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Ota KHUTA SBISAETCS PEIPUHTOM OPUTHHAJA, KOTOPBI MbI CO3[aM CHEIUATBLHO
nuist Bac, WCTonb3ys 3allaTeHTOBAaHHBIC TEXHOJIOTHH TTPOU3BOJICTBA PETPUHTHBIX
KHUT U TI€YaTH 1Mo TPeOOBAHUIO.

CHavana MBI OTCKaHHPOBAIM KaXXIyl0 CTPAHHUILy OpPHUTHHATA 3TONH PENKON KHUTH
Ha Ipo(heCCHOHANTBEHOM 000PYIOBaHUH. 3aTeM C IIOMOIIBIO CIELHaNbHO pa3pabo-
TaHHBIX IIPOrPaMM MBI IIPOU3BEIIN OUYMCTKY M300pa)KeHHs OT ISTEH, KIISIKC, Iepe-
rHOO0B U TOMBITAINCH OTOENNTH M BEIPOBHSATH KaXIyI0 CTpaHHIy KHUTH. K coxa-
JICHUIO, HEKOTOPBIE CTPAHUIIBI HEeNIb3s BEPHYTh B H3HAYAIBHOE COCTOSHHE, U €CITU
nx OBUIO TPYIHO YMTATh B OpPUTHHAJIE, TO ke IpH IU(POBOM pecTaBpaluyl HX
HEBO3MOXKHO YITyUIIHTh.

Pa3yMeeTc;{, ABTOMATU3HWPOBAaHHAA NPpOrpaMMHast 06pa60T1<a PECIOPUHTHBIX KHUT —
HE CaMO€ JTYYIIEC PEIICHUE 11 BOCCTaAHOBJICHUS TEKCTA B €T0 IIEPBO3JAHHOM BHUIEC,
OJIHAaKO, Hallla HeJib — BEPHYTb YUTATC/IIO TOYHYIO KOIINIO KHHUI'U, KOTOpOfI MOXKET
OBITh HECKOJIEKO BEKOB.

IToaTOMy MBI IpPEAyNpPEXIAEM O BOBMOXKHBIX MTOTPEMIHOCTSIX BOCCTAHOBIEHHOIO
PENpUHTHOIO U3AaHus. B WM31aHMM MOTYT OTCYTCTBOBAaTb OIHA WJIM HECKOJBKO
CTPAaHMI] TEKCTA, MOT'YT BCTPETUTHCS HEBBIBOAUMBIE IIATHA M KIIKCHI, HAIIIMCH
Ha TMOJISIX WIIM MOJUEPKUBAHUS B TEKCTE, HeUUTaeMble ()parMeHThI TEKCTa HJIH 3a-
ruobl crpanull. [Tokynars wim He MOKynaTh nogo0HbIe H3aHus — pemmars Bam, Mbl
JKE JIETaeM BCE BO3MOXKHOE, YTOOBI PEAKNE U IICHHBIE KHHUTH, €Ill¢ HEAaBHO yTpa-
YECHHbIE U HECIIPABEUIMBO 3a0bIThIE, BHOBb CTAJIM IOCTYIHBIMU JUIsl BCEX YHTATe-
nen.

ﬁ(epvm KHmxHbIN PeneccaHc
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NMPEOUCTIOBUE PEJAKTOPOB

»Teopus 3pyka“ IlwoHa Bunbsama Ctparrta (nopna Panes, 1842—
1919) npencrasaser cobo#t KnacCuyeCKu#t TPYH, OTAMYAIOMMHCA, KaK
¥ Bce PaGOTH 3TOTO BEAMKOTO YHEHOro, MHCKJIIOYHTEAbHOH TIiyGHHOM
¥ TNOJHOTOH M3NOXKeHUs. B pelleH3auy Ha nepBhHIH TOM NEepBOTO aHr-
aufickoro usnauus lesnbMronabil ciaenyiomuM 06pa3soM BHCKa3hiBaeTCH
o ,Teopun 3Byka“.

L,JIpONONKMB CBOH TpPYyL B TOM e HampaBleHHH, B K4KOM OH
HayajJ ero B NepBOM TOMe, aBTOP 3aCAYXHUT IIyOOKyio 6/aronapHoOCcTh
BCeX, KTO M3yyaeT MaTeMaTHKy 4 ¢usmuky... bnaromaps upesBnuatiHO
1eflecOO6pasHOMY M CHCTEMaTHYEeCKOMY PpaCHOJOXEHHI0 MarepHa-
J1a, aBTOp ROGMACA TOro, 4YTO TpYyAHeHmue npoGAeMH aKyCTHKH
Teneph MOTYT ObITh M3YYEHH C ropasfao OoJbliedf JerKOCTbIO, HeM
TIpexxnme“.

Pa6otn Panes u, B wuactHoctH, ero ,Teopus 3Byka“ OTHIOZb
He TMNpHHanJexkaT K TeM KJIacCHYeCKMM NPOM3BENEHUSIM, KOTOphe
B CBO€ BpeMSl OBUIM aKTyalbHBl M BaXHB, HO B HalllX IHH COXPaHHJH
TOJNBKO HCTOpHYeCKHH MHTepec. ,Teopus 3Byka“, H3RaHHas BIepBHE
B 1878 r., saBaserca W Temepb HACTONBLHOH KHHIFOH IS BCEX, KTO
pa6oTaeT He TOALKO B 006JaCTH aKyCTHKM, HO W B JI0060# 06GaacTtu
¢dusukn, umeromeil meno ¢ xoneGaHusmn. Ilo cymiecTBy dyHmameHT
obuie#t Teopun KoneOGAHMit, TNOJYUYMBHIEH OCOGEHHO HIMPOKOE DPa3BH-
THE B CBA3M C 3JeKTPHYECKHMH XosebaHuaME, 3aloxeH ,Teopueh
3Byka“ Poaes.

B Hel, Hapany ¢ IeTanbHO pa3paGOTaHHOH TeOpHEH BCEBO3MOX-
HBIX JMHEHHHIX KOJeOaTeNbHBIX CHCTeM (T. €. CHCTeM, ONHMCHBAEMEIX
JMHEHHBIMH YDaBHEHHSIMH), MOXHO HalTH psal NPUHUUMIHAABHHX IOJNO0-
XXEeHHH, KacalomUXCcs HeJIHHeHHHX CHUCTEM, TEOPHS KOTODHX, I'IaBHHM
00pa3oM BBHRY HX HCKIIOUHTENILHOH DOMH B PaquOTexXHuKe, Upe3-
BHYa#HO CWJIBHO pasBuaach B TMocHefHee BpeMs. MOXHO CKasaTh
6e3 npeysenMueHusi, uTO /060K pa3len COBPEMEHHOH TeOpHM
KoneGauuit TaKk WM MHaye —B pPa3paGOTAHHOM JH NOJHOCTHIO BuIe
HIM XOT OH B BHAE HEKOTODHX HAMETOK M KaueCTBeHHHX coo6pa-
XeHu#t — 3aTpOHYT B ,Teopun 3Byka“.

Yuyenwe 0 KoneGaHHAX Temepb HACTONBKO PaspoCaOCh, YTO OTpa-
B3WTh B NpUMEYAHHWAX JajbHeRlllee pa3BUTHe BCeX 3aTParHMBaeMbIX
PasneeM BONpOCOB He NMpenaCTaBAsieTCs BO3MOXHHM. MMeloniuecs npume-
YaHuR MNO3TOMY BeCbMa HEMHOrOYMCJEHHH M CTaBAT ce6e leabio



B MPEAUCAOBUE PEIAKTOPOB

NoAYepKHYTh TOJAbKO OCHOBHbIE MOJOXEHHA (Kak dusuyeckoro, Tak
M MaTeMaTHYECKOr0 XapaKTepa), NOJAyYMBIIHE B HACTOsmee BpeMs
GoJsiee MOJNIHOE M Pa3HOCTODOHHee ocBelieHHe. YTO KacaeTcs camoro
M3M0XEeHHS M MaTeMaTHYeCKHX BHKJANOK, TO OHH HACTOABKO ACHH,
YTO BpSd JH HYXIAIOTCA B NOACHEHHAX.

[Ipu nmepeBone, BHMOJHEHHOM C TPETbEro AHMMMHCKOTO U3MAHHA
(1926 r.) '), ocob6oe BHHMaHMe OGHJAIO OGpAUEHO HAa TO, 4TOOB
COXpaHHTb CTHIb H CBO€OOpasHOe H3/IOXeHHe aBTopa.

IMosinenue ,Teopunm 3Byka® Ha pPYCCKOM fA3blKe, HECOMHEHHO,
ABMAAETCS YPe3BHIYAKHO LEHHLIM BKIAAOM B Hauly (U3MYECKylO JuTe-
paTypy — Kak IJs Hay4HBIX paOOTHMKOB, TaK M IJIf CTyIeHYeCTBa.

1) Tpetbe aHraniickoe H3naHHe (mepemeuaranHoe B 1929 u 1937 rr.) mo-
propsier Ge3 usmeHeHHH BTopoe (1894—1896), KoTOpOEe GHAO CYyIECTBEHHO
aonoaHeno Pareem no cpaBHeHHIO ¢ nepBuiM (1877—1878). maswt 1 — VI
nepesenenst [1. H. Ycnenckum, raasol VII— X u To6aBaenne — C. A. Kame-
HELKHM.



NMPEINC/IOBHE

B TOM TpyZe, 4acTbl0 KOTOPOrO fBJASETCA HACTOALIME TOM, MOHM
CTpEMJIEHHEM OblJI0 [aThb YHTATeJI0 CBA3HOE W3J0XeHHe TeOopuH
3ByKa, KOTOpOe BK/IIOYAa10 Obl HauGojMee BauHbIE U3 COBPEMEHHBIX
ee yCrexoB, NOCTHTHVTHIX MaTeMaTHKaMu W (Qu3MKaMd. BaxHOCTb
{leJd, KOTOPYH a HMe1 B BuLy, HAyMaw, He OyNeT OCHapuBATHCA
TeMH, KTO KOMMETeHTeH 06 3TOM cynuTh, Muorue us uaumbonee ieH-
HBIX BKJAZOB B HayKy celyaCc MOXHO HaWTH TOJBKO B XKypHanax H
B TPyZAaxX HayyHbIX OOUIECTB, M3NAHHBIX B pa3MMYHLIX YACTAX CBETa
1 Ha HeCKOJNBKMX $3HKAX M 4YaCTO NPAKTHYECKH HENOCTYNHBIX TeM,
KTO He XHBeT B COCeACTBe C GONbMINMH NMyGIHUHHMU OHOIHOTEKAMH.
IMpy TakoM mMOJNCKEHHH Beililel TeXHHYECKHE TIOMEXH H3YYEeHHIO
mpeaMera TPeGYIOT 3aTpaThl W3JMILHErO TPyAa H CO3NAIT AAd pas-
BUTHS HayKu INPENATCTBHA, KOTOPHE HEJb3A HENOOLEHHBATE.

Co BpeMeHU XOpOILO W3BECTHOM CTaTbM O 3BYKe B Encyclopaedia
Metropolitana, nprHamnexamefi Ixony Tepuremo (1845), He Grino
Onmy6/AMKOBaHO HH OXHOro moaHoro thbyaa, rie mpeaMeT TPaKTOBAJCH
6ol MaTemaTuyeckd. IlpexpmeBpeMenHas cmepTh npod. JloHkuHa
AWUIKIa HayyHHIt MUD ueJOBeKa, MaTeMaTHYeCKHe TMO3HAHUS KOTO-
pOro B COeNWHEHHH C TNPAKTHYECKMM 3HAHHEM MY3bIKH  SIBJIAJIHUCH
0COGEeHHO IEHHBIMM KaueCTBaMi JIJIA TOTO, YTOOBI IMHCaTh O 3BYKe.
JocTaTo4yHO nepBO# 4acTu ero ,AKyCTHKU® — XOTSi OHa W fABJIsETCH
HeMHOrum Oonee, YeM ¢parMeHTOM, — 4TOOB I10Ka3aTh, YTO MOS
pa6oTta He Obuia GBI HeoOxomuma, eciau 6t npodeccop JoHkuH mpo-
OKaNl XHUThb M 3aBepIUN CBOH TPYI.

B BEIGOpE BOMPOCOB, KOTOPhle HYXHO GBLIJIO PacCMOTpeTh B TPYAe
O 3BYKe, g ClefOBal mno OGojbiliefi 4YacTH NPHUMepPy CBOMX Mpepuie-
CTBEHHHKOB. B CBOeli 3HauuTeNBHOH vacTu TeOpHS 3ByKa, B OOBIYHOM
ee NMOHMMaHWH, OXBATHBAeT Ty XKe 00JaCTh, YTO M TeOpHs Koaeba-
Huit BOOOIIE; OOHAKO, €CNM HEe BBECTH HEKOTOPHIX OTpaHHYeHuH, TO
B PacCMOTPEeHHE MNPHUIIOCL OBl BKJAOYHTb TaKHe BOMPOCHI, KaK MOp-
CKue MpPHIHBL, He TrOBOps yxe 06 ontuke. Mbl, Kak npaBuio, 6ynem
OTPaHMYMBATLCS TEMH KiacCaMu KojeOaHuf, IIf KOTODHX Hauwyp YUIM
OKa3bIBAIOTCSl TOTOBBIM U YIMBHTEJbHO YYBCTBUTENBHBIM HHCTLYMEHTOM
uccnenosanus. He o6namas cayxoM, Mbl elBa 1M MHOTO GOJblIe
MHTEPECOBAMHCL OBl KOJNeOaHHAMH, yeM 6e3 [l1a3 — CBETOM.

Hacrosmui#t TOM 3akimoyaer B cefe TJaBH O KONeGaHHAX CHCTEM
8 o0uieM ciydae, B KOTODHIX, § HaleloCb, YATATENb BCTPETUT HEKO-
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TOPYI0O HOBH3HY TPaKTOBKM TNpeIMeTa, U 3aTeM HEKOTODHE pe3y/b-
TaThl, BHITeKamuue u3 6o/jee noapoOGHOro paCCMOTPEHHSI CrelHanbHBIX
CHCTEM, TaKHX, KaK HaTAHyTHe CTPYHH, CTePXHH, MeMGpaHH H
naacTMHKN. BTopo#t TOM, 3HauMTeAbHad 4YacThb KOTOPOrO yxe HalH-
caHa, GYHeT HAaYMHAThCA BO3NYHIHBIMH KOJAeOaHUAMH. i

1 nmomkeR BHPasHTb MO0 TIIy6okyl0 G61aromapHoOCTb TI-HY
T. M. Taitnopy u3 Tpunutu-Komremxa (KsmOGpumxk), KQTODHIR Ghl
HAacTONBKO MoGe3eH, YTO NpOueN KOPPEeKTypy KHMrd. Bnaronapa ero
COmeHCTBHIO GBIIO YCTpAaHEHO HECKOJABKO OMWMGOK ¥ HeSCHOCTEH, H
BeCh TOM BOOOILe O0Ka3ajCcs MeHee HeCOBEPIIEHHHM, YeM 3TO MOIJIO
6n OHITH (Ge3 ero MOMOLIH.

Besikne ucnpaBneHuss Wiy NpelsIOXeHHs, Kacaloldecs YJyylleHus
KHHUTH, KOTOpHe JM06€3HO GYAYT YKa3aHH MOMMH 4YWTaTelsMH, OynyT
B BHICOKOH CTeneHM I MeHS LEeHHbL.

Tapansr Iasiic, YuTIoM

Anpens, 1877.

NPEOMUCJIOBME KO BTOPOMY W3JAHMIO

Bo BTOpOM M3naHMH NMPUHATH BO BHHUMAaHWEe BCE MMeloLlMe KaKoe-
An60 3HayeHHe MOMPABKH: HOBHH MaTepual WM JaH B BHIE HOBBIX
pasnenos (Hanpumep § 32a), uau Ke 3aKJOYeH B KBaJApaTHHE
cko6kyu [ ]. BBesenw nBe HoBoe raasbl XA 1 XB, NOCBSLIEHHHIE
U302HYMbIM NAACTMUHKAM UAL O00L04KAM W 3LEKMPUUECKUM Koaeba-
HusM. 3HauuTeNbHAas NONS HOBOTO MaTepuana Kacaetcd GoJjee TpyA-
HBIX YacTed TeopuH © MOXeT ObiTh NPOMyllleHa YHTaTeJeM IIpH
nepBOM YTEHHH.

B MaTeMaTHYeCKMX MCC/IeLOBaHMAX A OOHIYHO MOJB30OBAJNCA METO-
IaMH, KOTOphle TNpPeINCTaBAfOTCS Haubojsee €CTECTBEHHHIMH IS
¢usnka. YucTHit MaTeMaTHK GymeT HeNOBOJEH, W WHOTAA (HYXHO
CO3HAThCH) CNpaBeAJHBO, HEXOCTAaTOYHOH CTPOTOCTHIO H3NONKEHH.
Onnako B 3TOM BONPOCE MMEIOTCH JHBE CTOPOHH. JlefiCTBUTENBHO,
KaK HA BaXHO B YMCTOH MaTeMaTHKe TOCTOSHHO TMPHUIEPXKHUBATHCH:
BLICOKOTO YDOBHS CTPOI'GCTH M3JIOXEHHs, I (u3uKa MHOTAa npen-
NOYTHTeNbHEE YNOBAETBOPHTBCA aPTYMEHTaMH, BIOJHE NOCTaTOYHBLIMH
¥ yGenuTeNbHBHMM C ero TOYkM 3peHus. Ero ymy, socnuTaHHOMY Ha
WAedX MHOrO NopsAAKa, Gonee CTporie mMpHEMbl YHCTOrO MaTeMaTHKa
MOTyT T1IOKasaThCs He OoJjlee, a MeHee 1OKasaTeibHbiMU. [anee,
HaCcTaWBaTb Ha CaMOH BHICOKOH CTPOTOCTH BO MHOTMX 6ojee TPYAHHIX
CIyyadx 03Hayano OH BOBCE MCKAIOUMTL WX M3 PacCMOTPEHHS BBULY
Ype3MepHOCTH TPeOyIoLIerocs Ias 3TOro o6beMa.

B nepsom u3snanuu MHOro Tpyaa OBJIO TOJNOXEHO HA YCTaHOBJIE-
HHe MeTonom JlarpaHxa oOmuX TeopeM, M Temepb g Gonee ueM
Korna-nu6o yGemneH B NpeuMyllecTBax 3TOro npuema. Heuacro
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caIyuaeTCsi, YTOGH TeOpeMy MOXHO OBJIO AOKasaTb BO BCell ee
OGL{HOCTH C MAaTeMaTHYeCKMM annapaToOM, MEHbUIHM, YyeM TOT, KOTO-
puft TpeGyeTcq IS PAacCMOTPeHHS YAaCTHRIX CJy4aeB CHeLHaNbHbIMH
MeTOJaMHu.

Mpu mpocMoTpe KOPpeKTYp f BHOBb BOCIIOJIB30BaJCS A10GE3HHIM
corpyaHuuectBoM r-Ha I'. M. Taitnmopa, kortophit BrnociaexncTsuu G,
K COXaJeHWl0, BHHYXIeH OCTaBUTh 3Ty pa6GoTy. EMy n HekoTOpHM
IpYruM OpysbaM s G1arolapeH Takxke 3a LEHHHE YKa3aHus.

Hioap, 1894,



COIEPXAHUE

TRABAL BBEMEHHE . . . . . ¢ & ¢ v i v vt v o oo o o e a e

3ByK co3maercs KonebaHusmH. Konewynas cCKOpOCTh pacmpo-
cTpaHeHus 3Byka. CKOpOCTb 3ByKa He 3aBHCHT OT BbLICOTHI.
Oneoitel Penbo. PacnpocTpaHenne 3Byka B Bofe. ONBIT YHTCTOHA.
OcnaGrenne 3ByKa mnpu yBeauyeHuH paccrosHus. Hothl u
wyMbl, My3nKanbHble HOTbl CO3ZAIOTCA MEPHOIHYECKHM: KoJde-
6anusmu. Cupena Kampsp ne aa Typa. Bbicora TOHa' 3aBHCHT
ot neproia. COOTHOIWEHHS MEKIY My3blKaJlbHBIMH HOTaMH. Onno
H TO Xe OTHOUICHHE NePHOJOB COOTBETCTBYET OAHHAKOBBIM
HHTEPBajaM BO BCeX YacTAX raMMel. [apMOHHYECKHE IIKaJIbl.
HOuarosnueckas ramma. AGcomoTHas BbicoTa. Heo6XOmMHMOCTb
TeMnepupoBaBus. PaBHoMepHoe TtemmepHpoBanue. Tabauua
4acToT. AHaau3 3Byka. Horel M TOHbI. KauecrBOo S8ByKa 3aBHCUT
OT FapMOHHYECKHX OGEPTOHOB. HeHafeXHOCTh Pa3NOXKEHHS HOT
Ha COCTaBAfIOLIHE TONBKO MNpH moMoutu yxa. [IpocThie TOHB
COOTBETCTBYIOT KO/NeGaHUAM MasTHHKA.

FxaBa Il TapMOHHYECKHE KOMEOAHMA . o « o o o o o o o o + o 3

CroxeHue rapMOHHYECKHX KO/eGaHHii O1HHAKOBOro NMEPHOIa.
FapMonnueckass xpuBas. ChaoxeHue nBYX KoaeGauu#t C mnpu-
61usuTebHO paBHHIMH Nepuogamu. buenusa. Teopema Pypbe
(Brenns npHGAHKEHHO KOHCOHHPYIOWHX ToHOB.) Kone6auus Bo
B3aUMHO NMepneH AuKyIapHEIX HanpaBaeHuax. Uuannap Jluccaxy.
®urypsr Jluccaxy. MasatHuk Bask6&pua. Kaneiimodon. Onruge-
CKH€ METOAbl CIOXEHHS W pa3noxeHHUs. MUKPOCKON Aast Ha6xio-
nenus xone6anuit. [IpeprBucToe ocBemenue. (PesyabTHpynoinee
kKoneGaHue, MONydaloU(eecs OT CHOXKEHHS GOJBIIOrO YHCAA KO-
ne6aHui, Ga3pl KOTOPHIX pacrpefeleHbl NPOH3BOMBHO.)

T'naba Ill. CucTeMbl C OXHOM CTeNeHbIO CBOGOABI . . . . . « « .

HesaBucumocts amnantyasl u nepuoga. Cura TPeHHs, Npo-
NOPUHOHaNbHAA CKOPOCTH. BolRywaeHHble Kone6anus [IpuHuHn
Cyneprno3uuud. buenus, noaygamomuecs NpH CYyNepno3suUHH H
CBOGONHBIX KoneGauuit. Paznuynble cteneHH 3atyxauud. CrpyHa
c Harpyskoff. Mertold pasmepHocTel. MaeanpHbli KaMepTOH.
KamepToHbl nal0T npHGAMXKEHHO YHCTHIE TOHB, KaMepTOHB Kak
CTaHAapTHl BHICOTHI TOHA. (3aBHCHMOCTb OT TeMmepatyphl. Pex-
kKHe U yacThie OGuenud.) Merox Ractpoiiku Illeit6aepa. Tomo-
merp llleiiGnepa. Cnoxublit masTHHK. KamepToHbI, NpUBOAMMbIE
B IeficTBue NPH noMolu 3JeKTpoMarsetusva. (Ponuueckoe
Koneco.) Kamepronnsi#i npephiBatens. Pe3onanc. ([IpepsiBucrhie
KoneGanns.) OGCmee pelleHHe IS OQHOK CTENEHH CBOGOAHI.
{HeycToityuBOCTh.) YNeHH BTOPOro NMOPANKA Bh3bIBAIOT MOABAE-
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pue npou3sogHsix ToHOB. ([Tonzepxanue xoaeGauuik. Metomnl
onpelleIeHHs a6COMOTHOR BHICOTHl TOHA.)

Faasa IV. Kone6areabHble cucTemMbl B ofuiem caydae . . . ., . . 105

O606uieHHble KOOPAHHATH. BblpaxceHHe AJS NMOTEHUUAAbHOH
sHepruu. CraTHYeckHe TeopeMbl. HavanpHoe nBHKeHHe. Bhipa-
WEeHHe JJas KHHeTHuYeckoi sHepruy. TeopeMa B3aMMHOCTH.
Teopema TomcoHa (Keabsuna). YpasHenus Jlarpanwa. duccu-
natiBHag ¢yHkuud. CocyllecTBOBaHHE MaJbiX ABHKeHHH. CBo-
GonHble KoneGanHs Ge3 tpeHus. HopmanbHble KOOpIHHATHI.
INeproxsl cBOGOAHHIX KoMe6aHUN yNOBIETBOPAIT YCIOBHIO CTa-
HHOHapHOCTH. Bospactanue HHepUHH yPelHYHBAET TePHOXBI
cBoGonuux Koae6auui. OcnabaeHHe NPYXHHB YBeJldUHUBAeT
neprHoasl CBOGOAHBIX KodeGauuii. Hanboapwuit nepuox cBoGox-
HbIX KoneGaHUH ABASeTCSA aGCOMIOTHBIM MakcHMYyMoy. unoretu-
yeckue THNH KoaeGauuit. [Ipumep cTpyHsl. [IpuGAHKEHHO MpoO-
cteie cucteMbl. CTpyHa nepeMeHHo# naoTHOCTH. HopmaabHme
¢ yukuun. CBo#CTBO conpsikeHHOCTH. (BBefleHHe ONHOK CBsI3M.
Heckoapko cBa3eit.) OnpeneneHHe MOCTOSHHBIX AN MPOU3BOAb-
HBIX HayambHhX Ycaosui. Teopema Crokca.

I'aasa V. Konebateabtble CHCTEMBI B 0o0meM cayyae (nponoa-
WEHHE) . . . .« v ¢ v e v v v e e e e e .. 145

Cnyuau, xorxa Tpu ¢yunkuuu 7, F, V ogHOBpEMEHHO MPHUBO-
IATCA K cyMMaM KkBagparcB. O6o6imeHue Teopembt MOHra o6
y310BBIX TOUKax cTpyH. Cratuyeckas Teopusi. CHCTEeMbl, Hauas-
LiHE cOBeplLiaTh Kojdie6aHHA M3 COCTOAHHS MOKOS, MOJNYyYHB OT-
KJNOHEHHE M0J HAeHCTBMEM CHJbl, NPHIONKEHHOH B ONHOH TOUKe.
CucrteMbl, HayaBlUIHEe CcOBeplwiaTb KoneGaHUA U3 PaBHOBECHOH
KOHGUTypalUUH BCleJCTBHE HMMYJhCA, MPHIOKEHHOTO K ORHON
Touke. CHCTEMBI, HagaBUWIHE COBEpuIATh KOJAEGAHHS M3 COCTOSA-
HHA MOKOSA, MOJAYYHB OTKJIOHEHHE MOA JAeHCTBHEM pPaBHOMEPHO
pacnpefeNeHHOH CHIBL. BiIusiuue Maaplx CHI TPEHHA Ha Koie-
6aHuy cucTeMbl. Pewenne o6uMX ypaB4€HHH CBOGOAHBIX KoJje-
6anuii. (Teopema Payca. Heycro#tausocts.) [Ipuinoxennsie CHabI.
IpuHuMn nocrossHcTBa mnepuojoB. Hesartyxawoimue JBHXEHHSA.
Teopeva B3aumHocTH. TlpuMeHeHHe K CBOGOJIHBIM KOJM€GAHHAM.
YcraHoBieHHe TeopeMbl B3aWMHOCTH IS TapPMOHHYECKHX CHIL.
lNpunoxenus. PacmpocTpanenns Ha cayyad, KOrjaa KOHCTHTY-
UHA CcHCTeMbl ecTh (yHKumusa nepuona. (Peakuus B Bexpyuiedh
TOYKe.) YpaBHeHHs1 Aa+ IBYX cTemeHeit cBo6oin.. Kopru xapa-
KTEDUCTHYECKOTO YypaBHeHHs. [lepemexcaouHecs KoneGaHUs.
Xo1 mepHONOB MO Mepe MOCTENEHHOr0 BO3PACTaHHs HHEPUHH.
Peakuus 3aBHCHMOH cHCTEMBI.

[aasa VL Mlonepeunble KoneGaHua CTPYH . . . . . . . . . . . . 187

3aKoH pacTsakeHds cTpyHbl. [lonmepeunbie koneGanus. Peure-
HHE 3ajlayd I CTPYHbl, Macca KOTOPOH CKOHUEHTPHUPOBAHA
B PaBHOOTCTOSLIMX TOYKaxX. BbIBOX peleHHs s HempepbiBHOH
cTpyHbl. JludepeHuunanbHoe ypaBHEHHE C YacCTH» MM MPOM3BOX-
HBIMH, Bripawenus mas V u 7. HauGoaee o6umit BHUA TPO-
CTOro rapMoHHuyeckoro kone6anus. CTPyHbl C 3aKpenieHHbIMH
KOHUAMHM. [IBH)XKEHHE CTPYHBl NEPHOAHYHO B oflieM Cxydas.
3akoHbl MepceHnHa. CoHomeTp. COGCTBEHHBIE YACTOTBI KOJACOaHUs.
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COIIEPXXAHHE

OnpeneneHye MNOCTOSHHHMX [ INPOM3BOJNBHBIX HayadpHBIX
ycaoBui. Cayyail cTpyHbl, BO30YXIEHHOH WMNKOM. Bripaxenus
ans T u V B HOpManbHBIX KoopauHatax. HopMaibHbe ypasue-
Hus ABHkeHUsa. CTpyHa, Bo306yxkaeHHas wmunkoM, Teopema IOura.
CtpyHa, Bo36yxAeHHasd ynapoM. 3amaia 0 (OpTenHaHHOH
crpyHe. TpeHue, nponopuuMoHaipbHoe ckopocTH. CpaBHeHHe
€O cTatHYeckoft TeopHelt. [lepmonnueckas cuia, NPHIOKEHHAs
B OnHO# Touke. V3aMeHeHusi, 00f3aHHHE INONATAUBOCTH KOH-
uoB. J[loka3sateabcTBo TeopeMmbl Pypbe. BuHsHHe KoHeuHOM
HarpyskH. [lompaBka Ha XeCTKOCTh. 3alaia O CKPHIHYHON
crpyme. CTpyHb), HaTsHyThle Ha KpHBble MOBEPXHOCTH. Pewenue
nas crydas cdepsl. [lonpaBka Ha HENpaBHABHOCTH B pacnpene-
JeHHH MnoTHOCTH. ([Ipou3BoaBHOE CMelleHHE NI KaXA0ro
neprona.) Teopemsl llrypma u JluyBuaas nias CTPYH NepeMeH-
HOH NAOTHOCTH. [[11OTHOCTB, NpPONOPLUHOHANbHAA X —2 V3Bl npH
BLIHYXIEHHHX KoJe6aHuax.] PacnpocTpanenne BOMH BIOAb He-
OrpaHHY€HHo¥ CTpPyHBl. [lomoxMTenbHas W OTpPHUATEAbHAA BOJ-
Hbi. CranuoHapHbie koaeGanus. OTpaxeHHe OT HeNOABHXHOH
TOYKH. BEHIBOR pellleHHs MAS KOHeUHOH CIpYyHbl. ['paduueckH#
MeTOl. PacnpocTpaHeHne BOAH NMPH HanMyHM TpeHus. [OTpaxe-
HHE OT TOYKHM COelHHEHHd IBYX CTPYH. [locTeneHHhlf nepexon.
BausinHe HecoBepIUEHHOH THOGKOCTH CTPYHBL]

['aasa VIL Mpoxoabtble H KPYTHAbHBIE KoJeGaHHs cTepwHel . .

Knaccndukanus xone6anuit crepxueil. JlupepenunanbHoe ypas-
HEHHE NPONOJbHHX Kode6aHuii. UncleHHble 3HAUEHHA MOCTOSH-
HBIX A8 CTand. PellleHue pas CTepXkHs, CBOGOXHOrO Ha 06GOMX
KOHNaX. BHBoA pewmeHHs Ias CTEPXKHA C OAHHM CBOGOLHBIM H
NPYTUM 3aKPENAEHHbBIM KOHIOM. CTepXeHb C ABYMS 3aKpemnjeH-
HBIMH KOHUaMH. BiusHue Manoi Harpy3ku. Pewmenue 3amauy mns
CTEPXHS C MPUKPENnJeHHOH X HeMy Gouabwol HarpyskoH. [OT1-
paxceHHE B TOYKe coeanHeHHs.] [lompaBka Ha momepeyHoe ABH-
#eHue. , Xpuminil 3Byk“ CaBapa. JludepeHnnanibHoe ypaBHeHHe
N KpYTHJIbHBIX KonaeGanHii. CpaBHeHHE CKOPOCTEH NMPOAOJIbHOM
H KPDYTHIBHOA BOJH.

I'nasa VI MNonepeunble KoneGaHHsA CTepkHeh . . . . . . . . .,

INNoTeHunanbHas 3Heprus H3ru6a. Bolpaxcenne 118 KHHeTHYe-
cxoH sHepruu. BhiBox nHdepenunansHoro ypaBHenus. [paHuu-
Hble ycaosus. Obuiee pemeHue AAs rapMOHHYECKOTO KoJeGaHus.
CBO/CTBO COMPSKEHHOCTH COGCTBEHHBIX (YBKuMi. 3HaueHus
HHTETPHPOBAHHBIX KBaJpaTOB. Beipaxenne nas V B HOPMadbHHIX
KoopauHaTax, HopMmanbHble ypaBReHUS nBHxeHHus. Onpenenenue
NIOCTOSIHHKIX, COOTBETCTBYIOIHX HayalbHbIM ycaoBusM. Cayuai
CTepXkHs, BO30yXAeHHOrO ToaukoM. Crep)keHb, BNBENEHHBIH H3
COCTOSIHHS TOKOS OTKJOHEHHOU nonepeuHol cuio#. Hapywmenue
CXONMMOCTH PSIIOB COOCTBEHHBIX (YHKUHMIA. BuL cO6CTBEHHBIX
GOYHKUMA NS CTepXHs, CBOGCAHOrO Ha OGOMX KOHHAX. 3aKOHBI
33BHCHMOCTH YaCTOThl OT AJMHBI H TONIMHH CcTepxHdA. [Uucmo-
Bble opMyabl nas kKameproHoB.] Cayual, xorna o6a KoHua 3a-
kpenaeHsl. Co6cTBeHHble (QYHKUHM 1As cayuyad, KOT'Aa ORHH
KOHELl CTePXHA 3aKpemJeH, a ApPyroi ceBoGoieH. Bhuluncaenne
nepuonos. CpaBHeHHe BHCOTH TOHAa. Ham6oaee HH3Kas uyacToTa
Xone6aHui cTepxHs, CBOGOAHOTO Ha o6GoMX KoHNax. Tpu ysxaa.

258

271



COAEPXAHUE 13

Yetsipe y3aa. OCHOBHaA 4YacTOTa CTEPXKHA C ONHHM 3aKpen-
JEeHHHM H JIDYrHM CBOGOAHBIM KOHUOM. [lonoxeHue ys3nos.
TMoxnepthii cTrepxensb. Boiuncenne nepuoaa koae6anmis cre pxus
C ORHMM 3aKpenAeHHHM H APYrHM CBOOOXHBIM KOHIIOM, MCXOAS
H3 THNOTETHYeCKOro cryuas. Peuenue 3ajaun 1as CTePHKHs
C HarpyXeHHHM KOHUOM. BiHsHue no6aBieHHH K CTepXHIO.
Bausnue HepaBHoMepHO# miaoTHocTH. [lompaBKa Ha HHepuuio
Bpamenus. KopHu ¢QYHKIHHA, NMpeACTaBASOMHKX JHHEHHNE KOM-
6GMHauUHK CO6CTBeHHBIX GOyHKUMNA. CocTaBieHHe ypaBHeHU#t ABH-
MEeHHs JAf caydas, KOrja HMeeTCs HemnpepbiBHOE HaTraXe-
HHe. OcoGhie rpaHHuHHe YycJOBHA. PesyabTHpylolllas aBYX
NOCJeN0BaTEAbHOCTEH BOJNH C NMOYTH OXMHAKOBBIMH MEPHOAAMH.
Pemenne ®ypoe 1as ciyuas GeckoHeuHoro crepxHs. (Kpyro-
BOE KOJbLO.)

Frasa IX. Kone6anusi MeM6paH . . . . . . . . . .o . ... 32

HarsaxeHnne MeMGpaHbl. Y paBHeBre IBHKEHHA. 3aKpenjeHHas

npsMOyroabHas rpanuna. Bupawenua mas V u T B HOopMans-

HHX KoopiHHaTax. HopmanbHbie ypaBHenHs koaeGanui. Ipu-

MepH MPHIOKEHHLIX CHA. YacTora YIIHHEHHOTr0 NMPAMOYTONbHHKA

33BHCHT B OCHOBHOM OT WHPHHBL. CiyuyaH, KOTAAQ pa3iHyHBe

THNH KOJNeGaHHH MMeIT ORMHAKOBYIO 4acToTy. [Ipou3Bomubie

THNOW KOJAc6Ganul, BOHHKAOIHME B MOCAeNHeM cayyae. Bauanue

He6oAbII0H HEOXHOPORHOCTH. HEONHOPONHOCTE MOXKET Yy CTPAHHTD

HeonpeAeIEHHOCTh COOCTBEHHBIX YacToT. PellleHus, npuMeHnMble

K TpeyronabHuky. Bug o6uero audepeHuManbHOro ypaBHEHHA

B TMOASAPHBIX KoopiHHaTax. OfHAa H3 ABYX (YHKWHH, BXONAIKUX

B pelleHHe, HCKJIOYAaeTCs YCAOBHEM [JAd noaioca. Buipaxe-

HHE GecceaeBHX QYBKIHH; OTHOCALIHECA K HHM (OPMYJIH.

Ta6auua mnepBHX ABYX OYHKUHA. 3akpelsieHHas KPyrosas

rpaunua. CBoffCTBO CONMPAXEHHOCTH COGCTBEHHWX QyHKUUN Ge3

orpaHnYeHMs, HanaraeMoro rpadnuefl. 3HaueHHs HHTErpHPOBAH-

HBIX KBafpartoB. Beipaxenus anas T u V depes co6CTBEHHbIE

¢yukuue. HopManbHble ypaBHeHHUs KoJeGaHHMH Aa8 Kpyrosoi

memG6panbl. YacTHbil caydaft cBoGoAHbX KoxeGaunit. Kone6anus,

co3jaBaeMbieé PaBHOMEDHO pacrnpefeeHHON rapMOHHYeCKof CH-

aoit. (Cuna, npunoxeHHas B neHTpe.) BncoTa pasanumbix mnpo-

CcTHX TOHOB. Ta6nuna kopHe#t GecceneBHX GYHKUHMA. Y3noBhe

¢urypn., Kpyrosas mMem6pana ¢ ONHHM HENMOABHXHLIM pajHy-

coM, BecceneBbl ¢yHkuuu ApoGHoro mopsiaka. Bausuue Maio#

Harpy3ku. Kone6anus MemGpann ¢ npHOAHIKEHHO KpyroBof rpa-

HHuel. Bo3MOXHOCTh BO MHOTHX CHy4YasX BBIYMCAHTH BHICOTY

TOHa MeMOpaHb, HCXOAS TOAbKO u3 ee miowanu. Kpyrosas

MeM6pana o6i1anaerT HaHHU3IIAM TOHOM H3 BCeX MEMODaH ONH-

HakoBo# naomaau. Buicota ToHa MeMGpaHbl, rpaHHie#t KOTOPO#H

SBASETCA 3UIMNC C MaabiM 3KCHEHTPHCHTeToM. Meron mouayue-

HHA MpeAeloB IJsA CiyyaeB, KOTOpbEe HEBO3MOXHO CTPOro pac-

cymutath. CpaBHeHHE YaCTOT AJs PA3NIMYHBIX ClAydaeB MeMOpaH

onHHakoBo# muaomwanu. Micropus 3amauu. JKcnepHMEHTaNbHbIE

HccaeaoBanua Bypie. (Jlutaspsl. Y3noBbeie KpHBHE ANS BbiHY-

WIEHHBIX KoJeGaHud.)

FaaBAa X KoneGaHUsi MAACTHHOK « . . « « -« « o « a « o « = - » 365

MoTenunanbHas sHeprus u3ru6a. [Ipeo6pasosanue 3V. dude-
peHuHanbHOE ypaBHEHHE MNOBEPXHOCTH. [ paHHYHbE YCIOBHA.
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CBOHCTBO CONpsXEHHOCTH HODMATbHBIX GyHKHuH. [Ipeo6paso-
BaHHeE K NOJsAPHBIM KOOpAHHAaTaM. Bua o6uuero pemenus, nenpe-
PLIBHOro B moxaioce. Y paBHeHHS, ONpelensollHe NepHOLEl Koae-
6annii CBO6OAHON KPYToBo# nmaacTHHKU. Beruncnenus Kupxroga.
CpaBHeHue ¢ Ha6mofeHUsMH. Paiuycel y3MOBBIX OKPYIKHOCTEH.
O6o6menue pemenns. HepaBHOMEPHOCTH BBI3HIBAIOT GHEHHs.
(Kone6anus ysnos.) Cayuait semeMaeHHOH WIH MoanepTci rpa-
Huubl. (TenedoHuas mem6pana.) Bosmyienue XnanHHeBHIX ¢H-
ryp. (IBuxenue mnecra.) Mcropus 3amauum. Kpuruka Martse.
[psaMoyroibHas NJacTHHKA € Nommeprofi rpanuneir. Ilpamo-
yronbHas MIACTHHKA co cBOGOXHON rpanHulledl. [paHHYHblE YyCaO-
Bua. Yactheilt caydait (. = 0), AoMycKaoWUA MaTeMaTHIECKYIO
TpakTOBKY. MccnenoBanue y3aosux ¢uryp. [IpuMenenue Metona
cynepno3unuu YutcroHoM. CpaBHeHHE QHUTryp YHTCTOHa C meiH-
CTBHTEJNbHO IPUMEHUMBIMH K 1aCTHHKe B cayyae p = 0, Co6cTBEH-
Has YacToTa KBaJpaTHOH MIacTHHKH. Beruncienue nepuona aas
THIOTETHYECKOTO THNA. Y3i10Bbie (QHIYDH, pacCMaTPHBaEMbIE€ Ha
OCHOBaHHH cOoo6paxeHu#t cummerpud. lectuyronsunk. CpasHe-
HHUe Kpyra M KBaJpaTa. 3aKOH, CBA3BLIBAOLIMN BBHICOTY TOHA H
4acToTy. B cilydae 3aumeMIeHHONA IPaHUIbl BCAKOE COKpalleHUue
rpaHHUbl NoBbIMIaeT TOH. OTCYTCTBHE OCHOBHOTO TOHa y CBO-
60MHOM MIAaCTUHKW 3alaHHOH miowany. [lepuonsl MOJOGHHX
INJACTHHOK OTHOEATCA KAaK MX JauHelHble pa3Mepsl, OmBITH YHT-
CTOHA C JlepeBsHHBIMU MIacTHHKaMH. OnbiTel Kenura. Koxe6auusa
UMIAHHApPA HAH Koabla. [[BHXXEHHE — TaHreHIHAAbHOE H HOP-
ManbHOe. COOTHOLIEHHE MEXNY TaHTE€HLHalbHbIM H HOPMalb-
HBIM JBHXXe HHAMH. BBIpaXKeHUs 1A KHHETHYECKoi M noTeHUHan b-
HOM SHepruH. YpaBHeHHs KoJeGaHu#. Hactots ToHOB. CpaBHe-
uue ¢ Xnaguu. (Ha6nonenns PenkHepa.) TaHreHHaAbHOE TPEHHE
BO306YyKJaeT TaHIeHIMATbHOE JIBHXEHHE. JKCNEepHMeHTalbHas
nposepka. buenusa Bcneacraue neogHopoxHocreir. (CrexasHubie
KOJOKONbYHKH. LlepkoBHBIE KOJOKOMA.)

Faasa XA, H30rHyTble NAaCTHHKH MJIH 06OJOYKH . . . . . . .

(Kone6anns pactsixeHHsa. YacToTa He 3aBHCHUT OT TOML{HHBI.
Kone6anus usru6a 6e3 pacrskenns. Yacrora, mponopuHoHaibHas
ToamuHe. O6HHne yCa0BHSA OTCYTCTBHA pacTsKeHus. [loBepxHOCTH
BTOpOTO nopsinka. Ilpunoxerune k chepe. [aBHble pacTaXEHHUS
UMIHHAPHYECKOM noBepxXKOCTH. [loTeHuHanbHasa sHeprus. Yacto-
THI KoAeGaHH# pacTskeHus. [Tnockas naactuHka. Ipyrue wact-
Hble cayyad muaHHAppa. [ToreHnuanbHas aHeprus usruoa. Cdepa.
ITnockas naacruHka. [ToTeHuuanbHas 3Heprusd IAS NHJIHHIDH-
yecko#t o6omoukH. CraTHueckHe 3afaud. YacTora kojeGaHHH
n3ru6a UHIMHIprYeckol oGonouku. KoneGamus pacrakenus
chepuueckoit o6onouku. Kone6auusa usrnba chepuyeckoit 06o-
noukd. Co6cTBeHHbIe yacToTH. [loTeHnuantnas aneprus. Kune-
THUECKasA sHeprus. Yactorsl Mas cayyas mnoaycoepbl. Cermenr
B 120°. JlutepaTypHble CCBHUIKH.)

FnaBa XB. DlIeKTpUYeCKHe KoJeGaHHUS . . . . . - . . . . +.

[Beryncaenne nepronos. BunyxaeHHble koneGanus. Beenenue
KOHIEHCAaTopa 3KBHBAJEHTHO OTPHLATENBHOH CaMOWHIYKIHH.
HavaabHble TOKH BO BTOPHYHOM KOHType. O6paTHas NpoONopIHo-
HaIBHOCTb YHCAY BHTKOB. Peakuus BTOpHYHOrO KoHTypa. Psa
KouTypoB. HauanbHbie TOKH, nonepeMEHHO NPOTHBOMOJOXHbIE MO
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