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Annomayus. 3annuch My3bIKM B BHJIE HEKOTOPOTO TEKCTa IPEBPALIAET MY3bIKaJIbHBIN
MaTepHuall B CTPYKTYPUPOBAHHOE MHOXKECTBO, HAJl KOTOPBIM BO3MOXKHO BBIIIOJIHATH OIPEIEIICHHBIE
MaTeMaTU4eCKue onepanuu. B 3aBUCMMOCTH OT TOrO, KaKM€ MMEHHO CTPYKTYPHBIE YacTU MbI
BBIJIETISIEM, MOXKHO TOBOPUTH O 3allUCH PUTMA, 3BYKOBBICOTHOCTH, TeMOpa. JlaHHOe BblJelieHue U
o0ecrieynBaeT KayecTBO MaTeMaTWYeCKUX OIEepaluii, Cpead KOTOPhIX MOTYT OBITh TaKue Kak
CIIO)KEHUE M YMHOXKEHUE, 10 OTHOUIEHHUIO K TEKCTY. MBI aHanu3upyem anredpanyeckue orneparum,
BCTpEUYAIOLINeCs B TMPaKTHKE COBPEMEHHBIX KOMIO3MTOpOB. B KkauecTBe mnpumepoB OynyT
npuBeneHsl counHeHus T. Mrwopas m H. Xpycra, a Ttaxxke teopus purmoB A. I'pammm.
Hcnonb3yercss 00beKTHO-OPUEHTUPOBAHHBIH A3bIK IporpaMMupoBanust OpenMusic.

Knrwoueswvie cnoga: 3anuch My3blkH, alreOpandeckie Olepalnuu HaJl My3bIKaJIbHBIM TEKCTOM,
00bEKTHO-OPUEHTHUPOBAHHBIH 361K OpenMusic.
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Annotation. Recording music in the form of some text turns the musical material into a
structured set over which it is possible to perform certain mathematical operations.
Depending on which structural parts we select, we can talk about recording rhythm, pitch,
timbre. This selection ensures the quality of mathematical operations, among which may be
such as addition and multiplication, in relation to the text. We analyze algebraic operations
encountered in the practice of modern composers. The works of T. Murail and N. Khrust, as
well as the theory of rhythms by A. Gramsci will be given as examples. The object-oriented
programming language OpenMusic is used.

Keywords: music recording, algebraic operations on a musical text, object-oriented language
OpenMusic.
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1. Beeoenue

[IpoGnema xpaHeHuss u oOpabOTKH HMHPOpPMALMU, NPEICTABIAIOMIEH U3 ceds
HEKOTOpPbI HAOOP MHTEIIEKTYaJlbHOTO 3HAaHUS, OCOOEHHO OCTPO NPOSBIsET ceds B
pa3HbIX OOJIACTAX HAyKH, TEXHUKH M HCKYyCCTBa B IIOCIIEJHHE TOABI B CBSA3H C
NOSIBJIEHUEM OOJIBIIMX MAacCCHBOB JIAaHHBIX U MOSBIEHUEM TAaKHUX HOBBIX METO/IOB
o0Opabotku kak kBaHTOBbIE [1]. B 2019 roay Obia mpuHsATa HAIMOHAIBHAS CTPATET S
pa3BUTUSI MCKYCCTBEHHOTO HHTEJUIEKTa [2], 4TO MpeamnojiaraeT MNPOHUKHOBEHUE
HOBBIX METOJIOB BO BC€ 00JIaCTH 3HAHUSI.

My3blka (Kak SBJI€HHE HCKYyCCTBa) 00NaJaeT LEeJIbIM pPSAOM MapaMeTpoB,
BKJIFOYAsl 3ByKOBBICOTHOCTh, pUTM U TeMOp. KOHEUHO, Bce 3TH mapamMeTpbl UMEIOT Kak
(U3MYECKYI0 TaK M IICUX0aKyCTHYecKylo cocTaBmstomme [3]. s Oonee
CKPYIIyJIE3HBIX CBEICHHA O TPHUHIMIAX CO3JaHHUS COBPEMEHHOW MY3bIKH,
UCIOJIb3YIOIIUX 3JIEKTPOHHBIE YCTPOMCTBA, MBI PEKOMEHAYEM O3HAKOMHTHCS C
yueOHUKOM [4]. [Ipu TpagumoHHOW HOTALMK HauOOJIbLIEE 3HAUEHUE UTPAET 3aIlnCh
3BYKOBBICOTHOCTH, a IpoOjema yka3zaHus TeMOpa BOOOIIE CBOAUTCS K Ha3BaHUIO
UHCTPYMEHTA, Ha KOTOPOM JOJDKHO OBITh OCYIIECTBIEHO HCHOJIHEHHE. YTo ke
KacaeTcsi puTMa, TO O HEM JeNalTcs caMmble OOLIME yKa3aHUs C HaJIeXI0H Ha
UHTEPIIPETALNIO NPO(eCcCCHOHANBHBIMU My3blKaHTaMU. YacTo Takodl moaxox He
TOJIUTCS JIJIsl 3allCH COBPEMEHHBIX COYMHEHHUH, B KOTOPBIX PUTM U TEMOp UIparoT
HUYYThb HE MEHBIIYIO POJIb, YEM MHTOHAIIMOHHBIE MOTHBBI.

[IposiBnenue temOpanpHOro Temarusma B my3bike J[.JI. [lloctakoBuva ObLTO
orMeueHo emi€ B [5]. Jlaneko wuayniee pa3BUTHE TAaKUX HWIEH TNPHUBEIO K
BO3HUKHOBEHUIO paboThl [6], re ObUIO yKa3aHO Ha CBA3b MEXKIY MEPEXOJOM OT
WHTOHALIMOHHOI'O TEMaTU3Ma K TeMOpajIbHOMY U NOsIBIEHHEM B XX BEKE KBAHTOBBIX
MeToJ10B 00paboTku HHpopManuu. Mcronb30BaHue 3JEKTPOHHBIX HUHCTPYMEHTOB /15
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CO3/IaHMSI 3ByKa OIpe/IeJIEHHOro TeMOpa uMeer doraryto ucroputo. Poccust Tyt cTout
Ha cambIX Breyarsiromux no3uuusx [7]. Caegyer 3aMeTHTh, 4YTO MOIBITKH
UCIIOJTHEHMSI MY3BIKAJIbHBIX KOMIIO3MIIMM Ha KOMIIBIOTEpE, OKa3bIBAE€TCA TPEOYIOT
CEpbE3HBIX JIOMOJIHEHUH K CYIIECTBYIOIIUM (OpMalbHBIM QJITOPUTMAM, YTO SIPKO
IPOJEMOHCTPUPOBAJ  MPOCHIABIEHHBIA Marpuapx MCCIEAOBaHUNW B  00JacTH
KOMIThIOTEpHOU My3biku Max Mathews [8].

JUis pemieHust co3gaBUICiicss TPOOJIEMBbl MOYKHO HCIOJB30BAaTh KaK HOBBIE
crocoObl HOTHOM 3alMCH, TaK U CTapble, MpUaaBasi UM HEKOTOPBI HOBBIM CMBbICI. B
CBOMX MCCIIEJOBAaHUSAX MBI ONUpaeMcsi Ha OOBEKTHO-OPUEHTUPOBAHHBIN SI3bIK
nporpammupoBanust OpenMusic, co3nansbiii B napmwikckoM IRCAM [9]. Jlanusbrit
A3bIK MPOrpaMMHMPOBAHUS, HAIIMCAHHBIM HAa TPAAUIIMOHHOM si3blke Lisp, MO3BOMISET
BU3YaJIM3UpOBaTh MH(POPMAIIMIO, COAEPKAIILYIOCS B CTPOKaxX C MOMOIIBIO YIOOHBIX
“UKOHOK”, 4YacTO HUMEKIIMX BHJ TPAOULHUOHHONW MY3bIKAJIBHOW HOTallUH, HO C
HECKOJIBKO JpPYIMM CMBICJIOM, MO3BOJISIIOIIMM YETKO 3aJaBaTh HE TOJIBKO
3BYKOBBICOTHOCTH, HO U CTPYKTYpPY pUTMa U TeMOpa.

Msbl 1noka3blBaéM BO3MOXKHOCTH Takoro TOAXOAA I pealu3alH  Tpex
COBEPIIEHHO pPAa3JWYHBIX BHUJOB MY3bIKA. OJTO, TaK Ha3blBaeMas, CHEKTpaJbHas
my3bika T. Murail, Teopun putmoB AuToHHMO ['pamim, a Takke omHOTO counHeHus H.
XpycTa, IMOCTPOEHHOIO CXOAHO C Teopuer A. Ipamium, HO TONBKO C 3aMEHOU
MHTEPHPETALNH TAPAMETPOB, 3aJAIOLINX PUTM, Ha TAPAMETPhI 3ByKOBBICOTHOCTU. Bo
BCEX TpeX ciyyasix Mbl OyleM  HCHOJIIb30Barb  BO3MOXHOCTH  SI3bIKa
nporpammupoBanust OpenMusic.

AHanu3 BO3MOXKHOCTEHN ucmoyib3oBanuss OpenMusic st U3yuyeHUs MPUHIIUIIOB
CTPOEHHUS CHEKTPAIbHOM MY3bIKU JJ1s1 yacTu nbechl Tristan Murail “Désintégrations”
o1 mipeanpuHAT Hamu B [10]. C ocHoBamu Teopuu pUTMOB AHTOHMO [pamiu
MOXXHO O3HakoMHUThCsA 1O Buaeo [11-12]. Counnenne Hukomas Xpycra “EBreHuka
II1. Feedback door man”, npu Hamucanuu KOTOporo mpumeHsuics si3bik OpenMusic,
obu10 ucnonHeHo Ha dectuBane “IlsaTe BeuepoB+1” B Mockse B 2021 . [13]. OT0
COYMHEHHUE IPOJIMBAET CBET HA CBA3b PA3BUTHS MY3BIKAIBHOIO MPOU3BENEHHUS C
MAaT€MaTUYECKOW TEOPHEN CIOXKHOCTH, YTO TaKXE€ MOXHO W3BJI€Yb W3 JaBHEHN
My3bIKaJIbHO-TeopeTndeckoi padotel FO.M. By1iko, BocipousseaenHoit B [14].

2. O6veKkmuo-opueHmupoeanHvlil A3vlK npozpammuposanus OpenMusic

JIro00l  s3BIK TMPOTPAMMHUPOBAHUSL COACPKUT JIBa Kjacca OOBEKTOB: st
XpaHeHus: nHQOpMallUM U OCYIIECTBISIOMMX oneparuu Haja uHpopmanueit. Camast
oOlasi Kjaccuyeckass cXema BBIYMCICHUN TMPEACTaBIseT IOCIeI0BaTEIbHOCTD
nericTBui HaJ nHMOpPMaIIUeH, XpsHsieics B outax [15].

Cpena OpenMusic ObUla HamucaHa Ha f3bIKE IporpammupoBanust Lisp, B
KOTOPOM Kak OOBEKTHI, MpEeAHA3HAUYCHHbIE MJIsi XpaHEeHUs WHOOpPMAIMH, TaK U
GYHKIIMKU HaJl STUMU OOBEKTaMHU 3aJar0TCS TMPU TOMOIIU CTPOK, pasle’eHHBIX
OTKPBIBAIOIIMMHUCS ¥ 3aKPHIBAIOIIMMUCS CKOOKaMu. (OCHOBHBIM JTOCTOMHCTBOM
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OpenMusic, MO CpaBHEHHIO C OOBIYHBIM SI3BIKOM IPOTPAMMHUPOBAHUS, SIBISIETCS
yaoOHbIN Tpaduueckuit uHTEepdeic, BUJ KOTOPOro YacTO OTBEYAET TPATUIIMOHHOU
MY3bIKaJIbHON HOTALMH.

Hwxe MBI mpuBezeM HECKOJIBKO OCHOBHBIX THIOB OOBEKTOB, KOTOpPBHIE Oyrnem
UCIOJIb30BaTh. Bo-mepBhIX, 3TO, KOHEYHO, MPOCTO CTPOKA, COCTosImas u3 Iudp u
cko0ok. Tako# crmoco0® xpaHeHus JaHHBIX XapakTepeH s Lisp. OOBIKHOBEHHO TaKas
CTpOKa HaJIESAETCS CTPYKTYPOU JepeBa MpU MOMOIIU CKOOOK:

|((6100) (6000) (6000) (6100) (6000) (6000) (6000) (6000)) |

[

Puc. 1. Ocnosenotui cnocob xpanenusi OanHvIx
Fig. 1. Main method of data storage
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Ha Puc. 1 wu3obpaxkeHa MOCIENOBATENbHOCTh YETHIPEX3HAUYHBIX IHUOD,
pa3zeneHHbIX CKOOKaMu. 3BYKOBBICOTHOCTh HOT B OpenMusic NPUHATO U3MEPSTH B
MUJULEHTAaX. B OTIMYMK OT €QUMHUL 3BYKOBBICOTHOCTM B MU, U3MEPSEMBIX B
€IMHULAX, IPUIMCHIBAEMBIX O€IbIM U YEPHBIM KJIABHILIAM POSIIS C TEM PACYETOM, YTO
“ns”’ mepBOM OKTaBbI MMEET HOMEp 69, HA OJMH MHIHILEHT NPUXOAUTCS B CTO pa3
OoJbIIIas BEIMYMHA. DTO JIENASTCS IJIS TOTO, YTOOBI MOYKHO OBLIIO 3aIMMCHIBAaTh HOTHI C
OoJee CI0XKHOUM 3ByKOBBICOTHOCTBIO, HAIPUMED, YETBEPTHTOHA. [lomydaercs, 4To Mbl
BHUJIUM TOCJIEIOBATEIBHOCTDh HOT MIEPBOM OKTABBI, COCTOALLYIO U3 J0 U JI0#.

PP VOICE

VOICE x | J|injE= »jujuje
J:lZD

[ Q 16

i© 8§, "N RRRE

S fossfososs

Selection: 0 - 500 ms Duration

midic 6100 Zoom | 100 Staff | G @ ‘
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Puc. 2. Obvexm ons xpanenus oannwvix Voice
Fig. 2. Voice data storage object

2. it & B 17 31 R

Hpyroii TuUnWYHbIA npuMep OOBEKTa, NpPEIHA3HAYEHHOTO [UJIi XpaHEHUs
JAHHBIX, TpUBEIEH Ha Puc. 2. TyT, TeM He MeHee, cleyeT cpa3y OrOBOPUTHCS. XOTs
TO, YTO Mbl BUJHM, OYEHb HAIIOMHHAET OOBIUYHYIO MY3BIKAJIbHYIO HOTAIMIO, B 3Ty
3aUCh MOXKET BKJIAAbIBAThCS MPUHIMIUAIBLHO Apyroi cmeica. Hampumep, naHHas

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 443



MOCJIEA0BATEIBHOCTh MOXKET OIPEAEIATh PUTM. B 3TOM cilydae n0JId IIUTEIbHOCTH
HOT 33/Ial0T CTPYKTYpy PUTMA, a 3ByKOBBICOTHOCTh Ha HOTHOM CTaHE O3Ha4aeT BHIOOP
UHCTPYMEHTAa Ha KOTOpPOM OyIeT MNPOMCXOAWUTh H3BIICUEHHUE 3ByKa (BBICOKHE WIIU
HU3KHE OOHTH, KOHTH U T.II.)

Hotapie 3anucu nmepBoro u BTOporo Tuma, udo0paxennoie Ha Puc. 1 u Puc. 2,
MOTYT OBITh TIpeoOpa3oBaHbl Apyr B npyra. [Ipum stom HamsigHOe Tpaduyueckoe
nzobpaxenue Puc. 2 mpeBpamaercss B cliokHoe jAepeBo Puc. 1 ¢ Oonpuium
KOJIMYECTBO CKOOOK. OTMETHMM, 4YTO CTpPOKAMH BHJA, HU300pakeHHOro Ha Puc. 1
MOKHO ONpEIEIATh HE TOJBKO IOCIEA0BATENBHOCTh HOT WJIM aKKOpJAOB, HO U
PUTMHUYECKUE IEPEBbS, IPOCTEUILINNA TPUMEP KOTOPBIX n300pakeH Ha Puc. 3. Ludps
Ha PUCYHKE O3HAYaloT MOCIEA0BATEIbHO: KOJUYECTBO TAaKTOB (OJUH), pa3Mep TakTa
(4ueThIpe YETBEPTH) U JCJICHUE TaKTa Ha OTAeNbHbIE A0H (2+1+1).

(1 aa@11)) |
|

Puc. 3. [Ipocmetiwuii npumep 3anucu pummudeckozo oepesa
Fig. 3. The simplest example of recording a rhythm tree

3. BRE AT R T AP

Kak yxe OBUIO yKa3aHO BHIIIE, KO BTOPOMY KJIacCy OOBEKTOB OTHOCSITCS
(GYHKITUH, TIO3BOJIIONINE U3MEHATh WH(POpPMAIMOHHBIC JaHHBIC. MBI HE CTaBUM IS
ce0s 11eNIbI0 OMUCaTh BCE MOJO0OHBIC (PYHKIIMU. DTO HEBO3MOXHO, J1a U HE HYXKHO.
[Tockonbky panee pedb MOUAET 00 MCIOJIB30BAHWU QITOPUTMOB TIPU CO3JIaHUU
MY3bIKaJbHBIX COYMHEHUH, HaM MOTpeOyeTcs, MPEkIe BCEro, CO3/IaHuEe ITUKIIOB, MPU
KOTOpPOM OyIyT MOCJIeI0BaTEILHO IePeOUpaThCsi HEKOTOPBIC TaHHBIE.
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Puc. 4. Opeanuzayus yuxknos
Fig. 4. Cycle organization
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OCHOBHBIM O0OBEKTOM, OCYIIESCTBILIIONIMM AaHHYIO omepanuio B OpenMusic
sBIsieTCs omloop, BHENTHUN BU KoToporo npuBeacH Ha Puc. 4.Ha Puc. 4 Mb1 BuiuMm,
4TO YHCIIa, coAepkampecs Ha Bxojax input0 u inputl mepeMHOXKarTCsA IPYyT C
npyrom. IlporpamMmma co3ma€T CHHMCOK, COJEpIKAIMK  pe3ynbTarbl  TaKOIo
MEPEeMHOXKEHHUA. 3/1€Ch MBI CTaJIKMBAaeMCsl C €II€ OJHOM omepalueil HajJ JaHHBIMH,
KOTOpasi SIBJISICTCSI UX OOBIYHBIM YMHOXKEHHEM JIpyT ¢ ApyroM. KoHeuHo, onpeiesieHo
U CJIOKEHHUE. DT Omepaluu Mbl He OyJiIeM 00CY>KJ1aTh MTOAPOOHO.

3. Ananu3s oonoit yacmu couunenus Tpucmana Mrwopas “Désintégrations”

IIbeca “Désintégrations”, HamucaHHass B CTWIE CHEKTPaIbHOM MY3bIKU
Tpucranom Mropaem B 1982-83 rr., cocrout u3 11 yacTtel, nis KaxI0M U3 KOTOPBIX
XapakTepHa CBOsl paboTa CO CHEKTPOM, PUTMOM U TEKCTypol. Mbl ocTaHOBHMCS Ha
pa3bsICHEHUU HeH, Jiexkaiieil B ocHoBe 10-oi yactu [10]. B ocHOBe naHHO# yacTu
MBECHl JICKUT UCKaKeHHWEe TeMOpa TpoMOOHa, KOTOPBIA MIpacT HOTY MM OOJBIION
okTaBbl. B kauecTBe Touku orcueta 6epercs 12-b1it 00epToH HOTHI. C KaXKIbIM HOBBIM
aKKOpJIOM OH TOBbIIIAaeTCA Ha 4erBepTbToHa. OcraBmmecs 11 rapMoHHK
PaCTATMBAIOTCA MPONOPUUOHAIBHO. Kpome Toro, Takol AMHAMUYECKHN MpPOLECC,

BOCIIPUHUMAIOIIMICA Ha CIyX KAaK YBEJIMYEHHE IUCCOHHAHTHOCTH, YCKOPSETCS BO
BPEMEHU.

B8 Bl 5] From Désintégration by Tristan Murail
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Open this editor and sclect the "offset™ item in the bottom-right menu. You should play it o
a Midi device with the 4 first midi channels detuned by a 1/8 tone step.

Puc. 5. Ilamu, modenupyrowuti nociedo8amenbHOCMb AKKOPOOs
Fig. 5. Patch modeling a chord progression

5. FlI5ZETHT Patch

Jlns reHepaIuy 1mociieIoBaTeIbHCTH aKKOPJIOB, JiexKaie B ocHoBe 10-0i yactu
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IEChI MO)KHO BOCTIONIB30BaThCA MmaTdeM, HanucaHnHsiM B OpenMusic. Ha Puc 5 vuke
n300pakeH Tard, MO3BOJISIONIMK IOCTPOUTH TOCJENOBATEILHOCTh BCE Ooree
paccTpanBaeMbIX aKKOP/IOB.

[Iporpamma paGoraer cBepxy BHU3. CHavalna w3 3Byka MU OOJIBIIONH OKTaBbI
U3BIICKAIOTCS OOEPTOHBI C HOMEpaMH, YKa3aHHHBIMH B OKOIIKE, CIIpaBa OT HOTHI.
[Tomywaercst 3Byk Mu ¢ TemMOpoMm Kak y TpomOoHa. Ero HOTHas 3amuch MOXKHO
yBUAETh Hmke. [lamee, CTpoUTCS MOCIEAOBATEIBHOCTh AKKOPJAOB cO BcE Ooinee
HUCKaOKEHHBIM TeMOpoM. HToroBas moOCIeqOBaTeIbHOCTh AaKKOPAOB TIOMEIIEHA B
o0wekT Voice BHU3Y Puc. 5.

4. Anzeopauueckue onepayuu 6 meopuu pummoe Anmonuo I'pamuiu

ITon puTtMOM OOBIKHOBEHHO TIIOHMMAETCSI HEKOTOpasi MOBTOPSIOIIAsCS
CTpykTypa. IMEHHO B TakOM BHJI€ OHA MOSBUIACh Y AHTOHHO ['pamiiu - My3bIKaHTa-
MYJBTUMHCTPYMEHTAINCTA W TMPENOoAaBaressl IIKOJIbl BOCTOYHBIX OapabanoB. Ero
WHTEPECOBAJIO CTPOCHUE CYIIECTBYIOIIUX PUTMOB, KOTOPHIE MOYKHO BBICTyKHBATh Ha
OapabaHe, a Takxe, 4yTO Uil Hac Oojee MHTEPECHO, OMepaluu, KOTOPbIe MOXKHO
OCYILECTBIATh HaJa puTMamu. OKas3ajaoch, YTO TAaKHUE OINEpalMH, KaK JI0CTaTOYHO
€CTECTBEHHBIM 00pa30M OIpEACISIEMbIE CIOKEHUE U YMHOXEHHUE, IpEeBpalaoT
MHOXKECTBO PHUTMOB (TOYHOE ONpEIEICHUE JaauM HIDKE) B alre0pandecKyro
CTPYKTypy. B3sIB 3a OCHOBHYIO  oOlepanui0 BO3BEIACHUE PUTMA B CTENEHb, MbI
OOHApYXXWIHM, YTO U3HAYaJbHO MPO3PAUHYI0 PUTMHUYECKYIO CTPYKTYPYy MOXKHO
3HAYUTEIBHO YCIOXKHSATH BO BPEMEHHU.

[IpocToii puTMHUECKUN PUCYHOK MOXKHO M300pa3HUTh MOCIIEI0BATENbHOCTHIO U3
€AVHUIl U HYJEW, TAe €IMHUIIAa O3HaYaeT HAJIMYME ylaapa, a Hoiabp — may3y [11-12].
CnoXXuB KOJIMYECTBO MOCEA0BATEIBHBIX HYJIEH CO CTOSIIEH CclieBa OT HUX €IMHULICH,
nosyuum 3anuchk Buaa [4221111|. Koneuno, yMHOXasl KaX/10€ U3 CTOSIIUX B 3allUCU
YyCe HA OJIHO U TO K€ YMCIIO, IOJIyYUM TOT K€ CaMblil PUTM, OCKOJIbKY €IMHHIIA
BpEMEHU HE HMMeeT a0CONOTHOro 3HaueHus. Hampumep, 3amucek |8442222| wmm |
16884444| 3agaét onun putM. Hax purmamu, 3amMcaHHBIMU B TaKOM BHUJE, MOXKHO
OMPEIETUTh 3HAYUTEIBLHOE YHCIIO PA3IUYHBIX anredpandyeckux omnepauuid. st Hac
WX BOXHEUIIUMHU TPUMEpPaMU SIBJISIIOTCS CIOXEHUE (KOHKATEHAIMs1) U YMHOXKEHHE.
Pe3ynbrarom CloKeHHs JIByX PUTMOB SIBJISIETCS MX MOCJIEIOBATEILHOE HCIIOJHEHHE.
bornee cnoxHyr CTPYKTYypy HMMEET YMHOXKEHUE, Pe3yJIbTaToM KOTOPOTO SIBISETCS
WCIIOJTHEHUE OJIHOTO0 pUTMa B puTMe apyroro. dopmaibHO MaTeMaTHYECKH 3TO
O3Ha4YaeT TIMOKOMIIOHEHTHOE TIepeMHOXKEeHUEe I1udp, 3aJaoIUX PUTMUYECCKUM
pucyHnok. Tak [4221111| ymHOXuTbh Ha [211| naét [844422422211211211211|.

Yucteiii putM (6€3 3ByKOBBICOTHOCTH) MOKET BOCIIPOU3BOJIUTCS HA Pa3IMYHBIX
YIApHBIX MHCTPYMEHTAX, UMEIOUIMX HyMEpauur MuId. s HUX 3ape3epBUPOBaAH
kaHai 10 B KOMIBIOTEPHBIX MpOrpamMmax JUisi BOCHpPOU3BEAeHUs 3ByKa. IIpu sTom

446 Teopus cuctem, anrebpanyeckas GUONOrMSA, NCKYCCTBEHHBIN MHTEMNNEKT: MaTeMaTUUeCcKne OCHOBbI 1 NPUMOXEHUS



MOKHO BO3BOJIUTH OTpEJeiIeHHbIe 0a30Bble PUTMbI B pa3IMYHbIE CTENEHU U
BOCIIPOM3BOJIUTh Cpa3y HECKOJIBKUX JOPOXKEK, COIEpH AIIUX CTENEHU PUTMOB,
pa3HbIMU MHCTpyMeHTamMu. HaumOosnee WHTEpPECHBIM pe3yibTaT MOJy4aeTcsl MpH
BO3BEJICHUU PUTMa B JIOCTATOYHO BBICOKYIO (3 win 5) creneHb. Mbl BOCIOIB30BaIUCh
JUTSI TIOJTYYEeHHSI TAKMX KOMITBIOTEPHBIX KoMITO3ulinii mporpammoii OpenMusic. Huxe
Ha Puc. 6 mpuBeaeH mary, OCYLIECTBISIIOIIMNA BO3BeACHUE B 5, 6 U 3 CTENEHb
pa3nu4HbIX puTMOB. [locie gero onn o0benuHSIOTCS B 00BekTe Poly.
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Puc. 6. I[lamu, cmposiwuii 00HO8peMeHHOe UCTOTHEHUE MPEX PAZHBIX PUMMOG
Fig. 6. A patch that builds the simultaneous performance of three different rhythms

6. LN =TFEA 7] I 22 A0 21 7 T

[IpuBeneM HamocineaOK KapTUHKY C HOTHBIM CTaHOM, JEMOHCTPUPYIOLLYIO
pesyabTar aeictBus nporpammbl OpenMusic. B3misinyB Ha Puc. 7 MOXXHO momymarsb,
YTO MBI BUAWM OOBIYHYIO HOTHYIO 3amuch. Ha camom nene, 3ByKOBBICOTHOCTH TYT
O3HAYaeT HOMEpP HMHCTPYMEHTA MHUJW, Ha KOTOPOM HCIIOJHSETCS JNAHHBIM pUTM, a
JUTMTEIIbHOCTD 3ByYaHUsI HOThI KaK pa3 U MEPEAAET PUTMUYECKUN PUCYHOK.
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Fig. 7. The result of a program that displays a composition of rhythms

7. B A A I FE AR

5. Bo3eeoenue unmonauuu ¢ cmenensv 6 couunenuu “Eezenuxa III. Feedback
door man” Hukonaa Xpycma

O3HaKOMHMBIIMCH C TEOpUEH anreOpanvyeckux oOmepanuid Haja pUTMAMU
xomno3utop Huxonait XpycT npeayiokusl NOXOXKHUE ONEPALMHU Il 3BYKOBBICOTHOTO
HOTHOTO TekcTa. B kadecTBe mapameTpoB HOTHI ObUIM BBIOpAHBI JUIMTEIBHOCTH U
BbIcOTa. [Ipy yMHOXXEHMHM JIByX HOT HMX JUIMTEIBHOCTH CKJIAJbIBAIOTCS, a BBICOTHI
MEPEMHOKAIOTCS 110 MOIYJII0 XPOMAarHu4ecKo raMmbl. Takyr omepamuto MOXKHO
CONOCTAaBUTh CIO)KHOMY YMHOXXEHHUIO JABYX PUTMOB, TJ€ MMApaMETPOB y KAXKIOrO U3
KOMIIOHEHTOB JiBa. OJIMH M3 HUX OTBEYAET 3a HEMOCPEJACTBEHHO BEIWYUHY JIOJIH, a
BTOPOI MPUHUMAET JIBa 3HAYCHUS, OJJHO M3 KOTOPHIX MOXKET ObITh HA3BaHO yCIOBHO
“Imyxoi”’, a BTOpO€ “3BOHKMI . /[ pUTMOB IpH TAaKOM YMHOKEHHMM NPUHHUMAETCS
MPaBUJIO, COTJIACHO KOTOPOMY YMHOXEHHUE JIByX MIYXUX U JBYX 3BOHKUX JAET TITyXOH,
a B IPOTUBHOM CJIyuae, MoJIy4aeTcsi 3BOHKUH.

YcnoxHeHHe  pUTMHYECKOTO  pPHUCYHKa TPU  BO3BEIEHUM B  CTEMEHb
VIUBUTEIBHBIM 00pa3oM NPOSBUIOCHE M TMPU HOBOM OMNPEICICHUM YMHOXKCHHUS.
[loctpoenne My3bikanpHOM Tibechl H. Xpycra skcIulyaTMpyeT OPUHLUII
MOBTOPSIEMOCTH C LIETbI0 OOOTalieHusi Ha KaXXJIOM HOBOM BHUTKE. MIMEHHO 3TO
CBOWCTBO ompeaessieT cMbici Ha3BaHusa “EBrenuka”. Huxke, Ha Puc. 8 mpuseneH
MPOCTEUIINI T1aT4, HAMMCAaHHBIN B Tiporpamme OpenMusic, KOTOPBI OCYIIECTBIISET
TaKyl0 OTEPAIHIO.
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Fig. 8. Result of multiplying two intonation patterns

8. Wy it P (AT e R

B oxomkax BBepxXy marya Ha Puc. 8 Mbpl BUAMM J1Be poCTEUIIne MeIoauu. Tyt
YeThIpEX3HauHble LU(PBI 3aJal0T MOCIEA0BATENBHOCTh BBICOT HOT, a LHU(PBI CO
CIIO)KHOW CHUCTEMOM CKOOOK OmpenensitoT TakToBbl pa3Mep. CounmHenue Hukonas
XpycTa, KOTOPO€, KOHEYHO, 3HAYUTENBHO CIIOKHEE MPUBEICHHBIX MaTEMaTUYECKUX
cxeM, ObUIO HCIIOJIHEHO Ha (pecTHBaJieé COBPEMEHHON My3bIKM B PaxMaHHMHOBCKOM
3asie MockoBcKoM koHcepBaropuu [13].

6. 3axknrouenue

MBI TPOJEMOHCTPUPOBATIU BO3ZMOKHOCTH OOBEKTHO-OPUEHTUPOBAHHOTO SI3bIKA
nporpamMmmupoBanusi ~ OpenMusic,  HaNMMCAaHHOTO  CHEHHAIBHO  JUJIL  HYX]
KOMIIO3UTOPOB, B TPEX pA3JIUYHBIX CIydasX. OTO CHEKTpajdbHAas MY3bIKa,
MO3BOJISIONIAS MOJEIUPOBATh pPa3IMUHbIC JUHAMUYECKH MEHSIONIUEecs: TeMOpHI,
anreOpanyeckue omeparuy HaJ PUTMaMU U MEPEHOC alreOpanvecKux omnepaiui ¢
PUTMOB Ha 3BYKOBBICOTHBIE TEKCTHl. BE€3yCIIOBHO, 3TUM HE HCUEPIIBIBAIOTCSA BCE
BO3MOXXHOCTH  HCIIOJb30BAHUS QITOPUTMOB TMPU  HAMKMCAHUUA MY3BIKAIBHOTO
counHeHus. [loka3aHO, 4YTO TakOM NCUXOAKYCTUUECKUM PE3YJIbTAT KaK OLLYLICHUE
MOCTENIEHHOTO HApacTaHUsl CJIOKHOCTH MOXET OBITh TMOJIYy4YeH C TMOMOIIBIO
WCIIOJIb30BaHUS aJITOPUTMOB.
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1. Introduction

The problem of storing and processing information representing a certain set of
intellectual knowledge has been particularly acute in various fields of science,
technology and art in recent years due to the emergence of large data arrays and the
emergence of such new processing methods as quantum [1]. In 2019, the national
strategy for the development of artificial intelligence was adopted [2], which implies
the penetration of new methods into all areas of knowledge.

Music (as an art phenomenon) has a number of parameters, including pitch,
rhythm and timbre. Of course, all these parameters have both physical and
psychoacoustic components [3]. For more scrupulous information about the
principles of creating modern music using electronic devices, we recommend reading
the textbook [4]. With traditional notation, the recording of pitch plays the greatest
importance, and the problem of specifying the timbre in general is reduced to the
name of the instrument on which the performance should be fulfilled. As for the
rhythm, the most general instructions are made with the hope of interpretation by
professional musicians. Often this approach is not suitable for recording modern
compositions in which rhythm and timbre play no less a role than intonation motives.

The manifestation of timbral thematism in the music of D.D. Shostakovich was
noted in [5]. The far-reaching development of such ideas led to the emergence of
work [6], where it was pointed out the connection between the transition from
intonational thematism to timbral and the appearance of quantum information
processing methods in the XX century. The use of electronic instruments to create a
sound of a certain timbre has a rich history. Russia is in the most impressive positions
here [7]. It should be noted that attempts to perform musical compositions on a
computer, it turns out, require serious additions to existing formal algorithms, which
was vividly demonstrated by the renowned patriarch of research in the field of
computer music Max Mathews [8].

To solve this problem, you can use both new methods of musical notation and
old ones, giving them some new meaning. In our research, we rely on the object-
oriented programming language OpenMusic, created in Paris IRCAM [9]. This
programming language, written in the traditional Lisp language, allows you to
visualize the information contained in strings using convenient “icons”, often having
the form of traditional musical notation, but with a slightly different meaning,
allowing you to clearly set not only the pitch, but also the structure of rhythm and
timbre.

We show the possibilities of this approach for the implementation of three
completely different types of music. This is the so-called spectral music of T. Muralil,
the theory of rhythms by Antonio Gramsci, as well as one composition by N. Khrust,
constructed similarly to the theory of A. Gramsci, but only with the replacement of
the interpretation of the parameters that set the rhythm with the parameters of pitch.
In all three cases, we will use the capabilities of the Open Music programming
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language.

The analysis of the possibilities of using OpenMusic to study the principles of
the structure of spectral music for a part of Tristan Murail's piece “Désintégrations”
was undertaken by us in [10]. The basics of Antonio Gramsci's theory of rhythms can
be found in the video [11-12]. The work of Nikolai Khrust “Eugenics III. Feedback
door man”, which was written using the OpenMusic language, was performed at the
festival “Five Evenings + 1” in Moscow in 2021 [13]. This work sheds light on the
connection between the development of a musical composition and the mathematical
theory of complexity, which can also be extracted from the long-standing musical-
theoretical work of Yu.M. Butsko, reproduced in [14].

2. Object-oriented programming language OpenMusic

Any programming language contains two classes of objects: for storing
information and performing operations on information. The most general classical
scheme of calculations represents a sequence of actions on information stored in bits
[15].

The OpenMusic environment was written in the programming language Lisp, in
which both objects intended for storing information and functions over these objects
are specified using strings separated by opening and closing brackets. The main
advantage of OpenMusic, in comparison with a conventional programming language,
1s a user-friendly graphical interface, the appearance of which often corresponds to
traditional musical notation.

Below we will list a few basic types of objects that we will use. Firstly, it is, of
course, just a string consisting of numbers and brackets. This way of storing data is
typical for Lisp. Usually such a string is endowed with a tree structure using brackets:

Fig. 1. The main way to store data

Fig. 1 shows a sequence of four-digit numbers separated by parentheses. The
pitch of notes in OpenMusic is usually measured in midicents. Unlike the units of
pitch in midi, measured in units attributed to the white and black keys of the piano
supposing that middle La (A-440) has the number 69, one midicent accounts for a
hundred times more. This is done so that it is possible to record notes with a more
complex pitch, for example, a quarter tone. It turns out that we see a sequence of
notes consisting of middle C and C#.

Fig. 2. Object for storing data Voice
Another typical example of an object intended for data storage is shown in Fig.

2. Here, however, you should immediately make a reservation. Although what we see
is very similar to ordinary musical notation, a fundamentally different meaning can
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be put into this recording. For example, this sequence can determine the rhythm. In
this case, the fractions of the duration of the notes set the rhythm structure, and the
pitch on the sheet music means the choice of the instrument on which the sound will
be extracted (high or low bongs, congas, etc.)

Musical notes of the first and second types, shown in Fig. 1 and Fig. 2, can be
converted into each other. At the same time, the visual graphic image of Fig. 2 turns
into a complex tree of Fig. 1 with a large number of brackets. Note that the lines of
the type shown in Fig. 1 can determine not only the sequence of notes or chords, but
also rhythmic trees, the simplest example of which is shown in Fig. 3. The numbers
in the figure mean sequentially: the number of bars (one), the size of the bar (four
quarters) and the division of the bar into separate fractions (2+1+1).

Fig. 3. The simplest example of recording a rhythmic tree

As already mentioned above, the second class of objects includes functions that
allow you to change information data. We do not aim to describe all such functions.
This is impossible, and it is not necessary. Since next we will talk about the use of
algorithms when creating musical compositions, we will need, first of all, the creation
of cycles in which some data will be sequentially sorted through. The main object
performing this operation in OpenMusic is omloop, the appearance of which is shown
in Fig. 4.

In Fig. 4, we see that the numbers contained in the inputs input 0 and input 1 are
multiplied with each other. The program creates a list containing the results of such
multiplication. Here we are faced with another operation on the data, which is their
usual multiplication with each other. Of course, addition is also defined. We will not
discuss these operations in detail.

Fig. 4. Organization of cycles

3. Analysis of one part of Tristan Murail’s composition “Désintégrations”

The piece "Désintégrations”, written in the style of spectral music by Tristan
Murail in 1982-83, consists of 11 parts, each of which is characterized by its own
work with spectrum, rhythm and texture. We will focus on explaining the idea
underlying the 10th part [10]. The basis of this part of the piece is the distortion of the
timbre of the trombone, which plays E of the great octave. The 12th overtone of the
note is taken as a reference point. With each new chord, it rises by a quarter of a tone.
The remaining 11 harmonics are stretched proportionally. In addition, such a dynamic
process, perceived by ear as an increase in dissonance, accelerates over time.

To generate the chord sequence underlying the 10th part of the piece, you can
use a patch written in OpenMusic. Fig. 5 below shows a patch that allows you to
build a sequence of increasingly frustrated chords.
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Fig. 5. A patch that simulates a chord sequence

The program works from top to bottom. First, overtones with the numbers
indicated in the window to the right of the note are extracted from the sound of E of
the great octave. It turns out the sound of E with the timbre like a trombone. His
musical notation can be seen below. Next, a chord sequence is constructed with an
increasingly distorted timbre. The final chord sequence is placed in the Voice object
at the bottom of Fig. 5.

4. Algebraic operations in the theory of rhythms by Antonio Gramsci

Rhythm is usually understood as a kind of repetitive structure. It was in this
form that it appeared in Antonio Gramsci, a multi-instrumentalist musician and
teacher of the school of oriental drums. He was interested in the structure of existing
rhythms that can be tapped on the drum, and also, what is more interesting for us, the
operations that can be performed on rhythms. It turned out that operations such as
addition and multiplication, which are quite naturally defined, turn a set of rhythms
(we will give an exact definition below) into an algebraic structure. Taking the
exponentiation of rhythm as the main operation, we found that the initially
transparent rhythmic structure can be significantly complicated in time.

A simple rhythmic pattern can be represented by a sequence of ones and zeros,
where one means the presence of a beat, and zero means a pause [11-12]. Adding up
the number of consecutive zeros with one standing to the left of them, we get an entry
of the form |4221111|. Of course, multiplying each of the numbers in the record by
the same number, we get the same rhythm, since the unit of time has no absolute
value. For example, the entry |8442222]| or |16884444| sets one rhythm. A significant
number of different algebraic operations can be defined over rhythms written in this
form. For us, their most important examples are addition (concatenation) and
multiplication. The result of the addition of two rhythms is their consistent
performance. Multiplication has a more complex structure, the result of which is the
performance of one rhythm in the rhythm of another. Formally, mathematically, this
means a component-by-component multiplication of numbers that define a rhythmic
pattern. So [4221111| multiplied by [211| gives |844422422211211211211.

Fig. 6. A patch that builds simultaneous performance of three different rhythms

A pure rhythm (without pitch) can be played on various percussion
instrumentsthat have midi numbering. Channel 10 is reserved for them in computer
programs for sound reproduction. At the same time, it is possible to build certain
basic rhythms to various degrees and play several tracks containing degrees of
rhythms at once with different instruments. The most interesting result is obtained
when the rhythm is raised to a sufficiently high (3 or 5) degree. We used the Open
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Music program to obtain such computer compositions. Below in Fig. 6 shows a patch
that performs the construction of 5, 6 and 3 degrees of different rhythms. After that,
they are combined in the object Poly.

Fig. 7. The result of the program that outputs the composition of rhythms

Finally, here is a picture with a sheet music mill, demonstrating the result of the
Open Music program. Looking at Fig. 7, you might think that we are seeing an
ordinary musical notation. In fact, the pitch here means the number of the midi
instrument on which this rhythm is performed, and the duration of the sound of the
note just conveys the rhythmic pattern.

5. Raising intonation to a degree in the composition “Eugenica I1l. Feedback
door man” by Nikolai Khrust

Having familiarized himself with the theory of algebraic operations on rhythms,
composer Nikolai Khrust proposed similar operations for a high-pitched musical text.
Duration and pitch were chosen as the parameters of the note. When two notes are
multiplied, their durations are added, and the heights are multiplied modulo the
chromatic scale. Such an operation can be compared to a complex multiplication of
two rhythms, where each of the components has two parameters. One of them is
directly responsible for the value of the fraction, and the second takes two values, one
of which can be called conditionally “deaf”, and the second ‘““‘sonorous”. For rhythms
with such multiplication, a rule is adopted according to which multiplication of two
deaf and two sonorous gives a deaf, and otherwise, a sonorous one is obtained.

The complication of the rhythmic pattern during exponentiation was surprisingly
manifested in the new definition of multiplication. The construction of a musical
piece by N. Khrust exploits the principle of repeatability in order to enrich at each
new turn. It is this property that determines the meaning of the name “Eugenica”.
Below, Figure 8 shows the simplest patch written in the Open Music program, which
performs such an operation.

Fig. 8. The result of multiplying two intonation patterns

In the windows at the top of the patch in Figure 8, we see two simple melodies.
Here, four-digit numbers set the sequence of note heights, and numbers with a
complex system of brackets determine the clock size. The composition of Nikolai
Khrust, which, of course, is much more complicated than the mathematical schemes
given, was performed at the festival of contemporary music in the Rachmaninoff Hall
of the Moscow Conservatory [13].

6. Conclusion
We demonstrated the capabilities of the object-oriented programming language
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OpenMusic, written specifically for the needs of composers, in three different cases.
This is spectral music that allows you to simulate various dynamically changing
timbres, algebraic operations on rhythms and the transfer of algebraic operations
from rhythms to sound pitch texts. Of course, this does not exhaust all the
possibilities of using algorithms when writing a musical composition. It is shown that
such a psychoacoustic result as a feeling of a gradual increase in complexity can be
obtained by using algorithms.
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