 1 X0-
JecTepuialieTaTta. BmepBbie Ha HUX 00paTH/I BHMMA-
HS yueHbIn @. PeitHuTIIEep. B riepBoe BpeMs Ha oaH-
HOe OTKPbITME HUKTO He 00paTu/I BHMMaHMs, TaK KakK
CYIIeCTBOBaHMe BelleCTB MMEIOLIVX ABa SKUAKUX CO-
CTOSIHUSI — MYTHOE€ U ITPO3pavyHOe IIPOTUBOPEUNJIO Te-
OpUM O 3 arperaTHbIX COCTOSIHMSIX BeIlleCcTBa, ¥ ObIIO
IIPUHSITO CUMTATh UTO SKMUOIKME KPUCTAIbI — 3TO JIMOO0
KOJUIOMIHBIE pacTBOPBI, 1100 amynbcum. HayuHoe fo-
Ka3aTeJbCTBO ObII0 IpeacTaBieHo B 1904 romy.

Jlanee mM3y4yanuch pasanuHbie pu3nueckye CBOMCTBA
CTOJIb MHTepecHoro BeniecTBa. B 1960 rogax OblL10 cae-
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JIAHO CEHCAILMMOHHOEe OTKPBITUE —KUOKUM KPUCTAJLI
MEHSI IIBEeT B 3aBUCUMOCTHU OT TemIiepaTypkl. [1ocie
yero MHTepec K JKUIKUM KPpUCTayiaM CMJIbHO BO3POC.
B 1968 rogy yuyeHHbIe MpeacTaBuUIM abCOTITHO HO-
BBIV TUIT MHOMKATOPOB, OCHOBAHHBIX HA JKUIKUX KPU-
CTaJlyIax.

Hyicriein u3 >KUOKUX KPUCTA/JIOB MMeeT BeCbMa MH-
TepecHoe cTpoeHue. 1 coCcToOUT OH M3 MaTpUIIbI HA
KOTOPOJ pacIiosoKeHbI ITMKCeIM, KOTOpbie GOPMUPY-
IOT M300paskeHMe U CJION XXUIKUX KPUCTAJIOB CO CBe-
TOPUIbTPAMI, KOTOPBIM peryaupyeTr CBETOIOTOKI.
KpaTko ocTaHOBMMCS Ha IIpolieccax B3aMMOOeCTBS
IAHHBIX CJI0EB.

CBeT, IOCTYIIaeT OT MCTOYHMKA CBEeTa uepes MOIyIIPo-
3pauHVyI0 IJIACTMHY-BOJIHOBO, 3aTe€M pacCeBaeTCs
TaK YTOObI BECh CBET PACIIOJIOKUJICS Ha BCeJ MaTpUlie
paBHOMePHO. [lanee (POTOHBI CBETA IPOXOASIT IIOJISIPU -
3aLMMIOHHYI0 (PUIbTPALIMIO, ITOC/IEe Yero CBeT C 3aaH-
HOM IOJISIpM3alyen IIonagaeT Ha KUK KpUCTaJl.
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3aTeM XXUOKUIA KPUCTAJL I10/IydaeT CUTHAJI OT TPaH3 M-
CTOpa, KOTOPbIM 3agaeT YIojl CBeTOBOM BOJIHEI. [1ocie
emle OmHOM (UAbTpalM, 3a4a€TCSI MHTEHCUBHOCTD
CBeueHMsI ogHOro cybrmkcens. Ham BceMu cl1ossmu
HaXOOMTCS CJI0M CBETO(MUIbTPA KOTOPBIM OKpalllMBa-
eT CyONnMKCeJib B OCHOBHbIE TPM 1IBeTa: KPACHBbIN, CH-
HUI U 3e/IeHblii. [lamee BOJIHBI OT 3 CyOIIMKcenei cMme-
IIBAIOTCSI ¥ 06pa3yIoT MUKCEJIb C 3aJaHHbIM IIBETOM,
MHTEHCUBHOCTbBIO CBeUEeHMS a TaKKe C OoIpene/IeHHOMI
KOHTPACTHOCTHIO.

JKuako KpucTtanandeckmue guciien 0bIBaloOT 2 TUIIOB:
MOHOXPOMHBIN M IIBETHOM, MOHOXPOMHBIN OT/IMYA-
eTCsl OT IBETHOTO OTCYTCTBMEM CBETOMPUIbTPA OKpPa-
IIMBAHUS CyOITMKCETIOB.

CyIlleCTBYIOT M CEHCOpPHbIe IIaHeau u auciien. OHu
OBIBAIOT: Pe3UCTUBHBIMU ¥ € MKOCTHBIMIA.

Pe3MCTUBHBIN 3KPaH COCTOUT M3 CTEK/ISHHOM ITaHeJIu,
MeMOpaH C pe3uCTOpaMM, 3alUTHON IVIEHKY MEXIY
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Pe3ucTruBHbIV SKPAH

MeMOpaHaMM U U30JISLMOHHOTO c1osl. Bce TOUKM Ha
[TaHeau JessITCsl Ha KOOPAMHATHI, TP HaKaATUU KO-
TOPBIX, IPOUCXOIUT COITPUKOCHOBEHMSI MeEMOpaH, CO-
OTBETCTBEHHO 3aMbIKA€TCs 1LIeMb U MOSIB/ISIETCSI HEKOe
COIIPOTUBJIEHME IIeMM CO3JaBaeMoe pe3uCTOpaMM,
KOoOopAMHAaTa HaKaToi TOUKM Ha 9KpaHe BbICUMThIBA-
eTcs M OTOOpaskaeTcsl Ha SKpaHe YCTPOICTBA.

B eMKOCTHBIX 3KpaHax CTEKJ/ISIHHYIO OCHOBY ITOKPbI-
BAIOT CJIO€M, KOTOPbIi1 BBIIIOJHSIET POJIb BMECTUJIN-
ma-HakonuTesns 3apsga. IToib3oBaTenb CBOMM Kaca-
HMEeM BbICBOOOXKIAeT B OIIpele/IéHHOI TOUKe 4acTh
9JIEKTPMUYECKOro 3apsaa. [JJaHHOe yMeHbIlleHNe oIpe-
nensieTcsl MUKpOCXeMaMM, KOTOpble PacIIOIOXKEeHbI
B K&KO0OM YTy 5KpaHa. KoMIIb1oTepOM BbIUMCIISIETCS
pa3sHUIla SJIEeKTPpUUYECKUX IOTEeHIIMAIOB, CYIIECTBY-
IOIIMX MEXKOY pPa3sHbIMM YacCTSIMM 3KpaHa, IPpU 3TOM,
MH@OpMalMsI O KaCAHUM B MOAPOOHOCTSIX IIepeIaeT-
cs1 HeMelJIEHHO B ITporpaMMYy-ApaliBep TauCKpMHa.

IIOBOJILHO Ba)KHOE IIPEeMMYVILEeCTBO €MKOCTHBIX TauC-
KPUHOB - 3TO CIIOCOOHOCTh JaHHOTI'O TUIIA 9KPAHOB CO-
XPaHATh IIpakTuueck 90% OT M3HavYaJIbHOM SIPKOCTU
nuces. M3-3a 3Toro u3odpakeHusI Ha éMKOCTHOM

9KpaHe CMOTPSTCS 00/1ee YETKMMM, YeM Ha TAUCKpU-
Hax, MMeIoIIX Pe3UCTUBHYIO0 KOHCTPYKIIMIO.

Tak ke cyuiecTsyetTexHosorus LED, rimaBHOe oTiinune
KoTOporo ot KK 3amMeHa nmoasapu3aiMOHHOIO CJI0d Ha
OpraHuuyecKue CBETOAMOAbI. JTO HejlaeT M300pake-
H1e 60jiee KOHTPACTHBIM M TOYHBIM B IIJIaHE 1IBETa.

3anuch UM@POBOro M300pa>keHUsI OOBOJLHO MHTe-
pecHa. Tak, 4TO ke MPOUCXOOUT B IMUPPOBOIM (POTO-
KaMepe Ha MOMeHT cbeMKu? LnudpoBoii dporoarima-
paT COCTOUT U3 LIeJI0TO psifa JIMH3, 3epKaJl U IPU3Mbl
(eciv oroamnmnapar 3epKajbHbIlM). Bce nudpoBbie
doToarnmnaparbl TpeOyIOT cBeTa AJisI CbeMKM. TakK Kak
1300pakeHue, 3TO U €CThb CBET OTPa’KEHHbIN OT 00b-
eKTOB cbeMKM. CBeT moragasi B KaMmepy NPOXOIUT Yye-
pe3 CTBOPKMU, KOTOPbIe OTKPbIBAIOTCS U 3aKPbIBAIOTCS
3a OJII0 CeKYHObI 3a/Iep>KaB CBET BHYTPU alrapara.

BHyTpy cBeT oTpakeHHbIN OT 00beKTa IIPOXOIUT Ue-
pe3 GuabTp baliepa, KOTOPBIN JEeAUT CBET HA 3 OCHOB-
HbBIX IIBeTa:. KPAaCHbBIM, CMHUI, 3eJIeHbI. I10C/Ie CBeT
[oragaeT HermoCpeaCTBEHHO Ha pellleTKY Ha KOTOPhIX
HaAXOOSATCS TBHICIUM (B 3aBUCMMOCTM OT MAaKCUMaJb-
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KoHTponnep
npeobpasyeT KaPTUHY
B TOUHble KoopanHaTLI
Ha»aTus

OTob6paeHune nasmeHeHUn
B 3NeKTPOCTaTU4YeCKOM norne

Bbl3BaHHOE€ CONPUNUNKOCHOBeHHneM

KoopagnHaTbl oTcbinaroTcs
K Nnpoyeccopy

EMKOCTHbIV 3KPAH

HOI'O KOJIMYeCTBa TOYEK KOTOpbhIe MOXKET 3aXBAaTUTh
oToamnrmapar) CEHCOPOB CBETA, KOTOPbIE IO, BO3 e -
CTBMEM (POTOHOB M3JIYYAIOT 3JEKTPUUYECKUI 3apsi,
(ueM sIpue M300paskeHMe, TeM cubHee 3apsn). [Jaee
OAHHBIN 3apsm IMepeBOOUTCS B II0CIed0BaTeIbHOCTD
O 1 1 93bIK KOMIIBIOTEPHBIX MTPOLLEeCCOPOB. KakabIi 13
HMX IIpeACTaB/IsieT CO00¥ TOUKY MM TaK Ha3bIBae€MblIii
[IMKCelIb. 13 ThICAY UIM Jake MUJJIMOHOB ITUKCeIen
COCTOMUT MU300pakeHue.

A 1udpoBass 3ByKO3aIlMCh BOBCE IPOCTA, 3BYK 3TO
MexaHu4deckasi BOJIHA, ¥ OJISI €er0 3alMCU UCIIOAb3YIOT

3JIEKTPOMArHuTHOe 110J1e. /lajiee, 3TO e/I0 TeXHUKIA.

B Hauasie 3ByKoBasi BOJIHA ITOCTYIIAE€T B aHAJIOTO-LIU Q-

pOBOIJi ITpeobpa3oBaTenb. Ha ;aHHOM 3Tarie 3BYK IIO-
CTYHAIOUIMI B MUKPOMOH Ae/IUTCSI HaOPOXKU, CTIIeLI -
aJibHble JETEeKTOPbI N3MEPSIOT IT0/JI0KEHE 3BYKOBOIA
BOJIHbI B KaXXIOYyI0 eIVHMUIy BpemMeHU. KoopauHaThb
IIpeo6pasyIoTCsl B JBOUYHBIN KO, KOTOPbI 3aIIMChI-
BaeTcs Ha HaKOMMUTeIU. 1 OH TOTOB K MCII0/Ib30BaHMIO,
T.K JII000¥ ITPOUTPhIBATE/Ib CIIOCOOEH BBIMIOJHSTH 00-
paTHbIe OeCTBUSI.

YcTpoiicTBO BOCIIpou3BeneHMs 3ByKa «KomoHKa» sIB-
JISIeTCSI YCTPOJICTBOM, KOTOPO€E MpencTaBisieT co0o0ii
I10JIe II0J BO3[eliCTBMEeM KOTOPOTIO MUIeT MCKaskeHMe
MeMOpaHbl, JaHHbIE VICKaKeHS U eCTh 3BYK.
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