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ECTECTBEHHASA TEOPUA MATEMATHUKHA
NATURAL THEORY OF MATHEMATICS

AHHOTALIUSA

OTKpBITEI HOBBIE (DyHKIMK U omnepanun. OOHapyKEeH eCTECTBEHHBIH MOPSAIOK
¢bynakuii. [loxazanbl HOBbIE (OPMYINBI ISl KOPHEM MOJWHOMOB Pa3HBIX THUIIOB.
[IpenokeHbl CUCTEMBI 3BYKOBOTO M CHMBOJIBHOTO KOJTUPOBAHUSI.

ABSTRACT

New functions and operations have been opened. A natural order of functions
has been discovered. New formulas for roots of polynomials of different types are
shown. Sound and symbol coding systems are proposed.

KiroueBble cjioBa: mapaMeTpuueckas TaOnuWIa; HATypalbHble (YHKIUH;
AJIepHbIE MPOU3BECHUS; aKyCTUUYECKasl TabauIa; yrakoBaHHas (hopma duced.

Key words: parametric table; natural functions; nuclear works; acoustic table;
packed form of numbers.
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B npenpiaymeit cratbe Mbl CTapaiuch OOBSCHATH BCE KaK MOXHO MOJpPOOHEE.
HagepHoe, yT0OBI caMUM BCE 3TO Jy4llle MOHATh. DTa CTaThsl MMOCBSIIAECTCA TEM, KTO
HE JIIOOUT MEpeNUCThIBaTh CIUIIKOM MHOro cTpanull. Koe 4ro, w3 omMcaHus, Mbl
IEpeHecan B caMy Mapamerpuueckyro Taonuiy. Koe rae, Oyaem wucnonb3oBaTh
cokpaiuenus. Hanpumep,

PSF - power series of a function, crerneHHo# psii PyHKIUY.

PSS - crenennoi psa noArpymnisl.

RPS - paanyc cXxoquMOCTH CTENIEHHOTO psija.

EcTtecTBeHHas Teopus pazaenser QyHKIMHU Ha 3 KaTerOpuu:

1. HarypasibHble GyHKUIHU.
2. CoeauHeHHs] HATypaJbHBIX (DYHKIMNA: Mpou3BeacHUsS, QYHKIUU OT (PYHKIHHA, H
MpOYrEe KOMITO3UIIMH HATYPAIbHBIX (PYHKIUH.
3. UckyccTBennble QyHKmmMHU. OTO (QYHKIMH, KOTOPHIE HEBO3MOXKHO IMOJYYHUTH
HUKAaKUMH COEMHEHUSMU HAaTypalbHbIX (PYHKIIUH.

[lepByto kaTeroputo OOBEOUHSET TUIEpHaTypaibHass QyHkus mts. OHa

uMeer 3 napamMeTpa aapa u 1 nmapamMeTp Kopiryca.
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[Ipu ompenen€HHBIX 3HAYCHHSIX MApaMeTPOB sApa HEKOTOPHIE WICHBI MOTYT OBIThH
paBHbI 0, Tak KaK OJIMH U3 UX MHOKHUTEJIEH MOKET CTaTh paBHbIM 0.
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CymiectByet 4 rpyIrbl HaTypaidbHbIX QyHKIUNA. PSF kaxmoit dyHKIMMU OHOM
rpynnel uMmeer oauHakoBblii RPS. Ecim rpynmbel HymepoBaTh J€CATEpUYHBIMU
YUCIIaMH, JIOTUKA HyMepaluu He OyaeT BuAHA. VX HyXHO HyMepOBaTh CTPOro
JBOMYHBIM YHUCIOM Ms. DTU JBE LHU(PPbI HY’KHO pa3ivyaTh UMEHHO, KaK JIEBBIA W
MpaBblid, TOYEMY - 3TO CTAaHET TOHATHBIM, KOTJa pedyb OyAeT HUATH O CTENEeHSX
YJICHOB MCXOJHBIX YPAaBHEHUH, JIJIsI KOTOPBIX COOTBETCTBYIOIINE (DYHKIIUHU SBIISIOTCS
ecTecTBeHHbIMU. Kaxknas rpymnma cocTouT U3 AByX noarpymi. Homep moarpymmsr —
3TO TOke nBomdHas mudpa t, 0 umm 1. UToOsl He myTaTh MPUBSI3aHHOCTH UM M U S
K UX POJIHBIM CTOpOHaM, IH(pa t BCTABIAECTCA MEXKITY HUMH.



Hekoropeie ¢yHKuuu ucnonb3yoT He Bech PSS. Jlanee OyneM ucnosib30BaTh
cienyomue 0003HaueHHUS.

Ecnu 3nak % He ykazaH, 3HAYUT pedb UAET O (PYHKIUHU, KOTOPAsl HUCIOJIb3YET
Bech PSS.

Ecnu 3HaK % HaxoguTcs MOCHE CTENEHU, HO TOCHE 3HaKa % HET 4MCia, 3HAUUT
pedb UAET 0 BCel moarpynie GyHKIIHA.

Ecnmu nocne 3naka % CTOUT OJHO YMCIIO, 3HAYUT ATa (HYHKIMS UCIOJIb3YET HE
Bce wieHbl PSS, a Tonbko uieHbl ¢ nepuoaudHocThio 2. Uucno mocne 3Haka %
MTOKa3bIBAET HOMEP WIEHA C KOTOPOTO €€ psiJi HAYMHAETCSI.

Ecin mocne 3Haka % CTOMT ApoOb, 3HAYUT TMEPUOJUYHOCTH YKa3aHa B
3HaMEHATeJE.

[TapameTpsl mo ymonvanuto. Ecium HaTypaibHas (yHKUHS HMEOIIAs BCETO
OoMH (JIEBBIM WJIM TpaBblil) MapaMeTp OCHOBAaHMs, yKa3zaHa 0€3 HEero, 3HAYUT ATOT
rapaMeTp B JaHHOM ciydae paBeH l. M3-3a ctapoil Tpaauuuu, HCKIOUYECHUEM W3
ATOTO IMpaBuia SBIAECTCS 3HAK paaukana. Eciau cTerneHb y HEro He yKa3aHa, 3HAYUT
OHa paBHa 2.

1( ) - oTOT WacTHBI ciy4ail aGCOIIOTHOTO YNbTpapaguKala IEPBBIM
OTKPBLUI Woranu FéHpHx HaiM6epT B 1758 rony. U 3a camy sty (yHKIHMIO, U 32
«BOJIIICOHBIN» METO/ €€ OTKPBITHUS, HGOHépz[ éﬁnep Ha3Bai JlamOepra Benuuanmm
renueM. Hano Obl1o Has3BaTh yibTpapaaukan ero umeHeM. Ho ero mMmeHnem yxe
Ha3bIBAM (DYHKIMIO, KOTOPYIO OTKphUI JleoHapn Diinep, HCIOIb3ysS METO]
JlamGepTa. [loaTOMy yibpTpapaarkai Mbl Ha3BalIu B 4yecTh Opianjaa Camyaist bpunra,
KOTOPBIN He 3Has o JlamOepTe, OTKpBUT emé 0oJiee YacTHBIN CTy4yai yiIbTpapaankaia

51( ), IpaBaa HECKOIBKO MHBIM METOJIOM.

Kak u npyrue «roctu u3 Oyayuiero», JlamOepT caenal HECKOJIBKO TaKHX
OTKPBITUH, KOTOpbIE BEKaMU JIIOJM HE MOIJM MOHATh. Ero wucnonb3oBaHue
yIbTpapajuKkaga,  MOXKHO  CpPaBHUTh C  HCIOJIb30BAHHEM  ApXUMEIOM
norapudmMupoBanus, auddepeHIupoBaHus U UHTEerpupoBanusd. U Te, u apyrue ux
MaTeMaTUYeCKHEe HHCTPYMEHTHI MPOJIeKaTu B OMONIMOTEKAaX CTOJICTUSIMH, KakK B
KOHCEPBHBIX OaHKaX, B OKHMJIaHUM CBOero «AsutaguHay. Jlaxe To, yto Bceenennas
coctout u3 lamaktuk, oH 3asBwi em€ B 1760 romy. CeromHs 3TO OTKPBITHE
IPUIHACHIBAIOT «AITaguny» - Jnsuny aysmry Xa66my 1923 rox. Xodercs OTAaTh
JIOJIKHOE YeJIOBEKy, OJiarojiapsi KOTOpOMY MHUpP Y3HaJI cpa3y O JABYX HaTypaJibHbBIX
bynkuusx. DyHKIUIO, KOTOPYH OTKPbUI HMMEHHO OH CBOMM «4YJOTBOPHBIMY
METOJIOM, XOTs Obl Ha MHCbME OTPAa3UTh €r0 HMMEHEM. ()= 11( ). Ha
MIMCbME OHAa HMMEET TOJbKO OJMH JIEBBIM IMapaMeTp, HO Ha CaMOM JIeJ€ IpaBblii
napaMmerp y He€ He paBeH Hymo. [losTomy mpuBectu e€ kK Buay 0e3 mapaMeTpoB
OCHOBAHMS BpAJl JIU yJacTcs. XOTsA, KTO 3HAET, KaKhe 4yJeca MaTeMaTHKH, JIIOJIAM
el1€ MPEICTOUT OTKPBITE.

OyHKIMH, KOTOPHIE UCIIOIB3YIOT HE BCe WieHbl PSS, pacnonararoTcs B cBOer
BHyTpeHHell TaOnuue. [lepruoaMdyHOCTh YJI€HOB, KOTOPhIE OHHM HMCIOJB3YIOT, paBHa
KOJINYECTBY A4YEEK B UX CTpoke. Homep diieHa, ¢ KOTOPOro OHM HAYMHAKOTCS, PAaBEH
HOMEDY STYEHKH B CTPOKE.

Tab0auna 1.



IHapameTpu4eckasi Ta0JIMIA HATYPATbHBIX (YHKIIUIT
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Taoauma 2.
YpaBHeHus1, 1151 KOTOPBIX HATYPaJibHble QYHKIIMU ABJISIOTCS €CTECTBEHHBIMH
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0t0. I'pynna ogHoi nepeMeHHOM.
000. IMoarpymnma kopmyca. Korma Bce snmepHble mapameTpsl pasHbl 0,
runepHaTypajibHas (QyHKLMS BO3BpAIIAET IapaMeTp Kopiyca 6€3 H3MEHEHU M.
Mtspo0(R) =R
010. IHoarpynmna 3KCIMOHEHTHI.

Suaeiika 010.

Conepxkumoe ssueiikn 010 mapamerpryeckou Ta0 MBI
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cosh(R) = mts¥9, (R) | sinh(R) = mtsilo(R)

cos(R) = mtsgLo(iR)

sin(R) =

mtsglo(iR)




0Otl.

I'pynna limb (pa3HOYpPOBHEBBIX HEWU3BECTHBIX). Mcmosb3yercss B TaKHuX
YpaBHEHUSIX, TJIe HEU3BECTHAS HAXOAUTCS U B KOAG(UIIMEHTAX, U B CTEIICHSX.
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001. JImmM0 — 3TO OIMH U3 KOPHEHU CIEIYIOIIUX YPaBHEHUN

Adeiika 001.
IIpuMepsbl ypaBHeHM 11 TMMOOB
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011. YapTpanumo0 — 3TO OMH U3 KOPHEH CIEAYIOMHNX YpaBHEHUI

Huaerika 011.
IIpuMepsl ypaBHeHMH 1J1s YIbTPAJIMMOOB
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C mnoMoupl0 oOmnepauuy BaJIOTHOE YMHOXEHUE HaJ YJIbTpaIuMOaMu MOXKHO
[I0JIy4aTh KOPHA MHOI'OUYJIEHOB TPETHErO PO
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1t0 Fpynna oaHOKPaTHOI 0 BO3BE€HNSI B CTENEHb.
100 MMoarpynmna jgorapudgma.

HAueiika 100.
Conepxkumoe siueiikn 100 mapamerpuyeckou Ta0/1MUbI
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arctanh(R) = mts;5,(R)




mtsy3o(iR)

arctan(R) = :

Tax xak nHyneBoi unen PSF y HyneBrix moarpynm paBeH HymO, (QYHKIIHM,
HCIIONB3YIOIINX TOJIBKO YETHBIE WICHBI PSAJa B 3THX IOATrPYIIIAX, OYEBHUIHO, HE

cymiecTByeT. HaTypanbHblil torapudm 3T0 OUH U3 KOPHEH ypaBHEHUS =1+
= @A+ )= 00 7 )
110 Ioarpynna pagukasn. @yHKIUS paguKail 3TO OAUH U3 KOPHEN ypaBHEHUS
=1+
=Vvl+ = 100 7 )

ApudmeTnuecknii KOpeHb, OMHOMHUHAIBHOE pPA3JI0KEHHE, T€OMETPUUYECKUE PSIbI
HCTIONB3YIOT oAuH U TOT ke PSF. [lo-pazHOMY HCIONB3YIOT TOJBKO IMAapaMeTp m.

VIF = (/7 ).a+ ) = 4000 gz = v a0( ).

1t] I'pynmna MHOTOKPaTHOI0 BO3BE/JACHHS B CTCNECHb.

101 Tloarpymma yabTpagorapupma. ApPKCHHYCHI SBISIOTCS YaCTHBIM
ciy4yaeM ynbTpajorapudma, npu m=2, s=1. HaTypanpHblil ynpTpanorapudm 3To
OJIVH U3 KOPHEW YpaBHEHUS =1+
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Степенной ряд функции
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Yem HMKE CTPOKM B MUPAMHJE, TEM JJIMHHEE MOydaroTcs popmyisl. ['sans
Ha UX pa3Mephl IPOIMAJAET BCAKOE KEJIaHUEe UMU 3aHUMAThCS. OJJHUMHU paUKaIaMH




peliaTh TaKue ypaBHEHUsI IPOCTO IIyno. Alredpandeckue ypaBHEHHs HAJ0 pellaTh
€CTECTBEHHBIMU JIJIs1 HUX (QYHKIUSAMHU - YIbTpapaguKaaoM WIH yJIbTpanorapupmMom.
IloBenenue 3a npeaejsaMu Kpyra cXoaIuMoOCTH

Kpome HyneBoil rpynmbl, Bce (YHKIMH HMEIOT orpanuueHHbii RPS. [lns
KHOIIOK 3THUX (YHKIIMII MOXHO HCIOJIb30BaTh METOJIbl UTEpALMii, YTOOBI BbIIATh UX
pe3ynpTaT. Ho XoTenock Obl MOCMOTPETh Ha AHAIUTUYECKUH METOJ BBIXOJA 3a
Ipeaensl Kpyra CXOAMMOCTH. BApyr y3HaeM 4TO-TO HOBOE O HMX IIOBEICHHUU B TOU
obOnactu. UTo TO Takoe, 4ero HUKakue rpauky oka3aTh HE B COCTOSIHUU.

Pagukan u jorapudm toxke mmeror orpanmueHHblii RPS. Ho »TtoT pammyc
paBeH |, 1 MOXXHO MpocTO OpaTh MCXOAHBIA MapaMmeTp B CTENEHW MUHYC oAuH. C
OCTaJbHBIMU (DYHKIMAMHU, TaK JIETKO HE Moxy4aercs. Jlo cux mop HeT HUKAKUX UICH,
KaK MOYKHO BBIMTH 3a 3TOT NP, UMEHHO aHAJUTUYECKH.

MHorue coctaBHble (YHKIMHU, BEIXOJAT 3a npeaesibl RPS ananutuuecku, yepes
KOMIUIEKCHBIA Jorapudm. Kak mokaspiBaeT TEHACHLHUS NHUPAMHUAbI, TaKOHM METOA
OyZeT upe3BbIYaHO CIIOXKEH, K TOMY K€ OH OIPaHUYEH TOJIBKO LIEJIBIMUA 3HAYECHUSIMU
[apaMeTpoB OCHOBaHMs. XOTEJNOCh Obl, YTOOBI CYLIECTBOBAJ, KAaKOH TO IMPOCTOM
AQHAJIMTUYECKUN METOJ, HE UMEIOIINN HUKAKUX OIPaHUYCHUM.

B cnenyromeit rimaBe 0yneT mokaszaHo, Kak MOJIb30BaThCS YJIbTpalorapupMom u
yIabTpapagukaioM. TaM 3xe OyAeT NPOAEMOHCTPUPOBAH 3aKOH PACIIOJIOKECHHUS
KOpHEH alireOpanyecKnX ypaBHEHH HAa KOMIUIEKCHOW MJIOCKOCTH PaJHKalbHBIMH
KUCTSIMH.

MHoro4jieHbl IepBOro poaa
A + + =

| |
= ()= O
[Tpu a=2, g=1, z=0, = /2 =+ /- /

— 9T0 000l KOpeHb BBIOPAaHHOTO ABy4WwIeHAa. Bce KOpHH BBIOPAHHOTO
JABY4YJICHA — 3TO paguKaJbHBI MHOTOYTOJBFHUK, OCHOBA KUCTU. Ecnu cpenuuii uieH

- 6GCHHOI[HBII>'I, TO BCC KOpPHH TpéXLIJ'IGHa pacnojiararoTcad Ha KHUCTH OJHOI'O

ABYyYJIeHA + =0 . Ecmu mnnogoHOCHBIM, TO OJHA dYacTh KOpHEH
pacronaraeTcsi Ha KHCTH JBy4WICHA + = 0, BrOpas 4acTh KOpHEH — Ha
KHCTH JABY4JICHA + =0.

Koaddunuent neBoro wieHa JBydjieHa BCErjJa HaxOJUTCS B 3HaMEHATEse
npaBebIii NIX HABOAYMK
neBbll
HaXOAUTCSA CJeBa B PA3HOCTU CTEIECHEN (neBbIVI—npaBblﬁ nnn HaBO,CI,l—II/IK) :
CreneHsp J1€BOTO 4jeHAa BEIOPAHHOTO ABYUYICHA HE MCIIOJB3YETCS B MPABOM SIEPHOM

napaMeTpe S = HaBOAYMK — MpaBblid.

KonnuecTBO MIOJOHOCHBIX KUCTEH BCETJa MEHBUIE KOJWUYECTBA YJICHOB
nonmuHoMa. Ecnu  BbIOpaTh O€CIUIOAHBIA JBYWIEH, Ha KOTOPOM HET KOpHEH
HCXOIHOTO YpaBHEHHs, CTEIEHHOW pAx yIbTpapagukaia brn He couagrcs.
[110AOHOCHBIM paAUKAIBHBIA MHOTOYIOJIBHMK — OTO BCE KOPHM [IBYWICHA,
COCTOSIIIIETO U3 ABYX WIAYIIMX IMOAPSA IIOAOHOCHBIX YJIEHOB UCXOJHOTO YPaBHECHMUS.
Kpaitnue unensl Bceraa mioaoHOCHbL. UTOOBI OnpeenuTh MI0IOHOCHOCTh CPEIHETO

apobu K03 HUITHEHTOB . Crenenp 1€BOro 4ieHa ABYYIEHA BCEraa



YJI€Ha, HYKHO cpaBHUTh D auamerpant u T crenenanT. M ecnu > | TO cpegHuii
yJieH OecriofieH. Torna ocraHeTcs TOAbKO OJHA Mapa UIYIUX MOAPA] TI0A0HOCHBIX
WIeHOB — KpavHue uieHbl. [Ipu D=1 nmamerpsl Bcex TpEX KHUCTEHM pAaBHBI, HO
IJIOOHOCHOCTB CPEHETO YJICHA BCE PABHO ONPENEIACTCS CPABHEHHEM =

Tabdauna 2.
Kophu Tpéxujiena
+2 34+ =0 + + =0
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Taoauna 3.
@®opMHUpPOBaHUE MAPAMETPOB YJIbLTPAPAAUKAJIA
= - _ (__) = - — _—_ A + =0 >
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— — <
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B mapamertpsl panukana nogaroTcss KO3(QQUIUEHTbl U CTENEHU TOJBKO M30paHHbBIX
JBYX WICHOB. 3/I1€Ch K€ MBI MOKEM BBIOpaTh KaKOH KOpEeHb KUCTH HaM HyxeH. Kakoit
KOPEHb JIBy4YJIeHa Mbl BBIOEPEM, TAKON KOPEHb UCXOJAHOIO YPAaBHEHUS U MOTYUHM.

B mapamerpsl ynbTpapaaukaiga HoJaroTcs Kod()PUIMEHTHl M CTENEHH He
TOJIbKO M30paHHBIX JABYX YIEHOB, HO M OCTaBIIETOCs WieHa — HaBoa4YMKa. B mnepBoii

CTPOKE HABOJIYHK , BO BTOpOIA , B TpeTbein A . B mepBoii U BTOPOIA
CTPOKaX, JIEBBIM M30pPaHHBIM YIEHOM SBIISIETCS A | B TPEThEH CTPOKE . Kpome

TOT'0, B YJIbTpapaAruKall MbI HOI[aéM HNMCHHO BBI6paHHBIﬁ KOPCHb ABYYJICHA.

(=) _H( ()

—HOMEP KOPHA ABY4/IeHa

Korna uneHoB 4 u 6onee, KOpHH OIPEIEIICHBI HE YEPEe3 OAUH yJIbTpapaguKal, a
yepe3 IMOYTOBOE IMPOU3BEJCHHME ABYX M 0Oojee yIbTpapaauKajoB, KaxIbli Oyaer




HCIIOJB30BaTh CBOEr0 HaBOAYMKA. UTOOBI y3HATh, KaKWe ABYWICHBI ILJIOJOHOCHHI,
HYKHO MPOBEPSATH IIOJJOHOCHOCTh BCEX CPEIHUX HICHOB.
Tab0auna 4.

KopHu 4eThIPEXWIEHHOT0 YPABHECHUSA
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Pucynok 1. Bce KOpHU 4eThIPEXYJIeHA HA OTHOM PAJMKAJIbHON KHCTH
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3mech yxe 2 HaBomuuka 2 | u 5 °, s Kaxgoro yabTpapaauKana cBoif. SlmepHble
YMHOKEHUS BBITIOIHSAIOTCS Mepel OOBIYHBIM YMHOKEHHUEM.
IHouToBOE YMHOKEHUE
OTOT BUJI COETUHEHUS sIIEP, caMblil mpocToil. [Ipu moyTOBOM YMHOXKEHUH (QYHKIUN
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MIPOUCXOJIUT MOYTOBOE YMHOKEHUE KAXKOTO WieHA psAfa OAHOU PYHKIIMH, C KaXKIbIM

YJICHOM PSJIOB, KOKIOW APYTroi (GyHKITHH.
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SAnapo 1:_11 (— + + 1 1) COCTOUT W3 AAEPHBLIX MHOKHUTE el (— + +

1)(=2 + + ;1 )(—=3 + + ;). KomuuecTBo AAEpHBIX MHOKHUTEICH B sApe
OrpaHUYEHO HIDKHEH u BepxHed rpanunamu a = [1;h — 1] =[1;h) . Tlostomy
y wieHoB h = 0 u h = 1 HeT saepHbIX MHOXHTENEH. VX siapa paBubl 1. [Ipu ciusaum
NEPBBIX WICHOB mepBoro u Broporo psaa (hy = 1,h, = 1) nosBasioTcs saepHbIe
MHOKHTEJIM U y HUX, Tak Kak hy +h, > 1
BanroTHoe yMHOXKeHMe
BanroTtHoe yMHOXeHHE (BHEIpEHHE) OBLIO OTKPBITO 3 Mecsiia Ha3ajd, U eiié He
70 KOHIIa wuccienoBaHo. Kopmyca 31ech Takke MPOCTO YMHOXKAKOTCS, a BOT
BaJIFOTHOC MPOU3BEICHHUE SA/IEP YXKE 3aBHCUT M OT MX KOJUYECTBA, U OT HOMEPOB HX
yiieHoB. Onepanuio causiHue Mbl uckanu 5 yet. CeronHs y Hac yxe OOJbIle ONbITa B
noJ00HBIX HccieqoBaHussx. Ho omeparus BHeApEeHHE OKa3anach 0Ooyiee KPEIKUM
opemkoM. IToka MOXeM MOKa3aTh JIMIIL HEKOTOPHIE MPUMEPHI C IBYMS M TPeMs
SAPaMHU.
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Kak BuaHO, onepaius BHeApeHUE (BAIIOTHOE YMHOXXEHUE) HE Takas €CTECTBEHHas,
KaK olepalus ciusiHue (IIoYToBoe yMHOXKeHHE). KpoMe ecTeCTBEHHBIX CIUTKOB SIED,
ITOMEUYEHHBIX KPACHBIM LIBETOM, ITOCJIE BHEAPECHUS MOSABIISIOTCS PA3JIMYHbBIE OCKOJIKH,
noMe4eHHble cHHUM. HaliTu moruky oOpa3oBaHUs OCKOJIKOB — AesI0 HenpocToe. OHH

3aBUCAT HC TOJIBKO OT HOMCPOB YJICHOB, HO elIé U OT UX KOJIUYECTBA. TeMm HE MeHee

peoOpa3oBaTh MHOIOWIEH TPETHLETO POAa o ez K MHOTOYIEHY

o — 1 2 3 %
gerBéproro poma = (1 't2 #F3 3% ) xoropelit paspemraercs OOBIMHBIM

CIIMAHUCM Q)YHK]_II/II\/'I, IIOKa HC YIaJIOChb. He HCKIIIOYCHO, YTO HOTpG6HOCTB B



MMOHUMAHUU ONepalli BHEApeHue B OyayiieM Bc€-Taku moHamoourtcs. Ho, 4ToOsI
MOHSITH BCE 3aKOHBI BHEJPEHMUS, HAJI0 OBITh HACTOAIIMM TeHueM. JIeT yepes msaThCoT,
MOKET OBbITh, TAKOM YETIOBEK U MOSBUTCA.

IIpoctbie coennuennss GyHKunu (He sigepHbIE)

B paccMOTpeHHOM MHOIOYJIEHE TPETHEro pojaa * 7 = yneTpanuMOsbl

COCOUNHAIOTCA B BAJIFOTHOC IIPOU3BCACHUC — $— — (W’W’ )
HapaMeTp KOpITyCca KaXXJ10TI0 BAJIFOTHOI'O MHOKHUTCIIAI UMCCT OAMHAKOBYHO 4aCTh

= W . Mbl MOXeM 3TO BbI'OAHO HCIIOJIB30BATh MW BBIPA3HUTL 3TO IKC

MPOU3BEACHUE TaK: s— - C ) . Tlocine BalIOTHOIO YMHOMKEHUS
MPOU3BEACHUS PA3HBIX WICHOB MOXKHO YMNOPSAIOYUTh U OOBEIUHUTH IO OJIMHAKOBOM

yacth Kopuyca — . Tak Mbl momyduM OOBIMHBIA CTEEHHOW psx oT R.
KoaddurmenTsr 37X 4aeHOB OyayT CyMMaMH BTIOTHBIX MPOW3BEICHUN YJICHOB,
HOMeEpa KOTOPBIX B CYMME PaBHbI HOMEPY 3TOTO YJICHA.
B coequuermsax seCR = (cosR)™!, tgR =sinR xsecR emé mpome. Mx
MCXOJTHBIE QYHKIIUY U TaK UMEIOT OJIMH KOPIYCHBIN mapameTp R.
(cos R)" = mtsy/n10(n(cosR — 1))
R2 R4 R6 R8 RlO
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[Tpu oObluHOM yMHOXKEHHMHM siipa HEe u3MeHstorcsa. Ho 3nmeck gnpa uayT yxe He 1o
OJIHOMY, a LeJNbIMU apceHanamu. UToObl momacTb B CBOM apceHalsl, MpOU3BEACHUs
NpUBOMIT ce0s K oOmeMy 3HameHaTenmo — ¢akropuany kopmyca. Otcroga
MOSIBJISIFOTCS TPETbH MHOKUTENU. YHCIEHHBIE 3HAYEHUSI TAKUX MPOCTHIX apCEHANIOB B
pa3HbIX clydasX yaa€rcs BBIPa3UTh pa3HbiMH yuciamu Crtupnusra, bepHymnu u
Oiinepa. Ho wu3 »3Toro HaOMIOAEHUs KaXeTcs BO3MOXHBIM pa3zpaboTaTh H
YHUBEPCAIbHBIA aNrOpuT™M JJId BCeX MNOAOOHBIX uyucen. Yro-to mogo0HOe
PaCHIMPEHNIO UHAO0-apabCKOro MyJbTUHOMHUAIBHOTO KO3 (ULIMEHTA.



Ecnu yMHOXHUTH 3Ty COCTaBHYIO (YHKIIMIO Ha HATypalbHYIO (DYHKIIHIO
KOCHHYC, TIOJIYYUTCSl CHOBA HaTypasibHasi (YHKIMS CHUHYC. 3HAYUT, caMO IO cebe
MIPOCTOE YMHOXEHUE HE MPEJONPEEIsIET TOro, YTO pe3yjabTaT OyAeT 00s3aTeabHO
coctaBHOM (pyHKIHEH. OOpa3HO MOKHO CKa3aTh, YTO MPHU JAHHOM YMHOXXEHHUH SJIPO
KOCUHYCa aHHUTUIIUPYETCS C LUEIIBIM apCEHAIOM CEKaHca, OCTAETCS TOJILKO CHUHYC.

IIpeackaszanusi napaMeTpu4ecKoil TadINIbI
Ecnu mocmotpeTs Ha MUMO C TOYKM 3peHHs yibTpaaumMba, 06a OHHM MOTYT

PELIUTH OJHO M TOXKE YPaBHEHUE =, = (b= ()
Ecay mocMOTpeTh Ha pajuKaj ¢ TOYKHM 3pEHHUs yibTpapaiukaia, oba OHM

MOTYT PEIIUTh OJIHO U TOXKE YPAaBHCHUE =1+ 1 O, X=V brnmyo (rvim) v=1
o) -1
1 1
brnm’o (?) = —l (_ + 1)
=0 ) =1
w1 1
X= |[1+—= — - +1
=0 =1

Ho ynpTpagyHkumu MOryT pemarb ypaBHEHUS C TOpa3lo  OOJBIIMM
KOJIM4YeCcTBOM napamerpoB. [lapamerpuueckas tabnuiia mokaszana, 4yTo y He€ Takxke
€CThb JIBa pa3HBIX Jiorapupma, KOTOpbIE TAKXKE MOTYT peuiarb OJHO IIPOCTOE
ypaBHeHue. Ho, MoxxeT ObITh, BTOpO# Jlorapudm — 310 Toke ynprpanorapupm? U on
TOXKE MOXET peularb 3TO K€ YpPaBHEHUE C Topa3fo OOJIbIIUM KOJIMYECTBOM
napametpoB? 10 mapra ObUT MPOU3BEAEH yAAYHBIA SKCIIEPUMEHT, KOTOPBIH MOKa3al,
9TO0 M3 ce0s TMpeacTaBiseT HaTypalbHbI yiubTpasorapuhMm lun um kak um
IIOJIB30BAThCA.

( ) = L)
In(1+R) =—luny;(—R)
arcsinh = ,,(2 )
Crnenytomee TmpeicKazaHue TaOmMIBI  Toxke cObiBaeTcsa. DyHKIUSIMHU
HATYpaJbHbBIN JorapudMm () u HaTypaJbHBIHA JTUMO () MBI paHbllic 3HAJH,

KaK IIOJIb30BATbCA TOJNBKO Npu mM=1 W $=1, COOTBETCTBEHHO. OJTH 3HAYCHUS
[IApaMETPOB sA/Ipa MBI HCIIOIB3YyeM MO yMom4aHuro. Cynas mo BCEM OCTaJIbHBIM
GyHKIUSAM TaONUIIbI, 3TH TapaMeTphl TOKE MOKHO MCIONB30BaTh BeirogHee. Ho rae
M Kak 3T0 MOXKHO fAenats? 11 mapra ObUTO HAiIEHO, YTO B IPOCTOM HATYPaTbHOM
jgorapudme ToKe MOKHO MCIIOIb30BaTh €r0 €JUHCTBEHHBIH SACPHBIA TapaMeTp

= Y= 0= wl

[Ipenckazanust TabIUIBI COBIBAIOTCS OJHO 3a JIPYTUM. A BeAb TAOJIUIy MBI
HayaJM JenaTh JUIIb HECKOJIbKO AHel Hazan. Cama ujes co3aaTh TaKyr TaOIuIly
nosiBunack 27 depania. Mbl Toraa paccykKaaiu Ha TeMy, MOYeMy HUKTO U3 Ooee
Mpo()eCCHOHATBHBIX MAaTEMaTHKOB HE XOYeT WCCIeA0BaTh HOBBIE (DYHKITUH,
OTIepalliy M 3aKOHBI. 5 JIET MBI kK€ 0OMBaeM MOPOTH HAYYHBIX 3aBEJICHHIA, a B OTBET
tuinHa. Beé mpuxonurcs nenath camMmuM. B Te THM MBI IPOCTO MPUIYMBIBAIIUA, YEM




OBI IIPUBJICYb HMX BHHUMAHHUC K HaIlUM HCCIICAOBAHUAM, M CaMa ITapaMCTpHUYCCKaA
Ta6JII/II_Ia TOTr'Ja Ka3aJlaCh IIPOCTO HHTGpGCHOﬁ TEMOM.
TpCTbC MMpCaACKa3aHuc Ta6J'II/II_[BI HUMCCT KOCBCHHBIC apryYMCHTBI, HO BCE-TaKU

CTOUT HUX YIIOMSHYTB. YPaBHGHI/IC — MOJKXHO IIPCACTABUTH IIO-APYI'OMY =
OTO OYeHb ITOXO0XKE Ha AACPHOC COCAMHCHHC OKCIIOHCHTDBI H Jpyroro

COCIUHCHUA -1 . Ecn npecacTaBuUTh CTEIICHHOM PAd OTOTO COCAMHCHUS OT OAHOTO

napameTpa, MoJyduTcs

102 543 3024 1578 ° 578 6 11498 7
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Ho 4T00BI MOHATH, KaK COEIUHSAIOTCS 31€Ch sAApa, Hal0 UCXOAUTh U3 Pa3HBIX
KOPIIYCHBIX IapaMETPOB, Belb Kak[as HUCXOAHas (yHKIMA MMeIa CBOHM Mapamerp
KopIyca.

YerBEépTOE npeacka3aHue TaONIULBI NOSBUIOCh U TaK)KE MTHOBEHHO COBLIOCH

nemasro. Iockomsky m v = ™® "y prn, (R) = !'"ms®) 10 moxker 6b1Th 1

Imbg(R) = €'™s® 19 anpens sxcnepumenT mokasan, 4To Tak oHO M ecTh. M 3Ta
Ta0JINLa pealbHO €CTECTBEHHAs, M BCE €€ COJIEPKUMOE HCKIIOYUTEIBHO
HaTypajbHOE. 371eCh HET HUKAKOTo (okyca.

[Tapamerpuueckass TabauIa MO3BOJWIA Pa3IJIsAETh €CTECTBEHHBIM MOPSI0K
¢byHkuil 1 ux B3aumonencTBuil. Ho Bo Bcex 3TUX Ha3BaHUSX, MPUIYMaHHBIX HaMU
BO BpPEMEHA, KOTJa 3TOr0 IOpsIKa Mbl HE 3HANM, IOKa TAKOrO IMOpPSAAKa HET. 3aTo
€CTb TaKh€ MaTeMaTU4YEeCKUE CYIIHOCTH, KOTOpble 00O03HauaTh KpaiiHe
3arpyaHuTenbHO. [locunraiite camu CKONbKO OYKB MPUXOJUTCS MHUCATh, KOTAAa HAJI0
CKa3aTb: YJEH CTEIIEHHOIO psJa, pagdyCc CXOIMMOCTH CTEIEHHOIO psla,
NEPUOANYHOCTh YJICHOB CTENEHHOrO psjga. A KakoBO O€IHOMY UHTaTENo?
KonudecTBO TeprieHHs HE BCEra COOTBETCTBYET KoJMUecTBY yma. Hamo umckars
KaKHe-TO 3aIUTHBIC OPOHEKHUIICTH B 3TOW N3HYPUTEIHHON UTPE HA TEPIEINBOCTb.

AKycTHYecKasi Ta0Juua

Jlanee B omucaHuu TPHUAETCSA TMOKa3bIBaTh HECKOJBKO PAa3HBIX TaOIUIl, HO
BAXHO MOHMMATh, YTO BCE OHUM — ATO OAHA aKycThdeckas Ttabmuua. Ilpocro
yaepxkuBas kinaBuiny «Shifty, Mbpl BBIOMpaeM CTpOUYHBIE WIIM MPOMHCHBIE CHMBOJIBI.
YaepxuBas knaBumry «Ctrl», Mbl BbIOMpaeM COTJIACHBIE WM TJACHBIE CHUMBOJIBI.
VYaepxuBas knaBuily «Alt», Mbl BbIOMpaeM KOAMPOBAaHHME 3BYKOM WM OYKBOIA.
VY aepxuBas Apyrue KiaBUIIN, Mbl BHIOMpPAEM SI3bIK, allhaBUT, U T. 1.

Temnepp, Koraa Mbl 3Ha€M, 4TO CYIIECTBYET BCErOo 7 HATYpPAIbHBIX SAEp, UL
Hayajia MOKET CTaTh MOJIE3HON MH(POpPMATHUBHAS CCTEMa HAUMEHOBAHHUN CaMuX sJiep.
[ugpsl, KOTOpble MOKAa3bIBAIOT HOMEP TIPYIIBI MOKHO 0003HAa4yaTh COIVIACHBIMU
donemamu, HUPPBI, KOTOpPHIE MOKA3bIBAIOT HOMEpPAa MHOArpymmbl — riacHbiMU. C
TOYKH 3PEHHs] MAaTeMaTH4eCKOro KOAWUPOBAaHUA JO JECITEPUYHOM CHUCTEMBI
BKJIIOYNTENIBHO, HET PA3HHUIBI, TJIACHAS WIM corjiacHas. Mbl BCE paBHO NOJIyYUM
OJIHO U TO € yucio. Ho 1aHHBIM aKyCTUYECKUI NTapaMeTp JOTOJHUTEIBHO MMOKAXKET,
YTO UMEHHO HYMEpYETCS 3THM 3BYKOM — TpyIla win noarpynna. Kpome toro, mis




BO3MOXKHBIX a00peBHAaTyp, MepBble OYKBbI 3TUX UMEH HE JOJDKHBI IEepeceKaTrbes. A
HauOoJIbIlIEee Pa3HOOOpaA3HE Jat0T UMEHHO COTJIACHBIE.

CorutacHble BO BCEX S3bIKaX JEISATCA HA OAMHAKOBBIE IPYIIIBI 10 PA3JIU4UsIM B
3BYKOBBIX XapakTepUCTUKax. Bonuromue «nOpB» M KPAXTALIUE «KXI» COIJIACHBIE
obo3Havaror 0. [umsAnme «4mupk» MW MYPIABIKAIOMIME «MHIPY»  COIJIaCHBIE
o0o3HauaoT 1. CBHCTAIME «IIC3» COTJIaCHBbIE MOKA3bIBAIOT, YTO CEHYac HEBAXKHO,
YeMy paBeH 3TOT OUT.

['macHble 3BYKH MOXOXKHE IO 3BYYAaHHUIO Ha «M» WIH «e&» 0003HadaroT
asonuHyo 1udpy 0. I'macHble 3BYKH TOXOXKME Ha «a» WM «0» 0003HAYaroT
aBonunyto mudpy 1. Ecnu cTouT aHrnmiickas «u», 3Ha4UT pedb UAET O BCEH TpyIIIe.

Takum oOGpa3oM Ha3zBaHME sApa COCTOMT U3 TpEX OykB. [IpucTaBKON MOMXKHO
0003HayaTh YTO MMEHHO Mbl UMeeM BBUAY. Eciau peub MAET UMEHHO O fA1pe, TO
UCTIONB3YETCsl MpHUCTaBKa - «ba», 6aza. Eciam peusr uaér o MHOXecTBEe (YHKIUH,
UCIIOJB3YETCs IIPUCTABKA - «CO», KOMIIaHUA. Eciau pedyb MIET 0 psle UCHOIb3yeTCs
npuctaBka «se», cepus. Cyd¢ukc mokasplBaeT NEPUOAUYHOCTh U C KAKOTO YJIEHA
HAaYUHAETCS PSA.

Taoauna 5.
Ha3zBanus sinep
bel lif mer
koh fal rof jar

Hanpumep, HasBanue barof — 310 sAapo ¢GyHKIUWA: paaukain, OWHOMHHAIBHOE
pa3IoKEHUE U TCOMETPHUCCKHUN PSIJI.
-1
= +1
=1
Corof — 3710 Best moarpynma 3tux GpyHkuuid. Serof — X cTeneHHON PsiI.

B moxrpymme cojar menas nmupamMuaa paguKaibHBIX Kommo3uimil. Kaxmas
UCIIOJIBb3YET KaKyI0-TO IEPUOJNYHOCTh WICHOB CTCIICHHOTO psja IMOATPYIILI H
HAYMHACT MX HCIOJB30BaTh ¢ KAKOT0-TO 4WieHa. YTOOBI 3TO yKa3aTh, UCIOJIB3YETCS
cypdukc.

Kak MbI yka3biBaeM B hopMyJie, KaKHe YWICHBI CTCIICHHOTO Psijia CIIOJIb3YIOTCS?
Ecmu Her 3Haka «%p», 3HAYUT, UCIOIB3YIOTCS BCE WICHBI. ECIHM CTOHMT TOJBKO OJIHO
YHCIIO MOCNe 3HaKa «%», 3HAYUT, TICPUOJUYHOCTh PaBHA 2, a YUCIO MOXET OBITh
tosibko O wm 1. OHO TOKa3bIBaCT C KAKOTO YICHAa HAYMHASTCS NAHHBIA psim. B aTux
CJIy4asix Hy)KHO yKa3aTh BCETO OJIHO JIBOMYHOE YHCII0. TO HE TTpodiemMa.

Ho B mmpamuae ynpTpapaiuikana ecTh NEPHOAWYHOCTh yxke U 3, u 4. B

2
(bOpMy.]'IG OHa YKa3bIBACTCA B BHAC 3HAMCHATCIIA. Haan/IMep, %Z 0603HaqaeT, qTo

CTENIEHHOM psAJl HAYMHAETCS CO BTOPOrO 4Yj€Ha U UMeeT nepuoguvHocTh 4. [Ioka He
¢dakT, 4TO 3Ta NMUpaMuJa HE UMEET MPOJOJDKEHHUE. 31eCh YK€ HaJ0 MOJIb30BaThCS
JECSITePUIHON CUCTEMOMN KOJAMPOBAHHS 3ByKaMH HIIM OyKBaMmH.

K coxanenuto, Ha BCeil TUTaHETE HE OKa3aJI0Ch HU OJTHOTO SI3bIKA, KOTOPHIN OBl
U7eaTbHO TIOIXOWI Ha POJIb TOYKU OMOPHI ISl aKyCTUYECKOW TaOIHIbl. Y KaXKJI0To
COBPEMEHHOT'0 €CTECTBEHHOI'O SI3bIKa CBOM HeAOCTAaTKU. [103TOMY moKa3aTh najiblieM
Ha JS/10 U MPOCTO CKa3aTh: «IeJail KaKk OH», HE NOay4nuTca. UToObl NpUOIN3UTEIBHO



pas3risAieTb LEIM W CPENCTBA, NPUAETCA MNPOYUTATh €IIE HECKOJbKO CTPaHUIL
KypHana «DjaarMad HaAyKu».

B cremyromux Ttabnuiax 3ByKHM W OyKBBI BCE€X CTPOK, KpOME IOCJIEIHEH,
MOKAa3bIBAIOT JACCATEPUUHYIO IIU(DPY CBOETO CTOIOIIA.

Tabauna 6.
Koabl aHIINiiCKHUX 3BYKOB
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Tabauna 7.

KO}IBI CJIaBAHCKHX 3BYKOB
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MSIKOCTh COTJIaCHBIX 3BYKOB HE YUMTBHIBAETCS B KOJUPOBKE SAEPHBIX CY(DPHUKCOB.
Tam, rme onHa BaxHa, JMOO HCIOJB3YeTCS MSTKUM 3HaK, JUMOO BbIOMpaeTcs
COOTBETCTBYMOIIEE OyKBOCOUETAHMUE.

B OykBeHHOM KkoaupoBaHMM 1U(pP TakKkKe MOTYT HCIIOJIb30BAaThCS
OykBocouetanusi. Hampumep, B anrimiickom andaBuTe M3-3a HEIOCTATKA TIACHBIX
HEYETHbIE IMPB MOTYT O0Opa30BBIBATHCS M3 MX YETHBIX NPEIIIECTBEHHHUKOB
no0aBieHreM OyKB «y» HIM «W». B OyKBEHHOM KOIMPOBAaHUU C TOYKH 3PCHHUS
uH(pOpPMaIIMK YK€ HEBaKHO, KaK YUTAETCA CIIOBO. [ TaBHOE — 3allOMHUTH, KaK OHO
MUTIETCA.
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B »srtux Tabnumax 3BYKM pacloOXKEeHbl TakK, 4YTOObl OHU OBbLIM TOXO0XH Ha
aHAJIOTUYHBIC 3BYKU JPYTUX S3BIKOB, HACKOJIBKO 3TO BO3MOYKHO OBLIO OCYIIECTBUTD.
OT0 MaKCUMaJIbHO YIPOIIAET MOHUMAaHWE IJIOTHOW MH(OpMAallUM, HAIMMCAHHOW Ha
Ipyrux si3bikax. YTo akTyallbHO JUIsl TIEPEBOJYMKOB, OCOOCHHO aBTOMATHYECKHUX.
Tabnuia 3BykoB moja0upaiacb U TECTUPOBAIACH I COBMECTUMOCTH CO MHOTUMH
COBPEMEHHBIMHM  aji(paBUTAMU MHUpPA. BO3MOXKHOCTH CKJIAgHO, KOMIIAKTHO H
0J1aro3By4YHO BKJIQJBIBaTh 0oJiee KPYIHYI0 HH(GOPMAINIO B HAUMEHOBAHUS y JaHHOU
CUCTEMBI UMEET CaMble€ BBICOKHE MOKA3aTEeNH, IO OTHOIIEHUHU K JIPYTUM BO3MOKHBIM
MOPSAIKAM.

['pynmbl riacHBIX pacHOJIOXKEHBI TakKuM oO0pa3oM, 4YTOOBI TpoIIe ObLIO
OpPUEHTUPOBATbCA B TPOWYHOM M IIATEPUYHOM CHCTEMax WCUMCICHUS. [ pyniibl
COTJIaCHBIX YAOOHBI JUISI OpPWEHTHPOBAHUS B JABOWYHOW, YCTBEPUYHOU W
BOCBMEPUYHON CHUCTEMaX MCUMCICHUA. Tak Kak JIFOIU JIETKO U OBICTPO 3aIIOMHHAIOT
Kakas TJIacHasi COOTBETCTBYET KaKOW COTJacHOW, JaHHas TaOnuia mpeaenbHa
s (peKTUBHA B CaMbIX OCHOBHBIX Pa3HOOOpa3UsIX MOTPEOHOCTEN KOJUPOBAHMUS.

HecmoTpst Ha TO, YTO BO MHOTHX SI3bIKAX Pa3jIMYMMOCTb YETHBIX U HEUETHBIX
IJIACHBIX 3BYKOB BO3MOXKHA TOJIBKO 3a CYET JUIMTETBHOCTH WX 3BYYaHWS,
B COIJIAaCHBIX TaOJMIAX TaKOW MOPSAOK OKAa3bIBAaCT OTPUIIATEIBHYIO TOMOIIIb.
B miotHO MHQOpMUPOBAHHBIX HAUMEHOBAHUIX HEM30EKHBI MOJAPSA UAYIIUE YETHBIC
i Heu€THbIe UG phl. YTOOBI KMETh BO3MOXKHOCTh YePEI0BATh UX OOPBIBUCTHIMU U
TAHYIIIUMUCS  COTJIACHBIMH, OJTH KadecTBa 3BYKOB YIIOPSJOYEHBI B  BUIE
AMhTEPHATUBHOCTUA. A YETHOCTh M HEUETHOCTh 0003HAYAIOTCS TUIYXUMHU M 3BOHKHMH
COTJIACHBIMH.

B penxux ciydasix, Korja Hy>KHO 0003HaUUTh OJHY-J[BE IIECTHAAIIATEPHUUHBIC
u@psl, TO €cTh YuTabeabHOCTh Ha (hoHE 00I1Iero OyKBOCOUETaHUS POJIH HE ChITPAET,
nBe TabmuIbl oO0BeaWHSIOTCT B omHy. CorjacHble, KaKk W Tpexae, 0003HAYaroT
uudpet or 0 mo 9. I'macueie o6o3HauaroT mupsl or A o E. udpy F moryr
0003HauaTh MO0 OYKBBI «T» U «», TMO0 OYKBBI HUKHEH CTPOKH, KOTOpas COCTOUT
u3 5 syeek. Ecnam JaHHBIM CJIOBOM BeChb MHUpP OYIET TMOJIb30BAaThCA TOJHKO B
AHTJIOSI3BIYHOM HAMMCAHUH, MOYKHO MCTIOJIb30BATh AHTJIUICKYIO OYKBY «X».

B npyrux mauMeHOBaHUSAX cpa3y TpU JBOMYHBbIC HU(PPBI MOTYT 0003HAYATHCS
OJIHMM 3BYKOM, TakK Kak coryiacHbie oT 0 10 7 MOKa3bIBalOT CBOM OUTHI XapaKTepoM
3By4yaHus. BeposTHo, B Oyaymiem, KOrja U MaTeMaTUKH Jydlie pa3doepyTcs BO BCEX
GYyHKIMSIX, U HAKOMUTCS ONBIT pabOThl C TaKOW CHUCTEMON HACBHIIIEHHOTO
KOJMPOBaHUS, MOXKHO OyleT co3aarh Oojiee IUIOTHYIO CHCTEMY MaTeMaTUYECKUX
TepMuHOB. [Toka sipa MOXKHO Ha3bIBaTh MEHEE CXKaTo, TpeMs OykBaMu. A Tam, THe
HY>KHO MPEeNIbHO KPAaTKO yKa3aTh SAPO, UCIIOJIb30BATh €ro MEPBYIO OYKBY.

Y XUMHKOB cucTeMa MH(GOPMATHBHBIX HAWMMEHOBAHWUU IOJIE3HA HE TOJBKO B
TaKUX CJIOBaX, KakK IMpomaH, MeTaH W OyTtan. CamMu Ha3BaHHsS aTOMOB MOTYT
MOJTHOCTBIO 3aMEHHUTH OTPEOHOCTH B TAaOMHUIlE aTOMOB. B MMeHN aTomMa JOCTaTOYHO
yKa3aThb BCETO TIEpHOJ, HOMEp OoaHoW u3 4 opOuT, HOMEp B JAHHOH




IIOCJIEIOBATEIBLHOCTH, U €CIIU €CTh BBUIETEBIIME 3JIEKTPOHBI, YKa3aTh UX KOJIUYECTBO.
Wx He ObIBaeT GoJiee ABYX U U3 ONpPeAesIEHHON OpOUTHI OHU MOTYT BBUIETETH TOJIBKO
B ONpENCNIEHHYI0 OpOUTY, 3HAUUT, KOHEYHBIN NMYyHKT yKa3bIBaTh HE HAJ0, a TOYKA
OTIIPaBJICHUS — HOMEpP OpOUTHI yKe yKazaH. Takum oOpa3om, u3 3Tux 3-4 HeOOIbIINX
qucesl MOXHO Y3HaTh BCE CTPOEHHUE AJIEKTPOHHOM 000j0uku aroma. OZHO CIIOBO
MOXET COJIepKaTh BCIIOMOT'ATENIbHBIE YUCIIA, C TOMOIIBIO KOTOPBIX IO 3TUM JaHHBIM
MOKHO OIIPENEIUTH KOJIMYECTBO ITIPOTOHOB B SIJIPE.

CpenHioro Maccy aroMa, paclpoCTPAHEHHYK) Ha HAIIEH IUIAHETE, TaKXKe
MO>KHO 0003HAUUTh OTAEJIbHBIM — BTOPbIM UMEHEM aroMa. O0a UMEHH MOIYy4aroTCs
O4YeHb KOPOTKHMH, OT 2 70 5 OykB. Ha3BaHus Takux MPOCTHIX BEIIECTB, KaK BOA,
MUIIEBBIE COJAa W COJIb, TAKXKE CIOCOOHBI HECTH (POPMYTYy CBOETO XUMHUYECKOTO
cTpoeHus. JIroOUTeNN HCKYCCTBEHHBIX SI3BIKOB BOOOIIE CIOCOOHBI MPEBPATUTHCS
B CYINEpPIPYIUTOB, BEChb CBOM JIEKCMKOH OHM MOTYT NPEBPATHTh B CIUIOUIHYIO
BUKUIIEIUIO.

AJNbTEepHATUBHOCTH OYKB IO3BOJISIET BBIOMpPATh HanboJsee 0Jaro3ByyHble CI0BA
U3 BCEX, KOTOPbIE MOTYT HECTH 3Ty MH(OPMALIMIO, @ UHOTAA U MOATOTOBUTH MOJIHBIM
CIIMCOK CJIOB TaKMM, YTOOBI UX ME€PBbIE OYKBBI JIsl a0OpeBUATyp HE MEPECEKaTUCh.

Y MareMaTHKOB, (PU3UKOB, ACTPOHOMOB M MHOTHUX JIPYTUX YUYEHBIX, JIE3YIIHUX B
camble HEW3BEJaHHbIE Je0pU CBOEM HAyKH, MOSBISIIOTCS HOBBIE IPOOJIEMBI.
@opMysibl M J1a)k€ OTHIEIbHO B3SAThIE BBIPAXKEHUS CTAHOBSTCA HACTOJBKO
TUTAHTCKUMU, YTO HE TOJIBKO aHAJIM3UPOBATh, XOTS OBl MPOCTO Pazo0paThCs, HANTH
KaKoW-HUOYIbh MOPSAOK B HUX 0€3 CIeNHaIbHBbIX YXHUIIPECHUH CMEPTHOMY UYEJIOBEKY
HE IOJ CUITY.

Yacto  BCTpedamoImuecs  MHUKPOBBIDQXKEHHA  MPUXOAUTCA  0003HAYAThH
oTnenbHbIMU OykBamHu. Ho 3TuX OyKB CTaHOBUTCS TaK MHOIO, YTO M OJHOIO
asnpaBUTa yK€ HE XBATAET, IPUXOJUTCS MOJIB30BATHCSI U TPEUECKUM, U PYCCKUM, HO
caMO€ CTpallHOE, YTO B TAKOM KOJMYECTBE BCIIOMOTaTEIbHBIX IEPEMEHHBIX YK€
HayMHAelb MyTaTbca. UTOOBI Kak-TO M B ITHX JUKYHIVISIX — COTHSIX NEPEMEHHBIX
OBLIO IPOIIIE OPUEHTUPOBATHCS, JJISl PA3HBIX LI€JIEH HCIOIb3YyEelb TAKUE IIEPEMEHHBIE,
KOTOpBIE YEM-TO KOHKPETHBIM OTJIMYAIOTCS OT APYTuX, JUOO B 3By4YaHUH, JMOO B
HaIlMCaHUU.

TaGnuipl TIaCHBIX M COTJIACHBIX TO3BOJISIOT JIeJaTh pa3lndyHble anaBUTHI,
KOTOPBIE YK€ CBOMM BHUJOM 0003HAYAIOT U CTPOKY, U CTONOEI] CBOeH siueiiku. Takux
BHJIOB a1()aBUTOB B OyayIem OyaeT MHOTO. UeM OoJbIne ombiTa OyAET y JT0JeH B UX
AKCIUTyaTaIliH, TeM JIydie an(aBUThl OHU CMOTYT U300pETaTh.

[Ioka MOKeM ITOKA3aTh JINIIb HECKOIBKO MPOCTEUINNX UAEH. Tak Kak IJIaCHBIX,
KOTOpBIE JIOOBIE HApOJbl CHOCOOHBI XOPOIIO pa3inyaTh, BCETO MATh TPYII,
BEpPOATHO, dSTa TalnMila HaBCErna ocTaHeTcs necsitepuyHoil. IlepBrie BoceMb
KOJOHOK MOXHO 0003HauaTh TpeMsi KOHEYHOCTsMH. [l mociemqHux JByX
MPUXOJUTCS BBIKPYYIMBATHCS Pa3HbIMU criocobamu. [IpoTHBOMONI0XKHBIE KOHEUHOCTH
MOTyT 0003Ha4aThb HOMEpA CTPOK. 3BYKH IOCIECAHEW CTPOKU M3 IATU SIUEEK MOTYT
0003Ha4YaThCs HEOOIBIIMMH YCUKAMHU.

HaubGonee wuHTepecHass ceroaHs cucreMa andaBUTa MCIONb3YET OJHY
BEPTUKAJIBHYIO OCHOBY — IIPOCTO BEpTUKaJIbHAS yepTa «I». 1 BpaBo, U BIEBO MOTYT




BBIXOJIUTh OT HYJSl O YETBIPEX M3 IMATH BO3MOXKHBIX KOHEYHOCTEH. BiIeBO BBIXOIAT
KOHEYHOCTH COTJIACHBIX OYKB, BIPABO — ITACHBIX.

HyneBas KOHEUHOCTb — BEpXHSAS TOPU3OHTANIb, O0O3HAYAET HEUYETHOCTD.
Hampumep, «I'» B Takom andaBure mnokasbiBaeT 3ByK V0l «u», «T» — 310 y)e nBa
3Byka c01v01 «Ou». IlepBasi KOHEUHOCTh — BEPXHSAS TUATOHANIb BBIXOJUT U3 IEHTpa
BEPTHUKAJIU BBEpX. BTOpas KOHEYHOCTh — HUKHSISL JUAroHaldb BBIXOAUT U3 LEHTpa
BEPTUKAIM BHM3. BMmecTe OHM NOKa3bpIBalOT JIBOMYHBIA HOMEp Mapbl CTOJIOLOB.
Hanpumep, «K» nokaspiBaer napy mumsimux croiaounos 11. B ganHOM ciyyae HET
TOPU30HTAJE U KOHEYHOCTH PACIOJIOKEHBI TOJIBKO CIIpaBa, 3HAYUT, 3TO 3BYK V06
«o». Takum o0pa3zomM AT 3 KOHEYHOCTH ITOKA3bIBAIOT JIBOMYHOE TPEXPA3psAIHOE
yucio 0-7, Homep cBoero crondua. HkHss quaroHains — cTapliuid pa3psisi, BEpXHSs
TOPU30HTAIb — MIIAJIINN Pa3psl.

[Tocnenusst mapa cToa010B TaOIUITEI 0003HAYACTCS YETBEPTONU KOHEUHOCTHIO —
CpPEIHEW TOPU30HTAJIBID, KOTOpas BBIXOJWUT TAKXKE W3 LIEHTpAa OCHOBAHUS, HO OHA
ropusoHTanbHad. Hanpumep, «F» mokaseiBaet 3ByK V09 «s1». TpeTbss KOHEUHOCTh —
HUKHSIE TOPU30HTAIb MOKA3bIBAET, UYTO HCIONB3YETCS HEUETHAs CTPOKa TaOJIHIIBI,
HyMepauus CTpOK Toxe oT HyJis. Hanpumep, «L» noka3eiBaet 3Byk v10 «blit».

VYcuku cBepxy MOXHO HCIIONB30BaTh Al OyKB HIKHEIO psAa «y», «W».
XBOCTUKH CHU3Y JJisi 0003HAUEHHUS HIKHEH TTaphbl CTPOK TaOIHUIIBI.

Yrobbl 0003HAUMTH, CTPOYHAs OSTO OyKBa WM TMPOMHUCHAsA, MOXKHO
MCIIOJIb30BaTh CAMM KOHEYHOCTH MO-pa3zHoMy. Hampumep, Hanuunem OTPOCTKOB Ha
KOHIIax KoHe4YHOocTel. Tam, rae 1Be KOHEYHOCTH CIMBAIOTCS, U 3arOpakKuBarOT CBOU
OTPOCTKH, MOXHO HMCIOJB30BaTh Pa3HbIM BUJ UX ciusHUsA. Hampumep, eciu ectb u
BEPXHSSl TOPU30HTAIb M BEPXHAS JUArOHalb, s O0003HAYEHUS OTPOCTKA MOYKHO
nenaTh UX CIUSHUE 3aKpyriaeéHHbIM «P» — 0603Hauaet u 3Byk VO3 «E», u T0, 4TO 3TO
IpomucHasi OykBa.

VY Takoil cuctemsl andaBuTa MOABIAETCA PEAKHUI, HO pe30HHBIN Bompoc. Kak
OBbITh ¢ OYKBOM, KOTOpast BOOOILE HE UMEET HU KOHEYHOCTEM, HU XBOCTUKOB, HUYETO,
KPOME OCHOBBI. 3BYK «II» COTJIACHBIA, YETHBIN, HYJEBOW CTPOKH, HYJEBOW Mapbl
CTPOK, HyJIEBOI mapsl cToa010B. B 3TOM andasute ke Ha 0JTHON OCHOBE MOXKET OBITH
U TOJIBKO OJMWH 3BYK, U OJHOBPEMEHHO JBa 3ByKa. Ecim Hajo Hamucath JBa 3ByKa
c00v00 «p1» Ha OAHOM BEPTUKAIBHOM OCHOBE, MOXHO COCIUHUTH BEPXHIOI M
HIKHIOKO TOPU30HTAIIb «Dy.

PazpaGoraTs Takod andaBUT, HABEPHOE, CMOXKET JAICKO HE KaXIbIA
cneruanuct no mpudrtam. [locne Hero BO3HUKHYT emié cpasy ABe mpobdiembl. Kak nx
BCeX Ha3bIBaTh. Kak OHM MpUMEPHO 3ByUYaT COOOPA3UT 1000 YEeOBEK, JaXKe €Clu B
€ro POJHOI peyu TakuWxX 3BYKOB HET U B MOMHUHE. B 3TOM eMy MOMOXET cucrema
pPacnoJIOKEHUsI CO3BYUMi B TaOJIUIE U MOPAJOK CaMUX 3BYKOB B co3Byuuu. Ho ux
HAJ0 Ha3bIBaTh TaK, YTOOBI OHU HA CIyX HE MepemyTajuch APYr ¢ ApyroM. Bropas
npobsieMa, Kak WX BBOJUTH C MOMOIIBI0 OOBIYHOM KJIaBHATYpHI, HA KOTOPOW MPOCTO
HET TaKOIr'0 KOJIMYECTBA KHOIIOK.

Ectb xopomias uaes MCHojib30BaTh OJUMIUICKUE KOJIbLIA JJIi BBOAA JHOOOMU
OYKBBI TaKOr'0 TMTraHTCKoro aigaBura. OIUMIUICKHAE KOJIbIIA HACTOJBKO TOHKHE U
IIPO3PAYHBIE, YTO HE 3arOpa’KMBAIOT TOTO, YTO HAXOAUTCA IMOA HUMHU. MIX MOXKHO
JepKaTh MPsIMO Ha TOM K€ JIMCTE, HA KOTOPOM MbI ceidyac numeM. B kpaitHeM



cllydae MX BCErja MOXXHO nepeABuHyTh. OHU O4YeHb MajieHbkue. Jla u BooOuie, eciu
HaJ0, MOKHO pa30pocaTh KOJIbLIA MO pa3HbIM yriaMm. UTO MHTEPECHO, BCETO MSTh
KOJIEl] OKa3aJIMCh CIIOCOOHBIMHU 3aMEHUTh OJHOBPEMEHHO 2 Maphl TaOJUIBI KJIABUIL,
110 85 KHOIIOK B KayKJI0M mape, IUTF0C YIPaBIICHHUE.

UToObl BbI3BATH CIUCOK S3BIKOB, WM JIPYTO€ MEHIO, a TaKK€ BMECTO KHOIOK
«Backspace», «oTMeHa» M JIpYrMX 4acTO HCIOJIb3YEMbIX IpU JIOOBIX andaBuTax
KHOIIOK, MOKHO IIepeOpachIBaTh M4 U3 OJHUX KOJIEL B APYTUe HECOCEIHHUE KOJIbIIA.

YroObl HaXXaTh KaKyrO-TO KHOIMKY OYKBBI CBOEH Mapbl CTOJOIOB (B KaKIOM
rape BCEro mo 9 KHOMOK B KaXJOM M3 YETBIPEX TaOJMI[), MOKHO HCIOJb30BaTh
BOCEMb HaIlPaBJIEHUH U OJTHO MPOCTOE HAKATHE.

Kak BwiOupaercs mapa Tabmun. Haxkartne MokeT OBITh KOPOTKMM U
JUTUTENbHBIM. PaccTosiHue — He BBIXOJISA 3a KOJbIO, WM BBIAISA 32 KOJBIO. TaK MbI
BBIOHMpaEM mapy TaOJIHIl «CTPOUHBIC) WU IIPOTIHCHBIEY.

Kak BwIOupaercs Tabmuua B mape. Msu MOXHO OpOCUTH TaM, KyAa €ro
nepeMelainy, Wik BEpHYTh B LIEHTP CBOETO KOJblia. Tak Mbl BBIOMpPAEM INIACHYIO WU
cornacHyro Tabmuny. Hu KopoTkoe, HM NJIMHHOE Ha)kaTWE Ha3aJl He BEpHEIb, HO
3IeCh 3TO U HE HYXHO. Tak Kak JBOIlHbIE KHONKM M B TJacHOW Tabiuue, u
B COIJIACHOM, OJJUHAKOBBIE.

Ha cpaBHeHue u aHaiu3 BceX BO3MOXKHBIX aKyCTHMUECKHUX TaOJMI] BO BCeX
BO3MOXXHBIX C(epax dYelOBEUYEeCKOW MeATENBHOCTH y Hac yuuio Oomee 20 merT.
PekomennyeM KaxaoMy YIEISATh 3TOMY JEIy HEKOTOpPblE CBOM IEPEPBIBBI H
NEPEBIIIKA OT APYTUX padboT. DTOT OMBIT OYJET MOJIE3eH BO MHOTHX JPYTUX BUIAX
Baiie Oyaymie nearenbHOoCTH. MOXKHO 0Opa3HO CKaszaTh, YTO 3TO JOMOJHSIONIUN
00pa3 MBIIUIEHHS K JIOTUYECKOMY, KOHCTPYKTUBHOMY H aJTOPUTMUYECKOMY.

YnakosanHast Ggopma npeacTaBJIeHUs YUCIA

Panee MBI JEMOHCTpPUpPOBAIM HHACKCHYIO (OpMY dYHCIA, KOTOpas HUKHEM
MHJEKCOM ITOKa3blBaJIa KOJUYECTBO MOAPAN MAYIIUMX HyJEeH. Pa3zHble poccuiickue
y4€HBIE MAaTE€MaTHKU II0-pa3HOMYy oTpearupoBasii Ha He€. Auekcedl IOpbeBuu
VYTemeB HaAOMHUJI, YTO CTAPUHHBIE AITOPUTMBI CKATHUSI MOTJIM MOAOOHBIM 00pa3oM
C)KMMATBh JIF0ObIE OAPSI uaylire Hudpbl. Mbl IepecMOTpENn CBOU CTapble MpaBuiia
Y IPUILUIH K BBIBOJY, YTO C HEOOJIBIIMMU U3MEHEHUSIMU OHU TOKE MOTYT TaK JI€JaTh.
[IpenyraraeM 03HaKOMHTHCS C HOBOM (hOPMOIA YucIa.

Ecnu Hy)HO yKa3aTh, 4TO Kakas-To Iudpa moBTopsieTcsi Oojee IByX pas, mocie
HE€ CTAaBUTCA 3TO KOJIMYECTBO B HUKHEM MHACKCE.

Tab6uanna 14.
IIpuMepbl yHaKOBaHHOM (pOpMBI YHCIA
9:=999 105=1 000 1010=10 000 000 000
12703=127 000 103.25=1 000.25 195.0525=1 999.000 25
10525=100 025 1.0425=1.000 025 .0437588532=.000 037 778 855 52

Eciu HyXHO yKa3aTb, YTO Kakas-TO LH(pa MOBTOpsiETCS OECKOHEUHO, MOCIIe
Heé cTtaBuTcsa 0 B HUKHEM UHICKCE.
1/3=.3¢=.333333333...
Ecnu 6GeckoHeuHO MOBTOPSIETCS MOCIEI0BATENbHOCT U(Dp, €€, Kak 00bIYHO, Oepém
B CKOOKHM, HO 9YTOOBI OTHBIHE HHKOT/Ia HE MyTaTh €€ C OOBIYHBIM YHCIOBHIM
MHOXKHUTEJIEM B CKOOKaX, 3TH CKOOKHU TOKE JI€aeM HI>)KHEM HHJIEKCOM.




1/7=.142857y=.142857142857142857142857...

Jia Tex, KTO NpHUBBIK K HKCIOHEHLMAIbHOW (opMe M HE XOueT C HeH
paccTaBarbCs - MPUAETCS CTaBUTh 3HAKU «+» U «-», YTOOBI pa3peuIuTh IAPYrUM
MCII0JIb30BaTh OYKBY «e» B cBouX 1ensiax. Hampumep, 1.234567e15=1.234567-+15. KTo
CTaBWJI B KOHLIE TaKUX YHUCEJ OObIYHBbIE HYJIM JJs1 0003HAUYEHHS TOUYHOCTHU, OHHU U
Jajblie MOTYT HMX CTaBUTb, 3TH NOTPEOHOCTH HE BIMAIOT JaXe Ha YHNAKOBAaHO
sKcnoHeHnanbHy0 Gopmy 1.23456700+1s. Ecnmu 6 HIKHHI MHAEKC MOXXHO OBLIO
CTaBUTH Mepes MUPPoi, KOIUIECTBO KOTOPOH OHM YKa3bIBAIOT, 3/1€Ch MOXKHO OBLIO
061 0bolTHCH 0e3 3HakoB +  -. Ho mepen mudpoiit KoTM4ecTBO CTaBUTh HENb3S, TaK
KaK 3TO BBI30BET IyTaHUILY, Hanpumep, 10g32.

Yucna HxHETO MHAEKCA | U 2, mepex KOTOPbIMU HE CTOSAT 3HAKU + U - MOXKHO
3ape3epBUpPOBATh AJI TaKUX IMOTpeOHOCTEH, KOTOpbIE MOryT O ce0Oe 3asBUTh B
Oyayuiem. Ecnu, KOHEUHO, XyJUTaHbl HE HAYHYT MCHOIb30BaTh YUCIIO 2 IS 3TUX K€
MOTPEeOHOCTEH.

3akiaouenue

EctecTBeHHYI0 TEOpUIO JOJIKHBI Pa3BUBATh, ECTECTBEHHO, TPO(ECCUOHATIbHBIE
MaTeMaTuku. JIroOOM y4eHMK MaTeMaTHKH JOJDKEH 3HaTh KaK MUHUMYM TaOJuIy
€CTECTBEHHBIX (YHKIHA. DTO ecTecTBeHHO. Ho Ha nene, qaxe yduTens MaTeMaTHKH
OTKa3bIBAIOTCS HA 3Ty TAOMUIly XOTsA Obl MPOCTO MOCMOTPETh. UTO HAAO chenaTh,
YTOOBI MEPEKITIOYNTh BHUMaHUE MPO(ECCHOHANIBHBIX MaTEeMAaTUKOB Ha JallbHEHIIee
HCCJIEI0BAHNE €CTECTBEHHBIX MAaTeMATHUYECKUX (PYHKUUNA M Onepanuil HaJl HUMH?
bynyt unen — numure Ha bkcru@bk.ru

Ecnn mocMoTpeTh Ha MCTOPUIO PAa3BUTHUSA HATYPaJbHOTO MPOCTOTO Jorapudma,
BUJIHO, YTO B TiepBhie 150 JieT KaXKbplii BETUKHUM yYEHBIA CBOETO BPEMEHHU OOBSICHSIT
ero mo-ceoemy. Tospko OWiep CyMmels IOKa3aTb, YTO 3TO IPOCTO E€CTECTBEHHAs
(GyHKIUS, YTO CYIIECTBYET U €CTECTBEHHOE YHMCII0. YTO Aaiblie HaM HaJg0 UCXOAUTH
13 TOT'0, UTO €CTECTBEHHO.

Teneps, Korga Mbl 3Ha€M, YTO OHM JIMIIb Majas 4acTb BCETO €CTECTBEHHOTO, U
4TO Ja)Ke MPOCTOM Jorapudm 10 CUX MOpP Mbl MOIJIM UCIOIB30BaTh TOJIBKO IpU M=1,
MOJIE3HO NJIsl MCcreaoBaresied Oynyliero y3Harb, Kak K 3TOMY OTHOCATCS YYEHBIE
Hauero BpeMeHu. Eciu Bbl cripocuTe 00 ’TOM CBOMX YYHUTENEH, U COXPAHUTE 3TO IS
HCTOPHUH, 3TO OKaXET OOJIBLIYIO MOMOIb UCCIIEOBATENSAM OYyAYIIETO.
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