


Annomayusn

Mup wuenosexa co30aémcsa  uyecmMeEeHHbIM
eocnpusmuem 6GHeuIHell cpedbl ¢ NOMOWDBIO OP2aHO8
cayxa, 3penus, o6onanus, ocazanua, eéxyca. Ilpoyecc
NO3KaHUs IMOU Cpedbl MOdHcem npoucxooums Ha
DAa3HbIX YPOGHAX, XAPAKMEPUIYEMBIX KAMmMezZopuamu
mupoeo3s3pendeckux npocmparncms. Ilpumenenue
00vémnoli  cpepuneckoii modeau npocmparcmea
émecmo Jaunelnoi, unu nogeepxHocmuoil
Pauyuonanuzupyem u obozawjaem npoyecc MO3HAHUA,
nPOAGIAA NPU IMOM He MOAKO PUIUYECKUN CMbICT U
83AUMOCEA3b KA3AN0CH Obl PAZHOPOOHBIX A6JEeHIN, HO U
nomozaem pacuiupoeanto HeKOMoOpvle NONOHCEHUA
opesnux 330mepuyueckux Ooxmpun. Ilpaxmuueckue
clleocmeusn, evlimeKawoujue U3 YKA3AHHOU MOOeu,
DACnpOCMpaHaIomca Ha 6ce OMPACAYU 3HAHUL..



Om asmopa

OTOT Majblii MO 00BEMy, HO JOCTATOUYHO
“CKOHLICHTPUPOBAHHBIN MaTepuala aJpecyeTcs B
IIEPBYIO O4Yepenb TeM, KTO IBITAETCS Ha ypOBHE
COBPEMEHHBIX IIOHATHUI U 00pa3a MBICIIEH BHIICHUTD,
a 4YTo XK€ Ha caMOM [elle CTOUT 3a
(heHOMEeHOIOTUIECKUMU 3aKOHOMEPHOCTSIMH,
IIKPOKO KCIIOIB3YEMBIMH COBPEMEHHON Haykoil. 3a
IpeBHEHIIUMU TaHBIMU (330TEepUIECKUMHU)
yUYEHUSIMHU, NPOLBETABIIMMH B npeBHeM Erumre,
Wunun, Kurae, I'peniuu um Opyrux permomax, 3a
HEKOTOPBIMU CUMBOJIaMU U 0OpsaxamMu? Uto o3HaUaeT
IpUHIUI “cemepuunocmu”, KOTOPOMY ITOCBAILEHO
MHOJKECTBO TPYJIOB ¥ KOTOPBIH MOXXHO OGHAPYKUTH B
MI060H peNMrHo3HolM JokTpuHe? Bens HeT COMHEHH I,
II0 KpaliHeW Mepe, Y OCBEAOMIICHHBIX JIIOJIEH, B TOM,
YTO YPOBEHb HAYYHBIX 3HAHUN [OpEeBHEUIIHX
oburareneit 3eMnu OBUI HACTOJNIBKO BBICOK, YTO
COBPEMEHHBIE YMBI B DPsl€ CIy4yaeB HE MOTYT HX
IIOCTUTHYTh. HO, HE paspemuB npodiieMsl, KOTOPHIE
JIETKO pa3pellaiInch J{peBHUMH, YeI0BEYECTBO €IBa
JIM CMOXET MATHU IO IIyTH HCTUHHOI'O Iporpecca.

- Cucmema  CO6PEMEHHbIX HAYUHLIX  3HAHUIL
nocmpoena ¢ OCHO6HOM HA IMRUpPpuUYecCKom mamepuaie,
genomenonozuneckux 3axkonomepuocmsax. Taxoi nyThb
pasBUTUsl HENb3S CUUTATH YAOBJIETBOPUTEIbHBIM,
IIOCKOJIBKY B OOJIBIINHCTBE Clly4JaeB
(e€HOMEHOJIOTUYECKHUE 3aKOHOMEPHOCTH
0oTOOpaxaroT  TOJNBKO  YaCTHYHO  KapTHHY
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creocmauamu 00on
PaccMOoTpeHbI OCHOBHBIE CBOMCTBA MAaTeMaTHUECKOMN
MOIENHU cghepuneckozo poctpaHcTBa. IlokasaHo, 9to
OOHOMEeDHble  HpOeKuuu  HeKOmopuvlX U3  HUX
eéocnpunumaromca kax dhenomenonozuueckue. 11pn
3TOM HCIIOIB30BaHHBIN B paboTe MaTeMaTHUUYECKUM
ammapar He BBIXOJIHUT 3a paMKu
001meo0pa3oBaTENbHOM CpeaHeH IIKOJIBIL.

pabOTHMKM M BCE HUHTEPECYIOIIHMECd 3arajkamu
cobupaercs IOCTUTATH
IPEMYIOPOCTH 330TEPUUECKON TUTEPATYPBI, OOUIBHO

HA3JAIOIIENCS B HACTOsIee BPEMs, 3TOT MaTepHal
MOXET OKa3aTh HEONEHUMYIO YCIYTY, €CIU OH Oymer
npopaboTaH M ycBoeH mnpeaBapurenbHo. Ha sroi
OCHOBE BO3MOXXHBI IIPUHLIMITHAIIBHO HOBBIE PELICHUS]

B JIIOOBIX OTpacCiiaxX OesaTCIbHOCTH.



BBeneune

. SHanue

obumaem ¢ 20106ax, HANOJHEHHLIX MBICIAMU OPY2UX Jr0Oei.
My@pnr’mt, - 8 YMAX, GHUMAMETHBIX K CBOUM COOCIMBEHHBIM. ..

JLI2o D JITEREy CIRedRiiITil/eit I R LRSS S

U3 omeema Yuumeneii na eonpoc E. I1. baasamckoii.

q
MPOSIBIICHUN e0unozo, ¢3aumoobycnosnennozo Mupa.

Ne
-
e}
2
S
—
oa
=
o
=
I
Q
=
o
(@)
=
T
o
we]
=
)
¢
=
w
&
=
~
(@)
2
o
S
o
-
o)
=
o
st
h
=
o

3TU SBJICHHS IO YeJIOBEUEeCKOW CXeMe, TaK KakK s
MOTBUIbKA OHM HE aKTyaJbHBL. Bce 6e3 uckurouenuii
max nazvigaemsle 3axonvt Ilpupodvt - amo na camom
dene ceolicmea mex, Uil UHLIX MUDPOBO33DEHUECKUX
Mmooenell, CO30aHHbIX UYeN0GeYeCKUM Annapamom
MOIULIEHUS, UMEIOWUX UeTbl0 NO3HAHUEe COOCMEEeHHbIX

ouLyuleHuil.
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ITOJIOXKEHUs 0€e3 BCAKUX OrOBOPOK - 3TO cam Yelosek,
u Haubojee XMU3HECIIOCOOHAsT MOJIENIb IMO3HAHMS
IpocTOo 00s3aHa OBITH IIOCTPOEHAZ HA OCHOBE
YEJIOBEUECKOTr0 MUPOBOCIIPUATHS. Yenoeex
gocnpunumaem Mup uckioHumenbHo 8 coOCMBEEHHbIX
ouyutenuax. Ho B 4MCIO 3TUX OIIYIICHUH BXOIUT U
OOIlIEHUE C IPYTMMH JIFOAbMH, TaK e CIIOCOOHBIX I10-
CBOEMY BOCHPHHUMATh Mup. A 3HAYUT BONBHO HIIH
HEBOJILHO HEOOXOAMMO B3IJIIHYTh HA MUp HE TOJIBKO
CBOMMM, HO M 4YyXHMMH [IJjla3aMH, IpaBia, B
COOCTBEHHOM IPETOMIICHUH (uHaue HE
IIPEACTABIAETCS BO3MOXHBIM).

Knuza Ipupoodvr nanucana Ha A3viIKe MAMEMAMUKU.
TI'anuneo I'anuneii.

Ha kakoii-mo cmaduu passeumua y uenogexa
gopmupyemcsa nonsmue “A”. Tem camovim uenosek xax
01 “svinpedmeunsaem” cebsa u3 eOUHO20 U HEOEAUMO20
Mupa, npomueonocmaeue cebsa écemy ocmanviomy. B
AHAUMUYECKOM naane Iamomy NOHAMUIO
coomeemcmeyem uucioeoe nouwamue “edunuuya’” unu
“ooun”. B peszynvmame oOanvueiiuiezo 0cmwviceHUA
Heu3beicHo eo3nukarom nouamua “oea”, “mpu” u m.
0., hopmupysa eenuuaiiuiee 0ocmudicenue abcmpakmuoi
uenoseueckoii mvicnu - HATYPAJIBHBIH P
YUCEJIL

YU CJIO npencrapisieT cOO0H Kouuecimeennyro
mepy, B JII000M ciydae XapaKTepU3YIOIIYIO
HeKOTOPBIt OBFBEM. VIHBIMU CIOBaMU, IIOHSTHS
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00bém u uucno - anekBaTHBL. W Korma rOBOPHTCH,
HalpuMep, YTO AJIMHA TaKOW-TO JIMHUU COCTAaBIISET
CTOJIBKO-TO E€OMHMUII, 3TO 3HAYMUT, YTO OOBEM JIMHUU
MMEHHO TakoB. [IpocTo IO yMOJYAHUIO BEIMYHMHE
IIOBEPXHOCTH JIMHUM IIPUAAHO €AMHUYHOE 3HAYEHMHE,
Kak OBl “gvicéemue” ompepensaomui napamerp. To
K€ CcaMOo€ MOXHO CKaszaTb U OTHOCHUTEIIBHO
YHCJIOBOTO 3HAYEHMS, ONPEICIISIOIIETO TOBEPXHOCTD,
r7e 1Mo YMOJYAHUIO eIUHUYHOE 3HAUECHUE NIPUAAETCS
TONMuUUHE noBepxHOCTU. Ilo cymu, namypanvuslii pao
yucen npedcmasisem coboii naubonee 3¢hghexmuenbii
uncmpymenm,  noseonawwuii  gopmanuzoeamo
no3HaHue 4enoeéeka, m. e. npuoamv emy popmy, He
HYMCOarouyrocs 6 nepeeode Ha opyue A3bIKU.

ITo Bceii BEpOSTHOCTU HU OAUH YYCHBIN, WU
IIPOCTO MACIITAOHO MBICTISILIUMA YEJIOBEK HE OTPULIACT
NPUHLUMII  eguHcTBAa  Mwupa, T.e.  B3auMO-
00yCIOBJIEHHOCTh BCEX MPOLIECCOB KaK
HAOJIOOAaeMBIX, TaK M OTHOCUTENIBHO CKPHITBIX. Ho
JlaJIeKO HE BCE IPU3HAIOT, WIH HaXXe OCO3HAIOT
Ba)XKHEHINIEEe CJEACTBHE HA3BAHHOIO IIPUHIIUIIA,
Onectse cPopMyIHPOBAHHOE B CTHUXOTBOPHOIA
dbopme oOpamenus K ['HOIoOxpaTty pOCCHMCKUM
KOCMHCTOM Anexcasapom JIeonumoBrueM
YmKeBCKUM:

Mput - oemu Kocmoca.
A naw pooumvtii )om

Tarx cnaau nﬁugnnmpn.m



Ymo uyecmaeyem cebs
M1 chiumoimu 6 oonom,

Umo ¢ xaxcooii mouke

HNupiMu crioBamu, ¢ Jirobom oOvekme, 6 n1060Mm
Aenenun omobpasicenvl 6ce Oe3 UCKAIOUEHUA CEOIICNE
Mupa. H, cnedoéamenvno, ece meopemuueckue
MoOenu, 6ce cucmemvl 63211008, OCHOGAHHbIE HA
modenax, o0Oycroeénreno omobpadcalowux Imu
ceoiicmea, abconomHo npaeéomepusi. Bolpoc TOIBKO
B TOM, Kakas U3 Mofelieil Haubosee NMPUroaHa s
IPaKTHYECKOTO  MCIIOJb30BaHUS U Hauboiee
COOTBETCTBYET YPOBHIO OOIIECTBEHHOIO CO3HAHMA!
Ho B mro00M cinydae mpeumyiiecTBO 3a TOM MOZEIBIO,
COOCTBEHHBIE CIIEACTBHS KOTOPOM COBNAZAIOT C
SMITMPUYECKUMU 3aKOHOMEPHOCTSAMHU, IPOILIEIIIMMU
HaJESXKHYIO IIPOBEPKY BpeMeHEM U Pa3sHOOOpPa3HBIM
OIIBITOM.

Teopemuueckaa modenb 6eprHa MONLKO 6
02060peHHbIX 011 Hee ycaoguax. Hanpumep, Teopust
OTHOCUTENIBHOCTH - IIPU YCIIOBUH, YTO CKOPOCTH CBETA
B BaKyyMe IIOCTOSIHHA U SIBJISIETCS MAaKCHMAJIbHO
BO3MOXXHOM cKkopocTeio B llpupoae. Kiaccuyeckas
MexaHuka M. HeioToHa B_nepeanuszyemvix 6 Ilpupode
IIOHATUAX W3 HIOCAIBHOW EBKJIUIOBOM I'€OMETPHUH,
TaKUX Kak “rouxka” (He wuMerlas pasMmepa),
“npamaa” (kaxk cnenm “GespasmepHoli” TOYKHU), WIH
“nnockocms” (Kak cien [OBYDOKEHUS IIPAMOM).
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OelicmeumeibHOCIMU,
eocnpuamus 6eujl Cyujecmeyrom 6He 6peMeHu U
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3yecmeamu, Mol mem camuim Halazaem

OTcrofa NPOUCTEKAIOT BAXKHEHIIIUE CIENCTBUS, ChOP-
RPOMANCEHHOCMb @ NpOCMpaHcmee u Ovimue 60

npocmpancmea.

uM.
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Hpyroii BblAAIOILIMACS, JOJITO MpeaaBaBLINKCA
3aMaJlYuBaHMUIO, pOCCUMCKMM  kocmuct lletp
JdeMbpsHOBUY Ycnenckuit IIPEKPaACHO
npowuirocTpupoBas mnonoxenus WM. Kaxtra o
IpoCcTpaHCTBe U BpeMeHU. OTmeuasi, 4TO ITOHATHE
MPOCTPAHCTBA €CTh (popMa IO3HAHMSA (a HE YTO-TO
CYyILIECTBYIOIee BHE CO3HAHUS), B cBoell kHure TER-
TIUM ORGANUM Kitou k 3araakam mupa, CII6,
1911, II.JA. VYcneHckuli paccMaTpuBaeT MEPHOCTH
IIPOCTPAHCTBA KaK CTaOUM Pa3BUTUS CO3HAHUA, a
MMEHHO:

“I-a  cmadus. Uyecmeo  oonomepnozo
npocmpanucmeéa. Mup na nunuu. Jlunusa Kak
npocmpancmeso. Bce ocmanvhoe kax epems. Bee, kpome
O0O0HOII HenoOoBUNCHOU JIUHUU, 8 0BUIICEHUU.

2-1 cmaous. Yyecmeo 08YMEPHO20
npocmpancmea. Mup Ha niaockocmu. Bce ocmanvroe
Kaxk epemsa. Yanvl u Kpuevle Kak osudicenusa. Mup
osudICyuIUx ca nrockocmelil.

3-2  cmadusa. Yyecmeo  mpexmeprozo
npocmpancmea. Mup 6 beckoneunoii cghepe. Cghepa
Kax npocmpaucmeo. Bce ocmanvmoe kax epema.
Henenua xax oeusrcenus. Kuznv na owyne. He
cyuiecmeosanue “npouteoutezo” u “6y0yuqezo o

d-ga cmaous. Uyecmao uemuinex. MEepHO20

J
KaK HacmoAauiezo. HPOC!?‘H’!!HCHIQQHH!)” outvulenue

peMenl. Cyuiecmeoganue npoutedutezo

.......... =455 sl LTSRS ISt &

Mece ¢ HACMOAWUM U éMeche 00HO ¢ Opy2um’”.
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IIpu srom II.J. Ycnenckuil naer ciemyroliue
TICUXOJIOTHYECKUE XAPAKTEPUCTUKU B 3aBUCHUMOCTH
OT CTaJuMu:

w “Ona  I1-i cmaduu  xapaxkmepHo
nosenenue nepeozo ouiyuienusn. Oono
ourywienue. Pazodenenue ezo na osa.
Ilocmenennan 3eonmronus owywienuii u
HaxonjieHue 60CROMUHAHULL 0 HUX.

» Ona 2-ti cmaduu: Ilpedocmasnenue.
Buipasicenne 01..4)71-4314,4.4 KpuKami,

= oz 3-ii emaduu: Ilonamue, Cnosa,
Peuy, ITucomennocme.
N A > PRISSRSD. SR 7 (St
n 0 4~ Crnaoiii: Humyuyus,
IT oo e 5D RE83 2 D EETE o ~Aerrnasey 2
frIenocpeoccmecnnoe ovuicnuc
......... TYY neonnsrn Anzranouses
(,UJruuuu 1aenocpeocr igernrnoce

P e 2P 373777

»
nosnunuc .
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Ecnu HCXONUTH u3 npep,nomeHHon 1./1

3aMEeTUTh, YTO COBPEMEHHBIN ypOBeHb HEIY'—IHOTO
MTO3HAHUSA npeHMymeCTBeHHo HaXxoJUTCA Ha YPOBHE
BOCIIPUATHS oonomepuozo u 08YyMEPHO2O
HpOCTpaHCTB TOJ

~AaYr



TPEXMEPHBIX) IIPOU3BOIUTCS B eIMHHLAX
OJHOMEPHOT'O IIPOCTPAHCTBA, T. €. PABHBIMU MEX]Y
COOOH MNPSMOIMHEWHBIMUA OTpE3KaMu. A 3TO IO
CYLIECTBY aOCypAHO, MNOCKOAbKY makas mepa
CO6MeCTUMA MOLKO ¢ NPAMOAUHENHON 00HOMEPHOI
cucmemoii, HO 711 IBYMEPHOU COBMECTHMAs €QUHHULIA
U3MEPEHUS - ITO edunuynan nosepxuocms. Ilpu stom
ecmecmeeHnoll hopmoii noGepxXHOCMU AGAACICA KPY2,
B CWIy TOTO, 4YTO Kpyz obnadaem HAuMEHbULUM
yoenvuvim  nepumempom. [ TpPEXMEpHOH -
COOTBETCTBEHHO edunuunotii cghepuueckuii obwvem,
obnaoarowuii HaumenvuLeli yOebHOIL NO6EPXHOCHIbIO.

Opnako, BCe mNpUHATBIE B HAy4YHOU U
NPaKTUYECKON IesTEIbHOCTH CUCTEMBI (PU3UUECKUX
enunul (I'ayccoa, CH u ap.) B Ka4eCTBE OCHOBHOM
npocCmMpancmeennoii  mepul  Y3aKOHWIU HMEHHO
Juneiinyo Mepy (CaHTUMETpP, METp). B pesyrvmame
OKa3anca y3aKOHEHHbIM UMCHHO OOHOMEDHbII cnocod
Mourtenua. YI 3TO Henp3si PACLCHUTh HMHauve, Kak
TYIUKOBBIN IIyTh pa3BUTHS [NIO3HAHMA, & II0 CYLIECTBY
perpecc, €ciad Y4YHTBIBATH YPOBEHb IIO3HAHUSA
JPEBHENIINX MBICTIATENEH. JOLICAIIUN 1O HAaC B BUJIE
330mepuueckoil OOKmpuHvl, 4 TAKXE B BHUIE MHOTHUX
TEXHHYECKUX U  KyJIBTYPHBIX  JTOCTI)KEHMH,
HEOCYIIIECTBUMBIX Ha COBPEMEHHOM YPOBHE 3HAHUM.
Denomenonozus - 3mo npooykm O0OHOMepHOCMU,
CaAM020 NPUMUMUGHOZ0 MeIN0OA LO3HAHUA,

B  Hacrtosumeit  paboTe  IIpeACTaBiIcHA
TEOPETUYECKAST MOJENb, ITO3BOJIIOIIAs HAa OCHOBE

3JICMEHTAPHBIX (PU3UKO-MATEMATHUECKUX ITOHATHIA,
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UCIIOJIb3YEMBIX B CHUCTEME OOBEMHBIX KOOPAMHAT,
naTh OTBETBHI Ha PsiJ BOIPOCOB, OCTABIUMXCA HE
pa3peliMMBIMH B paMKax APYIUX  MOJEJeH.
CraHOBJIeHUE 00BEMHOTO MUPOBO33PECHUS
HAuYMHAETCs C OCO3HaHUs @opmbl CeHCOPHO20
npocmpancmea denoBeka. JlanpHEMIIMH IIPOLECC
CTaHOBJICHUS B yCIOBUSX mpéxXmeprozo
IIPOCTPAHCTBA IIPOUCXOJUT II0 CXEME:

D> N - N3, N3, N353, A,

roe: @ - popma, N - ymcno, NI - mpoeKkLUs yucna
Ha JUHUIO, N23 - mpoekius 4Hucia Ha IIOBEPXHOCTh,
N33 - mpoexnys yuciaa Ha 00BEM, A - YHUBEpPCAIbHAS
MUPOBAas IOCTOSAHHAS, OIIPEHEINSAIOIAs Kpumu4eckuil
00vém. Ilpu 3TOM Henb3s 3abBIBaTh, 4YTO HUC]O,
IIPENCTABISIA  COOOU  KoauuecmeeHnmyro - mepy,
OTOOpaXaeT MMEHHO 00béM.
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KOHIUEHTPUYECKHUX OFBEMOB -
TEOPETHUYECKAA MOIEJIb

I'nasa 1. CHCTEMA PABHbBIX
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Hpumepom mozo mozym cayxncumv Kanuu HcuoKocHu,
AU60 wapoeas popma 6vl0y8aemMvix 2azom ny3vipoKoas,
HaOnr0O0aemplx 6 OOHOPOOHBIX MHCUOKOCMAX U M.N.
Takaa ghopma ecmecmeenHvIX Npouecco8 AHANOZUYHA
¢opme cencopnozo npocmpancmea uenogexa. Kpome
Toro, coepuueckuii 00BEM, UIU  chepoud,
Ka4ecmeenno omauvaemca om a06oii 0pyzoil
Konuzypauyuu 006véma mem, umo y cehepouda
HauUMeHbUas yOebHAA NA0Ua0b nogepxXHocmu. A 310
3HAYUT, 4TO chepous - Hauboiee pasnosecnan hopma
o6béma. Ilosmomy naubonee payuonanvroi hopmoii
IMANOHHO20, €OUHUYHO20 00vema uyenecoobpasHo
npusHamov UMEHHO cepuueckuii o06vem (a He
obwienpunamolii 6  HAYYHLIN  UCCACOO06AHUAX
Kybouueckuii. ) ‘

JanbHEHIIEe TeOMETPUYECKUE TTOCTPOSHHUS BO
u3bexaHue 00e3IMYNBaAHUSA 1enecoobpasHo
IPOM3BOAUTE B MPOU3BOJIBHO ONpPENETIeHHbIX, HO
KOHKPETHBIX YCIOBUsIX. IIpu 3TOM, >XelaTenbHO,
Haubonee MPUOIIKEHHBIX K PEeaIsM.

B mepByro ouepenr HEOOXOAMMO OIpemeIUTh
“Imeyky, OT KOTOpOH ILIAIIyT”’, a HMEHHO
dbyHImaMeHTaIbHOE NOHATHE “mouka”. TpaauIIIOHHO
HMPUHSATO CUUTATh, YTO TOYKA HE UMEET U3MEPEHUS, HO
NPU 3TOM B ABIKEHUU OCTABJIAET CJIEd B BUIE JIMHUM,
obpa3ys, OJHOMEpPHOE IIPOCTPAHCTBO. JIBHiKeHHE
JUHMM oOpasyeT cied B BUOE HEKOTOPOH
IIOBEPXHOCTH, T.€. JABYMEPHOE IPOCTPAHCTBO.
JBuXeHue ITOBEPXHOCTH OOpa3yeT ciex B BHUIE

00bEMa, T.e. TPEXMEPHOE IIPOCTPAHCTBO. EcTh U
15



TaKU€ BApUAHTBI, KOTJa Oe3pa3mepHoii mouke
npemyiaraioT IBUTaTHCS KOMOMHUPOBAHHBIM
crocobom, MEHSA HaIpaBJICHUA Ha
NEpHEHANKYJIsIpHbIE, 00pa3ys CBOUM CIEIOM
IpSIMOYIOJIbHUKHA C JOHAaroHajdsAMH. 3aTEM 3THU
NMPSIMOYTOJIPHUKY  BpallalOT  IPOU3BOJIBHBIMU
crocobamu, o0pa3zys pa3HoOOpa3HbIe
FeOMETPUUECKUE (PUTYPHI THUIIA TOPOUIOB, JICHTHI
Meébuyca, nymiexkcchep u T.1. M na 6asze makux
nocmpoenuii co30arOmca meopemuyuecKue Mooeau ¢
OUEHb O0ANEeKO UOYUWUMU CNIeOCEUAMU, KAK Npaguo,
0ocmynHuIMU  MOALKO CamMuMm Aaemopam 3mux
nocmpoenuii.

Paszymeerca, TakuM ob6paszom, HCCIEHOBATEND
dbopMupyer CcBOE COOCTBEHHOE MUPOBO33PEHMUE.
YenoBeyeCkOMy  pasyMmMy  IOPUCYIIM  TOJBKO
MOJEIbHBIE  ITPEACTABIICHUS. Ho  mogenu,
NpEeTEHAYIOIKUE Ha OOIIEeCTBEHHOE IIPU3HAHUE,
OOJDKHBI M IIPOCTO OOSI3aHBI CTPOUTHCA C Y4ETOM
HaOJIFOHACMBIX SIBJICHUH U IIPAKTHYECKOT'O OIBITAa O€3
HCKYCCTBEHHBIX  IpUEMOB. A 1O  IIOBOAY
U3JIOKEHHOTO, YYHUTHIBAs peaJiud, BO3HUKAET
HauOosee CyIIEeCTBEHHBIN Bompoc. Kaxum: obpazom
PeanvHo He  cCyuleCmeynouias mouka - modxcem
ocmagnams cned? AOGCYpOHOCTh TaKUX MOCTPOEHHM
XOPOLIO MIUIIOCTPUPYET IPHUMEP CO 3HAMEHHUTOM
neuToil Meébuyca. Peanvno Huxkaxum 00pasom He
Moxycem Obimb nocmpoeHa Jjenma, He UMerOUAA
monuunbl. A Tpu e€ Haauuuu JieHta MeéEbuyca
mononozuyecku IPEBPaIAeTCss B 0ObIKHOBEHHBIN TOD,
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1 Bce e€ HagyMaHHBIC “3aMeyaTesIbHbIe” CBOMICTBA
ucye3aroT, “kak AbIM”. B KOHIle KOHLOB, pa3Be
MOYXHO, HONYCTUMO JIM TaK paccyXnaaTh: “BoT T
BUAUIIL ¥ OCA3ACLIb TOJIIMHY JIEHTHI, HO IIPOLIY
TeOs, cuuTai, 4yTo €€ HeT . Tak MOXHO OYEHb JAJIEKO
saiitu. IlpumepoB pocrarouno. ITOCKONBKY HET
Bpa3yMUTEIBHOI'O OTBETA HA MOCTABJICHHBIN BOIIPOC,
HET HUKAKOT'O CMBIC/Ia CTABUTh OCTAJILHBIE TUIIA TOTO,
KaK 00eCIleYuTh MaHUITYJIUPOBAHHUE CICAAMU TOYKH,
KOTOPBIE IIPOCTO-HAIIPOCTO HE MOryT 00pa3oBaThCA?
[lo “mpaBuiiaM UIPBHI”’, €CIM YTO-TO KPUTHKYEIIb,
M3BOJIb NPEIJIOKUTE aIbTepHATHBY. Be3yclnoBHO.

OmnpaeHoii MOMeHm alomepHamuesl
3aKIIOYAEMCA 8 MOoM, YO MoYKa He ModHcem Oblmb
“becmenecnoit”, nockonvky “.. ¢ kaxcooii mouke Mup,
éece Mup cocpedomouen”.JIocTaTOYHO HAMETUTH
TOYKY U PACCMOTPETh €€ XOPOIIEHHFKO, & HE TOHSTH
3TOT “Bech Mup” HNpOU3BOJIBHO II0 BCEBO3MOXKHBIM
HanpaBieHuaM. Kak Hu Mana BeiOpaHHasd TO4Ka, €€
MOXXHO PAacCMOTPETH JIMOO MPUOIM3UBIIKCH, JIMOO B
MHUKPOCKOI, JMOO IMPOCTO ITOCTABUB KOPPEKTHBIIA
MBICJICHHBIN 3KCIEPUMEHT. JIwbas peanvnas mouka
obnadoaem 006vémom. A TIOCKONBKY Hambolee
ycroiuuBoi GopMoit 06béMa CiiykuT chepous, To U
B Ka4eCTBE IIPEAMETa UCCIeNOBaHuUs 1eIecoo0pa3sHO
BBIOpPATh UIMEHHO CHEPOUI.
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1.2 Junamuxa nynscupyrouiezo cghepouda

ap aMu. Inemenmapuniii eaq 1 B
r xr x 5

JIUHEHHOM OTOOPAXEHUN MOXET OBITh ITPECTABIICH

caenyromuM  obpazoM. BomHOBoe  JIBUXEHHE,

HaOmromaeMoe, HampuMep, Ha  IOBEPXHOCTHU
XKUIOKOCTH B IIPOEKLHMU Ha TEPNEHIUKYISIPHYIO
(bpOoHTY OABMIKEHUS BOJIHBI INIOCKOCTh, N300 pakaercs
HENPEPHIBHON KPUBOH JIMHHEH B BUIE CHUHYCOUIBI
(Puc.1-a).

RN

d /
4 . e
I 7| i
| flTonHogonHoeo \ e
| ~— R
I —_ e !
| - 1
| ':/ﬁ \ i
| /,,// T
| U
6 1o - \!
| fTonyeonxosol |
i i
| - el
i " i
| /"' I
T ! L G b 1
" [P HemgepmbgonHogou ! PHiC. 1

Pa3zmax (paccTosiHHUE IO BEpPTUKAIM OT IIHKA IO
BHAJAMHBI) IPEACTABISAET COOOM  amnaumyoy
BOJIHOBOTO [BIDKEHUS, @ PACCTOSHHE MEXIY IBYM
COCEAHHMMH IIMKAMU HJIU XK€ BIAJUHAMU - OJIUHY
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60JIHLI.

Ecnu miuHa HEKOTOPOro (PU3MYECKOIO TeENa,
HAIpUMep, CTEPXKHS, COBIIAAET C IUIMHOMN BOJIHBI, TO
TaKOE€ TEJO BBICTYINAET B POJIU ROAHOBOTIHOE020
BUOpaTOpa MO OTHOILIECHUIO K HaHHOMY BOJIHOBOMY
nporeccy. COOTBETCTBEHHO (DU3MUECKUE TeNa, JINHA
KOTOPBIX COBIIANAET C IIOJIOBHHOM, WM YETBEPTHIO
JUIMHBI BOJIHBI, IIPEICTABIISIOT COOOMH nonyeonnosvle
I 4emeepmbeonnoevle BUOpaTopsl (puc.1-6, B).
Ilpu 3TOM CJexyeT OTMETUTh, YTO ITOITHOBOJIHOBOM
BUOpAaTOp 93TO BUOPATOp noO2a0UieHUA BOJIHEL,
IIOJyBOJIHOBOMH - BUOpATOp u© nozaouienus u
u3nyuenusa, a YeTBEPTHbBOJHOBON - BuOpaTtop
usayuenua. OTH XapPaKTEPUCTUKH OIPEAEISIOT
OCHOBHBIE€ THUIIBl Pe30HAHCHO20 63aumooleiicmeus
(u3MYecKOro Tela U BOJHOBOTO IIpoliecca,
IIPOUCTEKAIOLIETO B CONPSIKEHHOM C TEJIOM CPELIE.

Cunraercs, 4TO B JII000¥ OMHOPOMHOHU cpene
CKOpPOCTh PacHpOCTPAHEHUS BOJIHOBOTO IIpolecca He
3aBUCUT OT [JIMHBI BOJHBEL Ilo3ToMy [uIA
XapaKTEePUCTUKH IIPOLIECCAa BMECTO JIMHBI BOJIHBI
MO>XeT OBITh HCIIOJNIb30BaHA BEIMYMHA, HA3bIBaecMas
uacmomoii. 3aBUCUMOCTh MeEXIy Ha3BaHHBIMHU
BEJIMYMHAMM BBITJISIMT CIAEAYIOMUM 00pas3oM:

.
C =%,
v
rae C - CKOpOCTE BOJIHOBOTIO IIporiecca B OJHOPOIHOM
cpene, A - IUIMHA BONHEL, f - yacroTa.

0) JIrobas peasnpHas TOUKa 00IagaeT peaIbHbIM
19



ob6réMoM. HambGonee ycroiuusas dopma 06néma -
chepoun. BaxHo OTMETUTH, umo Heobxodumoe
yeaosue cyuwecmeoseanuna 06020 ob6vekma -
nyavcauusa, wmo npeoonpeoensem nepuoouuecKoe
usmenenue 00véma. A ona cgpepouda, cnedosamenvno,
U nepuoouueckoe u3MeHeHUe GeUYUHbI paduyca
OKpydcHocmu ez2o npoexuyuu. Huaue oxazanocv 0wl
HeBO3MOIMCHLIM CYULECNE06aRUE Pa30ena (3aMKHYymoi
noeepxmnocmu) cgpepouda c okpycawouieii e2o cpeooii.

B cBoro ouepens mynabcanus chepouna
npegonpeneaseT HeoOXOOUMOCTh CYIIECTBOBAHUS
BHYTPM cheporga HEKOTOPOTO “c60600H020 06véma’™,
NPEIIOIOXKUATEIBHO B BHUAE LIEHTPAIBHOrO snpa,
00vém Komopozo paeeH npupauienuro 06véma
chepouda ¢ npouecce nyavcayuu. I3 storo cuenyer,
YUMo 6elUYUHA NOGEPXHOCMU UEHMPANIbHOZ0 A0Pa
PAasHa éenuyune npupauienus noeepxuocmu cghepouoa,
a ONMURA OKPYMHCHOCHIU UEHMPATbHOZO CeUeHus a0pa
PA6HA npupauwienurd OKPYICHOCIMU UYEHMPANIbHOZ20
ceyenus cghepouoa.

ITpoexuus
chepouna Ha
IITOCKOCTH
MPEeACTaBIsAeT COO0 A
XK p y r© , | J&
OTPaHUYEHHBIH
OKPYXHOCTBHIO
pamuyca R, pmwuc.2,
npu sToM: Vy=VqN

3]
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VN /Vi=N33, sy /8y =N2 53, Ly Ly =
iN p s 1N b ’ IN L

Rn Ry =N1/3

RN /Ry =N, e

VN, Sn» Ly # Ry cooTBeTCTBEHHO 00BEM,

IIOBEPXHOCTS, JUIMHA OKPY>XKHOCTH GOJIBIIOro Kpyra 1

paguyc myJabcupyiomero chepouna, a Vi, Si, Ly u

R{ - 00BEM, IOBEPXHOCTh, MIMHA OKPYXHOCTH

OONBILIOTO Kpyra W paguyc f0pa IIyIbCHPYIOHIETO
cheponna.

AHanuzupys C€OMETPHUIO chepouna,
BO3MOXHO, BBIACIUTH B HEM  mpéxmepHoe
npocmparncmaeo 6 eude 00véma cpepouda, 08ymepnoe 6
éude nogepxmnocmu chepouda u ooHomeproe & euode
JIunuU Ha nosepxuocmu cgepouda. Ecnu B mpolecce.
IyJbcallii cepouia IpUpaIleHue OKPYKHOCTU €0
LIEHTPAJILHOIO CEYEHUSI COCTABIISIET BEIUYUHY “B”,
TO, €CTECTBEHHO, IPHUPAIICHHUE IIOJIOBHHBI 3TOMI
OKPYXHOCTH cocTaBuT /2, puc.2. OtHolueHue
XOpABl, CcTAruBaromeid ayry f/2, x puamerpy
OOJNIBLIOr0 Kpyra cedeHHS cepouma OIpPeneTuTcs
KakK :

K =sin (B /4), ..(1)
WU C YIETOM COOTHOIIEHUN
360°/B = 90°/(Bid) = N1/3 = %‘1
K = sin (90°/N1/3) = 5?’2{%
ITO COOTHOUIEHHE TIPEJCTABISIET cobOoM



MyJbCUPYIOIIETO cdepora, MOCKOJILKY XOpay,
CTATUBAIOMIYIO JAyry /2, MOXXHO paccMaTpuUBAaTh B
KA4eCTBE MONYGOJIHLL GbIHYIICOCHHBIX KOACOaHuUll, a
auaMeTp OOoJIbIIOro Kpyra ceueHus chepouna B
IIOJIOXKEHUU HauOONbIIEro 00BEMA - HOIYEOIHbI
c60600nbIX Konebanuii. B 3aBUCUMOCTH OT BEJTMYMHBI
NpupameHuss o0bEéMa MyJbCHpYIONIEro cdepouna
BO3HUKAIOT PA3JIMYHBIE PEXKHUMBI  IIYJIbCAIUH.
OCHOBHBIE U3 HUX: HO2AOULCHUE, NO2]IOUlCHUE-
usnyueHue u usnyyenue. B cucreme paaroTeXHUYECKUX
IPEACTABICHUNA 3TU  PEXHUMBI 00ECIEYUBAIOT
COOTBETCTBEHHO: NOJIHOG0JIHO6bLI, NONYBOJIHOGLIL U
Yemeepmuve0aHO0GblLl BUOPATOPEI.

B cBsa3u ¢ atuMm 1o ¢opmyne (1) MOXHO
OTpenelnuTh, WIM 3aJaTh TUIO BubpaTopa U
COOTBETCTBEHHO YCTAHOBUTH PEXUM ITyJIbCALIAY.

IIpu K =1 B = 360°. B sToM ciyuae
OKa3bIBAETCS chopMUPOBAHHBIM BUOpaTop
MoryiolleHusa. BenuuuHa LEHTpadpHOrO  sApaA
cheporia OKa3bIBAETCS PABHOM caMoMy chepoumy.
OrtHomenue ob6béMa chepounga k 0O6bEMY ero siapa,

MHaye, KOJTUYeCTBEHHAs Mepa cepoua onpeaesInTcs

kak Q1= 1.

TTirr 'IJ' -_— 1 ”’ R: 19N0 D NAMARS  ATTUITAOD

.I.,I.Pl/l AN AT bt P LU o D J1UuUl w1y 1awv
NI OANITTNALTAO f\r]\nf\llntf\r\nn IYITLTAA nrxf\'no"rr\n
UNAaoDlDcdwvivl V\.lJU IVJ.XLIJUDCI,nnDllV]. Dl’lUlJ(.ll.Uy
TINATTITINAITIAIIT IO _TIDTTUITIALITIYIYO n’hrrr\rrrnrvvlo TTUVTTIA
ALVLJIVILANVIIELAA T KLOJL AN 11YL/) vilinvialivinriv AJ 1 KL
OUNYNLLIINACTIA ﬁr\ TTLITTOTO TNura TTAITITNATTLITOTO
UA\IJ JINLI1IVUN 1 XA NIV JADIIAL U 1\k} i1 L riwvrii lJuJ.lJJLLUL A4
ceuenud K €6 IIhUhaledur) nanun 60°/120° = 3
LUHUNriAa AN VU AP GQIUUANIaIy . papnyv JUV [ xRy (o4
OTHOIIIeHUE NNOBENXHOCTU chenouna ee
Vinuvimavinixiv  aaVSV o Ui xi vyhvpuvaaa aN &



)
NPUPAIEHAIO PABHO 9, @ KONMYECTBEHHAS Mepa
00BEMa cheponsia COOTBETCTBEHHO Qy /9= 27. =N °3)

nu K=1/4 R= (87 01\° R AaToOM CcTVUAE
.I.‘.tlll. n AW r} \U 7 ,/ .ll . A7 J AL\JILVa VJLJ ACULN
NLTARLTTRAALATCOd l'f]’\nl\]\ﬂ‘lﬁﬁDQUULTI\l 'D'I/Tﬁl‘\ﬂ ING XS]
VVINW IO IJLIIAN A VI v\iJUkJL'AXAtJ\Juu‘lLLUlLVL ull\/yul U-tl
URTTVULTING OTunimreygue IRTARS T AL NYVWETNCTIT
Xl\JJ.lJ AN/ ARKASA » N/ LA AANJALIAN/IAKAN HJL XL Ul\y] JANAALN/ N/ A XL
ﬁn”l’.'f‘nl 0O KNvra 11 TNATTEHTAOAT N CAUALATIIICT Plg
NI \VJVJAAIALANS A \J L\r’] 4 A H\ILALY“JLJJLLUL \J \J\-;/‘\JLLXI.IL AN N
TTHUNATITEHUTI) NARHO 6 21A8 /// 3){'\ TOIeHUP
LLF‘LH“J—I—HULIILL\J t’wullv v,‘;vu.l.x' ’V A ALANS AAAN/ALKEALN
nmorenxHocTu chenouna K eé nmpunanreunro 38.6453. ...
OBEPXHOCTH CPEPONTA K €€ NPUPALICHHUIO 38,04D7...,{¥
2 KOJIUUEeCTREeHHad Meha obLeM chenouna
N Uvaxa ANV 4 ODVIiLA G A Wi & W D wivi i v\t’vf\zl/ll [
COOTRETCTREHHO Nq«,.=2402407 = A Y, k)
COOTRBETCTBEHHO Q1/4— #20,2Q02... = A, (¥ "7/

Ilocneonuii us paccmompennvix pescumos
A613emcA KPUmMu4eckuM, ROCKONbKY Hpedcmaesnsem
co00li nepexo0 6 pejicum HUCHOZ0 U3NYYEHUA, NPU
KOMOpomM CMAaHO8UMCA HeU30exHcHol OecmpyKmy-
pusayus nynecupyiouiezo cgepouda. M ommeuennvle
YUCN08ble COOMHOUIEHUA NpUOOpemarom, mMaxKum

00pazom, CMbIC PYHOAMECHMATLHBIX NOCINOAHHBLX.
OTHU pe3ybTaThl, II0JIyYeHHbIE HA OCHOBE YUCTO
YMO3DUTEIBbHBIX  JJIEMEHTAPHBIX  BBIYUCIECHU,
MOATBEPXKIAIOT M B PANE ClIyyaeB YTOYHSIOT
pe3yabTaThl (PYHAAMEHTAIBHBIX TEOPETHUYECKUX U
IPAKTUYECKUX UCCIIENOBAHUM. A UMEHHO:

-Yucno 6,2165... yAMBUTENHFHO HAIIOMHHAET
3HAYeHUEe 2T, TEOPETUUYECKH OIlpeae/sieMoe Kak
OTHOIIEHUE JJIMHBI OKPYXHOCTH K €€ paJauycy.
OpgHako, y4UTBIBasg  HU3JIO0XKEHHOE paHee O
HEKOPPEKTHOCTH HCIIOIb30BaHUs ‘‘OeCTeleCHbBIX”
TEOMETPUUYECKUX BEIUYHH, a TeM Oojiee OTHOUIECHUH
TaKyX BEJIMYMH, YYHUTBIBAS TOT (haKT, YTO PEaJIbHO
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IIJIOCKOCTH HE CYyIIECTBYET, a JI00ble IOBEPXHOCTU
obnanalT HEKOTOpPOM KpPUBU3HOM, IPUXOAUTCS
IIPU3HATh, YTO 3HAMEHHUTOE YHUCIO T HE OTPAXKAET
peallbHOE TIO/IOXeHue Beweld. B paccMaTpuBaeMom
cilydae IIyJIbCUpYIOLEero cgepouia TOJIIIUHA JUHIN
OKPY>KHOCTH TMpOsIBJIeHA KPAWHUMH IIOJIOKEHUIMU
IIOBEPXHOCTU cdepousa NPU MAKCHMAIBHOM U
MUHUMAJIBHOM 3HaueHnH o0BéMa. Takum oOpasom,
3[IECh JJIMHA OKPYKHOCTH ONpENesieHa KaK 00bEMHAS
BEJIMYMHA IIPU EOUHUYHBIX 3HAYECHUAX ILIHUPUHBL U
rnyounel nuHum. KM 3TO IIO3BOJIIET CUMUTATH
YyCTAHOBJICHHOE 3HaueHue Ooiiee INPUTOAHBIM IS
IIPAKTUYECKUX PACUYETOB.

-AHanmuTHYecKas  3aBHCHUMOCTH  paauyca
aTOMHOI'O fAlpa OT KOJUYEeCTBAa HYKJIOHOB B slpe,
YCTAHOBJICHHASI SKCIIEPUMEHTAIBHO, ITOIHOCTBIO
COBITAZIACT c AHAJIUTHYECKUM ONHUCAHUEM
nmyascupyomero chepounga. Ecnu 4uciIo HYKIOHOB B
aTOMHOM sape paBHO N, TO paIuyc 3TOro slpa
OIIpeAeIsIeTC KaK

R\T =p4 *N1/3
BN TR Y

rae Ry - HEeKOTOPEIH HauaIbHBIA paanyC.
1=1,Te.
1= 5

NATINATO DTIMT A A 3T TR A, AIITIA T ApRnAn
11V, ilaprxilb J910U B 1pa)l&cruflc D UC uomnepnum

-3Hauenne A = 240,2402 mpencrasiser coboii
meopemuyeckuii npeden ycmoiiwusocmu cgepouoa.
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XUMHUYECKAM  3JIEMEHT,  3aMBIKAIOIUNA  psf
YCTOMYUBBIX  3JIEMEHTOB, BCTPEYAIOLIUXCS B
€CTECTBEHHBIX IIPUPOJHBIX YCIOBHUSAX - 3T0 Ujsg

(ypan - 238), sapo KOTOPOro COCTaBISAIOT 238
HYKIOHOB. M 3T0 MOXHO TpakToBaTh, Kak
npakmutieckuii npeden ycrmoiuueocmu amomHozo A0pa.
(3BeCTHBI XMMHYECKUE 3JIEMEHTHI, aTOMHBIE Sapa
KOTOPBIX COCTaBJIeHbI OOJIbIINMM, YeM 238, HO Takue
sapa  [OJIy4aloT CHHTETUYECKUM  IIYTEM B
YCKOPUTENIAX 3apsSKEHHBIX dactull. M Bce oOHH
KOPOTKOXHUBYIIME.) YHCIEHHO TEOPETUUECKHE W
NpaKTUYECKUE 3HAYEHUS IMPENeIoB HE MOTYT
coBIagaTh, HO MJOCTAaTOUYHO Onm3ku. B cuny
HU3JI0KEHHOT'O BEIHYHHA A = 240,2402,
XapaKTepusys Kpumuueckuii 00bém nynscupyrouiezo
chepouda, onpedenémnan 6 OMHOCUMENLHBIX,
Oe3pazmepHblx eenuuunax npuobpemaem cmamyc
YHU6€D CANbHOU MUPO6OIE NOCIMOAHHOU.

..(.*. NVEKETUNA VITLCUNVIOITTIETO nrhpnn Ta
\_/AtIJ L\A.Jt/w LLJ JLUV‘Lt’J LVLHVL s v\rvrv‘AHw
NENCTABIISIET CODOM crucmemy DagHBLIX
APV IADAAATL UUVOVM Caliltl/ty pletiiais
(13
KOHueumpuueckuy cdhenuuecxux obwvemoe (C )
URR[ERINPURTECREL CPCPURCLRIEA UDCNRUC (LI AW/,
e v

CBOMCTBA KOTOPOU PACCMOTPEHEI Haliee.

]—rf\’r‘ln'rrwrg TR NTAANL NTAVE /I LY nﬁﬂAl‘l m N YTYATAINAT AN

LAVUII/A1 X IUOIT ‘I (7% l_J_CUu, 1.v n\/.l\Ul.UlJUU
TIMANATMNATITINAVTNATTITAA r\Rv\nnr\hnrrrra TIARLAATINTITAOA YT/ Ty /AARS
Hipuvil panviponnulc UUpasvUbanriv, Mviviviive 11U BLUV
ITATTMAOD ITAITITICALS AT rr-rr\ﬁnr\r\ TTAYTYTIA TTINMTIIITO TTTITAIZAQYTYAar A
nalipanbiiviorinai U1 JUVUVUI U Ui pa, LpanaaJiv/aaiiivl v
ATATT OoNHaTTe AATRANIITOITITA ATTUITATLNADRLIIAS ADATIATRA
Jiva vpvav, vuplpLivnny varnnanvppiv vburiviba,
ABTITeTNUIIIaTA n TeANeTUAULCK O dhurure R
\J\JL.I.I'\-{ALIJILALIALU po I\JUIJUJ-IL ANWNIAINU XA \i.’l‘.dlll\\/ po
NTOROINILEHO-TAKYT OTHAUUUSLTEIOT CTLTTEHUT TAKUINMIY
AN IV JAAIIANV AN TL i tJu.l.,llL AVIALAU/ XL W A NVAAN/ALEL A CUANXLIVAKY
PRnﬁRTRQRAI OATATAIONT TFAa”OREIE U KUK UE chensl Rn
ASNS KA R AFIRIVAKL U VARARIV 2 L QO ID D L4 JANKXR FAANLAY VRSN RADL.e AU



BCENIEHCKUX Maciurabax, KakK INPaBUIO, CUMTAETCH,
4YTO BCE IIPOCTPAHCTBO BceneHHOW H30TPOIHO.
HecoMHEHHO, UTO BCE 3TO YCIOBHOCTE, O6€3 KOTOPOi
MOY>KHO OOOMTHCH B PE3KO OTPAHMYEHHBIX YaCTHBIX
ClIydasix, HO 3aTPYIHUTEIBHO - IIPH 000OIICHHIX.

Js ONpPeCIIEHHOCTH IOCTPOEHHUE
KOOPJIMHATHOMN CUCTEMBI uenecoo0pa3Ho
IIPOU3BOJIUTE B HEKOTOPOH n3orporHoi cpene (MC).
OrpannunTeibHBIM ycnoBueM s Takoit UC,
OpeQIrojaraplleiics B BUOE  MaTepUajibHOI'O
o0pa3oBaHus, MOXET CIIYXUTb MUHUMATIbHOLUL 00beM
(MO), B xotopoM cotictBa MIC erme coxpaHSFOTCH.
MuHMMaNBHBIA XapaKTEPUCTHUECKUN pa3Mep TaKOIO

(quameTMO MOXHO ONpemeNuTh BeNMIMHOH “§”. DTO

) 3HAYWT, YTO U3 “MaTepuana” paccmarpuBaemoit IC
HE MOXeET OBITh 0Opa3oBaHa IUICHKA, TOJIIMHA
KOTOpPOH  MEHbIIE pasmepa “0”. C yueroMm
H3JI0KEHHOI'O YHCIOBOMY 3HAYCHHUIO “OaMH’ WU
“emMHMUA” BO3MOXHO, IPUAATH CMBICI HEKOTOPOTO
chepuueckoro odbeMa H30TPONHOW cpensl. Torna,
yToObl 00pa3oBaTh cdepudeckuit obbeMm CO
3HayeHueM “‘ABa”, HEOOXOAMMO pacIpeAciiUTh
(“pasmaszats”) 1O CcQepHUECKOl IMOBEPXHOCTHU
eOUHHUYHOI'O IIapa PAaBHOMEPHBIM CJIIOEM POBHO
croipko xe Matepuana IC, CKobKO 3aKII0OUEeHO ero
B “equuune”’. Ho makasa onepayus 603moxcna moavko
6 mom cayuae, K020Q MONUWUHA YROMAHYMOZO CA0A
oKadicemes e MeHbULe TUHEINH020 pasmepa 5 7. (QUAMETP)

Eciu HeKOTOpEIM chepudeckuit obbem Vi
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Ilpu Ry= 1, T.e. IpH mepexose K OTHOCHTENbHBIM
€AHNIAM, ITOCICAHEC BBIPAXKCHUC HpI/IO6pCTaCT BUI
Ry=N13 (2), (nroexuus va AURKK)

rae N - II0JI0KUTEIbHOE YUCIIO.

B oGmiem cioydae dopmyna (2) mpeacTaBiseT
coboit cucmemy  paGHbIX  Me}COy coboil
KOHuenmpuueckux cghepuueckux 06vémoe (Cno€s), (puc
3), roe N - HOpSAKOBBII
HOMep oObema (cios).

Ilpu sTOM HayaIBHBIN
obbem V| mpencraBiieH

Ay
BUJC pa(mofmuwﬁuglx—
chepuueckux  cnoes,
KaXIbIi U3 KOTOPBIX
IIOCJIeNOBAaTENbHO
OXBaThBACT puc.3
IIPeABITYIIUI CIION.

B npouecce BO3pacTaHusA YUCIOBOTO 3HAYEHHS
N momwuna caosa ymenvuaemes, Ho, KaK 3TO OBUIO
OTMEYEHO paHee, HE MOXET OKa3aThCsl MEHBIIE
XapaKTepUCTHYECKOTO pasMmepa “0”. AHanuTU4eCKU
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£ au
(€l

M=V

3TO MOJIOKEHUE COOTBETCTBYET 3aBUCUMOCTHU
amerp) < r.* INV3. (v 13y

4 r’ U‘—-— J.\l ll‘ \L‘ L} ] .
Ilpu mepexome K OTHOCUTEIBHBIM (Oe3pa3MepHBIM)
00bEMHBIM  BenuuuHaMm (npu Ry= 1) naxuas

3aBHCHUMOCTDb IPUHUMACT BU/I:

SV vy =8 < N1 (N3 3)
Yo/ V1 e ’

re '\fo - OTHOCHTeIIbeIPI (B ,[[OJIHX 1 )

NONATIIVIN 29 Tauwy

\JUIJuJ.LLJ AN Jun AXLe

AN N e e o NALY o o e e o

Cl} \ W) pcACJlCﬂMC ROJINHYCULUI1IBA 1VI\J B HA4A4Y4JlbHOJX
= N ¥4 . . . . - cox

CPKO ¢ 3a1aHHBIM KOJIMUECTBOM CIIOEB.

6) Ilo 3amaHHOMY KonudecTBY MO omnpeneauTs
ctpykrypy CPKO.

T.e. xomumyectBo MO B HavyanpHOM 00BEME (a.

CJIEMOBATEJILPHO, B KaXIOM N3 cnoeB} CPKO. C
YYETOM INPEABIAYILIUX COOTHOILIEHUN:

1BY = [NU3- (N-1)1/313 = 1-3N1/3 #(N.1) 1/3+

1
/
a1/ e < 1/34 oo 2F e ey O MO
WlNLIJ_ (N_l).lldl, WiIu e 51 ’qd.,l,“"}" ",'C’/“.,.’!.M,U_,V & L

I/BZ =1-3N/3 « (N-1) 1/3 4% (l/B’i) 1/3 ,
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7
1= 27 N * (N-1). Taxkak REcouTaerca

PR RGN g ¥t
no pasuycy MO, T0 6
Pe3yMsTATE HeodXOmuMO

VOO AAATELE 2610110
JOUANIYii v Jnqy .

ITocre ameMeHTapHBIX IPeOOPA30OBAHUM 3Ta  yye & cpopmyne (Z)

3aBUCHUMOCTH IIPUOOpETAET BU; B 8 paz (i)
Bi=( +27*N * (N-1) - (3-1/ By) I B{)x8 ... (4).
nnr\"n'r\ TIL. T2V DOTIIILYITIITN D‘ - nmaaN TANTIYIXIY AN N 1\/'-“ n
.l.lUL/I\UJlDl\)’ DWJIXYLTLIXITIAL Ul JI1IUVU NOVJIKIY 1LDU I1Vi\J D

HEKOTOPOM (DUKCHpPOBaHHOM 0O0beMe Vi, OYEBUIHO,

YTO TaKOE€ KOJMYECTBO MOXET OBITh BBIPAXKECHO
TOJIKO ILIEJIBIM YHCIOM. B IpoTUBHOM clly4ae,
npo6Has mpond MO He MOXeT NMpeAcTaBiaTh COOOM
HC, B xoropoit dopmupyerca CPKO, HO MOXET
XapakTepu30BaTh HEKOTOpylo npyryio HC, vy
koTopoi BenmuuHa MO MeHblIe, YeM Y HCXOIHOM.
Takum 06pa3soM, BBIpaXCHHE (3) MOKa3bIBAET, YTO
Ipu 3HAYECHUSX B1>§fjﬁ< YUCIOBOE 3HAYCHUE

cnaraemoro (3-1/ By) / By Menblre, yeM enuHuLa, U

arn MOYMHN THAKTORATE KA EOTTUULACTRAHIVIN
WAV AYANS JANLANY Atlwl\ ANJAIA L AT PANECTAN AN\ JL1XKL AVVLUV].L‘AJ AN
XanakKTeNUCTUKY TakK ARBIRAECMOTr0 ‘“rgobhoduozo

t.lul\l VI.ILLVLAAA\J A VvAN AANANT ATA AN N/ AVANI A U ASATA VA VA VAT LA d "2 d
o0vema” vnomguvron npvrou VUC. Dra BenruuuHa He
0 17 YIIOMSHYTOU OPYrou ¥iCL. Jra BeJINYUHA HE
IPUHUMAETCH B PACUET IIDU OIIPEIEIIeHUMN BeIUUNHEI
NIPUHHAMACTCA B PACUCT IIPU ONPEACIICHUM BEINYIUHEI

2K ARV ADAU A

B npuHmune O NPaKTHYECKUX pPacyeToB
JOCTATOYHO OBUIO OBl OTPaHUUYUTHCS COOTHOIICHUEM
no ¢opmyne (3). Ho He coBepmuB npuBeOeHHBIX
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OBLIO Obl

TTHO

3aMETUTh OJHO M3 3aMEvyaTeJIbHBIX CBOHCTB B

>

4

A

MaTEMATHUUYECKHUX TPe0ODPA30Ba

CraHoBUTCH

OUYEBHIAHBIM KBAHTOBBIM XapakKTeD 3TOrQ_IIpoLEecca.

npoiecce dopmupoBanuss CPKO.

x

A

-y

&

A

IIpu 3TOM BenuyMHA KBAaHTA COCTABIIAET

By

(V]

~

BO3MOXXHBIM TOJIBKO IIOCJIE TOTO, KaK LECHTPAIIbHBIN

CIAMHHUIBI

o0Opa3oBaHUE KaXyIoro

~

4

4

A

N-ro cmoa CPKQO craHoBurcs

HNupivu  cnoBamu,

a

MO.

ITIOCICAYIOLICTO

N-1) MO

o06veM (sapo) Vi OymeT yBelIuyeH Ha

E S
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amom npoucxodum MOJbKO yeejuyeHue moauiinsl
cnoée 0e3 obpaszoeanus Hoevlx. B amom cayuae
uucnosas xapakmepucmuxka N oxazvigaemca He
UenouUCIeHHoll, a ¢ Oobas.tenuem OpobHOU wacmu.
npuMepy, eciau yucioBasi xapaktepuctuka CPKO
npencrasieHa B Buge N=240.2402... , 3TO He
O3HAYAET, YTO YUCIIO CIIOEB dpobroe. Takas cucreMa
cocrouT u3 240 cno€s, BKIOUAd SAPO, HO IIPU ITOM
konuuectBO MO B KaxmaoM U3 CIOEB HECKOJIIBKO
NpeBhIIaeT MHHUMAJIbHO  HeoOXxomumoe IS
obpa3zoBaHusg TakoBOH. [Ipyrumu cioBamu, ApoOHas
yacTh  IPENCTABISIET  CcOOOM  KaAuecmeeHHyro
xapakmepucmuxy CPKO, a 1uemas dactp -
KOU4eCmeenmy:mo.

ObpartHag 3amada (0) moxer OBITH pelIeHa
crnenyromuM 06pa3oM. IToCkoIpKY B OTHOCUTEIBHBIX
eIMHUIIAX
8 = N13- (N-1)13, T0
53 =1-3 N13*(N-1)13*[N13-(N-1)13]=1-3N13%(N-1) 1/3%5,

D e 72Y a NI
B pesynbrare, BeimunHa N OIpefenuTcs Kak
<
YYX TN
TIOJIOKHUTCIIBHBIM KOPCHL KBAAPaTHOT YpaBHECHHA
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M30TPOIHOM CpPeabl MUHUMAIIBHBIM KPUTHUYECKUM
00BEMOM C XapaKTEPUCTHYECKUM pa3MepoM ‘5.
[ToaToMy IOCHeHEe ACNEHNE B pa3MeTKe IIKaIbl

HE MOXET OBITh MEHBIIIE, YeM “5”.

3. IIpunuun nocnedosamenvrnozo y060eHUs HAYANbHO20
00vema OIpeNenseTcss B OOBEMHBIX €IMHULIAX
IIOC/IEIOBATEILHOCTHIO BUAA

.
Vi =2k wunm psagoM 3HaueHuii: 1, 2, 4, 8,16,32
TN b == TE STSSSSSSs 2 5 5 t s 7
IIOCKONBKY CTYNIeHb yaBoeHus x = 0, 1, 2, 3,
e
B JIMHEUHOM oTobOpaxxeHuHn aTa
[IOC/IEeIOBATEILHOCTE TPUOOPETAET BUL!
N =9 (Apoe UL Ha AUHUKD)
‘I'\N - ‘ .~ ° "l‘vvvnr’rl' AL R4 4] l""’

B mpakThuecko OESATEIbHOCTH MPUHIIMII
yIBOEHUS (2 TaKXe pa3IiBOCHUA) 00beMa OTOOpakaer
NIPUHIUIT YPAGHOGEUUGAHUA UMU IKGUGATCHINMHOCTU.
MapxupoBKa JIHUHEHHON IUKaJbl MO HA3BAHHOMY
MPUHLHITY IIO3BOJIIET  YE€TKO  MPOCIEeAUTh
XapaKTepHblE OCOOEHHOCTH MHOTHX IIPOIECCOB.
Henb3s He OTMETUTHP U TO OOCTOSTEILCTBO, YTO
IPHUHIUIT YABOEHUS OO0BEMa HAaXOMUTCI B OCHOBE
YeJI0BEYECKOT'O MBIIIJICHUS, IIOCKOJIBKY, IIPEACTABIIAA
HEKOTOPBII mpouecc (OOBEKT) B yMe, uelIoBeK KaK OBl
YIBAMBAET €TO 110 OTHOIICHHIO K PeaIbHOMY.

4. Ilpunyun nocnedo6amenbHozo y060eHUs JUHEHHO20
pasmepa HAYaJILHOTO obBeMa (pamuyca
LEHTPaAIbHON cdepbl) IO CYIECTBY OTOOpakaeT
npotecc MOCJIEAOBATEIBHOIO Y8OCbMUPEHUS
HayaJapHOTO 0ObeMa. B CBA3M C 3TUM psii YMCITOBBIX
3HAYEHUM, OTOOpaXaloWUNA OaHHBIH NPUHLHI,
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Ha3BIBACTCS OKMABHLIM (ot TPEYECKOTO
YUCIUTEIIBHOTO “oxTa’- BOCEMb) proom.
AHaUTUYECKU:

KaxIplii U3 OKTaBHBIX MHTEPBAIOB OOIagaer
WHIUBUIAYaJbHOM CTPYKTYpoH. A HMEHHO, NepBas
OKTaBa OrpaHHYEHA 3HAUYEeHUSIMU OT 1 1o 8 u
BKJIXo4YaeT B cebs 7 cryneHed, BTOpas OKTaBa
OTrpaHMYEeHA 3Ha4YEHUSAMU OT 8§ [0 64 M BKIIOYAET B
cedss 56 crymeHedt, mis Tpe BeH OKTaBbl
TBYIOILME 3HAYEHUA OT o0 5 u
BKJIFOYAET B ce0s 448 crymeneld, 4 T.1.

s\

O\
—
[\

Bce oxTaBHBIC HHTEpBaldbl B HUX JIMHEHWHOM
OTOOPaXCHUH MOXHO IIPHUBECTU K OTHOMY H TOMY XK€
JTUHENHOMY MacuTtalby, 4YTO HJOCTUTAETCA IIyTEM
CoXpaHeHHUsI mnomobus (reoMeTPUUECKOro) IpH
YMEHBIIEHUH BTOPOTO OKTABHOI'O MHTEpBAJIa B JBa
pas3a, TpEThEro MUHTepBajla B UYETHIpE pasa,
YEeTBEPTOIO - B BOCEMb pa3, a B OOINEM BHUIE,
COOTBETCTBEHHO B 2P pa3. B mpHHLMIIE BCE OKTABHbBIE
MHTCPBAJIbI MOFYT OBITH l'IpI/IBCHCHI)I K MaCLHTa6y

:I
W
Ui



OKT4BHBIX  MHTEpPBAJIOB - IPONOPLUOHAIBHO
YMEHBILEHBI.

C nocneayromumu (Iocae MEpBOH OKTaBbI)
OKTaBaMHM IIpOM3BelcHA OIlepalvs, Ha3blBaeMas
MPAHCNOHUPOSanem. AHATUTIYECKH 3Ta OIepalus
(0 OTHOUIEHUIO K IEPBON OKTaBE) BBIPAXKAETCS

(l)OpMyHOfIi ‘Al DR 32 k-8 nireen
! I — SN o !
(‘;\A'/S‘ "'"_"/é \'T"'Z.T \/64\' (912 “"‘(: AL
z\&! i i [\ Ny L .
T —_ Nl/3/2 D {7\ Y TN, /"-_-\\‘ ok
fa¥y ) e o 55}___ 4‘448) FL)
; T .,.V.K,C_-!j{./\ (I \_ . ~
Tac. 1 =y }
R VI . ™ \{ l_. o - -
TOPSA/KOBBIA HOMEP(( 6 — 1#— 48 )~
YA N
KOHLEHTPHYECKOIro ¥ ' —
PR~ L S, [.:,/ VoL
obwéma, p = 0,1,2,3,/ 5 —+— 40,
TIOPSIKOBBIN HOMeEp, Y ./ .
e YR TR e
1dBHOUL - 4 % ol
OK1 ‘ti) (0] ;ll“llClJ ,./}\\ \_/
Bana. Njp=8 1 Lol -
> _.: /)Z_;B:nl _I_"‘:.,/S\\ | : _‘/2‘4\_ i-/dl 92\| fb-.f ';3"_, \
Ke TPpYyAHO i 1 \""/ o S
yOequTeCsa B TOM, ~”~§ |
YTO CTPYKTypa| ~—/ .t
- b m TN TN /TN PP
o001 OKTABBI{ 2 H i 16 ) —~— (108}~ B
. LIV 5 .
BKJIFOUAET B CE0s1 KaK N R 14 ¢
N o . ’ .
noocmpyxkmypy, | i 1,7 I BRLDME KT KOB
o Sy 44 -
CTPYKTYDPpPY L ¢
o I e AN S
IpEeABI AY L €He ¢y i gyl (ea) | 24
OKTABBI a  caMma B/ N N pned,
o ) caMa .n ped ey e
obo3HaueHHAs OKTaBa CIYXHT IIOACTPYKTYypOit
MMOCJIEAYIOIEN  OKTaBBI 3 o31TO0TO CIEOyeT
BaXXHEHIIMHK BBIBOX O TOM, YTO IO H3BECTHOM
ATMYNLITATIOINOD m TI'TI’I'\'\;' TTFrm INY,AITNO T MNANAYATIT M NATIMATTAOTTTIITMTY.
Lzlj:J NI P\./ vAnivrx no vnlabp IVIU/INIT1IV \JJJ.]:JUAUJlILI.D



CTPYKTypy J00OOM 1“3 Opempiaymux, jaubo
IIOCJIEAYIOIUX OKTAB.

B obmem ciayuae dopmyina (7) mpeacrapisier
co00ii CTPYKTYPY CIUIOLIHOTO CIIEKTpa. A 3TO 3HAYUT,
YTO aHAJIU3 JI000ro OKTaBHOI'O MHTEPBAJIa Ha IIIKaJIe
Ry = NI 1103BONSAET BBISIBUTH KAapTUHY BCETO
a”HaIU3UpyeMoro rnpoiuecca. Mim, Apyrumu cinosamu,
mobass oktaBa CPKO o6magaer CTpyKTypHO#
nHbOopMalei 060 Bcex OCTaIbHBIX OKTaBaXx. B aToM
CMBICJIE BCE OKTABBI MEXKIY COOO paBHOLEHHBI.

-2 (L cemepuunocms TIONCTPYKTYD BCEX OCTAJIBHED

LIEL KpoMe Toro, xax ToOKa3bIBacT AHAJIM3 OCHOBHOM
4-S$ W CTPYKTYpBl BTODOH OKTaBbl, KaXmas H3 CeMU
7 CTYIIeHeH MOICTPYKTYPHI €CTECTBEHHBIM IIyTEM
(7] pacuwieHseTcs elE Ha BOCEMb NPOMEKYTKOB, YTO
8npome- TIHYBONUT K 00pa30BaHUIO 60CbMEPUYUHOI
(2our, $~16) IOACTPYKTYPBI. B KOHEUHOM HTOre JI00as OKTaBa
§-9 4+4'MoxeT OBITh pacuiieHeHa Ha OJUH, TPU, CEMP U m
ﬂfu% IIPOMEXYTKOB, 00pa3yroIux cneKTp 1II/ICJ'IOBI>IX
11- f?g“snaquI/m XapaKTepU3YIOIIUX NAHHBIM OKTaBHBIIA

13-14 ¢-& HHTEPBAJI.
1445 7-_,

15-16 &% 5. Ecnu Ha iMHelHON 1Kajle OTKIIaAbIBATh DABHbIC
MN\A.

MEXIY Cco0oM oOTpe3ku, TO Oyrer obpaszoBana

PPN ONP P e

-
2
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[IOCIIENOBATEIPHOCTh, IpeAcTaBIAomas coboit
cucreMy paBHbIX ¢a3. [Ipu 0603HaueHUU HOMepa dase
cumBoiiom Q =1, 2, 3, ..., IOCIENOBATEIbHOCTHU

=2 h=2
04 @2 :
T\ T Y
\ - - T A -1;43;
i Py CE e
. -:'—>'-"—1fiT9“Q & /,/AR, o3
l"‘hp\ :ik\w‘\%;%-‘ o i Vi T
Y e B50-
SR i
T j /
R ’1~/
SR O fx
N ™ Rely
X D :

s & |\
‘{}/"/I,",:// ! N \};‘\
/‘,.f / L / kY I “f‘/l Xi‘;‘\\ “\:\\\\_‘ \
! [ ‘e}\}!ﬁ
{ i il
!\ . K !I/'.'-‘]-f'-” prc.s
pPaBHBIX (pa3 MPUHUMAIOT BUL; "

NQ=1 = 1, 8, 27, 64, coey AR=i
Non=2,16,54,128,..., AR=2"2
No = Q*13,Q*23, Q*33,.., Q*Ns AR=Q"

ITockonmpky  N-  IOPSAKOBBIE  HOMEp
koHlUeHTpuueckoro cinos CPKO omgHOBpeMenHo
IIPENCTaBIseT co0oit OTHOCUTENBHEIN 00beM CPKO,
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/

EHTDRB C MOXOXUMM 8O-

Mepuoaunyeckas cucTema
<3.mM
CTRAMU /A

7 cbopmupoBanHoii u3 N cioes, mwbas cucrema
| paBubIX a3 puxcupyer CPKO, y KOTOpBIX IIOTHBIE
OTHOCUTEJIBHBIE 006BEMBI COCTABIAIOT
reOMETPHUYECKYIO ITPOTPeECCHUIo co 3HameHaTteneM Q. B
pesynsrate CPKO, Haxoasmuecs B cucreme _DaBHBIX

L SN U Y

(ba3 00agaoT FCOMeTpI/I‘{eCKI/IM HOL[O6I/ICM D10 B

ST Y )

CBOK oOuepenb MpeNonpeeseT MOBTOPAEMOCTb
cBoiictB ykazanHblx CPKO. Ha puc. 5 moxazana
\rpaduyeckasi HHTEPIPETAIHSI CUCTEMBI PaBHBIX (as3.

HexoTtoprie u3 BaxHenwmx csoiicts CPKO
MIPOSIBJISIIOTCA B TOM, YTO:

a) CPKO  moodcem cayyxcums anaiumuyuecKkoil
MoOenvlo cmoauell cghepuueckoii 807HBL, NOCKOJILKY
DeanvHblii  60NHOB0II  npouecc 6  O0OHOPOOHOI
U30mponHoli cpede He Modicem ObIMb AHATUMUYECKU
npeocmagieH 6 6ude npouecca ¢ HEKOMOPbIMU
duxcuposannvimu  3HAYeHUAMU  uacmomvl U
amnaumyovl, HO MOdMcem Ovimb npedcmasien
cnekmpom, U 6 JUHeUHOM hpedcmaeieHuu Max
Ha3vleaemvim “uy2om” 6oJin.

PaccmoTtpenue TAKOTO Hp oliecca

R

B
koopmuuatax CPKO mpossise 3 (914% 0)114% )
KaptuHy. M3BecTHO, 4YTO d)VHKI_II/IOHI/IDVIOI_HI/II/I B
HeorpauuueHHon MC, obGnamarommii KOHEYHBIMU
pasMepaMu H3Ny4daTeab (I OIpenenéHHOCTH -
chepuueckuit), 3aJar0oUTHit HEKOTOPBIN
MEPUOTUYECKHUI TIpOoLIece c (bUKCHPOBAHHOMN
yacToTOM, GOPMUPYET €ro B BUIE TaK Ha3bIBAEMO

crosiueit cpepuyeckoil BoaHBL. Ilpum 3atom cieayer
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YYUTBIBATb, UYTO B YCIOBHUSIX HEOTPAHHYEHHOTO
IPOCTPAHCTBA “MaTepuan” mOGON, B TOM YuCIE H
razoobpasnon UC, oka3bIBaeTCI HECKUMAEMBIM.

B xoukpernoit MC,, oGnamaromeit MO,
IEPUOAMYECKUN IIpOLieCC IIPEACTaBIsgET Ccoboi
IMPUHYAUTEIBHOE IEPHOJUYECKOE BBITECHEHHE 3a
npenensl ChepUYecKoil MOBEPXHOCTH pamuyca R,
aKTUBHOTO 00BEMa V,(=42*R;3/3) HC, ¢

A

MOCHETVIOIIINM OODATHEIM XO
...... eAYIOIUM OOPATHEIM XO

e
2aTOJIHEHUEM (R

SQAAV VARV IIXANV V. ~ N A\ OP 4§

CDOJLX DRIV

:
;

IIOBEPXHOCTRIO pajguyca R,, BemuunHa koToporo (B

C
cuny He cxuMmaeMocTH MIC)) okaswiBaeTcs 3aMaHHOM

YCIIOBUEM PAaBEHCTBA 00BEMa OGPA30BAHHOIO CIIOSA
06béMy V. ODHOBPEMEHHO C 3THM IPOUCXOIMUT
BeiTecHeHue HWMC,, u3HAYalbHO 3aHUMAaBIICH
MECTOIOJIOKEHHUE C10st MeXIy R; u R,. B pesynbrate
yero obpasyercs ClIoi paBHEIH MO 00BEMY Vi,
OorpaHW4YeHHBI paguycaMu R, u R, Amnanormyso
nponcxoﬂnr 00pa3oBaHNE DPABHOOOBEMHEIX CIIOER

OrpaHUYEHHBIX paguycamu R; u R,



Ry. IIpu ycnoBuu R;=1 B OTHOCHUTEJIBHBIX €OUHULIAX
0o01mMit BUA IIpoliecca COOTBETCTBYET GopMyIIe
R’l\l’= N]/3 Y

T T A~ AT T P i X FE AR P MADILSN
IOJIHOCTPKO COOTBETCTBYs CTPYKTYPE CLrnuyU,
X}

KOJIMYECTBO OOBEMOB KOTOpPOH OIpEAeNsieTcs B
3aBUCUMOCTH OT 3HaueHuit V, u MO,, co Bcemu
BBITEKAIOIIUMHU OTCIOAA ITOCIEACTBUAMU.

Janee HeobxomumMo OTMETUTH, uTOo B HUC,
xapaxtepusyeMoit MO, ¢ TUHEHHBIM PasMepoM 0,
Ha0Op AMCKPETHBIX PE3OHAHCHBIX YACTOT HE MOXET
npespiaTh 240, nockonpky BenuuuHa N = 240,2402
orpaHu4yuBaeT Kpurmueckuit o66éM CPKO. Bce
IIOCIIEAY FOIIIHE ciaoun HE HUMEIOT 4ETKO
chopMHUPOBAHHBIX ChepuueckKux 0OO0JIoUeK U
BOCIIPUHUMAIOTCS B BUIE U3LYUCHUA.

Ha ocHOBaHMM pacCMOTPEHHOM KapTHHBI
MOXHO  cAenars  BBIBOA O  TOM,  4YTO
GYHKLMOHMPOBAHUE C HEKOTOPOH  KpPYrOBOM
YaCTOTOM o = 2nf TaKk Ha3bIBAEMOIO MOUEUHO20
usznyuamens B OTHOPOTHOM M3OTPOIIHOM Cpene,
npeepawaemca 6 ¢yHkyuonupoeanue c moi ice
yacmomoii CPKO kpumuueckozo 06véma. VHbIMU
CIIOBAMM,  IIPOUCXOAUT  CYNEPNO3ULMSA  ABYX
IpoleccoB. A B TOM ciyyae, KOrga BO3HHUKAeT
COBIIaZIEHUE YACTOTEI f C KakoH-InOO 4acTOTOH U3
240, IIPOUCXOOUT  pPe30HAHCHOE ycuaenue.
AnanmuTuyecku paboTa H3IydaTels MOXET OBITh
npeAcTaBiIcHa QOPMYIOi
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I'nasa 2. MYJIBTHCUCTEMA PABHBIX
KOHIHEHTPUYECKUX COEPUYECKUX
ObBHLEMOB
“Tonvko cemb KOCMOCO8, 63AMBIX 60
63AUMOOMHOULEHUAX OpYy2 K Opyzy, Oarom NOAHYI0
kapmuny Bcenennoii ... B yuwenuu o kocmocax
YIOMUHAIOMCA CeMb KOCMOCO8:
- IPOMOKOCMOC, UL NEePEblil Kocmoc,
- allokocmoc, Ul 6mopoii Kocmoc, uau
“mezanoxkocmoc”, unu “ceamoii
Kocmoc™;
- Makpokocmoc, “Oomnvuioii xocmoc”,
mpemuii KOCMoc;
- Oeilimepokocmoc, “emopoii xocmoc”,
Yemeepmulii KOCMOC,
- Mme3okocmoc, “cpedonuii xocmoc” -
nAMBblIL KOCMOC;
-mpumoxocmoc, “mpemuii Kocmoc” -
uLecmoii Kocmoc;
- MUKpOKOCMOC, “manviii kocmoc” -
ceovmoii Kocmoc.”
I.H.I'ypoorcues.
“ Bce ¢ memagu3uueckom u usuueckom mupe
cemepuuno. Cnedoeamenvno, U Kaxcooe 36e30HO€

PR, v e o . N, o 5P TEEE PR W,
JL0, Kﬂmo\aﬂ njiarema, euoumair uil He l() IMUA,
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Huess ceMEpUYHOCTH MHPO3TAHMHS CBOHUMU
KOPDHSMH YXOAUT B IJIyOoualinyio AIpeBHOCTb.
ITonTBepxaeHHEM TOMY CIy>XXaT BCE OCHOBHEBIC
PEIUTrHO3Hble KOHILEMNIIMU, COAEpKAallhe B CBOEH
ocHoBe uMeHHO 3Ty ugero. E.II. bnaBaTckas B cBoeM
MOHyMeHTaJlbHOM Tpyae ‘“TaliHas mokTpuHa”
ybenuTenpHo U MoApOOHO OCBETUIA 3TOT BOMPOC Kak
B YacTU kocMoreHe3a (ToM 1) Tak M aHTpomoreHesa
(tom 2). To e MNpeKpacHO H3I0XKEHO B KHHIE
¢dpaniysckoro duocodpa Snyapna Hlype “Bemukue
IIOCBALIEHHBIE”, U3JaHHOM B DPYCCKOM IIepeBOAE B
1914r., penpunTHO NepeusgaHHON. Pa3ymeercs, 3To
JIaJIEKO HE IOJIHBIN IIEpeUeHb NOJOOHOU TUTEPATYPHL.

OcHOBHOE IIOJIOXKEHUE CEMEPUYHOCTHU
IIPEACTABIIEHO B 3MUrpadax K HACTOSIIEMY paslelly.
K coxaneHuio, Te MHOTOYMCIEHHBIE HCTOYHHKH,
KOTOpPBIE JOCTYITHBl COBPEMEHHOMY YHTATENIO HIIH
HCCIIeIOBATEI0, U3/IaraloT 3TOT BOIPOC B OCHOBHOM
Ha  OIHUcaTelbHOM,  KadeCTBEHHOM  VpPOBHE.
KonuuecrBenHas CTOpOHA, AHAJIMTUYECKAs
KOHIIETIIIUA, KaK IIPaBWJIO, OTCYyTCTBYET.

MaTteMaTHYECKUN KJIIOY, €CIIM MOXET OBITh U
M3BECTEH KOMY-JIN00 U3 APEBHUX, TUOO0 COBpEMEHHBIX
IIOCBAINCHHBIX, WIN 3a(UKCUPOBAH, BO3MOXHO, B
KaKOM-HUOYIOb IPEBHEM MAaHYCKPUIITE, HA YpPOBHE
OTKPBITBIX COBPEMEHHBIX 3HAHUM He (urypupyer.
Pasymeercsa, 23TO0  0OOCTOSTENBCTBO  CHUXKAET
OOKAa3aTeJbHOCTh IIPU YTBEPKACHUM IIPUHIMIIA
CEMEPUYHOCTH. BO3MOXHO, YTO HMEHHO 3TO

IOJIOXKEHHE MIPEeOOIIPEALIISICT B OCHOBHOM
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OTPHULIATEIPHOE OTHOLICHHE COBPEMEHHOM HAayKU K
YKa3aHHOMY InpuHuuny. M mad TOoro, 4YroOsnl
MOMBITATBCA IPUBECTH MO0 CEMEPUYHOCTU K
COBPEMCHHOMY IIOHMMAHMIO, B HACTOSIUEM pas3aese
paccMOTpeHa aHaJUTUYecKass MOJIENb, CIIOCOOHAas
IIPOJIUTH HEKOTOPEIHM CBET HA 3Ty MpodiieMy.

MarteMaTH4YecKuii
KJTIOM IIPUHLIMITA
CEMEPHUUYHOCTHU
MUPO3JAHHUS  YIaIOCh
BBIIBUTH Ha  OCHOBE
HA3Y4YCHUS CBOJCTB
MYJIbTUCHCTEMBI PABHBIX || |
KOHIHEHTPHYECKHUX |\
obremMoB (MPKO) u

CTPYXKTYDPp H
KPUTHUYECKOTO 00beMa
CPKO (ompenensemoit
kak A=240,2401). XoTs aBTOp He 3aAaBaJICSI UMEHHO
aTon menblo. Kirou ompenmenunca “momyTHo” B
KayeCcTBe (DyHIaMEHTaJbHOI'O CBOMCTBA CTPYKTYDBHI
KPUTHYECKOTO 00BeMa, TeM CaMbIM, IOATBEPIMB
ACHCTBEHHOCTh pPacCMaTpUBACMOM aHAIUTHYECKOH
MOJENY CHEPUIECKON CHCTeMbl KOOpPAUHAT. Jioruka
UCCIICIOBAHUs MPOSBIEHA B CIEAYIOLIEH LIENH
IIOCTPOEHUI.

B riaBe 1 61710 yCTaHOBIIEHO, UTO B HEKOTOPOI
U30TPOIHOH cpene, XapaKTepu3yeMoi

dopmupoBanre CPKO mpoucxoguT TakKuM 00pa3om,
44



YTO TOJIIIMHA IMOCIEAHEr0 KOHLIEHTPUUECKOTO CJIOs
OKa3bIBAETCS HE MEHBIIE pasMmepa “0”, WJIM MOXET B
TOYHOCTH OBITh paBHOM 3TOMY pasmepy. Crenyrommit
cior B atout cpeme mna paHHod CPKO He
OCYILECTBUM, IIOCKOJIBKY €ro TOJIIKHA OKa3ajlach ObI
menbine “6”. B To xe Bpems, chopmupoBanHoe B IC,
(T - nuapekc cpeast) ¢ MO, CPKO, MOXeT ITOCITYXUThb
anpoM (T.e. HavallbHBIM, WIH aKTUBHBIM OOBEMOM)
i popmupoBanus CPKO,,;, XxapakTepuzyemoii

Mo.,,. Ilpu sTtomMm, 6e3ycnoBHO, Mo,,,; MEHBILE, YEM
MO.. Cpesa ¢ Gonee kpynwsm MO _rower o3¥awkairy Eanwa Aug

L Cpedy ¢ mensiium MO,

B cBO10 ouepe/ib KOJTUYECTBO KOHLIEHTPUYECKUX
..... DTSN ~ —_ - e o o e e e e N
cioeB 'y CrRO,,; 1np
XapaKTEPUCTUUECKOTO pasmepa MO, u,
ClIeg0BaTEIbHO, UMEET KOHEYHOE BbIpakxeHue. U
TakuM xe obpazom CPKO,,MOXET IIOCIYXUTh
akKTUBHBIM o0veMoMm (sapom) s CPKO,,,, 4
dopmupyemoit B UC_,,, y kotopoit MO,,, 1o cBoeii
BenuuuHe Meubine, uem MO,.,;. Ilpomecc

dopmupoBanus CPKO, pasymeercs, MOXeT OBITh
IPOJOJIKeH B cMexxHBIX HIC.

V

F : );
KOHLIGHTDI/I‘ICCKI/I 061@1\403 (MPKO), awuwanu-
traeckas bopmMa Ko MOJXeT OBITh OIIpeleNieHa,
B YaCTHOCTH, B pesyJu,TaTe PACCMOTPEHUS CTPYKTYPBI
nyJbcupyomero chepouna. Sapo MyJIbCUPYIOLIETO
cheporna B cBOXO ouepenb oOjamaeT COOCTBEHHBIM

NC
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aapoMm u T.4. CTpyKTypa IyJbCHUPYIOIIEro oO0BbEMA
MOJXET OBbITh ONpeesieHa Ha OCHOBAHUM TOro (hakTa,
YTO 00%ém A0pa pageH O00LEMY 6HeUIHez0 CH0A
cghepouoa, 06paz06aHH020 KPAUHUMU RONOHCEHUAMU
noeepxHocmu npu MAaKCUMAIbHOM U MUHUMATbHOM
3HAueHuU ROAHO020 00BéMma chepouoa.

Ecnu nponopmupoBates 00BEM dapa chepouna B
€QUHUIIAX ITOBEPXHOCTU BHEIIIHETO CJI0S, T.€. IPUHATH
TOJIIMHY CJIOsl 34 E€OUHUYHBIM pasMep, TO
IIpaBOMEpHA CIeAYIOIIAs 3aBUCUMOCTb:

=N, 2/3,  Viy = Vesew.ca0s= Sovemcrn -8R (8R=1)

TAc: }VTt - 00DBEM upcpuyu_l‘a B OTHOCHTEIbHBIX
enuHULAaX, N, - 00BEM siipa cepoua B €AUHUIIAX
MOBEPXHOCTHOI'O CJIOA.

Ha ocHoBe MaTeMaTHYECKOH HHAOYKIIHH ob1as
CTPYKTYypa C(bepon,ua B AHAJIUTUYECKOH (1)0pMC
npuobperaer BUL

N.,=N; ‘2’3) . (9
rae k = 0, 1, 2, 3, ... - TOPSAOKOBBII HOMEP

CTyneHH (sapa).

ITockonbky BenuuuHa N ompenerneHa B
OTHOCHMTENBHBIX €IMHHLAX, AercTBUE hopmysinl (9)
PACIIPOCTPAHAETCS] Ha JIOObIe IPOUECCEL U, SIBICHUS.

P i e AANA SN AN,

Tax, B uwacTHOoCTM, HOpu K = | ara dQopmyna
oToOpakaeT 3HAMEHUTHIN TPETUM 3aKOH 0OpalleHUs]
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rutaHeT BOKPYr COJIHIIA, YCTaHOBJIEHHBIN BEIMKHUM
Morannom KemepoM Ha OCHOBaHuu 00pabOTKHU
rPOMAaIHOTO KOJIMYECTBAa HaOII0OeHUH,
BBIITOJIHEHHBIX JATCKUM acTpoHOMOM Tuxo Bbpare.

Cmoicn gpopmynvt (9) HeobviKHOGEHHO €MOK U
MHO2000pa3zeH. 30ecb 6 anarumuueckoii hopme wemko
NPOAGNEHO  CMPYKMYPHOe  eOUHCMEO  CAMbIX
PAa3HO00Opa3HelX  npoueccos,  KOmopwvle,  Kax
6bIACHACMCA, HEBO3MOINCHO 0ZPAHUNUING NPEOCNAMU
Kakoii-mo_ooHoii_cpedvt. Ho 6 mo oice epema, ecnu
uszgecmna cmpyKkmypa npouecca & O0O0HOI cpede,
OKA3bl6AEMCA  603MOMCHbIM  YCIMAHOGUMb €20
cmpykmypy 6 noboil u3 cmescnvix cpeo (!) B nepesoce
Ha peasibHBIE CUTYal[Md 3TO 0003HAYaeT, uTo JI000H
OOBEKT B HAIEM MUDE MMEET CBOC MPOJOIDKCHUE BO

BCEX_ HaM WU3BECTHBIX M HEW3BECTHRIX openax, IUIs
KOTODBIX HAa3BaHHBIE OOBEKTHI IPEICTABILIOT COBOM
HEKOTOPBIE LIEHTPhI, TOUKH, B KOTOPBIX “... BECH MHP
cocpegoToyeH”’. A mo OOJBIIOMY CYETY MOXKHO
cKazaTh, uTo (opmynra (9) B naKOHHYHOH
AaHAIUTHYECKON ¢GopMe oOToOpakaeT MPHHITUII
Enuncrea Mupa. HexoToprie npuMeHeHHsT 3TOM
3aMedaTeNbHON (POPMYJIBI IIOKA3aHbI JJaJIee.

2.1 CTPYKTYPA KPUTHYECKOrI
Ty Vo N 4 7
OBBEMA CPKO - MATEMATHYECKHU
cii N, = = 240,240 UIsi OIPEHCIICHN



noKasaTelo “K’ cleAyeT MNpUAAaTh OTPULATEIbHOC
3HayeHud w3 paga k = 0, -1, -2, ..., . (22°k=0,1,2,..)

Cr PYKTYPR m.uopr m(TdBu 3(;MPEL

M HHI ft(KHH uucc:n] .
A‘:P—’_}2401 (MD( '!J {1 a0es anr‘ reg nmmm\

d‘l{)ﬁﬂ‘lb
MOt£ 3 M0¢-s / ¢ R \
001007 apa J Nﬂ-é L2

ronLre Q0K E

(’MDL N MO

POBEHL ¥
YR Lo OCb(J #1CCTE

mm/JPﬂBWi T Ahead )
1.6180 A0 505
L 273)
®=A
MOesy A\ Y78 Uw“u "con ﬂT (/‘{‘ ) ) A0 g2 /M
2 208 ‘ {{caoeg
F" pRes L”%’*{M\"l
~M2) | (o2) Ja
X I
MO,y Mo M3 2 M0
T 2.9529 &cacee prc.7
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Pe3ynbTaThl anain3a MPUBEISHBI B TaOIULE
I & My
va%EHB? 0 240,2402 =A romKas Cpesa € MEAKUM
~
e 1 38,645317 3
(¥
v|2 2 11,430484 ¥
3
S 3 5,074304 S
E ’ g
24 2,952015 Q
LIS S 2,058262
WP i I Y
ypoBeHsL 6 1,618082 = @ Cpana ¢ kpyhHstHd 7M1
6
D= A% (10)

WTak, o ueM xe ropoput 3Ta cTpykrypa? Eciu
OyKBaJbHO, TO KPUTUYECKUI 00BEM,
copmupoBanHbii u3 240,2401 cnoeB UC, obmamaer
aapoM,  cocrosmmuM u3 38,645 cnoés WUC,,.
Co6CTBEHHOE Aap0O KOTOpOro cocTouT 13 11,43 croés
HC,,. B cBoo ouepens ero CcOOCTBEHHOE SIpO M3
5,074 o6wvemoB MC,;, obmamaer gagpom u3 2,95
o6bémoB UIC,, ¢ saapom u3 2,058 o6vemoB MC 5. Uy
KOTOPOT'0, HAKOHEI], IIPOSIBUIIOCH MOHOJIUTHOE PO,
C YHCIOBBIM 3HAauye€HHEM 3HAMEHHTON ‘‘30JI0TOMU
nponopuuu” win “sonmororo ceueHus” 1,618... OnHo
chOopMHUPOBAHO B CeOpMO# (HauWHass OT MCXOTHOMU
HyJeBoM) usoTpomnHoit cpeme. (Kak ormedanock
paHee, IpoOHOe 3HaueHue N HE O3HA4YaeT, 4YTO
KOJIM4eCTBO 00BéMOB apo6Hoe.) He Tpyano
IIOJICYUTATh HAYalIbHBIA (AKTUBHBINA) OOBEM ITOIO
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snapa B equHunax MO, 4, a UMEHHO, B COOTBETCTBUM C

dbopmyitoii (4)

.
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npouecca. YUUTbHIBas paHee BBHICKA3aHHOE
MIOJIOXKEHUE O HEPEATIBHOCTHU “becmenechoii” TOUKU, B
TeOMETPUUYECKOM AaCIeKTe “‘3010TO€ AApO”~ |
IpeacTaBiIsieT CcoO0OW peanpHY TOYKy. Takoi
“noces”, Kax IIPaBWIO, IPOUCXOIUT OECCO3HATENHHO,
HO €ro HOATBEPXIEHUEM CIYXHUT TOT (PaKT, 4TO
MaTeMaTUYEeCKUMH aHallu3 pa3sHOOOpas3HBIX, B
YaCTHOCTH OHOJIOTHYECKMX CTPYKTYD NPaKTHYECKU
BCerda IPUBOAUT K OOHAPYKEHHIO “3010mozo adpa’”.
30ecv Hneobxooumo uémko npedcmasaamv, umo D
xapaxmepusyem UCKIIOYUMENbHO Memo0 NO3HAHUA, 4
He npeomem uccie006anus.

N300pax€HHYIO Ha pUC.7 CXeMY CEMEPUYHOCTHU
MOXXHO, AaHAIU3UPOBATH KaK II0 HAIIPaBIECHUIO
JIBUDKEHMS YacOBOM CTpeNKH, TaK M HA00OpOT.
WHpIMU CIOBaMM, MOHOJHUTHOE SOPO MOXET OBITh
IPUHATO B KAadeCTBE KPUTUYECKOTO OOBEMA M Tak
Jajee. B ciyyae HEIIPEpBHIBHOTO aHAINA3a 110 YaCOBOU
CTPEJIKE YCIIOBHO HCCIENOBATEh CONPUKACACTCS C
MHKPOMHUPOM, a, HA00OPOT - C MAKPOMHPOM.

K mnony4yeHHBIM pe3ynabTaTaM HCCIIEIOBAHUA
CTPYKTYPbl KPHUTHUYECKOTO o0O0BbeMa CBEAYIIEMY
YeJIOBEKY OTHECTUCh DPABHOMYIIHO IMPOCTO HENB3S.
Hago nosarath, YTO HauOOJIBIIMIA MHTEPEC HOJIKHBI
IIPOSIBUTH IIPUBEPXKEHIBI “30JI0TOr0 CEYCHUA , KaK
BBISICHAETCS, CIPAaBEIIMBO CYHTAIOIIME, YTO 3Ta
BEJIMYHMHA MOXET OBITh 3()(HEKTUBHO UCIIOIb30BAHA B
KauyeCcTBE EAUHULIBI OTCYETA.

I'0e monvko ne nposensemces 3mo 6 Kakoi-mo mepe
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mucmuueckoe “sonomo”. U 6 nponopuyusax OpeeHux
nOCMpoeK uenogevecKux MHCUIUW, U 6 CMmpoeHuu
Ouonozuueckux 06veKmMos, 6 MOM Huce U 4el08eKa U 6
CMpOEHUU CONHEYHOI cucmembl, U 6 2apMOHUU
3¢ykocouemanuii... Ilepeuenv  neckonuaem. A
MUCmu4YecKull OmmeHoK, NnO 6cell e6epoamHocmu,
obpasoeanca us3-3a mozo, 4MO, HECMOMpPA Ha
opeénocms eonpoca, cymv “3010mozo ceueHusn”
ocmaeanacy He npoAeaeHHOI, KaK Ovl “3aumopennoit”
CBOUM HUCTIOBLIM 3HAUCHUEM.

He BnaBasice B moapoOHOCTH, IIOCKOIIBKY 3TOM
TEME TIIOCBAIIEHA OOIMUpHAas JHUTEPATypa, Kak
JAPEBHUX, TAK U COBPEMEHHBIX aBTOPOB, JOCTATOYHO
OyAeT OTMETHTh, YTO MaTEeMATHYECKOE OIHCAHUe
deHOMEHa, IOJy4YuBINEr0 Ha3BaHUE MPONOPIUH
“30;0TOE CeyeHme”, B CHCTEME OIXHOMEPHBIX
NPEACTABIICHUN OIPENeIeH0 OJHUM H3 KOPHEHR
KBaJpaTHOT'O YpaBHEHHUS p*(p-1) = 1.

® =p, = (52 + 1)/2 = 1,6180339...

3
(@]
]

3
D
=
D
T
S
D
w
&%}
w
<
S

=

itiwIAXEAN

w



A,

BOCIIPUMYT

HHGOPMAIIMIO O TOM, UTO MEXIy 3HaueHueM @ u
00HapYXUIACh

oToOpaxaromias

CEMEPUIHOCTD CTPYKTYPHI KPUTHUECKOTO 00beMa, a

HMCHHO.

ob6peMa
dbyHIaMEeHTAJIbHYIO

CBSI3b,
:d)(3/2)6

YAUBJICHHNEM

coboit
IIOCTOSIHHYIO,

dbyHAaMeHTabHAS

C
KPUTHUYECKOTO

Bd=A@°

CKazaTb, 9YTO HHTECPECC K HEMY B IIOCIICIHEE BPEMI

3HAYUTEIFHO BO3POC B CBSI3U C TEM, YTO BBIIBWIACH
TIPOTOPLHH 1T KOMIIBIOTEPHBIX IIPOTpaMM) 10 BCei

6onpmas 3(QPeKTUBHOCTH HCIOJIb30BAHUSA ITOMU

NpeacTaBJIAIOIINM

BEPOSATHOCTH
MHPOBYIO

3HAUYCHUCM
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6cez20a He a0eK8amHuo Camomy eHoMery, 6 CeA3U C Uem
Heb3sa noomenamos 00HO nouamue opyzum. CaM xe
dbenomen @ ObUT M3BECTEH IOPasfO paHbBIIE, YEM
ObBLIM CO30aHbl pasHOOOpa3HbIE BapUAHTHL €ro
MaTEeMaTHYECKHX OIHCAHUN (KaK npedesl OTHOIICHUN
YJIEHOB MaTeMaTHUYeCKuX psamoB PuboHayuwm, JIroka,
npeden CyMMBI WIEHOB LEMHOW apobu u ap.,
BBIUHCJICHHE KOTOPBIX CBOOUTCS K PELICHUIO TOTO K€
CaMoro KBagpaTHOI'O YPABHEHUS).

Cymuocts mnoHsATus @, Kak BBICHIETCH,
OPraHMYEeCKH CBSI3aHA C IOHSITHUEM KPUTHYECKOIO
oO6beMa, 1 0e3 YCTAHOBJIEHUS CTPYKTYPHI ITOCIICTHETO
IPOCTO He MorJja ObITh BhIsIBIICHHOU. W 3akmioyaercs
B TOM, YTO YHCIOBOE 3HAa4yeHUe “30y10Tad
nponopuus” (“30710Toe cedeHue”) XapaKTepH3YET
00BEM MOHAIBI, 0Opa3yIoLIECi HadyaJdbHBI O0BEM B
CTPYKTYpe KPUTHUYECKOTO 00BEMA H3OTPOMHON
cpexnpl. Bce ocranpHble mposBieHus @ Tak, WIH
WHave, MpsIMO, JIMOO KOCBEHHO CBS3aHBl C
MIPOSBIIEHUEM HMMEHHO CTPYKTYPHI KPUTHYECKOTO
06b8Ma, (GOpMUPOBAHME KOTOPOTO MOXET OBITH
NPEACTABIIEHO  PA3IUUYHBIMH  crocobamu. B
YaCTHOCTH:

a) OpraHu30BaHHBIN IIPOU3BOJIEHBIM CIIOCOOOM

B HEKOTOpPOW U3OTPONHOM cpene chepudeckui
06,1,@1\/1 cocrosmii cornmacHo dopmyne (4) uz 55+

nv-A  ¥30 en en. MQ, chopmupyer BOKpyr cebs CPKO
KpManeCKoro o6bema. Ho (YHKIHMOHHpOBaHME
TAKOro O0O0Opa3oBaHUs HEHU30€XHO NPUBOAUT K

dbopMUpOBaHNIO BHYTPEHHEN CTPYKTYPhI HAUAIBHOTO
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00BeMa C HCIIOJBb30BAHUEM M3OTPOIHBIX Cpen,

KoTopeix MO mociaegoBaTeNIbHO YKPYIIHSIOTCSA IO
Mepe mpubImXKeHUsS K LeHTpy. B pesynbrare, B
CEIbMOM, CUHTas U HCXOIHYIO Cpeny, CMEXHOM
U30TPOINHOH cpefe POpMUPYETCH MOHOIUMHOE- 20PO,
KoTopoe He crrocobHo opranu3oBate CPKO B cBoeit
x¢ MC, HO OGYHKIMOHMDYET, BO3NCHCTBYS Ha

to (_v@an CHCTEME CﬁCTvu T U3 240542414 655’@0‘ MO,

CMEXNKHBIC CPEIPBL. g oy iunst wpynoi"cpeae coopmiupolao "2000T0E' 455

0) Opraﬂu%ﬁwaHHbm IIPOU3BOJIBHBIM
CIIOCOOOM B HEKOTOpPOH I/IBOTpOHHOH cpene
cepudeckuii 00BEM, COCTOSIIUN U3 -’ppﬂ&ua:m MO,
dbopmupyer MPKO, mnocnegHee 3BEeHO KOTOpOM
(CPKO) oGnanaet kpumuueckum o6vemom.

B) OpraHn30BaHHBIN IPOU3BOIIHLHEIM CIIOCOOOM
B HEKOTOpPO# HU3O0TPOIMHOU cpeae chepudyecKui
00beM, YHCIIEHHOE 3HAUEHHUE KOTOPOTO B €QUHULIAX
MO »3T0#i cpempl .COOTBETCTBYET 3HAUECHHMIO U3
OCIE0OBATENLHOLO PANA CEMEPHYHON CTPYKTYDBL (36,64
KPUTHUECKOTro 00beMa, [IPUBOIUT K Q)opanOBaHmo{ e
KaK BHEIUHEW, Tak U BHYTpPEHHEH CTp_yKTypBI,{\ 2%
orpanuuenHoit B  nepsoM ciayudae CPKO
KPUTHUYECKOI0 00beMa, a BO BTOPOM ClIydae MOHAIOMN

COOTBETCTBYIOLIEH H30TPOITHOM CPEBI.

Moxuo NeNCTABRUTE. uTO dhopMunoBague
AVANSJANALNY ALYVHVLWMALJ.”’ A A NS \fvrlxlexyvuw‘Lva
KaKoro-mubo KDUTHUUECKOrO o00BeMa erizbexHO
Kar O0-JIT00 KPUTHUYCCKOI'O OO0OBEMa HEN30CKHO
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co3mate mownady nmns  Hexkotopon  MPKO,
OrPaHUYEHHONW 3BEHOM C KPUTHUYECKUM 3HAUCHUEM.

cnoeB—CPKO. U1 pasymeercs, NoJ0OHbIE IIPOLIECCHI
MOTYT BBI3BaTh 1100bIe accouranuud MO, YuciIeHHbIE
3HA4YEHUSA KOTOPBIX COOTBETCTBYIOT PNy CEMEPUYHOM
CTPYKTYpPBI KpuTudeckoro odsemMa. Ho B TO ke Bpems
BCE 3TO MHOrooOpasue noauuHeHo Eoumoii cxeme
pazeumus, onpeoensrouseis Ipunyun Eouncmea Mupa,
noHYI0 U 0e3YCI06HYI0 63AUMOCEA3HL 6CEX NPOYUECCO8 U
AGNIEHUT, UX 63AUMO00YCN06IEHHOCTb.

Bcd sTa cxema 6a3upyeTcss UCKIIOYUTEIIBHO Ha
TOM, YTO B Ipolecce IO3HAHHSA B_OTHOCHUTEILHOM
HCYMCIICHUM CYIIECTBYET TOJBKO OrPaHHYECHHOE
KOHKDETHBIM 3HauYeHHMEM YHCIO cped. A B
YEIOBEYECKOM  HU3MEPEHUU C  IIPUMEHEHUEM
JECATUYHON CHCTEMBI HMCUHUCICHUHA 3TUX CPEH CEMb.
Orcroma ¥ npuHIun ceMepuyHocTH Mupa,
IPOSIBIIIEMBIA HAa BCEX YPOBHSAX ITO3HAHMS, B 000
ero obnactu. B cuny cmpykmyphozo eduncmea écezo
MmH02000pa3us Muposvix. hopmuposanuil, mexicoy Humu
cyuwjecmeyem_pe30HancHas C6A3b 3a0aulan ecemy
Mupy Eounvtii Pumm Kuznu.

He JTUITHUM Oyner MTOBTOPUTD,
IIPOAKLEHTUPOBATh, YTO HPUHUUN CeMePUYHOCHU
Mupa - 3mo e ecmv éceobvemmioujee ceoiicmeo
Hexoezo abcmpaxmnozo Mupa, cywecmeylowiezo 6ue
CO3HaHuA uenogeka, nosnaiouiezo smom Mup. Ho smo

C60iicmeéo  uHcmpymenma RO3HAHUA, Rpucyujee
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Yen06eKy, KOMOpomMy OCO3HAHHO, UAW He OCO3HAHHO
npuxooumcs HAadersmv UM mo, YmMo RO3HAIOWUIL
“evinpeomeunsaem” u3z Mupa ceoux oulyuienui.
OueBuaHO, He 6e3 OCHOBAHUM ApEeBHEUHAUNCKAS
bunocopuss CHUMBOIMYECKH BBIAEISIIA B YEIOBEKE
pacKpbIBaIoOmuecs B IIpoliecce ITO3HAHUSA CEMb
IPOCTPAHCTBEHHBIX  YpOBHeH, cemb  cdep,
BKJIIOYAIOIINX OJHA OPYTyIO, & UMEHHO:
s Oxyceapza - cdepa MaTepUAIbHBIX
¢bopM, KOTOpHIE BOCIPHUHHMAIOTCS
BCEMH,
m Oxyeapceapza - cpepa SHEPreTUIECKUX
SIBJICHHI, TO€ IPUCYTCTBYET TOHKAS
MaTepus. Bakyym,

s ceancean2a - RIeCk IINeOLIRaeT
ceapceapza 3aeck IpeOwIBaeT
coznanue (“YUurra”), sta chepa eme

~ N Va4 T A
HaseIBaeTcd Benukuit Bakyywm,

- LV R B: PeY Vi ke 3007 4 - nr‘-\nﬂa ITYN !/'r\"r\r\ﬂr\ﬂ'

- JH u.JLqubou_pcu U\.tl\at)a, I1aa NU1 UlJUIl
TrQAITrrrrra am nf]’\n“l"‘lﬂnbr_'n')’r‘t mnar
I1A1IXYIIIAv L U\ilvylVlIlHUDDlD“IDUII
TBOpEHHE MaTEPHANBHOTO MHDA,

» OJicanaumceapza - IPOCTPAHCTBO,
uMeHyeMoe eine Auakimba  (He
BOCIIPHHHUMAEMOE) JUIST
rpyboMaTepraibHbIX (PCHOMEHOB

» manoceapza - cdepa Bricmero
ITypywmmn, HMEHyeMas Arama
(HemocTyIHas),

» cambaceapza - cpepa Cusrmomero
bpaxmana, €AUHCTBEHHOM

57



peanbHOCTH, HE MOANAIOUIHKICS 1A
OINMMCAHUA  HUKAKMMHU  3€MHBIMU
CIOBaMHM M HaspIBaemMoe AHama

(6e3BIMSIHHOE).

I'pynHO ckaszaTe, KakuM o6pa3oM 3TO OBLIO
YCTAHOBIIEHO, TAaK K€ KaK HEHU3BECTHO, UEM
PYKOBOJCTBOBAJICSA HAIl COOTEUECTBEHHUK JlaHuun
AHgpeeB, aBTOp YIOUBUTENBHOro TpakTaTa “Posza
Mupa”, yteepxnas, uto bpamparypa (cucrema

7 LOR ’ Ir \
KOHIIEHTPUYECKUX CHEPUUECKUX CIIOEB) 3eMiH

BKmoqaeT B ce0Os 242 cnos. VI mo Bceit BepOSITHOCTH,
Ha 3TOT BOIPOC JOCTATOYHO YOENUTEIhbHO OTBEYAECT
yCTaHOBJIeHHAas ¢opMmyrna, KOTOPYI, 0e3yCIOBHO,
MOXHO TPAaKTOBATh KaK Mamemamuyeckuii K4 K
330mepuyeckoii (maiinoii) /loxmpune.

2.2 CTPYKTYPA OPEOJIA

Tout u3 240 cnoés. Ilpu 3ToM cepenuna paauyca

r P g F it e
chepoua coBmamaer ¢ TPUALATHIM CIIOEM, U TAKUM
00PA30M BO3HHUKAET PE3OHAHCHAA C813b Mexay 240-M



KOTOpbIE B  CBOIO  OYE€pedb  PE30HAHCHBIM
BO3JeiCTBUEM (POPMUPYIOT CEMb (4 BMECTE C SOPOM
BOCEMb) CIOEB, M3 NPEALIECTBYIOLIUX TPUAIATOMY.
ITonyyuBmasacsi

CTPYKTypa - 3TO gpeod,
KOTOPBIK B TYMaHHBIA

BEYEp MO>KHO
HaOIOOAThH BOKpPYT
YIUYHBIX dboHapei,

COCTOAIIMM U3 sAOpa U
YyemuvipHaouamu
Pa3HOLIBETHBIX  KOJIEIT
Bokpyr Hero. Cxema puc.8
opeoJia u300pakeHa Ha puc.8.

OTa cxeMa HaIJAOHO IOATBEPKIAET paHee
chopMyIHpPOBAHHOE IT0J0XeHUE O ToM, uto B CPKO,
y koToporo N 3HAUYMTENBHO OOIbLIE KPUTHYECKOTO
3HaueHust 240,2402, IpOMCXOOUT AECCTPYKTYpPU3ALUS
nocnenyromux (mocie 240-ro cinos) cioés, KOTOPBIE
TakuM 00pa3oM BOCIIPUHUMAIOTCS KaK uU3iyueHue.
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YCMAHOGNEHUE AHAIUMUYECKOU (opmbl UHMEPEANO08
HamypaabHo20 MY3blKaibH020 368VKOPAOd.

3aunHaTeneM 9Toit  paboTBl  HA3BIBAIOT
IMudparopa CamMocckoro - IereHAapHOrO OCHOBATENS
INKOJIBl 3aMeYaTeIbHBIX MbIchuTeneil [peBHei
I'periun. A TPOMOIKHMIIM HCCIEIOBAHHUE TaKUe
BhIAAIOIIMECd YMBI, Kak ApxuT TapeHTCckuu,
I'epaknutr  Ilowtuiickuii, EBmokc, IImatow,
Apucrorens, Qunum u npyrue. Ho xak HM cTpaHHO,
BOIIpOCaM, CBSI3aHHBIM c HATypaJbHBIM
MY3BIKQJIBHBIM 3BYKOPSJIOM, €r0 3HAYEHHUIO IJId
pPa3BUTHUS CaMbIX PAa3HOOOpPA3HBIX HAYK COGEPUIEHHO
Hem mecma 6 00Weo0OPA306aMENbHLIX COBPEMEHHBIX
npozpammax U HUYMONCHO MAI0 YOenaemca 6HUMAHUSA
6 cneyuanu3upoeannvlx (My3vikamrwhoix). B cBI3u C
3TUM HeoOxoaumo 6ojree MOAPOOHO MOSCHUTD, O YEM
COOCTBEHHO peyb.

JIBa 3BYKOBBIX CHUTHajla pPa3sHON BBICOTHI
(TouHee - JacTOTEI), BOCIIPOU3BOAUMBIC
OJHOBPEMEHHO, MOTYT BOCHPHHUMATECA Ha CIIyX B
3aBUCUMOCTUA OT COOTHOLIEHHS YacTOT JTHOO Kak
ycroitunBoe (T.e. 6e3 Ouenuit u “mepenuBoB” ¢
MEepUOJAUYECKUM IIOBBIIICHHUEM U IIOHWXXECHUEM
TPOMKOCTH)  coueraHume,  JubO Ha000pOT.
VYcToN4uBBIE  COYETAHHS IPUHATO  HA3BIBATh
MY3bIKAIbHOIMIL UHINepeaamu. ITO CBOMCTBO 3BYKOB
JIEXUT B OCHOBE (GOPMHUPOBAHUS YETOBEYECKON peun
¥, KOHEYHO €, MY3BIKH.

HcknountenbHas BaXHOCTh YCTOMYHUBBIX
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Tabnuua?2

[OpAOKOBbIA HOMED MepeHopMitpoBKa
uHTepeana Ha twkane RN = N MHTEepBRanoB B 3 okrarpe

1 (1-aa okTara) 64
67 (3-9 okrasa) 67
9 (2-as okrasa) 72
79 (3-9 okTasa) 79
10 (2-aa okraBa) 80
11 (2-as okvaBsa) 88
12 (2-as okTaBsa) 96
13 (2-as oktasa) 104
i4 (2-an okraBa) 112
2 (1-as okraBsa) 128
17 (2-as okTaBa) 136
18 (2-aq okTasa) 144
19 (2-an okTasa) 152
22 (2-as okTasa) 176
3 (1-as okTaBa) 192
27(2-as okTaBa) 216
31(2-as okTaBsa) 248
4 (1-as okrasa) 256
37 (2-aqa okTaea) 296
5 (1-aa okTasa) 320
6 (1-aa okTasa) 384
53 (2-aq okTaBa) 424
7 (1-aa oxTasa) 448
60(2-an okTaBa) 480
8 (1-as okTaBsa) 7 - 512
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Mopsankosbi Homep}/3
uHTepeana Ha wkane RN = N

MepeHopmuposka
MHTEPBANOB B 3 OKTase

1 (1-aa okrtaga) 64
67 (3-a okTaea) 67
9 (2-as okTasa) 72
79 (3-a okTaga) 79
10 (2-as1 okTaBa) 80
11 (2-as okTasa) 88
12 (2-as okTapa) 96
13 (2-as okTaBa) 104
14 (2-as okTasa) 112
2 (1-asa okTaga) 128
17 (2-aa okrasa) 136
18 (2-aqa okTaga) 144
19 (2-as okraa) 152
22 (2-as oxTasa) 176
3 (1-aq okraea) 192
27(2-as okTaBa) 216
31({2-aa okrara) 248
4 (1-aq okrasa) 256
37 (2-aa okTasa) 296
5 (1-as oxrasa) 320
6 (1-an oxkTaBa) 384
53 (2-as okrasa) 424
7 (1-as okTaBa) 448
60(2-as okraBa) 480
8 (1-aa okTasa) 512

63




3BYyKOCOYETAHUM B UYEIIOBEYECKOM TMPAKTUKE I
nobyauina  MBICIUTENEH  OAPEBHOCTU  3aJaThCS
BOIIPOCOM, a KakKue MMEHHO 3BYKH MOI'YI
00pa30BBIBATh YCTOMYMBBIE COUETAHUS, H KAK MHOTI'O
MOXeT OBITh TaKUX coueTaHui! MOXXHO i HaNTU
eOUHYI0 aHAUMUYEeCKYl0 (opmy O0aA BblparceHUs
ycnoeuii 00pazoeanus My3vlKaibHbiX UHMEPEAL0s?

CaMpIii JIETKO ONPEACIMMBIA MY3bIKATbHbBIN
UHTEPBAJ - 0KmMaea NPEICTaBISIET COO0H coUyeTaHME
JBYX 3BYKOBBIX CUTHAJIOB, HYacmomel KOMOPbIX
pasnuuaromes medxcoy coboii é o0sa pasa. Ilouemy
TaKOM HMHTEepBajl HA3BIBAETCS OKTABOM yXe OBLIO
IIOSICHEHO B HacTOSIIelH paboTe, HO He Oe3bIHTEPECHO
OTMETUTh YTO B CBO€ BpeMs YOexIAEHHBIM
nocnenoBatens Iludaropa Apxur TapeHTckuii
TAKUM € o0pa3oM IOACHWI 3TO. A HMEHHO,
Y060eHuUe JNUHEUHbIX pPa3mepos 00vemMHOU uzypol
(nanpumep, ouamempa wapa, écex pebep Kyba unu op.
MHO202PAHHUKO0B) NPUGOOUM K YEOCOMUPEHUIO 00beMA.
OmHako W BHYTPU OKTaBHOTO  HMHTepBalia
OOHApPYXKHMBAIOTCA YCTOMUYHUBBIE 3BYKOCOYETAHHA.
Onpenenenye UMEHHO TaKUX, OTHOCUTEJIBHO MEJIKHUX
HHTEPBAJIOB, 3aKOHOMEPHOCTEN UX BOZHUKHOBEHUS U
ABUIOCh  LIENBI0  NPEOIPUHATOTO  HAYYHOTO
VcClemoBaHus. A ero pe3yjapTaT - YCTAHOBJICHHE
OBaAUATH IMATH YCTOMYUBBIX 3ByKOCOUYETAHUH BHYTPHU
OKTaBHOTO  HHTEpBaja  IIOJYYWI  Ha3BaHUE
HAMYpPAILHO20 MY3bIKAILHO20 38YKopada. HasBaHus
3THUX UHTEPBAJIOB U UX YMCIIOBAas MHTEPIIpPETAlUs B
nu@aroperickoM BapruaHTe NPUBENEHBI B Tabmuie 2.
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Hpumeuanue: VInTEpBaIsl BTOPON U TPEThEH OKTABBI
NPUBOLSATCH K IIEpBOU OKTaBe IIyTEM
TpaHcrnoHuposanus 1o ¢.(7).

BaxxHo OTMETHUTH, YTO B COBPEMEHHOH
MY3BIKAJIbHOM IPAKTUKE B OCHOBHOM HCIIOJIb3YETCSH
TaK Ha3bIBAEMBbIl meMmnepupoeannvlii 3BYKODSII,
UMEIOIUNA HMCKYCCTBEHHOE IIPOUCXOXICHHUE H B
OCHOBHOM HE€ COBIAAIOIIUN C NUParopeicKuMm.
IIpuuuHbl MOSABIEHUS Takoro psaaa OyayT BKpatle
YIOMSHYTHl  IPU  JAJIbHEMIIEM  HM3JIOXKEHUU
MaTepuana.

nnunnunffr DUAITIATT nﬁnaonuauna

NSVAANJ DI AL XA LLIJIIALHKLJ.L UUF“JV““‘LI‘I‘
MVUREITLATTELHEIY MTHTENRAITOR r‘ﬂ\nnn,nr WTIﬁnDQUHLTﬁ
A AJ NFAILAINCAVALT LA AIL LN KRAX & Vt/uwlvu, V\t’vt}j'AJ JLILIJUULI»J..ILLULKL
nn&mr‘nnpf' I1amMm riacull uToO MVREIKAITEHEIe
nudaropefnamMy, IJIACHI ITO  MY3BIKQJIBHBIE
uHTenransl QoOPMUDVIOTCI B TO clivaae, xormaa
UHTepBansl (GOPMHUPYIOTCS B TOM Clydae, KOrxa
YaCTOTH! COCTARMISIOIIUX UX 3BYKOB OTHOCSATCS MEXIY
coboii xak uemwle uucna. OOHAKO, 3TOT ITPUHIUIL
cpabaTplBal HE BCErJa M, B 3TOM ClIydae

UCCIIEyeMbIil UHTEPBAJI HE BKIIIOYAJICS B CHUCTEMY
HaTypalIbpHOro 3BYKOpAZAa. Beumnm ycramoBieHws! u
HEKOTODBIE JOMOJIHUTEIbHBIE OTPAHUYEHHS HA Te
LIeJIble 4KClia, COOTHOIIEHHE KOTODHIX IOJIKHO
OIpEeneNnsaTh BO3MO>XHOCTH obOpazoBaHus
MY3BIKAJIBHOI'O MHTEpPBAJia, HaIpuMmep, teopema “o
mpex cpeonux”, cHOpMyIUpoBaHHAS ApPXUTOM
Tapentckum. Ho u 3Ta Teopema He Bceraa
cpabaTpiBana. A B pe3y/IbTaTe OCHOBHBIM KPUTEPUEM

0T60pa MHTEPBAJIOB OKa3ajlaCbhb MY3BIKaJbHAA
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IIPaKTUKA. IO 00CMOAMENLCME0 U NPedonpedeuno
gheromenonozuunocmy nughazopeiickozo 3gykopaoa.

BesycnoBHo, mnmdaropednsl OBUIM MTPAaBHI,
OIIEPUPYS HeAblMU HUCAAMU, TIO CYIIECTBY -
00vémubimu  kamezopuamu. Ho npu mpoBepke
NIPABUJIBHOCTU Pe3yJibTaTaM B KaueCTBE OCHOBHOIO
UHCTPYMEHTAa OHHU  MCHOJIB30BAIM  MOHOXOPI
(MuHelKy ¢ HATAHYTON Ha Hee crTpyHoii). CTpyHa
[IpUXKUMaNlach K JIMHEHMKE B KAKOU-TO TOYKE MEXAY
Oolnopamu, BBIOpAHHON TakuM o0pazom, 4YTOOBI
COOTHOLIEHHUE [JIMH oOpazoBaBmIMXCA  ILIEY
COOTBETCTBOBAJIO COOTHOLUEHUIO HEKOTOPBIX IIENBIX
uycen. Ilneun mpuBOAMIKCH B 3By4alllee COCTOSIHUE, U
oIpeaensIach “Ha CIyX” YCTOMYUBOCTH COBMECTHOTO
3ByuaHus. Ilo cyuiecmey 6 3mom ciuyuae pe3yromanol
1LCCIe006aHUsL NPUBOOUNUCH K YCA0BUAM OOHOMEPHOZO
npocmpancmea  HeCOEMECMUMOZ0 ¢ 00BEMHBIM
36YKO0BbIM NP OUECCOM.

Kaxk Tenepb CTAaHOBUTCS SICHBIM, UeI0YUCACHHbLE
coomnoutenus 6 HaAmypaibHOM Rupazopeiickom
36yKopAde OelicmeumeasvHo Rpeocmaguaom coooii
KpaeyzonbHulii KameHb, HO MOJbKO 6 00béMHOIl
URmMepnpemayui. Hanoxenune 3HA4YEeHUN
nudaropetickoro 3Bykopsana Ha CPKO mokasbiBaer,
YTO C TOYHOCTBIO [0 pasperuaronieif crocoOHOCTH
CIyXa 3TH WHTEPBAIbl OTMEYAIOT CIEKTPAIILHOMY
pacupeneneuuo 1o  Gopmyne (7). A  Bce
yCTaHOBJIEHHBIE NUdaropeiaMmm My3blKajabHbIC
HMHTEPBasbl MPEICTABIAIOT COOONH XapaKTepUCTHKU
pPaBHOOOBEMHBIX CJIOEB CPKO B
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nocnemoBarenbHocTH: 1,2,3,4,5,6,7,8,9, 10, 11, 12,
13,14, 17, 18, 22, 27, 31, 37, 53, 60, 67, 78. 3nauyenus,
BBIXOJSINME 3a IIpefensl nepBoil okraebl (1 - §),
0Ka3aJIoCh, COOTBETCTBYIOT CTPYKTypam
HOCJICAYIOINX OKTaB, a B IIEPBYIO IIEPEHECEHBI ITyTEM
mpauncnonupoéanua. BrpodeMm, €CIH COOTHECTH
3HaueHuss  nuaropeiickoro  3Bykopsiga €O
CTpykTypoit  Tperbeii  okxtaBel CPKO, TO
IIOCIEeIOBATEIbHOCTH 3HA4YEHUH M CTPYKTYPBI
IIOJIHOCTBIO COBIIAAAIOT, TabII.2.

IMudaropeickuii  HATypaJdbHBIA 3BYKOPSIM
MOXHO  HHTEPHPETHPOBATL  KaK  HPOEKUuro
HaAMypaIbHO20 PAOA YUCEN, Pealu308aHHOZ0 8 CICMeMe
PasHbIX mexcdy cob0il KORUeHmpuyeckux cghepuieckux
00bemos, HA NPAMOAUHEUHBLUE Y4, UCXO00AUWNI U3
yenmpa smoii cucmemspl. T.e. CBSI3b MEXIY YHUCIOM U
HaTypaJbHBIM 3BYKOPALOM - opranuueckas. Ilo cytu
- 3TO peanu3alys YHUCIOBOM IOCIEOOBATEIBHOCTH B
1Ipolecce MO3HAHUS SIBJICHUSL

TakuM o00pa3zoM MOXHO CKa3aTh, YTO
nugaropeiickoe ucciIen0BaHue 0Ka3aJIoch
3aBepIIEeHHBIM TOJIBKO depe3 2200 ner. Popmyna (7)
npedcmagnsem coboii 00uwuil ynen HamypaibHOZo
36yKopAda, ONPENEIIEHUE KOTOPOro OnIIO TIJIaBHOMU
IeIbl0  3TOH  IpaHOUO3HOW  pabGotel.  Ilpu
Heobxooumocmu OKMAGHBUL UHMEPEA modcem Oblmb
pacuienen Ha 11060e coomeemcmeynuiee CmpyKmype
moii  uau UHOW OKMAGbL KOMUYECHEO MEIKUX
unmepeanoe. K ToMy e aBTOMaTHYECKU BBISBIISIOTCS

HHTEPBAJIbI. BBITIABUINC u3 nmbaropeﬁcxoro
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UCCIIeTIOBAHUS, HO 3aIOIHAIONIME Tpobensl Mexay 14

ylén221/1,zm,

A

vaidaaadaxa

MHCTPYMEHTAX OKa3aJIOCh HEBO3MOXXHBIM OIIHY U TY
XK€ MEJIOOUI0 HMOCTPOUTH OT JI00ro U3 3BYKOB,
IIPUCYTCTBYIOIIUX B Habope. A 3TO OrpaHUYUBAET
HUCIOJHUTEIbCKHUE BO3MOXXHOCTH.

OnHuM wu3 crnoco6os

...... P4 o] A

TPYIHOCTU OKAa3aJICS MPUHATHIA B H STIIY eMst

MPAKTUYECKU ITOBCEMECTHO DABHOMEPHO

memnepuposannelii 3BYKOpSN, pa3paboTaHHBIN B
X K J ) i o M r I

koHue XVII B. HeMmenkuM MaTEMaTUKOM U

My3bIKaHTOM AHnpeacom BepkwmeiictepoM. CyTb

3ByKOpAJa B TOM, YTO OKTAaBHBIM MHTEPBAI

HCKYCCTBEHHO pacuieHEH Ha 12 CTyleHel TakuM
obpa3oM, KOrga B KaXXIOH H3 3TUX CTYIICHEH
OTHOIIICHUE COCEOHUX YacTOT, OOJbILIEN K MEHbIUEH,
IIOCTOSIHHO U paBHO 2 . IHBIMU CIIOBAMH, OKTaBHBIN
TIPOMEXYTOK, BBIPAXKEHHBLIH B JIOTAPUPMHIECKOM
MaciuTabe, pasgened Ha 12 oJAMHAKOBBIX dacTed. B
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ONHOBPEMEHHOTO 3BYYaHUS TaKOW MOMYJISIPHON
MY3BIKAJIbHOH KOMIIO3UILIMH, Kak, Hanomwep,
KOHIIEPT I POSIJISI C OPKECTPOM.

K coorcanenuro, npuxooumes Koucmamupoeans

(4 PCABLIUy SV VU USRI ev Y NVEVLS

1. U0 HADAOY ¢ De3VCI0GHBIMIL 3
Kin, umo HApAQy C DEIYCI0BHBIMY 3

a
1POBAHL c030a68 MHO20 O00nOJHU-

--- Lo 748 2 2

npouecc opmuposanus 3evtcowu)a. Komopulil

20pazdo Oonvulell cmeneHu npociexcugaemcs 6
nudghozepeiickom HAMyparLHOM 38YKoOpAde.

3.2 OIIPHPOJE CTAHJAPTHOI'O
KAMEPTOHA

3HayeHue CTaHIapTHOTO KaMepTOHa,
UCIIOIb3YEMOTO IIOBCEMECTHO [JJIsI HACTPOHKU
MY3BIKQJIbHBIX MHCTpYMEHTOB a! = 440 T'u. 39to

ONOPHBIM TOH, OT KOTOPOrO CTPOUTCH Jr0bas
My3bIKaJibHas Mcaoaust. Ho 3mech Bo3HMKaeT BOpoc,
II0YeMYy MMEHHO 3TOT 3BYK HCIIOIB3YETCS B KAyeCTBE
CTaHmapTHOro kameptroHa? Benp OTHOCHTENBHO
IpUPOOBl KaMEepPTOHAa HET BPa3yMHUTEIBHOIO
OOBSACHEHHS, HECMOTPS Ha TO, YTO HUCIIOJIb30BaHME
ero ISt My3bIKAJIbHON HACTPOMKU IPOCIIEXHMBAETCI
Ha OPOTSKEHUU THICSYEIIETHI.
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BoT uro nuier 1o aromy nosoay I'.E. IlIunos:
“..Cywmecmeyem nezenoa, 4mo 6 He3aNAMAMHbIE
épemena O0KoONO Opeeneezunemckozo z2opoda Duevl
Kaxcooe ympo Ha pacceeme 3mMom 38yK U30aeala
02POMHAA CMAMys, U36eCMHAA NOO UMEHeM KOJI0CCA
Memnona, u ¢ueckue my3vikanmol npuxoounu K Hel
nacmpausamo ceou uncmpymenmol. Konoce Memnona
nepecmain 36y4ainb 6 HAYARE HAUlell 3Pbl, U NPOGEPUMD
UCHUHHOCIb 1e2eHObL Celiuac He8O3MONHCHO ™,

ITepsr1it KpPUK HOBOPOXAEHHOTIO,
BO3BELIAOIIMI O NEpeMeHe “MecTa >KHMTeJIbCTBA , K
YIOMBJIEHUIO MHOTMX HCCIIENOBATENeH 3TOro BOIpPOCa,
OKa3aJICs MOYTH OJMHAKOBBIM IIO CBOEH BBICOTE (MU
4acTOTe 3BYKOBOIO CHTHAjla) y Bcex ocobeit
HE3aBUCMMO OT TIosa H® packl. Ilpu 3TOoM
OOHApYXXMJIOCH COOTBETCTBUE JTOT'O0 3BYKOBOIO
CUrHajla HOTe “J” IepBOM OKTaBbl (JIs) CTPOS
MY3bIKaJIbHBIX HHCTPYMeHTOB. C pa3dbpocom mopsaka
-3 % 3HayeHHEe CHUTHAJa Ha YaCTOTHOM IIKaje
cootBercTBYeT 440 I'l1. B yactHOCTH, 06 3TOM IUILIET
6onrapckuii ¢ponuatp MBan MakxcumoB B KHUTE
“@ounarpus’, MockBa, Menuiuna, 1987 r.

MOXHO HpPEAIONOXUTh, YTO 3TOT 3BYK
MUCTOPUYECKH CTajl BBIIOIHATE DPOJIb OIMOPHOTO,
IIOCKOJIBKY  COOTBETCTBYET  IIEPBOMY  KPHUKY
HoBOpoxaeHHoro. Ho Torma ocraercss Bompoc, a
' IOYEMY HOBOPOXAECHHBIN U31AE€T UMEHHO 3TOT 3BYK?
U ewe nobasiseTca 3arajika, a UMeeT JIM 1104 coOoi
MOYBY Jieresaa o kojgocce MemHoHa? OTBET oKa3ancs

JOBOJILHO ITPOCTBIM, CTOWJIO JIAIIB IOCMOTPETH ‘C
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ApYrou” mO3ULUH.

CkopocTh 3ByKa B BO3LYXE IIPU TeMIIEpATypE
25> C u HOpMabHOM aTMochepHOM naBieHuu (760
MM PT. CT.) onmpenensercsa kak C3B = 343 m/c. 3nas
BEJIMYMHY CKOPOCTH 3ByKa B BO3JyXE U YaCTOTY
3BYKOBOTO CHUTHaJIa, MOJXXHO OIPENEIUTH IIHHY
BOIHBI. KOHKpeTHO M1 3BYKOBOTO CHIrHajia
KamepToHa 440 I'u myvHa BOJIHBI

A= 343/440 = 0,77954 (m).

cpeOHecmamucmuyecKkoe paccmosnue MeHcoy
KOHEeYHbIMU mouxamu
NO0380HOYH020 cmoba

83pocnozo wenosexa. Ilpu -

BHEIIIHEM H3MEPEHHUHU 3TO ﬁ‘ﬁt —
PACCTOSIHME TIPAKTHIECKU 2 A 8l
COBIIAJIAET C BBICOTOO / o\ —+

rina3 Haj IIIOCKOCTBIO /) \Q y
CUJEHUS, KOIJa 4ejIOBEK v // N
HaXOIUTCAd B CHOAYEM / A\/‘ K | \ o
IIOJIOXKEHUHU C / J | / ‘!

BLIHp;IMneHHLIMK'\T;—-JI ——

NO3BOHOYHUKOM (Puc.9). \ \
ITo uccnenosauusm B.O.

A
JlomoBa wu ero \w\_
puc.9
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COTPYAHUKOB 3Ta BBICOTA COCTABIISET IS MYXKUUH
0,769 M co cpenHekBaapaTUYHBIM OTKIOHEHHEeM 0,03
M, a s xeHmuH 0,725 M co cpéaHeKBagpATHUYHBIM
oTknoHeHueM 0,028 M. D10 3Hauut, uro mia 50%
My>KYMH 3TOT pa3Mep Haxomurtcs B rnpenenax 0,789 -
0,749m, s 90% wmyxuun 0,818 - 0,72m, mma 95%
myxyuH 0,83 - 0,71m.

Ha ypouax 50% u 90% [1s XKEHIIUH BBICOTA
rJ1a3 HaJ IUIOCKOCTBIO CUACHUS HECKOJIBKO MEHBIIE,
YeM y MYX4HuH, HO Ha ypoBHIX 95% u 99% stoT
pasMep IHPaKTUYECKH BXOIUT B AaHAJIOTHUYHBIE
MHTEPBAJBl I MYXYHH. OTO U [ACT OCHOBAHUE
CUUTATh 3BYKOBOW cHTHal ¢ vactoroit 440 I'n
AHTPOIIOMETPHYECKON IIOCTOSHHOMN. besycnoBHo, y
KaOXJIOTrO0  4YejJoBeKa CBOM  MHAUBUAYAJIBHBIH
kaMepTtoH. IloaToMy peubp HUIOET HMMEHHO O
cpeOHecmamucmu4eckom 3HAYCHIN.

ITpuMeHUTEIPHO K KOHQUIypaluu Teja
B3pOCIIOrO  YEIOBEKAa  OKa3bIBaeTCs, 4YTO B
CPEIHECTATHCTHYECKOM CMBICIE DPACCTOSIHHE MEXIy
KpaHUMU TOYKaMH II0O3BOHOYHOTO  cTOoNba
BBIIIONIHSIET POJIb IIOJHOBOJIHOBOIO BHOpaToOpa,
paccTosiHue, OImpenaendiollee MMPUHY T[PYyOHOM
KJIETKH - COOTBETCTBYET 3HAYEHMIO IIOJIYBOJIHOBOTO
BUOpaTopa, a pacCTOSHHE MEXIAYy YIIHBIMU
pakOBUHAMH - YETBEPTHBOJIHOBOIO BHOpaTopa.
Taxum obpaszom, B3POCIIBIN YeI0BEK
(cpenHecTaTHCTHYECKHI) HACTPOEH Ha 3BYKOBOIA
curHai 440 I'g cpasy TpeMs CIIOCOOaMHU.
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3mech HEOOXOOUMO YTOUHEHHWE HEKOTODBIX
MOMEHTOB. [Ieio B TOM, YTO pACCTOSHHE MEXKIY
KOHIIaMU ITO3BOHOYHUKA U LIUPUHA IPYAHOM KIIETKH
yelIoBeKa He SBIAIOTCA CTPOro (puKCUpOBAHHBIMU
pasMepaMH, a B IIpoliecce MAbIXaHWSA M APYTHX
TEJOABMXKEHUN UMEIOT pa3lIM4yHble 3HAYCHUS,
KOJIeOIIomuecss OKOJIO HEKOTOPO# ITOCTOSHHOM
BenuuuHbL. Iloamomy 206o0pume o mom, umo “enosex
HacmMpoeH Ha onpedeneHHblii 36YK06OU CUZHAL CPA3Y
mpems cnocobamu MOMCHO, MONbKO UMEA 6 6UOY
Ounamuyeckuil pexycum, npu KOmMOpOM HA36AHHbIE
ycroeus  ocywecmenawmca 6 - OUCKPEmHOM
noONoYCceHuu, Hanpumep 6 Kaxkoii - mo MOMEHmM 6
npomedcymke mexcoy 600xom u gsrooxom. Ho ece smo
OMHOCUMCA K OP2AHU3MY 63DOCNI020 Yenogeka. Pesonno
603HUKAEM 80NPOC, MAK KaKas iHce C64A3b 6Cez0
U3JLOHCEHHO20 C NEPBbIM KPUKOM HOBOPOHCOEHH020?

Yumamens CKIOHHbIL K AHAU3Y Yoce 002a0aNCA,
a Ons Opy2ux, KOHEeYHO, HeobX00umbl NOACHEHUS.
3BykoBOI#1 curHai nopsanaka 440 I'qp mo OTHOLLEHUIO K
IIO3BOHOYHOMY CTOJIOY POXXEHHIIBI MIPEHOIPEACIIET
PEKUM PE30HAHCHOIO ho2noweHus. B TO ke caMoe
BpeMs KPUK HOBOPOXXIEHHOI'O Ha 3TOH )K€ 4acroTe
00YCIOBJIEH DPEXUMOM PE30HAHCHOTO U3MYHeHUs,
IIOCKOJBKY 3¢ deKTuBHAL ITHHA (PACCTOSIHUE MEXIY
KOHEYHBIMH TOYKaMH) MO3BOHOYHOIrO CTOJI0a y HEro
OKa3bIBAETCS B UETBIPE pa3a MEHBIIE, YEM Y MATEPHU.
O6pa3HO TroBOps, pPeOEHOK BBICTYIIAaeT B DPOJIH
3BYKOBOTO IepefaT4duKa, a ero. MaTh - B DPOJH
3pykonpueMHuka. Hanuio momHoe corjlacoBaHue
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MPpHUEMO - IICPECAAOICIO KaHaJla CBA3H. H aTo maneko
HE BCC.

Oxa3sbpiBaeTcs, 4YTO 3BYKOBOM  CHUTHAal,
COOTBETCTBYIOIIUNA IEPBOMY HHIMUBUIYAIBHOMY
KPHMKY HOBOPOXIEHHOI'O, COXpaHIeTCs Y UeTIOBeKa Ha
BCIO XM3Hb. Bylyun OCHOBOMOIararonmmM, 3TOT 3BYK
IIPEJICTABIISIET COOOU camblil Hu3Kuii u3 00epmonoe B
CIEKTPE JI0OOTO BOCIPOU3BOJUMOIO UYEIOBEKOM
3BYKOBOT'O CHUTHaJIa, B 3HAYUTEIbHOMN CTEIEHU
ompenensaomuM TeMOp, miu”’okpacky” roioca. U
TakuM 0Opa3oM yCTOMUMBAs 3BYKOBas CBSI3b MEXIY
MaTephIO M €€ JIETbMH, a TaKXKe MeXOy OpaTbsiMHu U
cecTpaMH (110 MaTepH) COXPAHIESTCS HABCETAA.

N ewe. IlpocmexuBass mnpoiiecc pPa3BUTUSL
YEeJII0BEUYECKOTO opraHusMma, OKa3BbIBAETCS
BO3MOXXHBIM Y€TKO 3a(hUKCHPOBATH OCHOBHBIE 3TAITbI
B 3aBUCHUMOCTH OT 3ddexTHBHOrO pasMmepa
[I03BOHOYHOTO CTO/I0a. A UMEHHO:

Ilepgoe yogoenue >3hdexTURHOIO pazMepa
f o J T AN A AR S r Ir
(paccrosiHUE MEeX Iy KpaHuMu TOYKAMMU)

OOBIYHO BO3PACTY MPUMEPHO
dhopMHUPOBAHUS 3BYKOBOTO Iuana3oHa
YeJIOBEYECKOTO  rojoca  mepuon  (UKCUPYET
BO3HUKHOBEHUE IIEPBOI'O OKTABHOTO IPOMEXYTKA,
OrPaHUYECHHOI'0  IE€PBOHAYAIIBHBIM  3BYKOBBIM
curnanoM (ycpegHeHo 440 TI'm) u 3BYKOBBIM
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CUTHAJIOM, 4acTOoTa KOTOpPOro B JBa pa3a MCHBIIC
(yecpemneno 220 I'm) . C sToro MoMeHTa 4YEIOBEK
BCTYIIACT B IIEPHOA OTPOUCCTBA.

Ympoenue ’Qd'\{hF‘KTI/IBHOAO pazMepa
MO3BOHOYHOTO cTo0a o OTHOLIEH

IKaJIbHOU TOYKH 3pEHUS
TEJILHOCTD: OTIOP blﬁ ToH (1) - okTana (2/1)
- keuHTa (3/2). IlosiBIIEHUEe KBUHTHI MPEIOIPENETIIET
XOpOIIO 3HAKOMBIHN npouecc JIOMKH ToJIoca,
myTtanuu. Tpynneii Bo3pact! YemoBek BCTYymaeT B
IOpy IOHOCTH. YueTBepeHue 3dhekTHBHOro pasMepa
IIO3BOHOYHOT'O  CcTOiN0a IO  CpaBHEHHIO C
IIEPBOHAYAIBHBIM (DPUKCHUPYET 3aBepIleHNe IOHOCTH U
IMOKa3pIBaeT, dYTO GOPMUpPOBAHHE OpraHu3Ma
yejoBeka B OCHOBHOM 3akoHYeHO. IonocoBon
JUANa30H PACIIUPHIC A0 AByX okTaB (4/1). CHoBa 1
cuosa Ilpupoaa moxaspsiBaeT cBo0 MyapocCTh.

M nelicTBUTENBHO, KaKOW YJAMBUTEIBHBIM H
BEJIMKUM  CMBICI, OKAa3BIBA€TCS, 3aJI0KEH B
yeroBeyecKkoM kamepToHe. C 3THM 3BYKOM YEIOBEK
POXIAETCS, 3TOT K€ 3BYK IIO CYIIECTBY YIIPaBJISIET
dhopMUPOBAHIEM OPraHU3Ma B IIPOLIECCE B3POCIECHUS,
IIOCKOJIBKY POCT YeJIOBEKa MPOUCXOOUT IO TeX IOp,
[IOKa IIPOMOPIHYHU €ro Tejla HE YCTAHOBATCI B
COOTBETCTBHHU C YCIIOBUSIMU PE30OHAHCHOTO U3JIyYEHHS
Y TOTJIOMEeHUsS. OTOT >X€ 3BYK YIPaBIieT BCeH
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peueBOil U BOKAJbHOMN [OESITEIBHOCTBIO UEIOBEKa,
IPUCYTCTBYST B KaudecTBe oOepToHa B JHO0O0OM
uzgaBaeMoM 3Byke. He Oyner mnpeyBenndeHuem
Ha3BaTh KamMepTOH I umnom Yenoseka.

Ocraercs BOIPOC OTHOCUTENIBHO KoOJlocca
Memuona. TpyaHo maTh mokasaTenbHbI oTBET. HoO
TCUIIOTETUYECKUN BCe-TaKu cyulecTByeT. V3 TbMBI
TBICSYEIIETUM, 3aKPBIBAIOIIEN HOCTIKEHUSI HAYYHOI'O
mo3HaHusl MblcauTenei Jlpesnero Erumra, kakx
OTKPOBEHUE, APKOH 3BE3N0N 3aCBETUIIOCHh UMsI X€CH -
Pa, OpIBLLIErO IOYTH IMSTh THICAY JIET TOMY Hazaj
BepxoBHLIM XpeloM (TJIaBO# MECATKU TIJIaBHBIX
)KperoB), OJIMLETBOPABIINM AYXOBHYIO cdepy H
BBICOYAMIIINE HAYYHBIE JOCTHUXXEHNS CBOET'O BPEMEHHU.
He mapoM ke ero uMms o3HavaeT “GoxcecrneéenHblii”,
“ceemneiimuii”, Beny c1oBo Pa osHauaer - CoiHIE.
Apxutektop u3 Cankr-IlerepGypra M.II. IIImenés
IPOU3BENI KPONOTIHMBYIO paboTy IO HU3YyYEHHUIO
JOLICOIIETO OO0 HaUlUuX JHEH “macredcmea” 3TOTO
3aMEYaTeIbHOI'O YYEHOTO, KOTOPOE B
KOHLIEITyaJbHOM  IUIAHE  MpeACTaBICHO  Ha
ONWHHAAUATH NEPEBAHHBIX ITaHENAX, OOHAPY>KCHHBIX
B rpoOHuLEe Xecu-Pa.

B uyactHocru, MHN.II. IllmeneB caenan
IPEAIIONOXEHUE, 4TO 3aHATHUE, KOTOpOE
3a(pMKCUPOBAHO HA OJHOU U3 NEpEBSAHHBIX ITAHENIEH,
rae Xecu - Pa usobpaxen B cuggueM ITOJIOXKEHUU C
JEMOHCTPATUBHO BBIIPSIMIEHHLIM I[TO3BOHOYHBIM
CTOIOOM U NPHUKACAIOLIUMCS KaKHM-TO IMPEOAMETOM,

3aXKaThIM B npaBoil  pyke K HEKOEMY
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BOCBMMJIEIIECTKOBOMY IIPUOOPY, €CTh HH YTO HHOE,
KaK Hacrpoiika kameptona. Kpome toro, H.IIL.
IIImeneB oOpaTun BHUMaHHE Ha TO, YTO Ha YPOBHE
rmaza Xecu - Pa sgBHO He ciyuailHO M300paxkeHa
penbedHas To4yka. Pe30HHO IpeAanolaoXUTh, 4YTO
Ha3BaHHAs TOYKa OTMEUYaeT ypOBEHb IJla3a Hax
IJIOCKOCTBIO  CHUACHHUS,  (QUKCUpPYd  pPasMep,
OTPENEIAIOIMI IIMHY BOJIHBI 3BYKOBOT'O CHUIHAlIa,
Ha KOTOpPYIO HacTpauBaeTcs kamepToH. IIpaBaa, cam
W.II. IlImeneB maeT HECKOJIBKO OPYroe OOBSICHEHUE,
MpUBOAAIIEe BCe-TAKM K TOMYy K€ CaMOMy
OKOHYATEIbHOMY pe3yabTary, T.€.
“moaicoecmeennocmu  My3bIKANbHOU U  JIUHEIHHO-
Mempuyeckoii wkansl...” .

M eme omHo HaOmOgeHue, TaK Xe€ He
coBnapgaromee ¢ unrepnperanueii M.I1. IlImenesa, HO
HUKOHUM OOpa3oM HE HCKIIOYaloIlee €ro MOAXOM,
MOCKOJIBKY BCE pa3Mephl, 3a(UKCHPOBAHHBIE HA
rmadenax Xecu - Pa B3aumMocsszadpl. A 3TO 3HAYUT,
YTO B IIPUHLUIIE HE TaK yX U Ba)XXHO, KAKOU H3 HHUX
MIPUHATH 3a 0a30BbIA. Peub uaer 06 n3006paxeHnH Ha
OJHOM M3 ITaHeneu, rae Xecu - Pa MOXHO cKasaTh
JIEMOHCTPAaTUBHO IIPWXKAJ MEPHBIA XKE3JI K CBOEMY
TeJly TakuM o0pasoM, UTo OAUH M3 €ro KOHIIOB
OKa3aJIiCi Ha ypOBHE IJila3, a APYyroldl Ha YPOBHE
HYDKHErO OKOHYAHMS ITO3BOHOYHOIO cToj10a. MOXHO
IPEAIOJIOKUTh, UYTO TEM CaMbIM BEJIUKHH yYEHBIH
JPEBHOCTU IIOKA3bIBAE€T, YTO HMEHHO CIIYXHT
OCHOGHOI TUHEIHOT Mepoii, UCTIONIF30BAHUE KOTOPOM

OJIs1 IIPpaKTHYCCKUX HYXIO obecrnieyuBacT
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AHTPOIIOMETPHUYHOCTD HOCTpO@HI/Iﬁ.

Ecnu 310 BCe mpaBoMepHO, TO O4YeMy OBl HU
MPEAIIOIOXUTD, 4YTO 3BYKOBOH CHUTHAJI,
BOCIIPOM3BOIUMBIA TaK Ha3bpIBaeMOU DOJIOBOH
apdoif, koTopyro B cBoux pykax zaepxain Komocc
MeMHOHA, CIIYXWI 3TAJOHOM OIMOPHOTO 3BYKOBOTO
curfana. Bear yxe HET COMHEHHMHA B TOM, 4YTO
COBpPEMEHHBIN Hay4yHBIl ypoBeHb BOOpanl B cebs
JaTIeKO He BCE HAYUYHBIE TOCTIKEHUS JPEBHOCTH.

3.3 OBHEYEJIOBEYECKASA IIKAJIA
3BYKOBOCIIPOH3BEJJEHUA -
3BYKOBOCIIPHATHA

Kaxk nmokasan maremartuueckuii ananus, CPKO
¢ obmum ob6bEMoM N = 240,2402..=A HaXOOUTCS B
peXuMe caMOBO30OYXIeHus. JpyruMu ClIOBaMHU, 3TO
COOTHOIIEHHE MEXIy auaMmerpamMu (WIM paguycaMu)
IIEPBOTO U IIOCIENHETO OOBEMOB, UTO COOTBETCTBYET
COOTHOLICHUIO JJIMH BOJH OOEpPTOHOB, UIH
00paTHOMY COOTHOIIEHHIO UX YaCTOT:

Form = ( 240,2402 )13 = 6,2165...

30eco mepmun “Form” - npouzeoonstii om ‘formanta’.
Omum  mepmunom  00603nHauaiom  HeKomopuvie
XapaxkmepHvle YACMOMHble COCMABNAIOUUE 6 36YKOBOM
Oouanasone 4en06eueckK020 20710ca, Uil My3blKAIbHOZO0
uncmpymenma. B nnane nacmosuieii pabomot umeemcs
6 6udy makK Ha3vliéaemas “eéepxHAA neeuecKasn

gopmanma”, npedcmaenarowias co6oii camvlii 6blcoKull
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obepmon F(a) 6 zonoce uenosexa c 00noii cmoponwl, u
CUZHANL HAUOONbUIEH CYX0B60U Yy8CMEUMEILHOCL
opy2oii.

B wacrotHOM BbhIpaxkeHuu F(a) HaxomuTcs B
npenenax 2200 = 4000 I'u. I'oysiocOBBIM ammapaTom
YEeJOBEKA TAKOW 3BYKOBOM CHTHAJl B YUCTOM BHE
BOCIIDOM3BECTH HEBO3MOXHO, XOTS B KauyecTBe
obepToHa OH IPUCYTCTBYeT B JIOOOM
BOCITPOU3BOAMMOM 3BYKE, co3naBas
“MeTanInYecKuii” OTTEHOK. 3aTo CJIyXOBO€E
BOCIIDMATHUE 4YEJIOBEKA II0 OTHOIIEHUIO K ITOMY
CUTHaJly  MakcumansHo. K  mpumepy, 3ToO
MWINLIEACKOTO CBHMCTKA 3BYK, YCJIBIIIAB KOTODBIA
YEJIOBEK HEBOJIBHO B3JPAaruBacT.

JIvHa BOJHBI CTAaHJAPTHOTO KaMEpTOHA
O0TOOpaXXaeT ycpeoHéHHoe 3Hauenue 3IPhexmuenoii
OJIUHBL NO360HOYHOZ0 CcMONOA 63pOCN020 Yenogexa.
Pasymeercs, y KaXXIOro KOHKPETHOTO YEJIOBEKa OHO
HHIMBUOYAJIbHO, U €ro COOCTBEHHBIX KaMEPTOH
OTJIMYAETCS OT CTAHAAPTHOI'O B TOM WU UHOMU MeEpe.
CnenoBaTenbHO, BO3HHKAET BOIIPOC, a4 KAKUM XKe
00pa3oM OCYILECTBIISETCS 3BYKOBOE OOILIECHUE MEXKIY
nogemu? Ilodemy pasHele gOOX HPaKTUYECKU
OQUWHAKOBO BOCIIPMHUMAIOT KOHKPETHBIE 3BYKHU, UIIU
MY3BIKAJIbHbBIE IpousBencHua? OTBET Ha 3TOT HeE
IPOCTOM BOIIPOC MOXET ObITh CHPOPMyIMpPOBAH
CIIEAYIOLIIUM O0Opa3oM. ‘

HeszaBucuMo ot 1ojia, Bo3pacra, pachl 4 T.IL Y
KaXIOTO  YeJoBeKa  3aJI0XKEHO  MOCMOsHHOE
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COOTHOILIEHHE MEXIOY 3HAYEHHEM YaCTOThI (WU
JUTHHBI BOJIHBI) €r0 MHIMBHAYAJIbHOTO KaMEpPTOHA U
3HAUEHMEeN YaCTOThI €ro MHAMBUAYAJIbHON BEpXHEU
neBueckoil QopmanTel, He nmeer 3HaYeHUS IOET
YyeJI0BEK, WJIM HET. IleBueckas ¢opMaHTa y JIIOACH
MPOSIBJICHA B PA3HOM CTCMEHH, HO IPUCYTCTBYET Y
Bcex. Otcroma cnegyer, 4To Bce JIIOOAH OOagaroT
OOJHOM M TOH K€ IIKaJoH 3BYKOBOCIIPUATHS,
CUTECJIBHBIX YHCJ/IAaX, U 3Ta IKaJl

Kax Oburo moxasano, Form =6,2... Torma,
pUMepy, A KamepTroHa a= 440 I'1y yacTora BEpXHEH
[IEBYECKON (POPMAHTHI MOXKET OBITH onpez[eneHa Kax
F(a) = 440 * 6 2 = "735 Fu Takum xe oopa30M
MOXHO OIIf /a)
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Kamepmonam, coomuoutenue Form - ecmecmeennuuii
3GKOH ONA 6cex, Umo NPeoonpeoeeHo YHUGEPCANIbHbIM
npunyunom Kpumuueckozo o00véma A=240,2402 .
Taxkum  obpazom  obuieuenogeueckas  wKaia
36YKO60CHpUAMUA NOKA3bIGAEN, YMO 6 OnpedeiéHHOM
CMbICAIe 4esl06eyecmso credyem paccMaimpueams Kax
eOunbli Op2aHu3Mm, pacnpedenénHuil no
UHOUBUOY ATIBHOCIMAM.
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3.4 UHBETOMY3bBIKA/IbBHAA AHAJIOI'HA

Mexngy  3BYKOM M IIBETOM  BCerja
IPOCIICXKUBAJIaCh B3aUMOCBSI3b, HO TOJBKO Ha
Ka4eCTBEHHOM ypoBHe. M XOTs MHOTHE MY3BIKAHTHI,
OCTPO 4YYyBCTBYS 9Ty B3auMocBs3b (I'nasyHos,
Pumckuii- opcakoB, CKpsiOUH), IBITATUCH HAUTH 3TH
3aKOHOMEPHOCTH B 00Jiee KOHKPETHOM BBIPAXKEHUU,
aHamuTH4ecKas popma, OOBEAUHSIOIIAS 3T IBICHUS
TaK U He OblIa YCTAHOBJICHA.

Hns  paspemienuss 3Tod  mpoOjieMBl B
aHAIIUTUYECKOM popMe, L1enecooOpa3HO pacCMOTPETh
CTPYKTYpy cItekTpa Oenoro usera. EcrecTBeHHO,

Tonyboii DuoJIeTOBBII

3enéHsnlil

Kpacusrit
OpanxeBbIit

Kpacusrit

KaXXIbli HaOMIONaBIIMN TAKOE SIBJIEHUE, KaK paayra,
a TaKXe BHIEBUIMH KAPTUHY OKPYXKAIOLIETO
IIPOCTPAHCTBA Yepe3 CTEKIIHHYIO IIPU3MY, 3HAET, YTO
pasHoOIBETHass OKpacka IIPEAMETOB B  BHJIE
YEPEoYIOMMXCA I10JIOC - 3TO PEe3YyJIbTAT Pa3JIOKEHUS
0eJIoro cBeTa Ha ero COCTABISIOIIME.
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Benukuii yuenslit npesaoctu Apucrorens ( IV
B. O H. 3. ) CYUTAJI, YTO O€JIbIii CBET pa3yIOXUM Ha TPHU
COCTABIISIFOIUX, & WMMEHHO, KPACHYIO, 3€JNCHYI0 U
2onybyrw. JIpyroil BeIUKUMN y4eHBIH, HO yXxe OIMxKe K
coBpemeHHocT, HMcaak HproToH mnonarai, dYToO
CIIeKTp Oeoro cmeera COCTOUT U3 CEMHU II0JIOC:

KDAcHOU, Opanicesoil, dceamoil, 3eneHoll, 201y0ooi,
cunell u guonemoeoii. I1pyu 37oM yueHbIN BBICKA3bIBal
MHEHHE O TOM, YTO MCXAY CTPOEHUEM CIIEKTpa
0OeIoro cBeTa M HATYpPa;IbHbIMH MY3BIKAJIbHBIMU
HHTEpBaJIaMU CyLIECTBYCT MpUHIUIIHAIBHAS
B3aMMOCBS3b. OnHako, KOJIMYECTBEHHEBIE
COOTHOWIEHHS HE OBUIM OIpenesieHbl, U Hles
LIBETOMY3BIKAJIbHOM  QHAJOTUH CO  BPEMEHEM
IOCTeTIeHHO 3a0bimack. Takum oOpasoM Ha
(peHOMEHOJIOTMYECKOM yPOBHE MPOCIEKUBAETCS
3aKOHOMEPHOCTb DAa3BUTUSL OT MPEXNONOCHO20
Pa3NIOXEHUA K ceMunoaocHomy. AHaIOTMYHas
KapTUHA HAOIIONAeTCd U B PA3BUTUU MY3BIKAJIBHOIO
TBOPYECTBA.

IloctpoeHrue My3BIKAJIbHBIX CO3BYYHUA B
JpEeBHEN HAPOJHOMN MY3bIKE, B YACTHOCTH, CBI3aHHOMU
C €BPOIIEHMCKON TpaJULMel, OCHOBAHO, KaK IIPaBHIIO,
Ha COYETAHUU MY3BIKAIIBHBIX HHTEPBAIOB “fobutasn
mepyua” (213 ) u “cexcma” (413 ), co3maroOIuX
TPEXIOJIOCHOE PACU/IEeHEHHE OKTaBhl. A JalbHEHIIee
pPa3BUTHE MY3BIKAJIbHOI'O TBOPUECTBA IIPHUBEIO-TAKU
K ceMHIIonocHoMy. Y1 3Tto Hambonee MpPOSABIEHO B
CTPYKTYpE IPErOPUAHCKOTO Xopaja. ITO XKe IPUIMHA
IIOCTPOEHUSI MY3BIKAJIBHOW TaMMBl II0 CEMH
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OCHOBHBIM TOHaM, KOTOpBIe II€PBOHAYAIBHO
XapaKTepHU30BaIU UMEHHO HATypaJbHbIE
MY3bIKAIbHBIE MHTEPBAJIbI, HO IOTOM
TpaHCHOPMUPOBATUCH B  TEMIIEPUPOBAHHBIE,
pUOIU3UTEIIbHEIE.

Ilepexonst K KOJIUYECTBEHHON OLIEHKE, CIEAYET
0o0paTUTh BHUMAHUE HA TO, UTO CIIEKTP BUIMMBIX
YEJJOBEKOM CBETOBBIX BOJIH COCTAaBJISIET IIPOMEXKYTOK
ot 380 mo 760 M (umm =10 M), T.e. B TOUYHOCTHU
okTaBHBIM wuHTepBal. Ilocnemyromas ornepauus
oucBuaHa. IlyTeM nmepeMHOXEHHS 3HAYCHHUS JIMHBI
BOJIHBI, OTPaHUYMBAIOILIEH [Uania30H BUIMMOI'O CBETA
CO CTOPOHBI CAMBIX KOPOTKHX, T.€. 380 HM Ha 213, 4173
U 2 GopMUpPYETCS TPEXIOJIOCHBIH CIIEKTP, a IIyTEM
IIEPEMHOXXEHNSI Ha 3HAYEHUS BCEX CEMHU CTyIIEHEH
IIepBOit OKTaBbI GOPMUPYETCS CEMUITOTIOCHBIN CIIEKTP
Genoro cBera. W Takoe gdeneHHe CIEKTpa
MPAKTUYECKA COBNAJAET C YCTAHOBIICHHBIMU
OIBITHBIM ITyTEM.

Paszymeercs, pu HEOOXOAUMOCTUA HE COCTaBUT
OoNBILIOrO TPYAa MPOU3BECTH OoJiee TOHKOE HEJIEHUE
criekTpa, ucrnonbsys crpykrypy CPKO no ¢opmyie 7.
30ech BAXXHO OTMETUTh, YTO IIOKa3aHHas YK€ Ha
CTPOr0 aHAJIUTHYECKOM YPOBHE LIBETOMY3BIKAJIbHAS
aHaJIOTUs HE NPEeIOIIPENLsieT COOTBETCTBUS KAKOI'o-
100 KOHKPETHOTO LIBETa KOHKPETHOMY 3BYKOBOMY
curHany (XxapakTepU3yeMoOMy JIMHOW BOJIHBI, WU
YacTOTOH), a UMEHHO MY3bIKaJIbHOMY UHTEPBAy, T.€.
COYETAHUIO 3BYKOBBIX CHUTHAJIOB B OIIPENEJIEHHOM

COOTHOILICHUM .
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He nuumbuMm OyaeT 3aMeTUTb, UTO IPUHIMII
IIpeBpaLleHus 6eJIoro jiyya CHavala B pa3HOLIBETHBIE
TPH, KOTOPBIE B CBOIO OYEPEb IIPEBPAILAIOTCS B CEMb,
C JOpeBHeEHIIMX BpeMEH ObUIM  IIPEAMETOM
IIPUCTAJIBHOTO BHUMAaHMS YYEHBIX CaAaMOr0 PasHOTO
TOJAKa. B 4acTHOCTH, 3TOMY IIOCBSIIEHBEI MHOTHE
330TepHYeCKre TPYAbI, KaK Hampumep, “TpakraTr o
ceMd Jydyax”  HEOE3BI3BECTHOM  aHIIUMMCKOMU
ITOCNIEMOBATEIbHUIIBI WHAUNACKUX YUYEHHH AJIHMCHI
Beiinu. Muctuueckas dopmyna “mpoiika - cemépka -
my3” TMPOUCTEKAET U3 3TOTO K€ MPUHITUIIA.

35 M

He  numne HAIIOMHHUTb, YTO BCE
PAaCCMOTPEHHBIC TIOCTPOCHUS aHTPOMOMOPGHBEI, T.C.
SIBJISTIOTCSI OTOOPaXEHUEM OIIPENENIEHHBIM 00pa3oM
dbopMupyemoro YeJI0BEYECKOT O 00BEMHOTO
BOCIIpUATHST Mwupa, KOTOPOE€ B HaHHOM cCllyyae

Cyx
Q NATITIO
\ILJUHIIU
Bocnpusrue
OOOHsgHUEe
INamarb OcszaHue
O6paszHoe
MblLieHuE
Jloruueckoe
Tenepanus T'enepauus
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dopmanusyercss B Buue cpoiicts8 CPKO u MP O.
IIpubnusnurenvHas MOJIENb YEJIOBEYECKOT'O
MBIIIJICHUS] MOXET OBITh IIpeACTaBlIeHA B YXKe
paccMOTpeHHON CTPYKType. st 3TOro mocrpoeHus
HEOOXOAUMO  OIPENENUuTh, KaKoe  CBOHCTBO
YEJIOBEYECKOT'0 CO3HAHHUS IIpeAcTaBisgeT cobOoi
OCHOBY a0COJIIOTHO BCEX MBICIUTENIBHBIX IIPOLIECCOB?

OTBeT [OBONBHO IIPOCT, XOTSI U He Cpasy
“npuxooum mna ym”. ITO CBOWUCTBO - namamov. bes
RAMAMU HU 0 KAKOM MbIULIEHUL, U 6000Ule HIL 0 KAKOM
NOHAMUIIHOM 3HAYEeHUU He Modcem Goimb u peuu. Ilpu
omcymcmeun namAmu MmepaAom 6CAKUN  CMbICT
nouamus “menepv” u “nomom”, “mam” u “;’oecev”,
lcyezaem ueno6euecKas OCHOGA OCHO8 - eépems. B
IPUBEAECHHOM HIDKE IIOCTPOEHUH, BBIIOJHEHHOM IIO
npenpiayieMy oOpasily, Ha MECT€ OCHOBHI OKTaBHOM
CTPYKTYPBI OKa3bIBAETCS MMEHHO IaMaATh. Torma B
pe3yibpTaTe JanbHEUINero KOHCTPYHPOBAHHUS MOXKET
OBITH chOpMUPOBAHA MOJEID.

KoHeuHo, 3Ta MOJIENb AaJIEKO He OeccriopHa, HO
€€ JOCTOMHCTBA B HArJIATHOCTH, CHCTEMHOCTH,
NO3BOJIAIOLIEH YETKO IPOCIEIUTh IEepPexXOoibl OT
JacTHOro X o00memMy U Hao0OpOT, a TakXe B
BO3MOXXHOCTH JaTbHEHUIIIEero pPa3BUTHSA C
IIPUBJIEYEHUEM CTPYKTYp IIOCIEAYIOLIUX OKTaB. B
YACTHOCTH, B MOJENH HAIJISIIHO IPOCIIEXUBAIOTCS
MPOLECCH YABOCHUS 00bEMa U YABOSHHUS JIMHEHHOTO
pasmMepa, Kax HHCTPYMEHTA TIO3HAHUS.
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BecoMpIM noATBepXXKIEHHEM NPABOMEPHOCTH
BBIIIOJTHEHHBIX TEOPETUUYECKUX ITOCTPOECHUM MOXKET
CIIY)XUTh aHaJIN3 HEKOTOPBIX CBOMCTB aTOMHBIX AHED
XUMUYECKUX JIEMEHTOB. ITOT aHAIU3 Dasupyercd Ha
CIEOYIOMIUX  IPEOIOCHIIKaX.  YCTaHOBJIEHHAS
3KCIIEPUMEHTAIBHO CTPYKTypa aTOMHOIO slpa

IIOJIHOCTBIO cooTBercTByeT cTpykType CPKO, B

KOTOPOM POJIb HAYAJIBHOT'O U OCTAJIbHBIX PABHBIX EMY

00OBEMOB  BBIIOJIHIIOT HYKJIOHBI (IIPOTOHBI U

HEUTPOHBI) aTOMHOI'O sapa. CpaBHuBas
T % 7

SIAEPHOTO psiia XUMHYECKHUX 3JIEMEHTOB, HEJb3s HE
o0paTuTh BHHMaHHE Ha KX OE3yCIOBHYIO
KOppeasiliuioo. B 49acTHOCTH, OTOXOSCTBIICHUC
HykioHa ¢ MO spepHoii cpenpl MO3BOJIACT CACHaTh
CJIEAVIOIIHE BLIBOIBI

a) OcHOBHEBIE THIIBI IPOCTPAHCTB,
dbopmMupyemble CPKO, COOTBETCTBYIOIIUE
XapaKTEPUCTHKAM OCHOBHBIX THIIOB BUOpPaTOpPOB:
noraoiieHus (N=1), nornomenunsa-usinydenus (N=27)

[ & N - — = —
3JIYHUCHNA (IN— B
CBOHMCTBAX XUMHUUYCCKUX 3JICMEHTOB C
A AT AT AT T TTI TR AT AR ATTT TRATE  ITRASIN O R ATE A
LLULUILIBCIVIDBYIULLI MM alOMHbIMMK nomMcepamu. £\
YrRAATYTTI A Py VTR AT IIT.TIE €€ s vazazavamess
nviomnnv bUUVUPUU = l1JldBHbl Rapnutun
“"I"“I\n TTOATIYTIor a2 ¥V ad "T"’ N YArMT T Y rr '-:'.; ATTIALA fAYYT 78 T RN Il'lll'l";
vinpoodanmza, Lavibliyl dKTHUBHDbIN 3J1ICMCI1, G/trv v
NITARLSATTT TTIMyAan "l"‘rl\"vvrv‘" rrnf\""f"’tf\ AUTITITNAOMY -
- JualMmoni, LpOasJbGiiOIIN ABOHMHYU CyuunOUUlb -



MEMAAIULCCKYIO U __HememaiiludeckKyro;, ypaw -~

camopacnadarowuiicas 3IEMEHT.

6) B coorBeTcTBUHU ¢ (popmymnoi (4) aToMHOe
SOpo crocobHO cHopMUPOBATE BOKPYT ce0sl BTOPOI
CIION JHUIIb B TOM Cllydae, KOTJa YHCIO HYKIOHOB
cocraBgeT 57 (mATbaecIT ceMb). Torga, OYEBUIIHO,
clegyeT OXHUAATh IOSABJICHUS KaKOTO-TO HOBOTO
KapAUHAIBHOTO CBOMCTBA Y XUMHYECKOT'O JIEMEHTA C
aTOMHOM Maccou 57. U, neficTBUTEIbHO, XUMAYECKUN
3JIEMEHT 24cejie30 TIPOSIBISET HOBOE CBOMCTBO -

er,gomaznemuwn.

CriocoOHOCTh NMPOSBUTH HOBBIE CBOMCTBA, IO
BCEH BEPOATHOCTU, CIEAYyeT OXUmartb U Yy
XUMHYECKOTO 3JIEMEHTa, AOpPO KOTOPOTO CIIOCOOHO
OpraHu30BaTh BOKPYT ce0s Kak BTOPOH, TaK U TPETUHN
CIOH, T.e. MpPU YHMCIEe HYKIOHOB 165. Takum
XUMUYECKUM  3JIEMEHTOM  SIBJISIETCS  201bMull
IPUHAJICKAILMNA K BeChbMa XapaKTEpHOW TIpyIlIe
JaHTOHOUAOB. OCOOEHHOCTRIO FOJIBMHUS OKa3bIBACTCS
TO, YTO IIO CPAaBHEHUIO C COCEICTBYIOIIUMHU €EMY
3JIEMEHTaMHU OH objamaer SpKO BBIPAXXECHHBIM
CKAYKOM 3HAQYEHHUS AIEPHOTO MATHUTHOIO MOMEHTA.

B) Teoperuuecku ompeAesIeHHBIH HHTEPBAI
ycroiuuBeix  ctpyktyp  CPKO OrpaHUUCH
3HaueHusIMH 1 - 240,2401. DKcIepUMEHTAIBHO
YCTaHOBJIECHHBI HHTEpPBaJ, B KOTOPOM HaXOISTCH
CTaOWIbHBIE XUMUYECKHE 3JIEMEHTBI, OIIPENENISETCS
kak 1 - 238.
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3.7 KPUTHY

7
IHOCTOAHHBIE

KPUTHYECKHHA OFbEM H MUPOBBIE

ITo cOBpeMEHHBIM HAyYHBIM IIPEICTABIEHUSIM B
IIPUPOJIE CYIECTBYIOT YE€ThIPE THITA CUIIOBOTO

B3aUMOJCHCTBHUS, & UMEHHO:
» ['paBuTanuonHoe, Hauboiiee

HaTJIAOHO

dopmanuzoBaHHOoe B BHIe 3akoHa BcemupHOro
TAroTeHus, chopmynuposanHoro M. Heioronom
U ITIACSIINM, YTO JBa Tena, objIajaroiue MaccaMu
M, u M,, B3aUMHO TIPUTATUBAIOTCS C CHIOH P,
IIPSAMO IPONMOPLMOHAIBHON IPOU3BEIACHUIO 3THX
Macc M OOpaTHO IIPOIOPIUOHAIBHON KBaapaTy

PaCCTOSIHUS MEXIY STUMH

TCIIaMU.

AHanutnyeckas ¢popma 3TOro 3aKOoHa TaKOBA:

P=G*M,* M,/ R?,

™ITO ﬂ - ITAT NTNANMAaa MCOTIYITO O
| AL \J nvnvivpan vannan
DOAOTTIALITILTA TTNAAMOD T
D\VJAXL '111.,11(4., DiDAwvlviaz
TAADRTITATTITAIIITATT TTACTAGIIINATT o R _
i Huul‘.lu‘-l‘x.lvll‘llvll AL A \J /L, l]., A AN
naceroguue (Mo 1THawm 1878287870
yuvv;uzx;xxxv \ 12V AxylL.t JAXLLIXLIL)
MEeNC TV ITeH THAMUT Mace
AVAN/TRNA Y AANAR A PGV AYA AL v
v
RRAATVAMOITECUCTRVIOIITUAY T™ATT
DOQILRIVAV fA VXA & 17 j AN 2anLais ANJL
OrmnpeneneHHadg OITLEITHE] TVTeM
VIIPCHACICHHAMN Ollbl'THBI IIYTCM
BEJIUMUUHA DABUTAIINOHHOM
At S AKL AAAAL - rlw”‘ LWHKLVJ.A“UII-
)
IIOCTOSIHHOU COCTABIIACT.
O — £ % 10-3 -1 one -3 o2 ATraman fa
U = 0,/ 1w M - ¢ HCTCMC
OTTIYYIYYITY r‘rﬁ\
CAVHHL, 1 ).

B nensax YCTpaHCHHUA 3aBUCHMOCTU OT

(o]
(@)



cucteM (PU3NYECKUX COUHUL ITOCTOSHHBIE
B3aMMOJIEHCTBHS IIPUHATO BHIPAXKATH B
6e3pa3mepHOl GopMe, U ITO - LIAT BIEPEL
IO IyTH K 00BEMHOMY BOCHPHATHIO. Tak
BeJIUYMHA Oe3pa3MEpPHON MOCTOSHHOM
TPaBUTAIMOHHOI'O B3aUMOJEHCTBUS
oIlpedesieHa KakK

.
ANADAOCONATT TTANTATITO
I[yTEM COOTHECEHHUSI C MacCOM MPOTOHa,
.
OIIpe/IeNeHHON 3KCIIEPHMEHTAIIBHO KaK m,
=102%r
1V 1.

Crmaboe B3aMMOICHCTBHE, XapaKTEPU3YIOIIEE

CIIOCOOHOCTH aTOMHBIX Anep K
CaMOIIpOU3BOJILHOMY  pacrany. ®usuyeckas
pasMEpPHOCTH 3TOrO B3aMMOENCTBUS
Impeacrapiaser co0OW  BeIMYuHy  0oOpaTHO
IPOIIOPIIMOHAIBHYIO KBaJapary MAcCCBI.

AEM AN ATE TTIA AN ATEN TTTTMATIATYTTT A v Arme T T o AT

Oy = 105 .
ONEeKTPOMArHUTHOE B3aMMOJICHCTBHE,
XapaKTepu3yroliee B3aUMOJEICTBUE
3JIEKTPUUECKHU 3aPSKEHHBIX YacTHlLl.
bespa3mepnas IIOCTOSIHHAS 3TOTO
B3aUMOOEHUCTBUSA ompenaeeHa YHUCJIOBBIM
3HAYECHUEM

o, ~1/137.
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Bonee mnonpob6HBIe CBemeHMS O Ha3BaHHBIX
IIOCTOSTHHBIX MOXHO IOYEPIHYThH B
MHOT'OYNCIIEHHON HAYYHOMH ¥ HAYYHO-TOMYIAPHON
JuTepaType. Ha ocnose uznoxennoro CPKO,
obnagas kputudeckum oosemom (N = 240,2402 =
A), MOXET CIYXHUThb SAPOM s OOpa3oBaHUA
CPKO B cnenyromen cpene u T.1., Kak 9TO ObLIO
[I0OKa3aHO IIPH  pPacCMOTpPeHHH  IIPOIEcca
dbopmuposanus MPKO. [lnga nposBieHus
IIOCTOSIHHBIX CHJIOBOTO  B3aMMOJCHCTBUS B
kagectBe cBoiicTB MPKO crnemyer ydvecrb, 4TO
06e3pa3MEpHBIN XapakTep TOCTOSHHBIX OBLI
BBISIBIIEH IIyTEM CPaBHEHHUsS C MAacCOW IIPOTOHA.
J1d OgHOPOIHOM HM3OTPONMHOW CpEeHpl IIOHATHS
“macca” ¥ “o00BeM” 3KBUBAJICHTHBI, X B 3TOM CBA3HU
5KBUBAJICHTOM MAacChl NMPOTOHA MOJXET CIYXHTb
Oe3pa3MepHasl BEIMYMHA KPUTUUYECKOTO 00BeMa



CPKO, T.c..
m, « A = 240,2492 .
Anamns mokaszan, yro B TepmuHax MPKO
3akoH BcemMupHOro TAroTeHHUsS MOXET OBITh

IPEOCTABJICH B BUJIC IPOMU3BEACHUA TPEX BEJIIMYNH!
G1=N,* N, *N . (11)

i 2 B 21 )

rie G - Hekoropas Oe3pa3MepHasd BEIUYMHA,
ciyXxalas  IPOCTO  KOJHMYECTBEHHOM  MepoW
MaTeMaTu4eckor omepanuu o ¢opmyne (11), N; -
nonuelii 00beM CPKO t, o6pasosanHont B MIC ¢
MO, Ny, - nonneii o6sem CPKO,,,, o6pa3oBaHHOU
B UC,; ¢ MO,,;; Ny, - nonusiii o6seMm CPKO,,,,
obpaszosannoit B UC,, ¢ MO,,,. IIpu stom CPKO,
npencrasiser coboi sapo CPKO,,,, koTopad B CBOIO
ouepenb cyxuT aapom CPKO,,,.

r)'f“'r“n TTrATTITIYNANATMY NATRTTATIRN LAY T ll'\n“‘ AXTTY O
YADYIDAJIVIIITIIVUVILID JSabrl VIUV 1 KL v WUPLVI_yJLD
{1 I\ NAOTAATTMNAARAAONMTITINANATIY TIN A\I\“‘ AXITTA I1 n\ I\K"n"n“"n"o
\.l 1}’ Jal\UnUlVl\.ltJnUUll.’l 11V WUP V] yJ < \1U) UU)’\.«JLUDJIUHQ
MARNATY I\Rf\fr‘n aTATTLOATDARMTIY b6 s ¥aY TrIT Y Tl’nf\"r‘ﬂl\"“f\ﬁ
1Clvixl UUUIUIIIUJLD\/IDCIlVlIl, 11UV 'L."Jl)l IIQUIPUIIHUXI
MANATTILETY DATTTAITIALILT T \T ™ \ AANNLLTITN
\/PUADI D\WJIXLT1XA1I1 DL L ‘t, 1N t+1 F 48 N t+2 VIV /NI
pacCMaTpriBath B Ka4CCTBC MaCC COOTBETCTBYIOILNX
DI s ermra Q) v srArranamame ArATTATITT 10 — 1
CrRU; popMyiia (o) 11 10Ka3aTeie CTCIICH =1,
""""" (esAama A RITITe
IIpHOOPETACT BUA
T AT A
N = INeE

Rt = Nt1/3,

©
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oraga BIIOJIHE IIpaBOMEPHA 3aITUCh 3TOU
3aBUCHMMOCTH B BHUIC!

N/ Reu)?=1,
T.C. B BHAC COIMHHUYHOI'O MHOXUTEIIA. HpI/I

YMHOXXEHHUU AHAJIUTUYECKOM 3aBUCUMOCTH IIO
dopmyne (11) Ha eAMHUYHBIA MHOXHUTET

1=Ny /Ry

MoOXeT ObITh Ipou3BeAeHA TpaHchopMaLs
3aBucuMOCTHU 1O popmyie (11) B 3aBucMMOCTh BUIA

P =G*N¢*Net/ (R 12) %

AU 1 DIV -v'..----.._- RS

oxHoOro aprymeHra N,, T.e.:

L
103 =N * (N \ 1/2*11\*( Y 9/4 — (N ) 19/4
LIl = 1IN ¢~ UNy) UNg~ ACANY R

Ecnu KOJIUYECTBEHHYIO MEPY YCTAHOBJICHHOM
3aBUCUMOCTH BBIUMCINUTE B eauHunax MO .,, TO

cornacHo ¢ ¢popmyioii (4) :
1/Gmotrz) = (27 * N294) 3,

' p—t
L(MOt+2)
A 3TO NPAaKTUYICCKH COBIIagacT CO 3HAUCHHCM

©
=



Oe3pa3MepHON  MOCTOAHHOM TrpaBUTALHOHHOTO
B3aUMOJEUCTBUSA. 30eCh HEBOJIHBHO BO3HUKAET
BOIIPpOC, a 4YTO 3TO 3a TtamHcTBeHHas KC,7
HeTpaguiMOHHO MBICISINME COBPEMEHHBIE YUYEHBIE,
HE 3a/JyMBIBAsICh, OTBETSAT, Ja, KOHEUHO e, 9TO 3up,
TOT CaMbIil 3(pUp, KOTOPBIN, B MPUHLHUIIE HE OTPULIAT
u cam V. HBIOTOH, HO KOTOpBIM KaTETOPUYECKU
OTBEpPracT COBPEMEHHAs TpPAaAWIMOHHAS HaydHas
napagurma. Ho paccmorpenue 3akona BcemupHOro
TATOTeHUsT B KoopauHatax MPKO opHO3Ha4yHO
II0Ka3bplBaeT HaJIU4YWe HEKOTOPOHM TpeThei (t+2)
cpenbl, B KOTOPOH M HMPOUCXOTUT B3aMMOJEHCTBUE
JIBYX OCTaJIBHBIX. A Oe3pasMepHasi IIOCTOSIHHAS - 3TO
KOJIMUEeCTBEHHA Mepa ob6beMa ncC .
3a€ICTBOBAHHOIO B 3TOM Mexauusme. Ilo cymu
3namenumblii 3axkon M Horomona oxazancsa ananozom
He MeHee 3HAMEeHUmMOo20 3aKona Apxumeoa.

Crporo roeops, 3akoH BceMupHOro TAroTeHus
npeacraBiasfeTr cobon omHo u3 ceoiicte MPKO, B
KOTOPOM SIAPO 00JIalaeT KPUTUUECKUM 0O0BEMOM. A
JUISl TOTO, UTOOBI OKOHYATEIBHO YOEHUTHCA B 3TOM,
cieayeT OOpaTUTh BHUMAaHUE Ha TaKUE MOMEHTBHI.
ITpakTUYecKu B JIO0ON HAy4YHO-IIOIMYJISPHOM KHUTIE
10 ACTPOHOMHH MOXXHO IIOYEPITHYTH CBE/ICHUS O TOM,
yro V. HBIOTOH BBIBENI CBOHl 3aKOH Ha OCHOBE
YCTAHOBJIEHHOTO [PYTUM BEJIIMKMM YuyeHbIM - I.
KennepoM TpeTbero 3aKOHA MABMXKEHWS ILIAHET
Bokpyr ComHua. JroT 3aKoH OblL1 YCTAaHOBJIEH
SMIIUPHUUYECKHM  HA  OCHOBE  MHOIOYMCIEHHBIX
ACTPOHOMUYECKUX M3MEPEHUH, BBIMOTHEHHBIX €IIE

o
IgJ



OIHMM 3aMeyarejlbHbIM VYE€HBIM - JAaTCKUM
e e~ m =~ = = L RIS TV D) P T
aCTpOHOMOM 1HXO bpare. b QPOPMYIHPOBKE ¥i

Avrrratan DAacemcr e o~ rxrmAs  AARTTATTTATTITYA TTAATT A TT TS
KU UlUle DARKOH ‘Jldbl/ll, 10 O1H0OLICHNC 1 UPMU,LLUB
obpaitieHus nByx IiaHeT Bokpyr CoJiHiia paBHO
OTHOILICHHUIO MOJIykyOoB nx paccrosiHui oT CoHiia
AHaIuTHYECKH

I,/ T, =R, /Ry)3,

OTHOLICHUA IIPECTaBICHHBIE KaK B IIPaBOM,
TaK U B JIEBOW YaCTAX CYTh BEJIMYMHBL Oe3pazmepHule.
OTO IMO3BOJIAET UHTEPIPETUPOBATD IIPEACTABIICHHBIIH
3akoH B kauectBe cBoiictBa MPKO mno ¢popmyie (8)
IIpU 3HAYEHUM IoKasaTens creneHu k = 1.A 3to
IPAaKTUYECKash MIUTIOCTpALUs B3aUMOIEHCTBUSA IBYX
cpen 8 MPKO. 1. Kerepy ynanoch HCKIIFOUUTENBHO
TOYHO, He Npuberas HU K KaKuM Ko3gguuyuenmam
Heuzsecmnocmu, cHopMyIUpPOBATH 3aMeYaTEIbHBIN
3akoH. Ilosatomy B dopmynuposke M. Kemnnepa
IIOJIHOCTBIO  OTCYTCTBYIOT JIOOblE HMHOPOJHBIE
3JIEMEHTBI, T.€. OKa3ajach IPUMEHEHHOH Haubolee

pauMoHaJIbHAS hopma.

Heckonpko nmpyras xapThHa HaOJIOAAcTCsS B
IIOCTpOoeHuU 3akoHa BcemupHOro tarorenus H.
Herorona. B awanuTnueckoit ¢opme 3axoHa
MPUCYTCTBYET “mucmuyveckuii”  3IEMEHT -
rpaBUTAllMOHHAS IIOCTOSIHHAs, KOTOPYIO cam
IIyOOKO PEMrHO3HBIH aBTOp 3aKOHA BOCIIPHUHHMAI
KaKk TIposBieHue Boau Buicwezo Cyuecmea
(boza).Ho npumenenne MPKO B kauecrse
HHCTPYMEHTAa IIO3HAHMsl MO3BOJISET HE IPpHOEraTh K
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A = 240,2402.....

He cnyyaifHo Tak MHOTO MECTa 37eCh yIEJIEHO
MMEHHO I'PAaBUTALIMOHHOM MOCTOSHHOM. JIelo B TOM,
YTO B COBPEMEHHOW Hay4yHOM KaprtuHe Mwupa 3Ta
- ¢ s

(2] [4

caMoit  “Heo0y3JaHHON”,
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OOBEOUHSAIONEH BCE U3BECTHBIC UETBIPE THIIA
CHJIOBOTO B3aHMMOJEHCTBHA B OJHYy ' YIOPSXKKY”, Ha
ypOBHE ODUITHATIBHON HayKH OKa3ajiicCh
6e3pe3yIbTaTHHIMI.

Ecimu e roBoputreb 00 OCTalmbHBIX TpeX
INOCTOSIHHBIX ~ CHJIOBOTO  B3aMMOJEHCTBHS, TO

~

COBpPEMCHHAS HayKa Hamna-Taku CItoCo0 OObCIAMHUTD

e 70-X TooB HAIIEro CTOJETUS TPYAaMU

AT T ATIRA N Tt AT T O ATTTID A TG . ANTTITA
Jdl1 bsanvMOACTKNC1LI B clinpvarviaia DB UAHU
r)fﬁnﬂg“""n"‘mﬂ TFY YYaom o YY4Aa "M TYAVATAN MAMIAYrTT
N S \Q W) IU.I_J 1ivivril aJibddnin 1 IJUDUPI\G 1 CUP”
AANVITYITANTDITICTTIANY Yroa TYTIYO IYMNATATIV XINDTANANMNMTIITATYIOV
vvylLivueil bJizaJiavb na 1 L ALl VINXIA _yUI\UP.l’]..l\/Jl.]lA
NANMOVLOITIITTY TarTrryy {Yrrrarrn ANARITATYL, IO UACTNAYIITA
QAPPAMNVILIIDIA 1AV \JANDARNU, VUI/A A 1D XivIN y Vw1l DVwIlilyv
VO ONUATATTL ATTAAARILITI MNARDIITL AWANTIALN  TTIma
VAU PII1VIID, VIiLIULVUUITDILYL AJDXIID JInvpPLiarvy  yin



OOBEOUHEHNS! TPEX HA3BAHHBIX B3aMMOIEWUCTBUN C
TPaBUTAIIMOHHBIM, €IBa JIM BO3MOXHO. Jla 1 Hy>XHO
au?

Yto0s1 pa3obpaTbCsi B 3TOM BoOIpoce, OyAeT
IMOJIE3HBIM HaUTH MecTa cnaboro,
3JIEKTPOMArHUTHOTO M CUJIBHOTO B3aWMOIEHCTBUSA
cpequ CBOMCTB 00bEMHON mKkanbl. Ilpu 3Tom
HEJIUIIHE OTMETUTh, YTO B  OTIHYHUE OT
IpaBUTALIMOHHON, 3TH IIOCTOSIHHBIE - IIPOAYKT
MBICIIUTEIIPHON AeSITeIbHOCTH Hallero XX-ro Beka u
IIPEACTaBIAOT Cco00#l CcBOHCTBA COBPEMEHHOM
TEOPETUYECKOM  MOJEIM aToMa, OCHOBHBIMU
3JIEMEHTAMU  KOTOPOrO  CUMTAKOTCA SOpO U
9JEKTPOHHBIE 00010uYkHU. ITOCTOSHHBIE CHUJIBHOTO U
cnaboro B3aMMOJEHCTBHUIA IIPEACTABISAIOT COOOMU
CBONMCTBA fAIpa, a IIOCTOSTHHAS 3JICKTPOMAarHuTHAas -
Mepa B3aMMOJEWUCTBUS MEXIYy aTOMHBIM sIPOM U
3JIEKTPOHHBIMU 00OJIOUKAMHU.

Terepp KOHKPETHO O IIOCTOSIHHOM CHJIBHOI'O
B3aUMOIENCTBUSA. Ero XapaKTepU3yIOT
BHYTPUSIIEPHBIE CUJIBI, OCYILECTBIISIOIIUE CBA3b
MEXAY 3JIEMEHTaMU, COCTABJISIOIIMMUA BHYTPEHHIOIO
CTPYKTYpPY aTOMHOro sapa. B ToMm ciydae, Korma
IIPEIMETOM PACCMOTPEHUS CIIYXXUT IIPOCTEHIIIEE PO
aToMa BOJOpOAa (IIPOTOH), MOCTOSHHAas CUJIBLHOIO
B3aUMOJEHUCTBHS YHCIIEHO paBHAa ITPUOIU3UTEIHHO
€IVHUILIE, a II0 Mepe YCIIOXKHEHNS CTPYKTYPEI spa 3a
CYET IIPUCOCAUHEHUS IOIIOJIHUTEIBHBIX HYKJIOHOB
YHCIIOBOE 3HAUYE€HHE ITIOCTOSHHOWM MOHOTOHHO

YMEHBIIIACTCH.
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CnpawmmuBaercs, cpenu kKakux colicte CPKO
cinenyeTr McKath nomobnoe? MckaTe TpuUaeTcs He
nonro. IIpaktiyecku ¢ GOJNBINION HATIAIHOCTBIO 3TO
CBOMCTBO JeMOHCTPUPYET JIUHAMUYECKUN
KoY puimeHT ycrouusoctu mo gopmyie 7. Cmpica
OJMH U TOT Xe€. B TpaaulriuOHHBIX IPEACTABIICHUIX
3aBUCUMOCTbD, OIIPEAEIAIOMas MOCTOSHHYIO CHIIBHOTO
B3aMMOMAENCTBUS BRITTIATUT CIIEAYIOIUM 00pa3oMm:

o= fa/ln (m/my), mpu m>>m,
b < \ 77 g ud ¥
LI, opu m=m,
rae B rpyoom mpuOmmxennu a = 1 u In - cumBon
HATYPAJThbHOTO Jorapudma (CM. VIIOMSHYTVIO KHUTY
Ir r T \ o o o o
N.JI. Po3enTans, c. 140). A B xoopauHaTax 0ObEMHOM
mkaasl CPKO cooTBeTCTBEHHO
~ = ain (QN/N1/3)
“s JARA \/\' AN },

rae N COOTBETCTBYET UMCIY HYKJIOHOB (ATOMHOMY
HOMEPY) XUMHYECKOTO 3JIEMEHTA, YTO 3KBUBAJIEHTHO
COOTHOILEHUIO (M/Mp).

IIpoektupys 6e3pasMepHYI0  IOCTOSHHYIO
cnaboro B3auMmopericreus Ha MPKO, neobxoaumo
y4ecTb, YTO OTO B3aUMOACHCTBUE YIIPABISAET
MPOLECCOM PaJMOAaKTHBHOrO pacrajxa sgpa. A pas
3TO TaK, TO CBSI3b 3TOrO SBJEHUS C KPUTUYECKUM
o6semoM CPKO (oTpaxarouieii CTpyKTypy aTOMHOTO
sapa) OYEBHIHA. TeopeTnueckuil  Npenen

YCTOI‘/JI‘-II/IBOCTH aTOMHOTO sdAapa YyXe€ XOopoumo
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U3BECTEH, TaK KaK COBIANaeT C KPUTHYECKUM
odoremMoMm “A”. HMuaue, saapo, coxaepxainee 240
IIPOTOHOB ¥ HEHTPOHOB (HYKIOHOB) TEOPETHYECKU
BBICTYIIA€T B POJM OTPAHMYKUBAIOIIEIO HHTEpPBAJ
YCTOMYMBOCTH aTOMHOTO psifa. Ecinu npuHaTh, 4TO U
CTPYKTypa HYKJIOHAa B CBOIO OYEPEOb aJeKBaTHA
crpykrype CPKO kpuTHuecKoro oobeMa, To oOuii
0o0beM sApa, BBIYUCIEHHBIM B  CTPYKTYPHBIX
JJIEMEHTaX HYKJIOHA, B IPEIEIbHOM BapUaHTE
YUCIIEHHO OMNpPEHEeIUTCS KBagpaTOM YHCIOBOTO
3HaueHud “A”, a oOpaTHas eMy BeIUYMHA

1/A2 =1/ (240,2402)2 =1,73 * 10-5 » o,

WALLAN W Sials AvARXANV 4

MOXHO YOemuThCsl, YTO IIPEIOKEHHAs] TPaKTOBKA
IIOCTOSIHHON B3aMMOJENUCTBUS CIA0BIX CHJI MO CYTH
aJlekBaTHa TpaJaulMOHHOMN. TakuMm oOpaszoMm u 3TOM

IIOCTOSSHHOM Hal1oCh MeCcTO cpeau cBorictB CPKO.
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A MMEHHO BEJIMYUHBI CKOPOCTH CBETA B
299792458 m/c, 3apsiga 3JIEKTPOHA €

1,6021892 * 10-19Kj, BO3BEOEHHOTO B KBaapaT, U

COUHUIT.

Oe3pa3MepHBIi
KOTOPOMY U IPHUIAETCI CMBICT

BBIABIIACTCA

nocrossHHoi Ilimanka h = 6,626176 * 1034/x/Tu. B

Bakyyme C
pesyJibrare

U IOCTOSHHOM.

Ko3(phuIueHr,
Muposo

2x *e2 / he ~1/137,03604.
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o) = O

2=127/3723,647152 7 = 1/137

Qi / A¥

Koneuno, u 31eCh MOXET BO3HUKHYTBH BOIIPOC
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[I0 TIOBOAYy HEKOTOPOrO HECOOTBETCTBUS B
JECATUYHOM 3HaKe IIOJYYEHHOI'O  YHCIOBOTO
3HaueHus obmenpunsToMy. Ho mpu arom cnemyer
YUYUTBIBATh, YTO IIOJIYUEHHOE 3HAYECHYE BO3HUKIIO B
pe3yJIbTaTe aHau3a 00bEMHOI Modenu, 1 KPOME TOTO
30eCh (UTYypUpyeT OTHOILICHHE BCErO JIMINDL [BYX
aHanumuyecku YCTaHOBJICHHBIX BEIIMYMH, 4 HE TPEX,
YCMAHOBNEHHBIX IKCNEPUMEHMATbLHO 6 HEKOMOpPblX
02060peHHbIX ycaosuax. B YacCTHOCTH, €CIM y4ecTh
paHee OTMEUYEHHOE IIOJIOKEHHE HE IOJHOTO
COOTBETCTBHUS PEAIbHBIM YCIOBUSAM IIPUHATOrO
3HAYEHUA 4Yuciia 2r, & BMECTO HErO MCIIOJIB30BaTh
AHAJIMTHYECKU YCTAHOBJIEHHOE HA OCHOBE OOBEMHBIX
npenacraBinenuii 6,216537, To B COOTBETCTBUM C
TPaJULMOHHBIM BapHUAaHTOM BBIUMCICHUS 3HAYCHHE
IIOCTOSTHHOM 3JIEKTPOMArHUTHOIO B3aMMOJECUCTBUSA
okaxercsd «,~1/138,05 (!).

HMiwobvie GbINUCICHUA Ha OCHOGe
IKCREPUMEHMANBHBIX ~ OAHHLIX — UMEIOm  JIulb
npubnuzumensnwlii xapakmep. He ciydaiino xe cpenu
HAYYHBIX PaOOTHHKOB OBITYET MHEHHE O TOM, 4YTO
IPU COBPEMEHHOH METPOJOIrUYECKONH TEeXHHKe C
KaKOH YrOJHO TOYHOCTBIO MOLYT OBITh IIOJIYYEHBI
HEBEPHBIE pe3yIbTaThl B MpUHIUIIE MOXHO OBLUIO ObI
pPacCMOTpPETh JOIOJHUTEIBHO €€ MHOXECTBO
(EeHOMEHOIOTUYECKHUX 3aKOHOMEPHOCTEI,
YCTAaHOBJIEHHBIX KaK IS ‘“maxkpomupa™, Tax u mis
“muxpomupa” (xors B cucreMe MPKO Takoe
IIOJpa3felIeHre MUPOB OTCYTCTBYET B CHIIY TOTO, YTO
BBIUUCIICHUS TPOU3BOIITCI B  0Oe3pa3sMepHBbIX,
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OTHOCHUTEJIBHBIX BETUYUHAX), HO B 3TOM HET OOJIBIIOH
HEOOXOAUMOCTH, ITOCKOJBKY COBpPEMEHHAs Hayka
CTPOUT M BCIO OCTaJIbHYIO KapTuHy Mupa,
OTTaJIKUBASICh OT PACCMOTPEHHBIX IOCTOSHHBIX.

B ceazu ¢ uznosrcennvim, ouesuono, He mpyono
oams omeem Ha yacmo debamupyemvlii 6onpoc, mozym
JIU CO BPEMEHEM UIMEHAMb C80€ 3HAYEHUE MUPOGble
nocmoaunvie?  Eoea  au!  Ilockonvky  oHu
xapaxmepusyiom He Mup, a moabko npunamoli
Ye106€KOM HUCN060l MEMOO NO3HAHUA.

Xorenock OB emie pa3 MOAYEPKHYTH, UTO
PacCMOTPEHHBIN BapUaHT aHaIn3a
(beHOMEHOTOTHYECKUX 3aKOHOMEPHOCTEH,
yCTaHaBIUBAKOIIMI B TeopeThueckoid dopme ux
€IUHCTBO, T.€. 3aBUCUMOCTH BCETO JIMILb OT OZHOTO
apryMeHTa, HAaJeKO He E€IUHCTBEHHO BO3MOXXHBIM.
ITomoOHBIE TOCTpOEHUS IPOBOJUIUCH U paHee,
HallpuMep, MAaJIOM3BECTHBINM IUIMPOKOM HaydHOM
OOILECTBEHHOCTH 3aMedaTelIbHbI aBUAKOHCTPYKTOP
Pobept Opoc au BapTuHu B cBOE BpeMs II0Ka3aJl, UTO
B3dB 332 OCHOBY IIPOCTPAaHCTBO B  ¢QopMe
IIECTUMEPHOr0 TOpa, MOXHO BCE U3BECTHBIE
IIOCTOSIHHBIE IPWBECTH K 3aBUCHUMOCTH OT CBOJCTB
“eIMHCTBEHHON (pyHIAMEHTAIBHOM JacTUIBl A”.

IIpeumMyiiecTBO paCCMOTPEHHOI'O B HACTOSIIIEH
paboTe wMeToma, Kak IIPENCTaBIsAETCS, B €r0
HATJIAIHOCTH, IIPOCTOTE MAaTEMATUYECKOTO ammapara
XU B TOM, 4TO MOXHO IPOCIEHUTH CBSI3h C
IpeBHEHIUMHU Hay4YHBIMU KOHIIEIILIUSIMU,
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930TEPUUYECKUMHU 3HAHUAMHU. A camMoe IJIaBHOE
NPEUMYIIECTBO - HEOTPAHUYEHHAs NpaKTHYECKas
peanu3yeMoCTh B TEXHUUYECKOM, ICTETUYECKOH,
0o01eoOpa3oBaTeIbHON U JIOOBIX APYrUX BHAAX
IEeSTETbHOCTH.
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I'naea 4. IIPUMEPBI IPAKTHYEC OI'O
HCHIOJIB30OBAHUA

STV XY TN NS ITA/ AT B A TEEYN T Y

TEOPETHYECKOMH M J

MHorue U3BECTHBIE YUYEHBIE BHICKA3BIBAJIM, IO
BCEH BEPOSITHOCTHU, BIIOJIHE CIPABEIIUBO MBICIL O
TOM, 4YTO CaAMOIl NPAKMUYHOU e6eulblo HA ceeme
cayyucum xopowas meopusa. VICKIIOUUTEIBHYIO
3¢ (PEeKTUBHOCTh IPEACTABIEHHOIO B KayecTBe
HHCTPYMEHTA IIO3HAaHUs - OOBEMHOro METOAA,
dopmanuszoBanHoro B Buae CPKO, moarBepXaaroT
MHOTOYMCIIEHHBIE IIPUMEPBI BO BCEX, IPaKTUYECKH,
0o0acTsaX 3HaHUKA OT MUKPOKOCMAa, OO MakKpoOKOCMA.
HexoTopsle U3 TaKuX INPUMEPOB YXKe HCIIOIH30BAHbI
M0 Mepe H3JIOXKEHUs Marepuana, HO HEU3MEPUMO
OoJplIe OcTaeTcd 3a paMKaMu. B mpuHiuie HauboJee
BXHBIMU MOJKHO CUMTATh CIICAYIOLINE HAIIPABICHUS

MPaKTUUYECKOI'O PUIIOXKEHUS  PacCCMOTPEHHOU
TEOPETUYECKON MOJEIIH.
41‘11 jlllr'T/\ ﬂnJﬂnF'rlrﬂ HnnrvA YYY N IY

IMoxanyi, 3TO Ba’KHeHIas o0JacThb

IIPUMEHEHUs, IIOCKOIbKY HEOOBIYAMHO 3KOHOMHBIMU
CpeaCTBaMM  IO3BOJAET  IOJNYYUTH  YETKOE
npeacrasieHie o EpuHctBe Mupa Yenoseka,
Enunoit CTpyKType BCEX IIO3HABAEMbIX IPOLIECCOB,
Enunom 3axkoHe Muposmasus. M taxum obpaszom
IIPOSIBUTH YETKYIO0 B3aMMOCBSI3b u
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B3aMMOOOYCIIOBIEHHOCTh MEXAY IPEBHCHIIMMHU
HAay4YHBIMH JOKTPUHAMHU, peIurueil u IO3JHCHIIMMU
HAyYHBIMU U3BICKAHUSIMH. Kak BAPUAHT
IIOCTIEAOBATEIIBHOTO OCBOECHHUSI MOIEIU MOXCT OBIThH
paccMOTpeHa Takas cxema:

» chepuueckuit 00HEM Kak 0600UICHHAS
dbopma npocTpaHCTBa,

= YLC/O Ka

8 JIPpOCKIIMsA

= CTPYKTYpPHOE CAMHCTBO
pa3sHoOOOpa3HBIX IIPOLECCOB B
JMHEAHOM OTOOPaKEHUH;

s npoekuusas CPKO Ha IUIOCKOCTD,
OITIpeIEJIEHUE KPUTHIECKOTO 00beMa;

= MYJIbTHCHCTEMA PaBHBIX
KOHLIEHTPUYECKHX 00BEMOB;

= CTPYKTypa KPHUTHYECKOTO 00BEMA,
»  CemepuyHocts MuposnaHus.

UCITOIIERORAHA n RO ALHUL acrTogamniero
AAAAAAAAAAAAAAA AArll--l KA JDJAJ JANNALKXLXA ALCA W A VIAJ_HVL N/
matepuana. Ho pasymeercs npu He0oOXOIUMOCTH
MOXET ORITE JOTOJIHEHA MHOXECTBOM

callMKa, WM B KpallHEM CIIy4yae ¢ HaYaJIbHOr'O Kjacca
0o01eo0pa3oBaTENbHbIX, a4 Tem Oojee CHEIUATBHBIX
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IIKOJI LEeIecOO0OPa3HO TaKyI0 CXeMY ITOJIaTh B CBS3KE:
yucno - 36yK - yeem. YCBOCHHUE 3TOM CBA3KH YETKO
oopmurt crnocod 06beMHAr0 MBILIIIEHUS yUallerocs,
YTO B CBOKO OYEpenh Ha MOAaIbHEHIIMX CTYIEHSIX
oOy4deHus  IIpemollpedenseT YCBOEHHE  TaKHX
3JIEMEHTOB CXEMBI, KaK: XUMHYECKUH O3JIEMEHT -
KPUTHYECKUN 00BeM - MupoBas MOCTOSTHHAS - 3aKOH
Enuncrpa. Ilocne ocBoeHus ydJamuMucs 3TOH LEMHU
0 CYyTH 3aKaH4YuBaercs oO0meoOpa3oBaTEIbHbIN
KYpPC, KOTOPBIN O€3yCIOBHO MOXET OBITH OCBOEH 34
IepUOd, OTBOAUMEIA IS HAYaJbHOTO OOyYEHUS.
HanpHeiiimee  obpa3oBaHue  JOJKHO OBITH
CHEeHATU3UPOBAHHBIM.

4.2 TEXHHUYECKHUE ITIPU/IO’ZKEHUA

ITockonbKy Takue MPHIIOKEHHUS, KaK IIPaBUiIo,
uMmeror xapaktep “HOY XAVY” (3BHaw Kak),
3AIUIIAIOTCS TATEHTAMHU, 3[IECh PACCMOTPEHO TOJIBKO
OJTHO, 3AIUIICHHOE aBTOPCKHM CBUIETEIBCTBOM N
936462 [I'nagxoB b.B. u np., 1980]. 1o nuzobpereHne
OTHOCHUTCA K OOJIACTU SJIEKTPOAKYCTHKU M CILY>KUT
1St bopMupoBaHus AHTPOMOMOPGHOTO
AKyCTHYECKOT'O IIOJISA, HCIIOJIb3yeMOTO IS CaMBbIX
pasHOOOPAa3HBIX LieNeH Kak o0lero Ha3Ha4YeHus, TaK
M I CIHEUHaJIbHBIX. B yacrHOCTH, MJIA LEleH
MICUXOJIOTUYECKOM peadumurauuu (CHATHUE yCTallOCTH,
HAIIPSDKEHUS M CTPECCOB).

B ocHOBy m300peTeHus NONOXEH CABOCHHBIM
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ANEKTPOAKYCTUUECKUI H3IIy4aTellb, T.e. COCTOSIIMIMA
U3 OBYX OJJIEKTPUYECKH COCIUHEHHBIX CHH(A3HO
ANEKTPOAKYCTUYECKUX F'OJIOBOK TPOMKOTOBOPHUTEIIEH.
B ToMm cnyyae, kora Ha TAaKOM M3JydaTellb IIOAAETCS
SJICKTPUYECKUM  CUTHAJ, YacToTa  KOTOPOTO
nmomoOpana TtakuM oOpa3oM, YTOOBI AJIMHA BOJIHBI
3BYKOBOI'O CHMI'Haja B BO3AYyXE OKas3ajaCh paBHOM
PACCTOSIHHIO MEXIY HAIpaBJIEHHBIMH APYr Ha Opyra
M3JTyYaIOIIMMHU [TOBEPXHOCTSIMU FOJIOBOK, BOSHHKAIOT
pe3oHaHCHble yciaoBHA. W TakuM o6pasoM Mexmy
rojoBkaMu (Gopmupyercs chepuueckas crosuast
BOJIHA, CTPYKTypa koTopoi onuckiBaercs CPKO.

KpoMe TOro, Hu3aydaTelb OKaXeTcsd B
COCTOSIHUY PE€30HAHCHOI'O BO30OYXXACHHUA U B KaXXJOM
U3 TeX ciydaeB, KorJa IIOJAaBaeMblii Ha HeEro
JJICKTPUYECKHMIA CHUTHAJI IO CBOEH 4YacToTe Oyner
COOTBETCTBOBATH JJIMHE BOJIHBI 3ByKOBOI'O CUTHAJIA B
BO3IyXE, YIOBIETBOPAIOIICH YCIOBUIO pPaBEHCTBA
auameTpy toro, wiu uHoro cinost CPKO, t.e. ycinosuro
BO3HMKHOBEHHUS YaCTHBIX PE3OHAHCOB.

ITo cytu paccMOTPEHHBIN JJIEKTPOAKYCTHYECKUIA
U3IydyaTedb  IPEOCTaBiIsieT  COOOM  3JIeKTpo-
aKyCTUYECKHUM aHaJor CTPYHBl MY3BIKAJIbHOTO
UHCTpyMeHTa, (MOHOXOPZ), TOHAJIBHOE 3BYyYaHHE
KOTOPOH H3MEHSETCS 34 CUET U3MEHEHMS HaTSKEHUS
Ha Koyikax. M B ToM ciiy4dae, KOra pacCTOSTHUE MEXIY
U3JIyYaIoIUMHU MMOBEPXHOCTIMH TrOJIOBOK
CPOMKOTOBOPHUTEIEH  COOTBETCTBYET  aHTPOIIO-
MeTpHYEeCKOMY psay, Hampumep, 0,78 M (HacTpoiika
Ha curHan 440 T'1), HUMEET MECTO 3JIEKTPO-
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MEXaHUYECKUH aHanor (IMOJIHBIM, WIM YaCTHYHBIM)
aKyCTHYECKOIO MOJIs YEIOBEKA.

Couerass HECKOJIBKO TaKUX WH3JIyuaTeleih C
PA3IMYHBIMU DPACCTOSHUSMHI MEXAY TOJIOBKAMHU IIO
AHTPOIIOMETPUYECKOMY DPSANY, MOXHO IOCTPOHUTH
NEKTPOAKYCTHUYECKYIO  CHUCTEMY C  BBICOKOM
paspemamomieii  CIIOCOOHOCTEHIO, s dexTUBHO
BOCIIPOU3BOJSAIIYIO UMEHHO T€ 3BYKOBBIE CUTHAJIBI U
UX  TeMOpaJlbHblE  COCTABIAIOLUE, KOTOPHIC
GOPMUPYIOT CIIEKTP aKyCTHUYECKOI'O BOCIPUSATHUS
yenoBeka. IlpuMep Takodl CHUCTEMBI U3 Tpex
u3yvyareaell  KpaTKO  ONMCaH B JKypHale
“M300peTraTenb U palliOHAIN3ATOD .

4.3 IPHIIOJKEHUA B COEPE HCKYCCTBA
H METHITUHBI

PaccmoTpenHasd ~ cxema dbopmMupoBaHus
BOJTHOBOT'O IIPOIlecca B U30TPOITHOM Cpesie MO3BOISAET
YACHUTh U HEKOTOPbIE OCOOEHHOCTU (POPMUPOBAHUS
AKyCTHUYECKOro ITOJIS dYeloBeka. Tak yxke Obuio
YCTaHOBJICHO paHee, YTO OIIOPHBIM TOHOM 3BYKOBOI'O
amrapara 4ejgoBeKa CIYXUT TOH C JUIMHOU BOJIHBI B
BO3AYXE pPaBHOM PACCTOSHUIO MEXAY KOHLAMU
IIO3BOHOYHKKA. YUTO B YCPEOHEHHOM BapHaHTE
4acTOTa 3TOr0 3BYKOBOI'O CHUIHAJIa COOTBETCTBYET
4acTOTe CTaHAApPTHOTO KaMEpTOHa IUISi HACTPOIKU
MY3bIKaJIbHBIX WHCTPYMEHTOB, a MMEHHO 440 I'u.
[103BOHOYHEBIN CTOJO YEIOBEKA II0 OTHOIUECHHIO .
3ByKoBoMy curHany 440 I'll mpencraBnser coOoit
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110JIHOBOJIHOBBIM ~ mpueMHbIH  BuUOpaTop, T.e.
BHOPATOP IIOITIOIIEHUS. A 3TO 3HAUUT, YTO 3BYKOBOM
CHII'HaJI co 3HauyeHuem B panone 440 I'u (B
3IBHCUMOCTH  OT  WHAMBUAYAJIbHOCTH) CIYXUT
OINIOPHBIM ~ CUTHAJIOM 3BYKOBOI'O  BOCIIPHUATHS.
[ {cobxomumo IpOaKLECHTUPOBATE, UMEHHO
BOCIIpUATHSA, M pasymeercs, I3TO OTHOCHUTCA K
B3pOCIOMY,  C(HOPMHUPOBABIIEMYCS  OPraHU3MY
{IEJIOBEKA.

B TO Xe Bpems Inpouecc TIE€HEpaluu, WIU
3BYKOHU3BJIeUeHUsT (opmupyercs npu pabore B
peXHME IOJNYBOJHOBOTO U YETBEPTHBOIHOBOIO
BuOpaTtopa. B 3ToMm cnyuae pabouuil auamnasoH
3BYKOBBIX CUTHAJIOB OrpPaHHYEH C OOHOM CTOPOHBI
(YCpPEOHEHO) CHU3Y 3BYKOBBIM CUTHAJIOM al/4 =
440/4 = 110 T, a ceepxy curHaioMm a! = 440 I'w.
MupiMu crioBamu, paboyuil AUana3soH OCHOBHBIX
TOHOB Yy UYEIOBEKAa OTPAaHWYCH HUHTEPBAJIOM B IBE
okTtaBel. Ho 3Tu 3BykH. HE  IIOJIHOCTBIO
XapaKTEepU3YIOT Ipouecc 3BykousBiedyeHusd. Kaxk
OTMEYAJIOCh paHee, HU OOUH 3BYK, COOPMHUPOBAHHBII
B HEKOTOPOH  cpeme, HE  MOXET  OBITh
0XapaKTEPU3OBAH TOJIBKO OJHOMN YaCTOTOM.

B pesynpTaTe mporuecc 3ByKOBOCIIPOHU3BEAECHUS
MOJXET OBITH IIPEACTABIIEH CIEAYIOIIHUM OOpa3oM.
buonornyeckuii 3ByKOBOII I'€HEpPATOpP 4YeNIOBEKa (B
IUIAHE HACTOSIUEW paboThl HE MPERYCMAaTPHUBAETCH
pPacCMOTpPEHUE COOCTBEHHO aHATOMUYECKHX
BOIIDOCOB  CTPOEHUM  [OJIOCOBOTO  aIlapaTa)
(opMupyET B BO3AYIIHO Cpeie BOTHOBOM IIPOLECC B
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Busne CPKO xpurumyeckoro ob6wema. Ilpu 3rom
JacToTa BepxXHed (hOpMaHTBI COCTABJISIET B CPEIHEM
2735 T'u, 4TO XapakxTepu3ylOT AKTHBHBEIA 00beM
CPKO. A yacroTta HauOOJIBILErO IO JUAMETPY CIOS
CPKO coBnajaer ¢ xapaKTepUCTHUECKUM 3BYKOBBIM
CHUTHAJIOM 4ejioBeka, T.e. 440 I'm.

IIpoMexXxyTouHple MEXIOYy HHUMH 3BYKOBBIC
coctapisomine (Bcero 240) mpencraBisioT coOoit
HAOCMpOIiKy HAO OCHOGHBIM, ONOPHbLIM 38YKOBbLIM
CUZHaNOM, KOTOPBIM TOJOCOBOM alrapar 4YeloBeKa
monynupyer CPKO xputuueckoro ob6nmema. B
3aBHCHMOCTH OT PE30HAaHCHBIX CBOMCTB
MHIVBUIYAJIbHOI'O YEJIOBEYECKOIO OpraHusMa Te,
WIA WHBIE YaCTOTHBIE COCTABIAIOIIME CIIEKTpa
BOCHPOU3BOOUMEBIX  yacToT (B  ocobeHHOCTHU
BXOJALIMX B COCTAB HAACTPOHWKH) MOTYT OBIThH
YCHIIEHHBIMH, IN00 HA060pOT OCIaAbIEHHBIMU. DTO U
co3aer IPaKTUYECKHU HETIOBTOPUMYIO
UHIUBUAYAIbHOCThL TeMOpa rojioca KOHKPETHOIO
yeqoBeka. B uwactHocTH, 1O . TeMOpaiapHOU
XapaKTepHUCTUKE BIIOJIHE BO3MOXHAa OOBEKTHBHAA
XapaKTEPUCTHKA COCTOSHUSA FOJIOCOBOIO amapara u
BOOOIIE COCTOSIHUS YeIOBEKA.

Ecnu chopmynupoBaTh KOPOTKO, TO IIpoLiece
3BYKOBOCIIPOU3BEJIEHHUS y YeJIOBeKa IIPEACTaBIIsIEeT
coboit ¢ynxumonuposanne CPKO xpurmyeckoro
00beMa B COOTBETCTBUM C 3aJaHHBIMU BPEMEHHBIMU
MHTEpPBAIaMHU. 371ech Kak OBl B CTOPOHE OCTalach
Takasg XapaKTepucTHKa 3ByKa, Kak Qakrop
rpoMkocT. Ho 3TO OmngTL-TAaKU INPOUCXOAUT HU3-34
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HETPaJUIMOHHOrO MOAX0J/ila K OIMCAHHUIO IIpolecca
3BYKOBOCIIPOU3BE/ICHHUS. XapakTepHOU
OCOOEHHOCTBIO PE30HAHCHOTO Ipollecca, IMOXalyi,
CaMO} IIpUMEUYATEIbHON XapaKTEPUCTUKOMN CITYXKUT
JIErKo Habnromaemasi KapTUHA ycuienus (unu 6 paoe
cayuaes 3amyxanus) unmencuenocmu npovecca. Ilpu
3BYKOMBIIYYEHUH 3TOT (haKTOP IPOSBIISIETCI UMEHHO B
Ka4yeCcTBE YBEIMYEHHUS TIPOMKOCTH. B ciyuae
yIIPaBJIsEMOT O 3BYKOBOCIIPOU3BEAECHUA (B
OOJNBIIMHCTBE CIIy4aeB HEOCO3HAHHO) YyBEIWYEHUE
TPOMKOCTH IIPOMCXOAUT B TE€ MOMEHTBHI, KOIIa
CO3HAIOTCs YCIOBHSI PE30OHAHCHOIO BO30YXICHUS
MEXAYy 4YacTOTOM MOAYIUPYIOLLErO CHTHaAJla |
qacToToM Kako-mubo u3 240 cocrasnsaromux CPKO
KPUTHYECKOro oO0beMa - OIOPHOTO IIpoLiecca.

ITockonpKy BCce COCTaBIAIOIIME OIIOPHOMH
CPKO 1o cBoeii yacToTe HAxXOOATCS BBIIIE, UYEM
MOAYJIMUPYIOIINE  CUTHAJBI, TO  YIOMSHYTBIE
PE30HAHCHBIE YCIIOBUS HE ITO3BOJISIOT BO3HUKHYTH,
KaK  IIPaBUIIO, OCHOBHOMY  pE30HAHCy C
cooTHoweHueM 1/1. VckimroueHue COCTaBIISIET ONATH-
TaK{ 3BYKOBOM CUTHAJI UHAVUBUAYaJIBHOTO KAMEPTOHA
(B cpemeMm 440 T'u), yro, KCTaTH, IOSBISETCS B
MUHYTBI ONAaCHOCTH, KOTJa HEKOTOpBIE M3 IIOJEH
U3JAK0T “Oywepazouparowuii”  KpuK. ITpn
“HOPMaJIBPHOM”  3BYKOM3BJIEUEHUHM BO  BpeMs
pasroBopa WM  INeHus  MOILYT  BO3HHKATh
pe3oHaHCHBIE ycioBus u3 psma =1/2, 1/3, 1/4, ... U
4YeM TOYHEE BBIAEPKUBAETCs COOTHOILIEHHUE, TEM BBILIIE
OKa3bIBAETCS TPOMKOCTB, a rIaBHOE,
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“IIPOHUKHOBEHHOCTH”’ 3By4YaHUS. Haubomnee
TEeMOpaNbHO OKpAIIEHHBIMU OKa3bIBAIOTCSA  TE
MOIYJIMPYIOIIE 3BYKU, KOTOpBIE OOyCIaBIUBAIOT
PE30HAHCHOE BO3JAelcTBHE C HAaWOOJBIIMM YHUCIOM
COCTABIIAIOIIUX OIOPHOTO Ipoiecca. das atoro
COBEPIIEHHO HeOOXOOUMBIM YCIOBHEM SBIISETCS
IIeBYECKas IOCTAHOBKA I'0JI0Ca C IOCTOSHHOM ONOPOH
Ha BEPXHIOIO QopmanTy, Majeiimee OTKIOHEHUE OT
BBIIIOJIHEHUSI 3TOrO YCJIIOBHUA PE3KO CHUIXKAET
UHTEHCUBHOCTh  3BYKOHU3BJICUCHUS. ITosTomy
CTAHOBHUTCH IIOHATHBIM, YTO IIPOMCXOOHUT, KOriaa
HEAOCTATOYHO KBAM(ULMPOBAHHBINA IIEBEL] BCEMU
cunaMu “netdrcumes’”, MbITAsICh U3LATh TPOMKMUI 3BYK,
HO IIpaKTH4YECKH Oe3pe3yIbTaTHO.

Benukue mepupl Havana XX Beka DHPUKO
apyso u Qenop Meanosuy lllananua roBopuiiu, 4to
y4aTcs II€Th Y BUOJIOHUYEIH. B CBETE U3JI0KEHHOTO He
TPYOHO IIOHATH, IOYEMY, YUYUTBIBAs, YTO [JIMHA
CTPYHBI BUOJIOHUENH pa3mepoM 3/4 paBHa 76 cM, 4TO
IO CYLUECTBY OIIpeaesiseT BUOJIOHYENIL B KayeCTBe
aKyCTUYECKOI'0 aHajora 4elxoBeYecKoro roioca. U1
pa3 yxX 3allen pa3roBop O MEBLAX U MY3bIKAJIbHBIX
MHCTPYMEHTAaX, TO HeJb3sl HE OTMETUTh HEKOTOpHIE
HaBOALLME Ha PA3MBIIIIJIEHAS] MOMEHTHI.

Ecin mocmoTperp Ha IJ000M M3  Takux
UHCTPYMEHTOB U B OTHEIBHOCTH, U B COYETAHUM C
opyrumMu (OpkecTp, aHcamOllb), a TakKk >e Ha
BOKAJIbHBIE TPYIIIBl (XOpbl, aHCAMOIH) C TOYKHU
3peHUss ONTUMHU3AIIH MHOTOTOJIOChS, TO BBIACHSIOTCS
JOBONBHO IIOOOMEBITHRIE Bely. OKaspIBa€TCsA, 4YTO
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TaKue [OPEBHUE WHCTPYMEHTHI, KakK apda, TyCiu,
¢neira, POXOK, IIPAKTHUYECKHU UIealIbHO
COOTBETCTBYIOT YCIOBHIO (hopMupoBaHUs 0O0BEMHOIM
crostuert BostHbl. ITockonbky npouecc GOpMUPOBAHUS
3ByKa B O3THX HMHCTPYMEHTAaX HAYUHAETCA C
¢bopMupoBaHUs caMOro BBICOKOrO obepToHa. Tak,
HaIpUMep, B POXKKe 3BYK HAUUHAeT (POPMUPOBATHCS B
caMOM y3KOM YacTH poXka, a pacTpyd oOpaleH K
ciymartento. B apde u rycmsax To ke - camasg
HU3KOYacToTHass  (camad  [JIMHHAs) CTPyHa
HanpaBjieHa Ha ciymartens. Y ¢QiuedTsl mporecc
(hOpPMUPOBAHHUS HU3KOYACTOTHOT'O 3BYKa €CTECTBEHHO
NPpOXOOUT uepe3 (GOPMHUPOBAHUE BEPXHUX €ro
00EPTOHOB.

Ho psx uHCTPpYMEHTOB, IOSIBUBIIHXCSH
3HAYUTEIBHO IIO3XE, C PACCMaTPUBAEMOMN ITO3ULIMU
IIPOCTO HE BBIAEpXUBaeT KpuTuku. M B mepmyro
O4Yepesb 3TO OTHOCHUTCS (CTPALLIHO CKAa3aTh) K TAKOMY
IOMYJIAPHOMY UHCTPYMEHTY, KaKUM IIPENCTaBIISACTCS
posanb. Korma B KOHIEPTHOM MOJNIOXKEHUH Y 3TOTO
HHCTPYMEHTA OTKPHITA KPBIIIKA, XOPOLIO BUAHO, YTO
Ha ciayumarens obOpalueHel B IIEPBYIO ouepenb
BBICOKOYaCTOTHBIE (CaMble KOPOTKHUE) CTPYHEBL. A 3TO
3HAYUT, YTO POSUIb C TOYKHU 3PEHUS NMPABUILHOCTH
dbopMupoBaHus 3ByKa UHCTPYMEHT
CaMOIIOJABJISIOMINIA. 1 NpodeCcCUOHATBLHBIE
IIMAHUCTBI IIPEKPACHO 3HAKOT, KaK TPYOHO IIO
HacTosAIEMY  “ogrademp” 3BYKOM Ha  3TOM
UHCTPYMEHTE.

Ho c¢ mnosuumii paccMOTpEHHOH MOIEnH
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co3IJaHue “npaBUJIBHBIX” UHCTPYMEHTOB
nmpuoOpeTaeT COBEPIIEHHO HOBBIE BO3MOXHOCTU. K
COXXAJICHUIO, HENIb39 HE OTMETHUTD, YTO PYKOBOIUTEIH
MY3BIKAJIbHBIX aHcaMOjell KakK BOKAJIBHBIX, TaK U
HHCTPYMEHTAJbHBIX, KaK IIPaBUJIO, IPOSBISIOT
IIOJITHOE HEMOHUMAaHUE AaKyCTUYECKOW CTOPOHBI
dbopmupoBanus aHcamOi14. He nmapom xe oHu
KaJIYIOTCSA, YTO HAXOMACh HA IUPHXEPCKOM MeECTe
OHU HE MOTYT CJIBIIATh UCTUHHOTO 3BY4YaHUs CBOMX
IIOJOTEYHBIX. A Belb 34eCh B OOJIBIIMHCTBE CIIy4yaeB
BCE BBIIIOJIHEHO C “TOYHOCTHIO 10 Hao0opoT”. Cyaure
CaMHU.

B xope Ha mepemHeM maHe, OMMDKE BCEro K
CIyliaTeJasiM  HaxOJSITcs  CONPaHoO -  caMmadg
BBICOKOYACTOTHAs I'PYIMIa, a HAa 3aJHEM IUIaHe camas
HU3KOYacTOTHas rpymma - 6acel. To e B OpKecTpe.
Ha mepenHeM miaHe II€PBBIE CKPMIIKH, Ha 3aTHEM
mIaHe - TyOsl W Apyrue HHU3KOYACTOTHBIE
UHCTpYyMEHTBl. O4eHb  TPYAHO  IPEOHOJIETH
cTepeoTHIbl MbiuieHud. Ho korma 3To Kacaercs
MY3bIKaHTOB ... TO ocobenHo. I[loaTomy cioBa
UCKpeHHelt OmaromapHocTH  pekTopy  CaHkT-
[TerepOyprckoit KoHcepBaTopuu, XyA0XKECTBEHHOMY
pykoBoautento Caukt-IlerepOyprckoit IleBueckoi
Kamnesmel, HaponHomy aptucty Poccun Brnamucnasy
ATIEKCaHAPOBUYY YepHYILIEHKO, KOTOPBIH
MCIIOJIB30BAJI TPEIJIOKEHHBI aBTOPOM IIPUHLIUII.
Hauunag c¢ 1980r., ronocoBeie rpynnsl B Karene
PacIoNOXWI B Hy>KHOM Topsiake. T.e. Ha mepeaHem
IUIaHe OKa3aJiuch Oachl, Jajiee TEHOPa, JAaJIEE - albThl,
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n3 240 rpamamui wkanel, JUOO Oojiee KPYMHBIMHU
[aramMy 1o ONpeAesIEHHON 3aKOHOMEPHOCTH. B CBsA3U
C 9TUM BPEMS BO3LECHCTBUS MOXET BApPbUPOBATHCS.

be3ycnoBHO, n0b6o0e My3BIKaJbHOE
NPOU3BEACHUE, IIOCTPOEHHOE HA OCHOBE MHTEPBAJIOB
MY3BIKAJIPHOTO 3BYKOpS[a, caMO 1o cebe 3BYKOBas
nporpamMma. OOHaKoO, CIEAyeT YYUTHIBATH TO
0OCTOSTENBCTBO, YTO HA TaKUX IIPOU3BEHCHUAX
JEKUT HEU3TJIAUMBIA aBTOPCKUI OTHeYyaToK. B ToM
YyHCIE€ €ro [OYIIEBHOTO H  (PU3MONIOTHYECKOTO
COCTOSIHMSI BO BpeMsi couyuHeHus. IlepeHoc 3TOro
COCTOSIHMS Ha CIIyLIaTeled B HEKOTOPBIX CIIydasx
MOKET OKa3aThCsI HeraTUBHBIM. Ilo 3TOMY 3ByKOBas
nporpamma, IpeIHa3HaAYeHHAS U1t
MCUXO3MOLIMOHAIPHON peaduanuTaluy 310POBBIX
MIOLEeN, He IOJKHA colepXaTh B cebe HUKAKOH
NPEANIOYTUTETFHOCTH B CMBICIIE MCITOJIB30BAHUA TeEX,
WM MHBIX MYy3bIKaJIbHBIX HHTEpBaoB. I1o cBoei CyTH
TaKas mporpaMMa IIPEACTaBisIeT cOOOi HEKOTOpPBIE
Pa3HOBUIHOCTHU MY3BIKAJIBHOM raMMBl,
UCIIONIL3YEMO ~ MY3BIKAHTAMU B KayecTBe
YIIPa>KHEHUH.

CiyxoBoe BOCHPHUSTHE ITOCIENOBATENBHOCTH
MY3BIKAJIbHBIH UHTEPBAJIOB B YUCTOM BH/E JEWCTBYET
HAa HEeKOTOPBIX CIyllaTelel pasnpaxaroie. Bo
n30exaHye 3TOro 3ByKOBasl MporpaMma MoXeT OBITh
IoJaHa 1o “IpUKPBITHEM” €CTECTBEHHBIX 3BYKOBBIX
KOMIIO3MLIMMA THIIA JIECHBIX LIYMOB, 3BYKOB MOPCKOTO
npubos u T.I. Kpome TOro, ypoBeHb IpPOMKOCTU

MOJET OBbIT CBEAEH K MUHUMAIBHOMY, UTO IO CYTH
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NMpakTUYECKH HE CKas3bIBaeTCd Ha 3(PQPEKTUBHOCTH
BO3ICUCTBUSA. 3BYKOBOE BO3HEHCTBHE MOXET
NPOMU3BOAUTBCS Kak B TIpPYNIOBOM, TaK W B
HLIMBUAYaJIbHOM Bapuautax. Ilpu rpynmoBom

110 YCPECAHEHHOMY KaMEPTOHY C
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B uHauBMayampHOM BapHaHTE IIporpaMma
CTPOUTCA MNEPCOHANBHO IO JMYHOMY KaMepTOHY.
OcHOBHOI 3azauveil BO3IEUCTBUS B 3TOM Cllydyae
OKa3bIBAETCS IIPUBUTHUEC UHAUBUAYYMY HaBBIKa
CIIBIIIATE CBOXO COOCTBEHHYIO BEPXHIOIO GOPMAHTY U
IIPUBUTh yMEHHE (POHUPOBATH C OIIOPON Ha HeE.
MupiMu  caoBamMH, HeOOXOIMMO OCYILECTBUTH
IIPABUJIBHYKD IIOCTAHOBKY Trojioca. W Takas
Q

CTaHOBKa IIPOCTO HGO6XO,ET.I/IM3 HC TOJIBKO II€BLIAM,

ApaMaTHYECKMM apTUCTaM, HO U BCEM JIEKTOpaM,
[penoaaBaTeisiM, ¥ B KOHEYHOM HTOIE BCEM, KTO
CIIOCOOEH TOBOPHUTH

O0o001wmasa HU3JI0KEHHOE, MO>HO C

YBEPEHHOCTBIO CKa3aTh, 4YTO HET TakKOu oOJactu

YEJIOBEUECKOM AEITEILHOCTH, IA€ OBl HENNb3s OBLIO C

ABHBIM 3(PPEeKTOM IIPUMEHUTH 3HAHUE IIPUHLIMIIOB

OOBEMHOM CHCTEMB! KOOPAVMHAT U €€ CBOMCTB. Beodw

6ce Imo - anmponomempus, mepa écex eeuleil.
Cnacubo 3a BHUMaHUE U 32 TPYI IPOUYTEHUS
9TOro Martepuarna.
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