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MATEMATHYECKAS MOJEJIb ITPOLHECCA NOTPEBJIEHUSA BBIYNCJIMTEJIBHbBIX
PECYPCOB ITPH UX HEIIOJIHOM OCBOBOKAEHUU

©Hocosa M. I'., ORCID: 0000-0003-3641-7759, SPIN-xo00: 8091-3333, xano. ¢puz.-mam. nayx,
Tomckuil 20cy0apcmeeHHblLL YHUBEPCUMEN CUCTEeM YAPABLEHUsL U PAOUOIIeKMPOHUKU,
2. Tomck, Poccus, nosovamgm@gmail.com
©Caouvixoe B. /I., Tomckuii cocyoapcmeennwiii yHugepcumem cucmem YnpasieHus u
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MATHEMATICAL MODEL OF THE CONSUMPTION OF COMPUTER RESOURCES
DURING THEIR INCOMPLETE RELEASE

©Nosova M., ORCID: 0000-0003-3641-7759, SPIN-code: 8091-3333, Ph.D., Tomsk State
University of Control Systems and Radioelectronics, Tomsk, Russia, nosovamgm@gmail.com
©Sadykov V., Tomsk State University of Control Systems and Radioelectronics,
Tomsk, Russia, sadykovvaris@hotmail.com

Aunnomayus. B cratbe pa3zpabarbIBaeTCsi MaTeMaTHuyecKas MOJEINb Ipoliecca MOTpeOiIeHus
BBIYUCIIUTCIIBHBIX PECYPCOB IIPpH HMX HCIIOJHOM OCBO60)KI[CHI/II/I npu NpUMCHCHHU TCXHOJIOTMU
BUpTyanu3auu. MaremaTtudeckass MOJENb MpeACTaBlIeHa B BHAE CUCTEMBl MacCOBOTO
00CITyKMBaHHsI C HEOTPAHUYEHHBIM YHCIOM NMPHOOPOB, C MPOCTEHITMM BXOAAIIMM ITOTOKOM 3asIBOK
U DKCIIOHCHIMAIBHBIM BpPEMEHEM OOCITy)KMBaHUS HMX Ha mnpuodopax. HccrnemoBanwe Monenu
BBITIOJTHEHO METOJaMH TEOPHUH MAacCCOBOTO OOCIyXHBaHHS. METOJOM MOMEHTOB HaWJCHBI
OCHOBHBIC ~ BEPOSITHOCTHBIE XapAaKTEPUCTHKH BEIMYMHBI 00beMa CBOOOAHBIX PECYpCOB:
MaTeMaTHuecKoe OxujaaHue u aucnepcus. llpeanokeHHas MaremaTudeckas MOJAETb Ipolecca
HOTpC6J’I€HI/I$I BBIYUCIIUTCIIBHBIX PECYPCOB NO3BOJIACT OUHCHHUBATH WM IMPOTHO3HMPOBATH IIPOLICCC
U3MEHEHUs o0beMa CBOOOJHBIX PECYpCOB BUPTYalIbHOW MAIIMHBI BO BPEMEHH U aHAIU3UPOBATh
napaMeTpsl €€ MPOU3BOAUTEIbHOCTH.

Abstract. The article develops a mathematical model of the process of consuming computing
resources when they are incompletely released using virtualization technology. The mathematical
model is presented in the form of a queuing system with an unlimited number of devices, with
a simple incoming flow of applications and exponential service time for them on the devices.
The study of the model is performed by the methods of queuing theory. Using the method of
moments, the main probabilistic characteristics of the amount of free resources are found
mathematical expectation and variance. The proposed mathematical model of the process of
consuming computing resources allows us to evaluate and predict the process of changing the
amount of free resources of a virtual machine in time and analyze its performance parameters.

Knrouesvie cnosa: cucreMa MacCOBOTO O6CJ'Iy>KI/IBaHI/I${, MAaT€MaTu4€CKOC MOACIINPOBAHUC,
BI/IpTyaJ'ILHHﬁ CCPBCP, ONITUMU3AL M, BUPTyaJIbHAA MalllnHA, HOTpC6J'ICHI/Ie ImaMsITH.

Keywords: queuing system, mathematical modeling, virtual server, optimization, virtual
machines, memory consumption.
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Bseoenue

CoBpeMEeHHOE KOMIIBIOTEpPHOE 000pyIOoBaHKMEe 001alaeT O4eHb IMHUPOKUMHU BO3MOXKHOCTSIMH,
M3HAYAIILHO OHO OBUTO pa3paboTaHO AJIs YCTAHOBKU TOJBKO OJHOHN ONEPAIIMOHHOW CUCTEMBI M IS
BBITOJIHEHHS TOJBKO OJJHOTO MPHIIOKECHUs. TEXHOJOTHS BHUPTyaIM3allUsl CMOINIA MPEOJOIETh 3TO
OrpaHUYEHUE U CJiealia BO3MOXKHBIM OJIHOBPEMEHHBIH 3aIlyCK HECKOJIBKUX OMEPAIMOHHBIX CHCTEM
Y BBIMIOJIHCHUE HECKOJBKUX MPUIOKECHUH Ha OIHOM KOMIIBIOTEPE NPHU ITOM TaKWe BUPTyaJbHBIC
MAaIIHHBI OKa3bIBAIOTCS a0COIIOTHO M30JIMPOBAHHBIMU JPYT OT JPyra U BEAYT CeOs, KaK OTJCIbHbBIC
¢dusnveckre KOMIbIOTEphl. C MOMOIIBIO TEXHOJIOTMU BUPTYaJH3allMU 3HAYUTEIHHO MOBBIIIACTCS
3pPEKTUBHOCTh HMMEIOLIETOCS B  PACHOPSDKEHHHM — NPENNPUATHS  OOOPYIOBAaHUS 33  CUET
KOHCOJIUJAIIMM  pabouyux HaArpy3oK, YTO TIO3BOJSIET CYIIECTBEHHO COKPAaTUTh KOJIUYECTBO
CEepBEpHOTO0 OOOPYIOBAHMSI W CHU3HTH OKCIUTyaTallMOHHBIC W3JEPKKH Ha coaepxkanue IT-
UHPPACTPYKTYpbl mpennpusatus. Ha cerogHsmHWiA JeHb MWDIMOHBI JIIOACH BO BCEM MHpE
UCTIONB3YIOT TEXHOJOTHIO BHUPTyalU3allMM JJIsi SKOHOMHUU BpPEMEHH, JICHEXKHBIX CPEICTB W
ANIEKTPOIHEPTUH, JOCTHUTASI MIPU ITOM 00JIee BBICOKHX PE3yJbTaTOB 0€3 PAaCHIMpPEHUs allapaTHbBIX
pecypcos [1].

OnHaKo, MONMH30BATEIM BUPTYaTbHBIX MAIIMH, MOTYT CTOJIKHYTBCS C TaKOW MpOOJIeMOH, Kak
yTeYKa BBIYMCIUTEIBHBIX PECYpCOB, KOTOpask BO3HUKACT B PE3YJIbTaTe HETMOJIHOTO OCBOOOKICHHUS
3aHATOM MaMATH MTPUIOKEHUSMHU. DTO MPUBOAUT K TOMY, 4YTO MOTpeOIEHUE pecypcoB B
BUPTYQJIbHON MaIllMHE HEKOHTPOJIUPYEMO BO3PACTAET, B PE3yIbTaTe MOXKET HACTYIHTh MOMEHT,
KOTZla HOBOE BBUICIICHHE NaMSTH JUIsI WCIOJHCHHS TOJB30BATEILCKUX 3allPOCOB CTAHOBUTCS
HEBO3MOXKHBIM.

[ToaTOoMy C 11eNBI0 aHaIKM3a U ONTUMU3AIMH TAPAaMETPOB MPOU3BOAUTEIIBHOCTH BUPTYAIbHOM
MAaIlIWHBI, aKTYaJIBHBIM SBISICTCSI MOJICTHUPOBAHUE TPOIECCa N3MEHEHHUS 00beMa BBIUMCIHTEIHLHBIX
PECYpCOB TPH HMX HEMOJHOM OCBOOOXICHWW TPH TPUMEHEHUU TEXHOJOTUU BHPTYaTH3AIHH.
MopnenupoBanuio  mporiecca  NMOTPEOJICHUS  BBIYMCIHMTEIBHBIX ~ PECYpCOB,  IMOCBSIIEHBI
MHOTOYHCIIEHHBIE Pa0OThl OTEUECTBEHHBIX U 3apyOeKHBIX YUYEHBIX. 3HAUMTEIbHAS YacTh 3ITHUX
paboT OTBOAMTCS MPUMEHEHUIO IMPU MOJCITHPOBAHUKM METOIOB TEOPHH MACCOBOTO OOCITYKHBAHHS
[2-5]. Opnako mopenu, pa3paboTaHHBIE YYEHBIMH, HE HMCUEPIBIBAIOT BCE HX MHOrooOpasue,
aKTyaJIbHBIM MO-TIPEKHEMY OCTaeTcs pa3padoTka HOBBIX MOJIeNIel, MaKCUMAIIbHO MPUOIHUKEHHBIM K
peanbHBIM IpOIEccaMm.

Mamemamuueckas mooens

B xauecTBe HOBOI MaTeMaTH4eCcKOW MOJIENHU Mpolecca NoTpedeHUs] BUPTYalbHON MalllnHON
BBIUHCIIUTENIBHBIX ~ PECYypcOB TpuU  00paboTKe 3ampocoB  IOJIb30BaTeNeld ¢ HEMOJHBIM
OCBOOOXKICHHEM PECYpPCOB BhIOEpEM OECKOHEYHO JIMHEWHYIO CHCTEMY MAacCOBOTO OOCITYKHUBaHUS
M|M|o [6-7]. Ha Bxom Ttakoii cucrembl M|M|co mocTymaeT NpOCTEHMIINMMA TMOTOK 3alpoCOB C
MHTCHCUBHOCTBIO A, BpeMsl OOCIyXHMBAaHUS 3alpOCOB IIOJIb30BATENIEH pacHpeAesieHo o
HKCIIOHEHIIMATBHOMY 3aKOHY ¢ MHTEHCUBHOCTBIO [ (PrcyHOK).

IIpy noctyrmieHun 3asBKM (3ampoca) B CHUCTEMY JUIsl BBINOJIHEHUS  BBIJEISIFOTCS
BBIYUCITUTENILHBIC PECYPCHI, KOTOPHIE B OOJIBINEH CTENEHH 0CBOOOX/IAIOTCS, KOT/Ia 3alpOC MOKUIAET
cucreMy. Eciu B MOMEHT MOCTYIUIEHHs 3ampoca HEJOCTaTOYHO CBOOOIHBIX BBIYHMCIHUTENBHBIX
pecCypcoB BHUPTYaJIbHOM MAIIMHBI Ui €ro 00paboTKH, TO Takoil 3ampoc Tepsercs. byaem cuutars,
qTOo HOTCHHI/IaJ'II)HIﬂﬁ ITOTOK 3aITpOCOB K CCPBEPY ABIACTCA O€CKOHEYHBIM.

®
@ T Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 11


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020

https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55
A
- - IJ
" H
) u
e = @
X u

Pucynok. Cructema MmaccoBoro oocirykuBanus M|M|co.

JIns GyHKIIMOHMPOBAHUS JAHHOW CHCTEMBI BaKHBIMH SIBIISIOTCS JBa CIyYalHBIX Ipolecca:
9HCIIO 00CYKMBACMBIX 3alpOCOB A(f) B cucTeMe U 00beM CBOOOTHBIX BBIUMCIHTEIBHBIX PECYPCOB
S(#). 3MeHnenue umcia OOCITYy)XKHBACMBIX 3aIpOCOB k(f) 1 00beMa CBOOOIHBIX BBIYUCIUTEIBHBIX
pecypcoB S(f) IPOUCXOAUT B CIICAYIOIINX CUTYaIUAX:

1. Ha BupTyanbHy[0 MamiMHy HOCTyIaeT HOBBIHA 3ampoc. [lonaras, 4yTo moTOK 3ampocoB Ha
MAIlIMHY SBJISIETCS MPOCTEHIINM C HHTEHCUBHOCTBIO A, 3aIIUIIIEM BEPOSTHOCTH TOTO, YTO 33 BPEMS
At Ha BUPTYaJIbHYIO MAIIUHY IMOCTYIAT HOBBIN 3anpoc kak AAt + o(At). [Ipu 3ToM KaXKIblii HOBBII
3aIpocC CBSA3aH C 3aXBATOM HEKOTOPOTO 00beMa PecypcoB ¢ [uis ero oopadoTku. Pasmep ¢ sBiseTcs
CIydaifHOH BenMunHOW ¢ dyHKumei pacmpenenenus Fy,(x) m Momentam M{p} = a; u M{p?} =
a,.

2. B ciy4aliHbIiI MOMEHT BpEMEHHM 3alpoc IOJHOCTBIO 00pabaThiBacTCsl BUPTyaJbHOMN
MamuHOW. byneMm morarath, 4TO NMPOAOIDKUTENHFHOCTH O0Pa0OTKM 3ampoca SBISETCS CIydailHOU
BENMYMHON ¢ QpyHKmel pacnpenenenus F(x) = 1 — e #. Kaxnplii 3ampoc o0pabaThiBaeTcs
MOKHUIAeT BUPTYaJbHYIO MAIIMHY HE3aBUCHUMO OT MPOAOIDKUTEIHLHOCTH OOCITY>KUBAHHS APYTHX
3alpocoB, ¢ MHTEHCUBHOCTHIO L. Torma 3a Bpemsi At 3ampoc MOKMHET BHPTYalbHYIO MAIIWHY C
BepOATHOCTBIO kuAt + o(At). Ilpu 3ToM Kaxablii 00paboTaHHBINM 3aMIpOC YaCTUYHO OCBOOOXKAAET
pecypcbl HEKOTOporo oowema #. Pasmep # sBisercss ciaydyalHOW BENIMYMHON ¢ (QyHKIUEH
pacnpenenenust Fn(x) u ¢ momentamn M{n} = c; u M{n?} = c,, npudem, yuuThIBas HanHdme

YTE€UKH BBIUMCIUTEIBHBIX PECYPCOB, BCETNa €1 < A4 U C; < Q5.

Haxoocoenue 6eposimHocmuvlx Xapakmepucmux
B nanpHeiiieM, MpUMEHss METObI TEOPHHM MAacCOBOro oOCmykuBaHusi [6—7], a Takxke
MOAXO/I, ONMHUCAHHBIN B [8—9], HalIeHO, 4TO M3MEHEHHEe O0BheMa CBOOOIHBIX BBEIYHCIUTEIHLHBINA
pPeCypcoB TpPH HEMOJHOM OCBOOOKICHHH PECypCOB MOKHO OIMCaTh BhIpakeHueM: V(t) =
-3 +3,Un,
Torma oOmuit 00beM CBOOOMHBIX PECYpCOB BHUPTYaJIbHOW MAIIMHBI B MOMEHT BPEMEHH [
coctaut: V(t) = V(0) + V(t), tne i(f) — cuydaiiHBIii Tporecc, XapakTepH3ykolleld YHcIo
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MPUIIEANINX 3aMpOCOB 3a BpeMs f, a [(f) — YHCIO 3ampocoB, 3aBEpUIAIONINX OOCITY)KHBaHUE B
MOMECHT BPEMCHH /.
Torna cpenusist BenuuMHA U3MEHEHHS 00beMa CBOOOIHBIX PECypCOB 32 BpeMs ¢ COCTABUT:

MV (¢) = %cl(l — M) + Aa,t, MV (E) = V(0) + MV (b), (D
a aucnepcust 00beMa CBOOOTHBIX PECYPCOB 3a BpeMs £
DV(t) = DV(0) + DV(t) = (2)
= ’—:cz(l —e M) — 2§a1c1(1 —e M) — Aa,t.
rne V(0) — HavanpHBIE 00BEM CBOOOIHBIX BBIUHMCIUTEIBHBIX PECYPCOB BUPTYaJIbHOMN

MallUHBI.

Pesynbrarom mccnenoBanus sBisrorces Gopmynsl (1) u (2), onpenensroniue BEpOSITHOCTHbIE
XAapaKTEPUCTUKU BEJIUYMHBI 00bEMa CBOOOJHBIX pECYpCOB BHUPTYaJbHOM MAIIMHBI IPU HX
HETOJIHOM OCBOOOX/IEHUH, @ UMEHHO MaTeMaTHYeCKOe OXKHJIaHUE U IUCIIEPCHIO.

Baxnouenue
Pa3zpaborannas MmaremMaTiHdeckasi MOJIEIb polecca MOTPEOICHIS BEIYUCIUTEIHHBIX PECYPCOB
1 HaiJICHHbIC BEPOSATHOCTHBIC XapPaKTCPUCTUKH IO3BOJISACT OLICHUBATh M IIPOrHO3MPOBATH IIPOIECC
U3MeHEeHUsT 00beMa CBOOOIHBIX PECypCOB BHPTYallbHOW MAalllMHbl BO BPEMECHU U aHAJIM3UPOBATH
napaMeTpsl e¢ MPONU3BOAUTEITHHOCTH.

Cnucok tumepamypul:

1. I'ycer O. B., XKyxoB A. B., [Tonskor B. B., [Tomsiko C. B. [IpoGiiema anekBaTHOW OIICHKH
IPOM3BOIUTEIBHOCTH BeO-CEpBEPOB B KOPMOpPATUBHBIX ceTsix Ha npeanpustusx LIBIT // Hosbie
uHpopmannonnsle TexHomorun B LIBIl u sHepretmke: Mmarepuanbl 6-i HayYHO-TEXHUYECKOM
koH(pepenuuu (I[lerpozaBoxack, 20-24 centsaops 2004 1.). [lerposzaBoack, 2004. C. 84-87.

2. Vilaplana J., Solsona F., Teixido I., Mateo J., Abella F., Rius J. A queuing theory model for
cloud computing // The Journal of Supercomputing. 2014. V. 69. Nel. P. 492-507.
https://doi.org/10.1007/s11227-014-1177-y

3. Khazaei H., Misic J., Misic V. B. A fine-grained performance model of cloud computing
centers // IEEE Transactions on parallel and distributed systems. 2012. V. 24. Nell. P. 2138-2147.
https://doi.org/10.1109/TPDS.2012.280

4. El-Sheimy N., Hou H., Niu X. Analysis and modeling of inertial sensors using Allan
variance // IEEE Transactions on instrumentation and measurement. 2007. V. 57. Nel. P. 140-149.
https://doi.org/10.1109/TIM.2007.908635

5. Murugesan R., Elango C., Kannan S. A status report on resource allocation in cloud
computing using queuing theory // International Journal of Advanced Research in Computer
Engineering & Technology (IJARCET). 2014. V. 3. Nel1. P. 3603-3608.

6. Hocoea M. I. ABTOHOMHas HEMapKOBCKasi CHCTEMa MacCOBOTO OOCIY>KMBaHUS U €€
MIPUMEHEHHUE B 3a7a4ax aeMorpadun: aucc. ... Kaua. pus.-mart. Hayk. Tomck, 2010. 204 c.

7. Hazapos A. A., Tepmyros A. ®@. Teopus maccoBoro o0ciyskuBanus. Tomck, 2010. 228 c.

8. HocoBa M. I. Maremarnueckass Mojeidb KOMIIQHHMM IO MHUKpPO(QHUHAHCHPOBAHUIO CO
CMEIIaHHBIMHM TOTOKAMHU BXOSIINUX pUCKOB // DyHIaMeHTanbHble uccienoBanus. 2017. Nel2-1.
C.207-211.

9. Nosova M. G. Research of a three-phase autonomous queuing system with a Markov
Modulated Poisson process // Information Technologies and Mathematical Modeling (ITMM-2018):
Proceedings of 17th International Conference named after A. F. Terpugov (Tomsk, September 10-
15, 2018). Tomsk, 2018. P. 33-38.

() _©
Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 13


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

References:

1. Gusev, O. V., Zhukov, A. V., Polyakov, V. V., & Polyakov, S. V. (2004). Problema
adekvatnoi otsenki proizvoditel’nosti veb-serverov v korporativnykh setyakh na predpriyatiyakh
CBP. Novye informatsionnye tekhnologii v CBP i energetike: materialy 6-i nauchno-tekhnicheskoi
konferentsii (Petrozavodsk, 20-24 sentyabrya 2004 g.). Petrozavodsk, AO Metso-Automation, 2004,
84-87. (in Russian)

2. Vilaplana, J., Solsona, F., Teixido, 1., Mateo, J., Abella, F., & Rius, J. (2014). A queuing
theory model for cloud computing. The Journal of Supercomputing, 69(1), 492-507.
https://doi.org/10.1007/s11227-014-1177-y

3. Khazaei, H., Misic, J., & Misic, V. B. (2012). A fine-grained performance model of cloud
computing centers. IEEE Transactions on parallel and distributed systems, 24(11), 2138-2147.
https://doi.org/10.1109/TPDS.2012.280

4. El-Sheimy, N., Hou, H., & Niu, X. (2007). Analysis and modeling of inertial sensors using
Allan variance. [EEE Transactions on instrumentation and measurement, 57(1), 140-149.
https://doi.org/10.1109/TIM.2007.908635

5. Murugesan, R., Elango, C., & Kannan, S. (2014). A status report on resource allocation in
cloud computing using queuing theory. International Journal of Advanced Research in Computer
Engineering & Technology (IJARCET), 3(11), 3603-3608.

6. Nosova, M. G. (2017). Matematicheskaya model’ kompanii po mikrofinansirovaniyu so
smeshannymi potokami vkhodyashchikh riskov. Fundamental 'nye issledovaniya, (12-1), 207-211.
(in Russian)

7. Nazarov, A. A., & Terpugov, A. F. (2004). Teoriya massovogo obsluzhivaniya. Tomsk. (in
Russian)

8. Nosova, M. G. (2017). A Mathematical model of microfinance company with mixed flows
of incoming risks. Fundamental 'nye issledovaniya, 12-1, 207-211. (in Russian).

9. Nosova, M. G. (2018). Research of a three-phase autonomous queuing system with a
Markov Modulated Poisson process. In Information Technologies and Mathematical Modeling
(ITMM-2018): Proceedings of 17th International Conference named after A. F. Terpugov,
September 10-15, 2018, Tomsk, Russia. Tomsk, 33-38.

Paboma nocmynuna IIpunsama x nyoruxkayuu

6 pedaxyuio 29.04.2020 a. 03.05.2020 e.

Ccolika 0ns yumuposauusi.
Hocosa M. I., CagsikoB B. JI. Maremaruueckas Mojenb mpolecca MNOTpeOIeHHs
BBIUHCIIUTENBHBIX PECYpCOB IPHU UX HEMOJIHOM OCBOOOXAEHUM // BronneTeHb HayKd M MPaKTHUKH.

2020. T. 6. Ne6. C. 10-14. https://doi.org/10.33619/2414-2948/55/01

Cite as (APA):

Nosova, M., & Sadykov, V. (2020). Mathematical Model of the Consumption of Computer
Resources During Their Incomplete Release. Bulletin of Science and Practice, 6(6), 10-14. (in
Russian). https://doi.org/10.33619/2414-2948/55/01

() _©
@ T Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 14


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

YIK 553.2+539.4 https://doi.org/10.33619/2414-2948/55/02

BJIMSAHUE XAPAKTEPUCTHUK BA3AJIbTOBOI'O PACIIJIABA
HA ITPOIIECC OBPA3OBAHUA BOJIOKOH

©Anoapanues /K. K., SPIN-x00: 9538-9938, kano. mexu. nayk, Kupeuzckuti 2ocyoapcmeeHHbll
VHU8epcumem cmpoumenbcmea, mpancnopma u apxumexmypsi um. H. Hcanosa,
2. buwxex, Kvipevizcman, janlem@mail.ru
©Hcmanos FO. X., ORCID: 0000-0001-8176-2602, SPIN-xo00: 1183-7001, 0-p ¢puz.-mam. nayx,
Kupeusckuii 2ocyoapcmeennulil ynugepcumem cmpoumeibCcmed, mpaHcnopma u apxumeKmypbl Um.
H. Ucanoesa, e. Buwxex, Kvipeviscman, i_yusupjan@mail.ru
O©Kaiinazapos A. T., Kupeusckuii 20cy0apcmeeH bl YHUGepcumem cmpoumenbCmaed, mpaHcnopma
u apxumexmypwol um. H. Hcanosa, e. Buwxek, Kvipevizcman, askarbek@mail.ru
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Annomayus. B mo060M Npou3BOACTBE U3JEIUH Ha OCHOBE MUHEPAIbHBIX BOJOKOH OJHUM U3
OCHOBHBIX BHUJOB 00OpPYIOBAaHHUS, BXOISALIET0 B JIMHUIO IO MPOU3BOACTBY W3JEIMA U3 BOJOKHA
SBJISIIOTCSL  YCTAaHOBKM Ui (popMoBaHHWsI 0a3albTOBOTO KOBpAa, MM TaK Ha3bIBa€MblE KaMephl
BOJIOKHOOC@KJAeHUs. OT MX COBEpPUICHCTBA 3aBHCHUT KaueCTBO TOTOBBIX M3zenuil. B Hactosmee
BpeMs CYILIECTBYET HECKOJIBKO IIMPOKO UCIHOJIb3YEMBIX B MPOMBIIIJIEHHOCTH CIIOCOOOB MOIYYEHUs
MUHEPAJIbHBIX BOJIOKOH U3 pacIliaBa, KOTOpbIe U 00yCIaBIMBAIOT Pa3IUYHbIE TUIIBI U KOHCTPYKLHU
KaMep BOJIOKHOOcakJaeHUs. Bo Bcex kamepax (opMoOBaHHE MMHEPATIOBATHOIO KOBpa MPOUCXOAMT
IOoJ JEHCTBUEM TUApOAMHAMUYEeCKuX Cwil. llodToMy wu3ydeHnme Takux T'MAPOAMHAMHUYECKHX
XAapaKTEPUCTUK, KaK CKOPOCTH NAaJEHUs OTAEIbHBIX BOJOKOH U CIYCTKOB U3 JTHUX BOJOKOH U
TUIPOJMHAMMYECKOE  CONPOTHUBIEHUE KOBPA, HMMEIOT IEPBOCTENIEHHOE 3HAYeHHe IMpU
MIPOEKTUPOBAHUN HOBBIX U PEKOHCTPYKILUHU CTapbIX KaMmep BOJIOKHOOCAXJeHus. B naHHol pabote
UCCIIeIOBAaHa B3aUMOCBSI3b  MEXJy CKOpPOCThIO jaedopManu M KO3(D(OUIUEHTOM BS3KOCTU
0a3aIbpTOBOTO pacijiaBa B IMPOLECCE BOJOKHOOOPAa30BaHMs MpPU MOCPEICTBE AYThEBOW TOJOBKH,
pa3zpaboTtanHoi aBTOpamu. JlaHO OOOCHOBaHHE IIpolEcca BOJOKHOOOpPA30BaHUS C IOMOLIBIO
NyTbeBOM TONOBKH. Ilody4yeHbl COOTHOIIEHHUS, YCTaHABIMBAIOLIUE 3aBUCHUMOCTb CKOPOCTHU
aepopManuM B CTpye BOJOKHA B 3aBUCUMOCTHM OT BS3KOCTHM paciuiaBa. [lomyueHsl
HKCIIEPUMEHTANIbHbIE JIaHHBIE, IO KOTOPHIM MOKHO OLIEHUTH BIIMSHHE MECTOPOXIECHUS 0a3alibTOB
Ha 3aBUCUMOCTb CKOPOCTHU JAe(opMaluu OT BS3KOCTH 0a3alibTOBOTO paciijiaBa. YCTaHOBJIEHO, YTO
BBICOKOCKOPOCTHas AedopMaliysl paciiiaBa CHJIbHO BIUSET Ha Kaue€CTBO BOJOKOH M Ha KOJUYECTBO
OTXOJ10B IIPU ITPOU3BOZACTBE BOJIOKOH.

Abstract. In any production of products based on mineral fibers, one of the main types of

equipment included in the line for the production of fiber products is installations for forming a
basalt carpet or the so-called fiberizing chambers. The quality of finished products depends on their
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perfection. Currently, there are several widely used in industry methods for producing mineral
fibers from the melt, which determine the various types and designs of hibernation chambers. In all
chambers, the formation of mineral wool carpet occurs under the influence of hydrodynamic forces.
Therefore, the study of such hydrodynamic characteristics as the rate of fall of individual fibers and
clumps of these fibers and the hydrodynamic resistance of the carpet is of paramount importance in
the design of new and reconstruction of old chambers. In this paper, we study the relationship
between the strain rate and the viscosity coefficient of basaltic melt during fiber formation using a
blown head developed by the authors. The substantiation of the process of fiber formation using a
blowing head is given. Relations are obtained that establish the dependence of the strain rate in the
fiber stream on the viscosity of the melt. Experimental data have been obtained that can be used to
evaluate the effect of a basalt deposit on the dependence of the strain rate on the viscosity of a
basalt melt. It was found that high-speed deformation of the melt greatly affects the quality of the
fibers and the amount of waste in the production of fibers.

Kntouegvle cnosa: 06a3anbToBBIA paciiiaB, MUHEpAIbHBIE BOJIOKHA, CKOPOCTH AedopMallui,
K023(pPUIHEHT BA3KOCTH, IyTheBasi TOJIOBKA.

Keywords: molten basalt, mineral fibers, strain rate, viscosity coefficient, blow head.

Beeoenue

CoBpeMeHHasi Teopusi BOJIOKHOOOpPA30BaHHUS W3 PACIUIABOB TOPHBIX IMOPOA, B TOM YHUCIE
0a3aJIBTOBOTO pacIuiaBa, OTPAXKACT B KAKOW-TO Mepe (PU3MYCCKUH MEXaHH3M ATOTO CIOXKHOTO
mpolecca 1 OnpeesseT MyTH COBEPIICHCTBOBAHMS METOIOB MOIYYEHHUSI HEOPTaHUYECKUX BOJIOKOH.

B pa6orax [1-3] noctarouno noapoOHO onmucaH mporecc 00pa3oBaHusl BOJIOKHA U3 paciljiaBa
TOPHBIX MOPOJ. B ykazaHHBIX paboTax paccMaTpHUBAIOTCS Pa3IMYHbBIC CXeMbl 00pa30BaHMsI BOJIOKHA.
B omHoil 3 cxem 3a OCHOBY Oepercs MpeaBapUTEIbHOE PpaCHISIUICHHE PACIUIaBICHHOM CTPyH
KaKHUM-TTHOO DHEPrOHOCHUTEIEM Ha OTAENbHBbIE CTPYKTYpHI (KapiH), U3 KOTOPBIX 3aT€M MOIydYaroT
BOJIOKHA TOCPEICTBOM BHITATMBaHUs. [Ipeanaraercs Takke cxeMa B BHJIE MPSMOTO BHITSITUBAHUS
BOJIOKOH W3 TOPHOTO pacrjiaBa, KOTOPO€ MPOUCXOIUT 3a CYET TPEHHS, BO3HHUKAIOIIETO MEXIY
SHEPTOHOCHUTEJIEM M, HETIOCPEJACTBEHHO, PACIIIIaBOM.

Kpome Toro, B crathe [4—6] paccMOTpeH MIpOIECC BOJIOKHOOOpPa30BaHUS B MPHUCYTCTBUU
akyctuyeckoro mons. Iloka3aHo, YTO TMpU MOCTPOCHUH TEOPUU BOJOKHOOOPA30BaHUS B
MPUCYTCTBUU aKyCTHYECKOTO TIOJS JKENIaTeJbHO OpaTh 3a OCHOBY KaNmWJUISPHO—BOJIIHOBYIO M
KaBUTAIIUOHHYIO TUIIOTE3bI.

B mro6oM mpousBoacTBe U3AENUN HA OCHOBE MHHEPAIBbHBIX BOJIOKOH OJHHM W3 OCHOBHBIX
BUJIOB OOOPYIOBaHUS, BXOSIIETO B JIMHUIO MO MPOHU3BOJICTBY HM3JEIUNA U3 BOJIOKHA SIBISIIOTCS
YCTaHOBKH JJISA q)OpMOBaHI/ISI 0a3aJIbTOBOTO KOBpa, i TakK Ha3bIBACMBIC KaMCpPbI
BOJIOKHOOCaxeHuss [7-9]. OT uX COBEpIICHCTBA 3aBUCHUT Ka4eCTBO TOTOBBIX u3nenuii. B
HACTOSIIIEEe BpeMs CYIIECTBYET HECKOIBKO HMIMPOKO MCIOIB3YEMbIX B MPOMBIIIIEHHOCTH CIIOCOOOB
MOJTyYeHHUs] MUHEPATTFHBIX BOJIOKOH M3 pacIljiaBa, KOTOpble W 00YCIABIMBAIOT PA3IMYHBIC THUIIBI U
KOHCTPYKIIMH Kamep BOJIOKHOOCaxaeHus. Bo Bcex kamepax (hopMoBaHME MHUHEPAIIOBATHOTO KOBpa
IMPOUCXOAUT 10 ,ZICI\/'ICTBI/IGM THAPOANHAMUYCCKUX CHJI. HOSTOMY HN3YyUCHUEC TaKuXx
THIPOJMHAMHYECKUX XapaKTePUCTHK, KaK CKOPOCTU MaJeHUSI OTIAECIBbHBIX BOJIOKOH U CTYCTKOB U3
ATUX BOJIOKOH U THJIPOAMHAMUYECKOE COMPOTHBIECHUE KOBpA, UMEIOT MEPBOCTEIICHHOE 3HAUCHUE
IIPYU IPOEKTHUPOBAHUH HOBBIX M PEKOHCTPYKIIMH CTapbIX KaMep BOJOKHOOCAKIACHHUS [1].
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Lenpto HacTosimield paOOTHI SBISIETCS HCCICAOBAHHE B3aUMOCBS3H MEXKAY CKOPOCTBIO
nedpopmarui U KOO(PPUIIMEHTOM  BS3KOCTH  0a3ajbTOBOrO  paciiiaBa B IIpolecce
BOJIOKHOOOPA30BaHUsI ITPH MOCPENICTBE TyThEBOU T'OJIOBKH.

Mamepuan u memoowl ucciedo8anus

B wuccnenoBanmsax Oblla WMCMONB30BaHA JyTheBas rojioBka [10], mpeacraBieHHas Ha
Pucynke 1. JlyTbeBasi rojloBka COCTOMT: M3 Kopmyca 1 ¢ BBOJOM 2, yepe3 KOTOPHIA MojaaeTcs
SHEPrOHOCHUTEIb; BEPXHETO0 MOKPHITHS 3 ¢ OTBepCcTHUEM 4 B LIEHTPE U BBOJOM 5, uepe3 KOTOPbIi
MOJIaeTCsl pacIuiaB; pa3beMHOro cTakaHa 6 ¢ (uaHueM 7, pa3MEIIeHHOT0 KOaKCHalIbHO Kopmycy 1;
KOJIBIIEBOTO COIUIa §, 00pa30BaHHOTO CTakKaHOM 6 W COIUIOBBIM MaTpyOKOM 5; TeHeparopa
aKyCTHYECKHUX KojeOaHuii 9, oOpa30BaHHOTO KOJIBLIEBOW MPOTOYKOM BO (manme 7 crakaHa o6;
nocorutoBoit 10 u moacomtoBoit 11 kamep, COSTMHEHHBIX MEXIY COOOW MOCPEACTBOM KOJIBIICBOTO
comuia 8, TAHF€HIHUAIbHBIX KAHAJIOB 12 W JOMOJHUTENBHBIX MPSAMOCTPYHHBIX comen 13, KoTopbie
BBITOJIHEHBI BO (u1aHIle 7 ctakaHa 6.

10

| SHeproHocuTens

/1]

Pucynoxk 1. JlyTeeBasi ToJIoBKa JJIs1 IOTYYEHHS CYIEPTOHKHUX BOJIOKOH AuaMeTpoMm 0,5-2,5 MKM.

Takast KOHCTpPYKUMsSI JyThEBOM TOJIOBKM obOecrnieunBaloT €€ 3(Q(eKTUBHYI0 paboty u
MOJTy4YeHHe CYMEepTOHKOro 0a3anbToBOro BoiokHa auamerpoM 0,6-2,5 MM u miauHON 30-50 MM
(Pucynoxk 2).

Jlisg omucaHus mpolecca pacUIerieHHsi BOJOKHA B JIyTheBOW TOJIOBKE MPEICTaBUM
BBIXOMSAIINMA pacIUlaB B BHJE CTEPXKHA W3 BA3KOTO BemecTBa (0a3adbTOBOTO paciuiaBa), C
OECKOHEYHO MalbIMH CABUTOBBIMH XapaKTePUCTHUKAMH B TONEPEYHOM HAIMpPABICHUU U
HAXOJAIIETOCs MO ACHCTBUEM PacCTATUBAIONIUX CU £ F, MPUIIOKEHHBIX K €r0 KOHITaM.

®
@ T Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 17


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

Pucynok 2. Pacmiennenre 6a3abTOBOTO pacijiaBa B BOJIOKHO.

CornacHo Teopuu Bsi3koro TeueHus [11-12] pacnpenenenue ckopocteil 00pa3yrommx TeueHue
YacTHUIl BOKPYT HETIOABIKHOM HEUTPaIbHOM TOUYKH OMHUCHIBAETCS CIEAYIOIUMU (HOPMYITaMHu:
Oy = Oy = 0, = 1)
x — X, y——z—ay, Z——EO(Z,
rae a(t) — mapamerp, XapaKTEepU3YIOIIH IPATHEHT CKOPOCTH. JTOT MapaMeTp 3aBHCHT OT
BpemeHu. Ecnu 0003HauMTh UIMHY CTepxHS (M3 0a3aibToBOro pacruiasa) uepes 1 (t), To ans
MOMEHTa BpEeMEHH t, Toirydaem, cortacHo (opmyie (1):

dl 1 (2)
— = Q-
dt 2’

rae a/2 — xkodpUIMEHT JTHHEWHOro pacTshKeHUs 0a3ajbTOBOrO paciuiaBa (CTEpiKHs) 3a

€IMHUILY BPEMEHH.
st onpeneneHus 3aBUCUMOCTH Kod(duImeHTa o oT MpHIOKEHHON cwiibl F 3aMeTuM, 4To
pa0ora:

A=F-L=1pq )
dt 2

Majible CMeIIeHHss YacTHIl YIPYroro Tejia IoA JCHCTBHEM BHEIIHHX CHJI MOKHO
OXapaKkTepU30BaTh BEKTOPOM CMEIIEHHs, KOTOPBIi 3aBUCHT OT TPeX MPOCTPAHCTBEHHBIX KOOPJANHAT
s(x,y,2).

M3MeHeHre TONOKEHHsT YACTHI[ 110 OTHOIICHHIO K BHLIOPAHHOW TOYKE MOXKHO OIUCATh C
MOMOIIBIO TPaJJMEeHTa BEKTOPA CMEIIEHHS BIOJb PaJNyC-BEKTOPA:

ds_l(ds+v)+1(ds V) 4)
ar2\ar ' )T 2\ar T

JleiicTBeM naake MajblX BHEIIHMX BO3JCHCTBHII, HO, €CIM HUX JJIUTEIBHOCTh BEJIUKA,
MIPOUCXOJAT M3MEHEHHs! cpeibl XapakTepHble npu aedopmanusax [13]. T.e. npu aedopmarusx
YacTHULIBI Cpe/ibl MPUOOPETAIOT ONPEENIEHHYI0 CKOpOoCTh. Onucarh CMEIIEHUsI B CTPYKTYPE CPE.Ibl,
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IIPU YCJIOBHH, YTO JUTUTEIBHOCTh BHEIIHETO BO3AECHCTBHS OYEHb MaJla, MOXKHO C IIOMOIIIBIO BEKTOpA
MIEpPEMELIEHUS, KOTOPBIN PONOPLUUOHAIIEH CKOPOCTH YaCTHUL] CPEAbIL:

s(x,y,z) = 9(x,y,2)At
BeIpakeHue i CKOPOCTH YePEe3 €ro IMPOCTPAHCTBEHHBIE KOMIIOHEHTHI UMEET BHL:
0. 5)

0= 9y

9,
Jlepopmarus KuaKOCTH ONpeesieTcsl 3HaUCHUSMU IPOM3BOAHBIX CKOPOCTEH BOIU3U JaHHON
TOYKH, T. €. TIPU U3yYeHHUHU Jie(hopMalnii yIpyrux Tesl BaXKHBI HE CTOJIBLKO BEKTOpa MepeMeIIeHui, a

3HaYeHUs1 CKopocTell wactuly cpeabl [14]. VI3MeHeHHe CKOpOCTEH 4YacTUIl cpeabl BOIU3U
paccMaTrpuBaeMoOl TOYKU MOXHO 33]1aTh CIEAYIOUIMM COOTHOIIEHUEM:

I(r +dr) =9(r) + Z—fr, (6)

[IpousBomHass  BEKkTOpa  CKOPOCTM  BAOJb  PaJAUyC-BEKTOpA,  BBIPAKEHHAsA  4Yepe3
MIPOCTPAHCTBCHHBIC KOMIIOHCHTHI, MOXKET OBITh IPE/ICTABICHA B BUJIE CICAYIOMICH MaTPHUIIBL:

99, 09, 09, (7)
ox dy az\

@_I 39, 09, 99, | ~ (@)T

dr | ox dy 0z | dr

\683 095 09, /
Jx dy o0z

ECJ‘II/I COOTHOULICHHUC (6) paCCManI/IBaTL Ka TeHBOp, TO €TI0 MOXHO Hpe,I[CTaBI/ITb B BUJC CyMMBI
TEH30pOB CKopocTeil lehopMalivu ¥ BpallleHus:

dd 1 (dﬁ N Vﬁ) N 1 (dﬁ V{)) (8)
dr 2\dr 2 \dr
N3meHenne cKOpoCTH NP yAAJIEHUU OT PacCMaTpUBAEMON TOYKHU BJIOJIb HEKOTOPOTO PAINYC-
BCKTOpa, Ha4dyaJio I(OTOpOFO B 3TOI7I TOYKEC, MOXKHO BLIpa3I/ITB qepe3 pOTOp I10J1 BCKTOpOB CKOpOCTCfI
U3y4aceMOU cpenbl:

1
9(r + dr) = 9(r) + 9y dr + Erot{) X dr. ©)
3nech i — TEH30p CKOPOCTEH CPelbl, U OH OTPENENSETCs COOTHOIICHHEM:
1/d9 (10)
«=2(a ")
WNnu B MaTpu4HOM IPEJICTABICHUN:
09, 1 (0192 6191> 1 (6193 4 6191) (11)
dy 2\dy o0x/) 2\0z Ox
1,09, 09, 29, 1,093 09,
i R e
2\ox 0Oy dy 2\dz Ody
1 (6191 N aa3) 1 (6192 N 6193) 095
2\0x 0z/) 2\0y 0z 0z
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[Ipumenenne dopmynsr (11) mist ommcanus paboThl (paboTa pacCUMTHIBACTCS HA CIUHUILY
o0beMa cpeJibl) CHJI BHYTPEHHETO TPEHHs, OOYCIOBICHHBIX BS3KOCTBIO CPEIbl, AeT Cleayloliee
COOTHOIICHHE:

A=2nY; Y 05 (12)

B cnydae paccMoTpenus aBukeHHS, ormucbkiBaeMoro dgopmynamu (1), 911 = o, 9,5 = 933 =
—a/2, ocTanbHbIe KOMIIOHEHTHI TeH30pa 9, 00pamaroTcst B Hyb.

[Tomnast pabGora cuim TpeHUss BO BceM oObeme ctepkHs V = Sl (S-momepedyHoe cedeHue B
paccMarpuBaeMblii MOMEHT) BBIPaXKAETCs CIEAYOIIeH (hOpMyIIoii:

3 2
A= EnVa
[IpupaBHuBas ee k pabore pactsarmBaromed cuiasl  F(dl/dt), — momyuaem cnenyromiee

COOTHOIIEHHE 1151 Ko duiueHTa o (rpaJieHTa CKOpOCTH TCUSHHS),
3nVa? = Fla, T. €.
IF
g (13)
3nV

HJ'ISI OIMMCaHHUA IIpoHecca BOJ'IOKHOO6p330BaHI/I$I B HYTBCBOﬁ TOJIOBKC BOCIIOJIB3YCMCs
YpaBHCHHUEM 3Hepro6ancha B CJICAyrOIEM BUC!:

3 ,  d@s) 1 (14)
-nVa*+ ———==Fla
2 dt 2
3neck 11 — BSA3KOCTH 0a3albTOBOTO paciuiaBa; V — o0beM paciuiaBa; & — IpaJueHT CKOPOCTH
nepopManui; © — TOBEPXHOCTHOE  HAaTsDKEHHE 0a3ajbTOBOTO pacijiaBa; S — IUIOMAAb
noBepxHocTH; F — BwITSrMBatomas cuia; | — amuHa.

[TepBoe crmaraemoe B ypaBHeHuH (14) mpeacrapiseT co0oil paboTy CHII BHYTPEHHETO TPEHUS,
BTOPOE CjIaraeMoe ONpEIeNsieT CKOPOCTh WM3MEHCHHS IOBEPXHOCTHON JHEPIrHWH, IpaBas 4acTb
omuchiBaeT paboTy BHemHUX cui. [Ipum mocTtaTodHo OONBIIUX CKOPOCTSX BBITSHKKH BOJIOKOH
paborta, 3arpaunBaemasl Ha TPEOJOJICHHE BA3KOCTH, 3HAYUTEIBHO MPEBOCXOAUT paboTy
3aTpavunBaeMyI0 Ha MPEOIOJICHUE CHJT TIOBEPXHOCTHOTO HATSHKEHHUS, T. €.

(15)

S Vet = Lp
A

3 1
[Tpeobpazyem ypaBuenue (15) k cienyroniemMy BUILY EnVa =3 F1.
1dl F
Hcnonw3sys (2), nomyuaem Fa = v
[Tpunumas Bo BHUManue, yto V = Sl u F = PS, nony4aewm:
1 P 16
—dl =—dt (16)
l 67
[Tocne naTeTpHpOoBanus ypaBHeHus (16) momydnm:
_ t P(t) ] (17)
| =lyexp [fo o dt|.
3neck | — nnmHa BonokoH; P(t) — ynenbHas cuia, BeIMYUHA KOTOPOI M 3aBUCUMOCTH €€ OT
BPEMEHHU OIPEIEISIOTCS KOHCTPYKIMEH JyThEBOH TONOBKH, JaBICHHEM II0IaBaeMOTO Iapa H
OpyrumMu  paxkTopamu; l, — XapakTepHbBIH pa3Mep 3JIeMEHTapHOro o0beMa CTpyH paciuiaBa B
HayaJlbHBIA MOMEHT BpeMeHH; 1)(t) — BA3KOCTb paciuiaBa; t — BpeMsi.
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HpI/I YCIOBUH, 4YTO INJIOTHOCTH paciuiaBa B IPOHECCEC OXITAXKIACHUA HU3MCHACTCA
HC3HAYUTCIIbHO, U3 YPABHCHHUA COXPAHCHU A MACCHI ITOJTy4acM:

md?l  md3ly
v=Yy, = = .

3neck V— o0beM BonokHa; V) — 00beM cTpyr 0a3aIbTOBOTO BOJIOKHA.
Ortcrona TuaMeTp MONEePEYHOT0 CEUYCHHUS BOJIOKHA MOXKHO BBIPA3HUTh Yepe3 €ro JUIHHY:
d=2{V/nl.
[Tiomaas BOJIOKHA HITH CTPYH paBHA
s =2mr? + 2mrl = 2n(r + );r « 1,s = 2mrl = ndl = 2vmVlL

d(os) _ ds _ dzm v 1 dl dl
a %a 62 2\/—d 1TV/ldt‘
ods dl 1
d_ =0 T[V/ld— ( 8)
dl\? (19)
3 3 (@)
_ 2 — _
ZnVa ZnV 2

CpasuuBas Belpaxenus (2) u (3), momydaeM GopMyiay OLCHKH:

ds
03t d 2 12 2 12 20 |mVIZ2 1 2 0 [ml 1
dt  _ A 6l RN —ag=2.2. 8 .
§vaz_cﬂwldt3 anz oVl yd BnNIIV ﬂl 31 Vﬂl
21 nV(a) WV dt dt
202 1 4011 OF 40 1 1
"3nddl T 3ndld3 . 3ndd
at at 2"V at
Ha ocnoBanuu (14) u (18) umeem:
3 d 1 1
-nVa? + oymV/l-— = =Fla (19
2 dt 2
_dl
T
3 d 1
21nVon + o/mV/1- m—iFa

%nVa2+ m/W/l-az%Fa
%nV(xz =%Fa — o/nV/1-«a ianoc2 = a(%F — GW)
%nVaz%F — G\/m
_2F = oW/l

3
2
1 1 1
aziF - O'w/T[V/lzip'S - cw/nV/lz EP-V/I— o/ mV/1 _
3 3 3
1MV 51V 1MV
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1 1
:713- JV/1-JV/1— o /nv/I ZEP- JV/1 — Gﬁ:ﬂ_ 20T _
3 3 . V1
P 20/m P 20T P 20 P 40
3n 3n:vS 3 3n-vmrz 3n 3n-r 3n 3n-d

—1(P 40) _1(P 40)
"~ 3 d a_3n d

TexHomorndyeckue napaMeTpbl U PACUCTHBIC 3HAYCHUA CKOPOCTH ;[e(bopMauHH IMPUBCACHLI B

Tabnute.
Tabmumna.

TEXHOJIOITMYECKUE XAPAKTEPMCTUKU PACIIJIABOB U3 BFA3AJIbTOBBIX I'OPHBIX ITOPO/]

Mecmopooswcoenue Baskocmw, n1la - ¢, npu t, °C
1450 1400 1350 1300 1250
Cynyy—Tepexk (Ksiproizcran) 4,7 8,4 14,0 24,5 47,0
Bepectoserkoe (Ykpanna) 3,6 6,2 10,2 18,2 35,4
Mapmneynbsckoe (I'py3us) 7,8 13,0 22,5 41,0 76,5
JlaByeHue 3HeprotocuTels, P, kr/c 5
Jlnametp BoJIOKHA, d, MKM 0,5-2,5
KoadduimeHT NOBEpXHOCTHOTO HATSKCHUS, 0,2-0,5
CcpelHee 3HaUYCHHE O, H/M
Mecmopooscoenue Cropocmb depopmayuu, ¢ *, npu t, °C
1450 1400 1350 1300 1250
Cynyy—Tepexk (Kbipreizcran) 4283,62 2396,79 1438,07 821,76 428,36
Bepecroserkoe (Ykparna) 5592,50 3247,26 1973,82 1106,21 568,73
Mapueynbsckoe (I'py3us) 2581,15 154869 89480 49105 263,18

W3 nanspix Tabauubl BUJIHO, YTO C YBEIMUYCHMEM TEMIIEPATyphl pacillaBa €ro BsI3KOCThb
YBEJIMUMBAETCS, TAKXK€ YBEJIWYUBACTCS CKOpPOCTh Aedopmanuu. [lostomy ciumkoM Oosbiioe
yBEJIMUYEHUE MaJIbIX Ae(popMaliii MOXKET CTaTh OCHOBOM MOSBIEHHS OTXOJ0B BOJIOKHOOOPa30BaHMUS.

OKCIIEpUMEHTAIIBHO ~ ONpEZAENeHa BS3KOCTb paclylaBa B 3aBHCHUMOCTH OT  XHUMHKO-
MUHEPAJIOTUYECKOTO COCTaBa AJIEKTPOAYTOBOM MeuM Uil auana3zoHa temneparyp 1250-1450 °C
[13—-15]. B cooTBeTcTBUM € MOMYyYEHHBIMHU pe3yibTaTaMH H3MEHEHHE CKOPOCTH Jaedopmanuu B
Tporecce BOIOKHOOOPa30BaHHs HPOUCXOMHUT B mpeenax 428,36-4283,62 ¢!,

Takum oOpa3om, pu BEIXOJIE 3a MPEAEIbl CKOpocTell nedopmaluy B polecce Mpou3BOACTBA
0a3anbTOBBIX BOJOKOH 15-25% 06a3anbToBOro pacrijiaBa He MOMNaJaeT B TOTOBOE M3/EIHe — XOJICT
13 0a3aJbTOBBIX BOJIOKOH. BO3HMKAaeT HEOOXOIMMOCTh YTHJIM3ALMKM OTXOJOB IPOM3BOACTBA HIIU
UCIIOJIb30BaHUSI MX B KA4ECTBE CHIPbSl MPU CO3/IaHWM HOBBIX KOMIIO3MIIMOHHBIX MaTepUajioB U
U3JIEIMHA Ha UX OCHOBE.

Buvisoout

Jlano o0ocHOBaHHME TIpoIlecca BOJIOKHOOOPA30BaHMS C TIOMOIIBIO JyThEBOH TOJIOBKH.
[TomydeHbl COOTHOIIICHHWS, YCTAHABIMBAIOIINE 3aBUCUMOCTb CKOPOCTH JAedopMmanud B CTpye
BOJIOKHA B 3aBUCHMOCTH OT BSI3KOCTH pacrljiaBa.

[TomydeHbl JKCHEpUMEHTATbHBIC JaHHBIC, IO KOTOPHIM MOXXHO OIICHUTH BIUSHUE
MECTOPOXACHUST 0a3albTOB HA 3aBUCHMOCTh CKOPOCTH AedopMami OT BSI3KOCTH 0a3ajbTOBOTO
pacruiaBa.

YCTaHOBJIEHO, YTO BBICOKOCKOPOCTHAs Jedopmaius pacriiaBa CHJIBHO BIHSET Ha KaueCTBO
BOJIOKOH U Ha KOJIMYECTBO OTXOJIOB IIPH MTPOU3BOICTBE BOJIOKOH.
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METOAbI U AJITOPUTMbI OBPABOTKH 3BYKOBbBIX CUI'HAJIOB

©Aboynnaes y. M., Tawkenmckuil yHugepcumem uH@OPMAYyUOHHbIX MEXHOLOUL UMEHU
Myxammaoa anv-Xopazmuii, e. Tawxenm, Y3oexucman, nxajimurodov@bk.ru

METHODS AND ALGORITHMS SOUND SIGNALS PROCESSING

©Abdullayev U., Tashkent University of Information Technologies named after Muhammad Al-
Khwarizmi, Tashkent, Uzbekistan, nxajimurodov@bk.ru

Annomayus. B maHHON cTaThe pacCMOTPEHBI METOABI M AITOPUTMBI 00pabOTKH 3BYKOBBIX
CUTHAJIOB, Ha3Ha4eHUWE W Kiaccuukamus (uibTpoB, 0a3oBbie LUGPOBBIE (GUIBTPBI, (UIBTPHI
HU3KUX ¥ BBICOKHX YacTOT | mopsaKa ISl pelieHnsl TEXHUYECKUX 33/1a4, B TOM YHCJIE COIIaCOBAHUS
napamMeTpoB CUTHAJA C XapaKTePUCTUKAMHU HJICKTPOAKYCTHYECKOTO TPAKTa.

Abstract. This article discusses methods and algorithms for processing sound signals,
the purpose and classification of filters, basic digital filters, first-order low and high-pass filters for
solving technical problems, including matching signal parameters with the characteristics of
the electro-acoustic path.

Kntouegvle cnosa: nuHamMuKa, MeEXaHU3MBI, [HQPPOBbIE O0O0paOOTKH, 3JIEKTPOAKyCTHKA,
IJIarMHBI, PEIAaKTOPBI, 3BYKO3aIKUCh, aKyCTUKA, MUKPO(OHBI.

Keywords: dynamics, mechanisms, digital processing, electroacoustics, plugins, editors,
sound recording, acoustics, microphones.

[Ton 06paboTKO¥ 3BYKOBOTO CHUTHAJIa TTOHUMAETCS M3MEHEHHE €r0 YacTOTHOM WM (pa3oBOM
XapaKTEPUCTUKH, CYXEHME WIM pPACIIMpEeHHE JWHAMHUYECKOro Juana3oHa, MpUMEHEHHE
aMIUTUTYJHOM, 4YacTOTHOW win (a30BOM MOIYJISLMHK, YJAJE€HHE LIYMOB, a TakXKe CO3/1aHue
3aJiepKaHHBIX IO BPEMEHHU 3aTyXaIoIUX KOMUM 3Toro curiaia. llenpro o6paboTku MOTYT OBITh Kak
YICTO TEXHUYECKHE 3ajJadM, TaKhe KaK COIVIACOBAaHUE MapaMeTpPOB CUTHAJIA C XapaKTepUCTUKAMU
ANIEKTPOAKYCTUUYECKOTO TPAKTa, TaK M XYyHA0KECTBEHHBIE, OIpPEIENIIEMbIE 3BYKOPEKHUCCEPOM, B
YaCTHOCTH, 3TO MOTYT pa3JIM4HbIe 3ByKOBbIe 3(h(heKTrl (TpeMosio, BUOpaTo, Xop, 3X0, peBepoepanus
U JIpyrue).

B Hactosimee Bpemsi 00pa0oTKa 3BYKOBBIX CHUTHAJIOB MPOM3BOAWUTCS MPEUMYIIECTBEHHO B
1M(pOBOM BHUJE C MOMOIIBIO 3BYKOBBIX IporieccopoB. Ecnu paHbllie 3ByKOBbIE M PaaAHO CTYIUHU
pa3MEIlaIuCh Ha HECKOJIBKHMX JECATKAX KBaJpaTHBIX METPOB, TO TENEPh MX MOXKET 3aMEHUTH
XOPOIIMHA KOMIIBIOTEP, KOTOPBIM IO BO3MOXHOCTSAM IPEBOCXOAUT HECATh TAKMX CTyOUHl BMecCTe
B3STHIX, a 10 CTOUMOCTH OKa3bIBA€TCS MHOTOKPATHO JCIIEBJIE OHON CTYIMU. DTO CHUMAeT MHOTHE
(uHAaHCOBBIE Oaphephl W JeiaeT 3BYyKO3amHCh Oojiee JOCTYNMHOW W MPOPECCHOHATY M MPOCTOMY
TOOUTEIIO.

CoBpeMeHHOE POTrpaMMHOE 00ecTedeHre MO3BOMISET OCYIIECTBIIATh CKOJIb YTOAHO CIIOKHBIE
peoOpa3oBaHusl 3BYKOBBIX CHTHAJOB M CO3/]aBaTh CaMble HEBEPOSTHBIE 3BYKOBbIE 3(pdekThl. B
AaHAJIOTOBOM TEXHUKE IMOYTH KaXAbIH OTIENbHBIM 3BYKOBOW d3(@exT co3maercs MmyTemMm
HCIIOJIb30BaHUs OTAEIBHOIO YCTPOMCTBA, KOIZa Ka)XJ0€ TaKo€ YCTPOMCTBO MOMKET CTOUTbh OYEHb
noporo. B mmdpoBoii TexHuke kauecTBO 00paOOTKM CUTHAJIOB B HUX HAMHOTO MEHBIIE 3aBUCUT OT
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KauecTBa anmaparypsl. OueHb BaXXHO, YTO JUIS PA3IMYHBIX MAHUITYJISIIANA CO 3BYKOM HE TpeOyercs
MOCTOSIHHAS. CMEHa 00O0pYJOBaHUS, JOCTATOYHO M3MEHHTH NporpamMmHoe obecneueHue. VIMeHHO
no3ToMy HHM(pOBas TEXHHWKA YK€ CEroIHS IMOYTH IOJHOCTBIO BBITECHWJIA W3 CTYyAMHA CTapylo
AHAJIOTOBYIO amIaparypy.

Mexanu3mbl 1IHPPOBOH 00paOOTKM 3ByKa pEaNM3yIOTCS Kak B MPOrpaMMHOM, TaK U
anmapaTHOM wWcronHeHud. Hambonee dwacto 00paboTka 3BYyKa OCYIIECTBISETCS C TMOMOIIBIO
3BYKOBBIX KapT NpPO(EecCHOHATBHOrO W OBITOBOTO HAa3HAYEHUS C MCIIOIB30BAHUEM 3BYKOBBIX
PEeIaKTOpOB CHeNHaIbHOr0 Ha3HaueHus. Hambosee mupoko npumensiercs penakrop Sound Forge,
UMEIOIINK Hanbosiee OOJBIION MaKeT 3BYKOBBIX ITUIATMHOB, MOJIB3YIOTCS OOJIBIION TOMYISIPHOCTHIO
3ByKoBbIe perakropsl Cool Edit Pro u Steinberg WavLab [1].

Oco00 BBICOKOE KauecTBO 00pabOTKH 3ByKa oOecreunBaeT maker riaruHoB Waves Platinum
Native Bundle 4. O6paboTka 3ByKOBOT'O CUTHAIa MOXET OCYIIECTBISATHCS B peaIbHOM BPEMEHHU WJTH
MPUMEHSTHCSI OTHOIIICHUU YK€ 3amucaHHoi (oHorpaMmbl. OOpaboTka (OHOTrpaMM MPUMEHSETCS
Ha CTaJIMM MAaCTepUHIa WM HOATOTOBKM MX K THUPAXHPOBAHUIO, KOTJA BaKHA HE ObICTpOTa, a
CKpyIyJie3Hast MPOpabOTKa BCEX HIOAHCOB 3ByYaHHUSI.

HeoOxomumMocTh cephe3HOW YacTOTHOW KOPPEKIMH 3BYKOBOCIPOHM3BOJIICH ammaparypsl
HauOosiee 4acto OOYCJIOBJIICHA IJIOXMMH aKyCTHUYECKUMHU XapaKTCPUCTHKAMHU TOMCIICHHM, Tl
MIPOBOJUTCS KOHIEPT MITH MPOCITYIIIMBACTCS 3BYKO3aITUCh.

Ecnu, Hanpumep, B 3ajie UIMEIOTCSI POBHBIE TBEP/IbIE MOBEPXHOCTH CIEHBI M 110J1a, OETOHHBIC
WM KUPIUYHBIE CTEHBI, XKECTSIHAs KPBIIIA, TO BCE 3TO MOXKET Ha4aTh I'PEMETh M Ipede3karh, a B
Jy4IIeM Cily4ae BOKAJIMCT W CIyIIaTeNd MEPecTaHyT IOHMMaTh CJIOBa H3-3a CHIDKCHHS
pazbopurBocTH. Cepbe3Hble MPOOJIIEMBbI C KaueCTBEHHBIM BOCIPHATHEM 3ByKa BO3HHMKAIOT U B
CaJIOHE aBTOMOOWIJS. Ammaparypa YacTOTHOH KOPPEKIIMH 3BYKOBBIX CHTHAJIOB SIBIISIETCS
CBSI3BIBAIONIMM 3BEHOM MEXJIy 3ByYaHHEM 3BYKOBOCIPOM3BOIMIICH CHUCTEMBI M OTKIMKOM
MOMEIIICHUS, U OHA B 3HAYMTEIIHHON MEpPe MOXKET TaKUe MPOOJIEMbI PEIIHTS [2].

YacToTHBIE KOPPEKTOPHI UCTIONB3YIOTCSI BO BCEX CTYAMSX 3BYKO3AIMCH U 3BYKOBOTO BEIIAHUSI.
C #uX MOMOIIBI0 OOBIYHO PEMIAIOTCS YUCTO TEXHUYECKHE BOIPOCHL, TAKHE KaK, OTPaHUYCHUE
MIOJIOCHI 3BYKOBOTO TPaKTa, MOJABICHHE HU3KOYACTOTHBIX IIYMOB M CETEBBIX HABOAOK, KOPPEKIIHS
aAMIUTUTYJHO-YaCTOTHBIX XapakrepucTuk (AUX) MUKpO(OHOB, TPOMKOTOBOPHUTEIICH U TIOMEIIICHHH.
B mocnenHee BpeMsi mpu CBEJCHWM M MAacTEpPHHIE Bce OoJjiee IIMPOKO YaCTOTHAS KOPPEKIIHs
MIPUMEHSIETCS JUTSI PEIICHUs] TBOPUECKUX 33a/1a4 3BYKOPEKHCCEPOB 10 CO3IAHHUIO XYTOKECTBEHHBIX
3BYKOBBIX 3()()EKTOB M MPUIAHHIO 3ByUYaHUIO HOBOM OKpPACKH.

DT0 cTaso0 BO3MOXKHO TMPH WHIWBHIYaTbHOW YAacTOTHOH 0Opa0OTKEe TOUYTH KaKIOro
MY3BIKQJIBHOTO HHCTPYMEHTA U BOKAJIUCTA.

B aynmorexHuKe YacTOTHAs KOPPEKIHS 3BYKOBBIX CHUTHAJOB OCYIIECTBISIETCS C ITOMOIIBIO
CIIEIYIONINX YCTPOWCTB M (PUIBTPOB, KOTOPBIE MOTYT OBITh B BUJIE OTACIBHOW armaparypbl HITH
IPOTrPaMMHOTO TIPOAYKTA:

— (UIBTPBI OrpaHUYEHHS TTOJIOCHI YacTOT;

— (UIIBTPBI IJIABHOTO MobeMa 1 cnaia AUX;

—TI0JIOCOBBIC (PHIIBTPBI;

—UIBTPBI KIPUCYTCTBUS;

—rpaduueckue sKBanai3epsl;

—TapaMeTPUIeCKIe YKBaJai3epsl;

—naparpapuuecKkue dKBaIan3ephl;

—KpOCCOBEPBHI.

@OuUIBTPHI, UCIOIB3yeMbIe MIPU YaCTOTHOW KOPPEKIUH, MO MPHHIHUIY peaTu3alliu, Mpexe
BCET0, Pa3eisIFOTCs Ha aHAJIOroBble M HU(pPOBBIE. B cBOIO ouepens aHAIOroBble (PHUIBTPHI MOTYT
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OBITh BBINIOJIHEHBI KaK Ha MACCUBHBIX, TAaK U HAa aKTUBHBIX 31eMeHTax. Ilo mpuHuumy paboTsl Bce
GUIBTPBI pa3aeNsAloTCs Ha JUHEWHBIE M HeNuHeWHble. B 3aBUcMMOCTH OT BUAAa HMITYJIbCHOM
nepeaaTouHoi GyHKuuu GuiabTpsl paszaensiorcs Ha pekypcuBHble (BUX ¢unstpsl, ¢ OeckoHeuHon
HMITYJIbCHOM XapakTepucTukoi) u HepekypcuBHble (KMX (uibTpel, ¢ KOHEYHOH HMITYIbCHOM
XapakTepucTukoi). Bce aHanoroBble (UIBTPBI SABISIOTCA PEKYPCUBHBIMU, LU(POBBIE (QHUIBTPHI
MOTYT OBITh KaK PEeKYPCUBHBIMHU, TaK U HEPEKyPCUBHBIMH [3].

Cpenn MHOXKECTBAa PEKYPCHUBHBIX (DUIIBTPOB 710 68Uy nepeoamoyHou @yHKyuu OTIACIBHO
BBLJIEJIAIOT HauboJiee KaueCTBEHHbIE (PUIIBTPBI:

—dunerpel beccens — oGmanaror Hanbonee miagkumu AUX u @YX (ocobeHHO B mojoce
IIPOIYCKaHMs), OAHAKO KpyTH3Ha cniafa AUX y HUX HaMMEHbIIas;

—duneTpel barTepBopra — umMerot 6onee kpyroit cnag AUX (6N nb/okraBy, N — mopsaok
¢bunpTpa) 1 MeHee nuHeHHYI0 OUX;

—dunerper UeObleBa — wumMeer eme Oosee kpyrtoi cman AUX, omHako, mx AUX He
MOHOTOHHA, a MMEET OCLMWUIALMHU 33aJaHHOI'O YPOBHSA B II0OJIOCE MPOIyCKaHMs, JUOO B IOJIOCE
nofasieHus. PUX ¢unsrpoB YeOblieBa HEMOHOTOHHA U UMEET MUK BOJIM3M 4acTOThl cpesa. [Ipu
3aJJaHMM MEHBIINX MyJIbcanuii ¢puibTpa KpyTusHa cnana AUX ymensmaercs, u Guiastp YeObimesa
npespataercs B ¢puibTp barrepBopra;

—3JUIMIITHYECKHE (PUIIBTPEl — 00s1afaroT Haubosee KpyThiM ciaa AUX, HO UIMEIOT MyJbCalU
AYX Kak B 11oJI0C€ MPOIYCKaHUs, TaK U B nosioce noaasieHus. GUX.

—3JUIMIITUYECKUX (QUIBTPOB — HE MOHOTOHHBI. [Ipy nmoBbIieHun TpeOOBaHUM K IyJIbCALUSIM
3TOT (QUIIBTp MpeBpaaeTcs B GprbTp YeObimena.

[lo Tomy, wakue uacmomsi ¢urompom nponyckaromes (3adepiicusaromcs), (GUIBTPBI,
HCIOJIb3yEeMbIE MPU YaCTOTHOM KOPPEKLNH, MOAPA3EIIAIOTCS Ha CIEAYIOINE TPYTIIbI.

—@unbrp HU3KHX YacToT (Lowpass — LP) Bbiensier HUKHUE YaCTOTHI 10 YaCTOTHI cpe3a fc U
MIOJIABJISICT YaCTOTHI BBIIIE 3TONW YaCTOTHI.

—@unsrp BbIcOkMX yactoT (Highpass — HP) Bbaensier yacToThl BbILIE YAacTOTHI Cpe3a U
TTOAABJISET YaCTOTHI HIKE 3TOW YacTOTHI [4].

[Tonocosoit mpomyckarommii puistTp (Bandpass — BP) BeimensieT 4acToThl  BBIIIE YaCTOTHI
cpesa fcl n HKe 4acToThl cpes3a fch . Hactorel HUXe fc/ m Bblme fch nonasnsiorces. ITomocoBoit
pexxektopHblil ¢punsTp (Bandreject — BR) BbzensieT 4acToThl BBIIIE YacTOTHI cpe3a fch M HUXKe
4acTOTHI cpesa fcl . YacToTel HIKe fch ¥ BbIIE fc/ IOMABISAIOTCS. Y3KOMOJIOCHBIN TTPOITYCKAFOIIHI
¢unsTp (Resonator filter) mpomyckaer 4acToTsl B y3KOH mosnoce BOJNM3M 4YacTOThl cpe3a fc.
V3kononocHb pexekropHblil GuiasTp (Notch filter) momasisier yacToThl B y3KOH Mojoce BOIU3U
4acTOTHI cpe3a fc.

B wactoTHO# KOppekiuu Haubojiee YacTO HCMONB3YIOTCA 4 Buaa HU(PPOBBIX (DUIBTPOB:
¢uibTpHl TIABHOTO Mojabema/crnaza AYX Ha Kpasx 3ByKOBOTO auana3oHa (1enb(oBble (QUIBTPbI
HY u BY), nonocoBsle NpomycKaroliye/3aJepKUBAOILINE MMUKOBbIE (HUIBTPHl U Y3KONOJIOCHBIE
MPOIYCKAIOIINE/3aIepKUBAIOIIUE THKOBbIE (PUIBTPHI cpeHux yactoT (PCYH).

Koadduuuent nepenaun 3tux GuiIbTpoB olpeneisercs B JorapuMuyueckoil mkane u MOKeT
ObITh Bbllle U HIKe 0 nb. TunoBble YaCTOTHBIE XapaKTEPUCTHKU 3TUX (DUIBTPOB MPHUBEIEHBI Ha
Pucynke 1 [5]. [ocratouHo dacTto wucHoib3yloTcss u oOpesnsle ¢uinstpel HU u  BY,
OrpaHUYMBAIOIINE YACTOTHBIM Anana3oH. BOMbIIMHCTBO 3THUX (PUIBTPOB SIBISIOTCS PEKYPCUBHBIMU,
MIPOEKTUPYIOTCS OHU Ha ocHoBe 0a30BbIX ¢(unbrpoB — PHY, ®BY u Bce mnpomyckarommx
¢unsTpos (OBII).

Ecnu npoektupoBaHHe aHAJOTOBBIX (PUIBTPOB OCYIIECTBIISIETCS HA OCHOBE HCIOJIb30BAHMS
npeoOpaszoBanuii Jlamiaca, To pacuer HUGPOBBIX GUIBTPOB MPOU3BOAUTCSA C UCIOIb30BAHUEM Z-
npeoOpa3oBaHuil. DTO CBA3aHO C TEM, YTO B [IEPBOM CIIyyae Mbl UMEEM HCXOJIHbIE CUTHAJIbl B BUJIE
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HETIPepBHIBHON (YHKIMM BPEMEHH, a BO BTOPOM — 3BYKOBBIC CHTHAJIBI SIBISIOTCS AMCKPETHBIMH
(byHKUIMSAMEU BpeMeHH [6].

GidB § +12 = ﬁ

6
12 NS :
- > 9 — .- - r—
fe fe fe e
[enbhoBsrii [I1poKOMONOCHBIA  Y3KOIOJIOCHBIN [lenndoBbiit
OHY MPOIYCKAKOLINNA POy CKAKOUIUN ®BY
3a1€P>KUBAIOIIINI 3a1eP>KUBAIOIIIMI
oCY oOCY

Pucynoxk 1. YacToTHBIE XapaKTEpUCTUKN QHUITBTPOB, IPUMEHSIEMBIX B ayTHOTEXHHUKE.

Ludpossie GUIBTPHI peaTu3yroTCss HA OCHOBE BCETO TPEX AIEMEHTOB: 3a/IepKKa Ha OUH TaKT
C mepefaTouHoN (QpyHKIMEH z-1, ABOMUHBIM CyMMaTop U IBOMYHBIA yMHOXUTENb. [Ipu nmocrpoennn
(GWIBTPOB HA ATUX 3JIEMEHTaX HCIOJIb3YIOTCS IMpsIMble U OOpaTHBIE CBS3H, KOI(D(MUIMEHTHI 3THX
CBsi3eil 0003HAUAIOTCS, COOTBETCTBEHHO, KaK bn W an. Maremarndecku pabora Takux (puisTpoB
OIMCBIBACTCSI PA3HOCTHBIM YpaBHEHHEM (ypaBHEHHE B KOHEUHBIX PA3HOCTAX), KaK 3aBHCHUMOCTb
BXOJIHOTO X(7) M BBIXOAHOTO (1) CUTHAJIOB B (PYHKIIMU BPEMEHHU 3aJIEPKKH, KOAPPUIIUESHTOB
¢bunsTpa U OUCKpeTHOro BpeMeHu nl , tme n — Homep BwIOOpku, T = 1/ f; , fi — uacroTa
JMCKPETH3AIHH.

[lepenarounas ¢pynkuus ¢unsrpa H (z) onpexnensierca kak otHomeHue ¢GyHkuuu H (z) Z —
00pa30B BbIXOJHOTO Y (z) u BXomHOTO X (z) curHanoB. Moayns mepenaTodyHol siBisercs dazoBas
XapaKTepUCTUKAa YaCTOTHOM XapakrepucTukoi ¢unbTpa (AUX), ompexensercs apryMeHTOM STOH
¢yukuuu (OUX). LHudpossie GUIbTpbl MOTYT paboTaTh B peskume ycuienus (boost), xorna H (z) >
1 u B pexxume ocnabdnenus (cut), korna H (z) < 1. Yucno nyneut ¢unsrpa M Ha enuHUIly OOJBIIE
yucaa K03(GGUIMEHTOB NPSIMOM CBS3U Pa3HOCTHOIO YPaBHEHUS, a YUCIIO MOJIOCOB N PaBHO YHCITY
K03((UIIMEeHTOB 00paTHOM cBsA3M 3TOrO YpaBHeHus. [lopsnok Gpuiasrpa onpeaensercs HauOOIbIIUM
13 3Ha4eHU M 1 N , OH TakKe paBeH MOPSIKY ITOJIMHOMA Pa3HOCTHOTO YPaBHEHHS.

CnoxHble QuIbTpbl 2 1 O0Jee BHICOKUX MOPSAKOB CTPOATCS Ha OCHOBE 3BEHBEB MEHBIIETO
nopsiika. 3BeHbs 1 M 2 TOPSAKOB MOTYT BKIIOYAThCsS IOCIIEAOBAaTENbHO, MapajUIeIbHO WIH
KkoMOMHUpOBaHHO. [Ipu  mocnenoBaTelbHOM  COEAMHEHHMHM 3BEHbEB HMX  IepelaToyHble
XapaKTePUCTUKN IEPEMHOKAIOTCS, a TIPHU TTapaJIeIbHOM — CyMMUPYIOTCS [7].

[Ipocreiimas cxema punprpa @®HY 1 nopsiika ¢ oJHUM HylleM Ha OCHOBE OJJHOTO 3JIEMEHTa
3aJIepKKU U cyMMaropa npuBesieHa Ha Pucynke 1.

B st0ii cxeme ucnonb3yercs mpsiMasi CBsi3b, C MOMOIBI0 KOTOPOH CYyMMHUPYIOTCSI IPSIMOM U
3a/iepKaHHbIN curHanel. Pabota Takoro ¢uiabTpa OMHCHIBACTCS PAa3HOCTHBIM ypaBHEHUEM Y(n) =
x(m) +x(n—1).

[lopsimoxk sTOro ypaBHeHMs — ompenenser mHopsaok ¢uistpa. Ilepematounas ¢yHkuus
¢unbTpa B popme Z- npeoOpazoBanust umeet Bun H (h) = 1+z—1, h £ 0,5,

Peanu3zanus Takoil BBIUMCIMTEIHHOW MPOILETYphl CTAJIKUBAaeTCs ¢ AByMs mnpobnemamu. [Ipu
yactore auckperuzanuu 44100 ['m mig BBINOJTHEHUS ONMEpalMM CBEPTKUM MO MMHUTAIUM PaAHHUX
OTpaKeHMH, 3amaszzpiBaronx Ha Bpems a0 100 mc, tpebyerca 4410 snementHbit Gunbrp. s
UMHUTALMU TO3AHUX OTPaKEHHUH, JIUTEIBHOCTh KOTOPBIX JocTuraer 2 c, Tpedyercs 88200
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IEMEHTHBIA (UIBTP Ha KKl 3BYKOBOH KaHan (PucyHok 2). TeXHUYECKH 3TO HE peaqnu3yemMo

[8].

H(n) ,

| OHY 15

x(t) y(n) 1
Z_l

00l 02 03 04 05
Pucynok 2. ®unetp ®PHY ¢ ogauM Hynem u ero AUX.

JllvHa WMITyTBCHBIX OTKJIMKOB TIOMEIICHHWH 3aBUCHUT OT HMX BpeMEHU peBepOeparuu. Ha
BOCTIpUSITHE peBepOepay Hauboiee CHIIbHO BIUSET 3aTyXaHHe peBepOepannuy 0T MaKCUMaIIbHOTO
3Ha4YeHUs A0 ypoBHA —15 ab. MoXHO cuMTaTh, 4TO 3aTyXxaHue Huxe ypoBHs —60 nb npaktnuecku
HE BIIMSAET HA BOCHpUATHE. J[JTMHA UMITYJIbCOB OTKJIMKA MIOMEUIEHUH 10 UX 3aTyXaHUs 1O YPOBHS —
60 1b MOXET UCUUCIATHCA HECKOJIBKUMU CEKyHJaMHU, T. €. JJIMHA UMITYJIbCHOTO OTKJIMKa M MOXET
COCTABIISATh JACCATKHU U JIaXKE COTHH THICSTY ITUPPOBBIX OTCUCTOB.

Ecnu nnuTenbHOCTh 3BYKOBOTO CHUTHAJIa COCTaBIseT /N BHIOOPOK, a IJIMHA UMITYJIbCca OTKIIMKA
— M BBIOOPOK, TO HEOOXOIMMO 3a ATOM Bpems mpousBecTd M + N omepaiuii yMHOXKEHUS U
cnoxeHus. IIpy IIUTENbHOCTH MY3BIKAJIBHOTO OTPbIBKA | MHUH M JUIMTEIBHOCTH HUMITYJIBCHOTO
OTKJIMKa 3 ¢ — TpeOyeTcs 3a 3TO BpeMs BBIIOIHUTH 0K0JIO 350 TPUIIMOHOB ONepaluil CII0KEHUS U
yMHOeHHUs. [1oaTOMy mpsiMo€ BBIYUCIICHHE CBEPTKU B PEATHBHOM BPEMEHU IO BBILICIIPUBEICHHOMN
(dbopMmyse HEBO3MOXKHO Ha COBPEMEHHBIX MEPCOHAIBHBIX KOMITBIOTEPAX B CHILY CIHILIKOM BBICOKOM
BBIYHUCIUTENBHON CIHOKHOCTH. OJHAKO BBIYHUCIATH CBEPTKY MOXHO C MOMOIIBIO OBICTPOTrO
npeoOpazoBanus Oypre, KOTOPOS YMEHBIIACT YUCIIO YMHOKEHHII Ha OTCUCT.
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APUOMETHYECKAS TABJIMIIA KAK HEOTBEMJIEMAS YACTbD
BCEM BBIYMCJIUTEJIBHOW MATEMATHUKHA

©H]epoans B. JI., ORCID: 0000-0002-5631-9681, L{enmp oonornumenbHo20 Mamemamuyeckoco
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ARITHMETIC TABLE AS AN INTEGRAL PART
OF ALL COMPUTATIONAL MATHEMATICS

©Shcherban V., ORCID: 0000-0002-5631-9681, Center for additional mathematical education,
Kurgan, Russia, sherba-q@ya.ru

Annomayusa. PaboTa MOCBAIIEHA K H3yYEHHUIO CIEAYIOLIErO0 BOMNpOca B BHUJAE HEKOIO
yTBepKJIeHHsI. UTO MBI 3HAaeM U 4ero He 3HaeM 00 apudmernyeckux Tabmuuax. [loxanyi, HeT HU
OJTHOM MaTeMaTu4ecKoW MpOoOJIEMbI CTOJIb €CTECTBEHHOW M MPOCTOHM, KaK HAXOXKIEHHUE METOJa
noctpoeHus apudmerndeckux tadbauu. [lonTeepxnaem, 4to 00U METO HE HAWJEH 10 CUX T10D.
Hacrosee uccnenoBaHue JaeT He OKOHYATENIBHOE peIllleHHe yKazaHHOW mpobiembl. [louemy?
Wznoxenue apuMETHUECKOro MaTepHajja Mo CYIIECTBY IUIIOC HEKOTOPBIE COMYTCTBYIOIIUE UACH
TOJIKO JIAIOT BO3MOXHOCTH IIOJyYWUTh JAaJIbHEHIIEE UX pa3BUTHE B cucteme. Mamepuanvl u
memoowl. CucTeMa TakoBa: YMCIIOBasl Tabnuua B BujAe TpeyroipHuka Ilackans u cuMMeTpUUYHBIN
MHOTOWIEH OT JBYX WJIM TpeX nepeMeHHbIX. HekoTopble apupmeTrnueckue cBoicTBa TaKUX TaOIHIL
Oy/lyT HaiiieHbl, U3yYeHBl U JOKa3aHbl. Bce cka3aHHOE M BBHIICNIEPEUNCIEHHOE CTaJ0 BO3MOXKHBIM
TOJBKO TIOCNE YCHEIIHOW pacmu(poBKA BCEro Kjacca YHCIOBBIX TaONHII YCEUEHHBIX
TPEeyrojibHUKOB B Kpunrorpaduyeckoil cucreme. Pesyromamel. Hanpumep, oOHapyXeHbl U
IIPEJCTaBICHbl apU(PMETUYECKUE CBOMCTBA YCEUEHHOTo TpeyrojbHUKa [lackais 1 OThICKMBAaHUSA
BCEX MPOCTBIX 4YHCeN, a 3areM pa3MeulleHbl uX Qopmyibl. IlomMumo 3meMeHTapHBIX TabIMIl
CIIOKCHHS W BBIYMTAHHS YHCEJ BIIEPBBIC JAHBI M IPEICTABICHBI OeCHpe/ienbHble TaOIHIIbI
«CpaBHEHUS» YUCEN. BbigoOsbi. J{1s1 KOMIIBIOTEPHON peann3alii MOCTABIEHHBIX 3a/1au OIPEIeIICHbI
T€ NpaBUJa BELIECTBEHHBIX ACWCTBUIl, KOTOpBIE Ul TAaOMUI] JOJKHBI UMETh MecTo. [ 3Toro
JOJDKHBI OBITH 33J€WCTBOBAaHBI TOJIIBKO PEKYpPEHTHBIE UYUCIIOBBIE psabl. Jlormueckas CTpyKTypa
MaTepuaia IMo3BoiMiIa O0OMTHCH 0e3 0COOBIX MpelBapUTENbHBIX 3HAHUW, a MpPEICTaBICHHBIE
(bopMyIbl HECIOXKHBIE M UMEIOT JOKA3aTeIbCTBA U (MJIM) HEBO3MOXHOCTb UX OIPOBEPTHYTh.

Abstract. The paper is devoted to studying the following issue as a statement. What do we
know and what we don’t know about arithmetic tables. Perhaps there is no mathematical problem as
naive or as simple as finding a method for creating arithmetic tables. We confirm that the general
method has not been found yet. This study provides a nonterminal solution to this problem. Why?
The presentation of arithmetic material in essence, plus some accompanying ideas, makes it
possible to develop them further in the system. Materials and methods. The system looks like this: a
numerical table as Pascal's triangle and a symmetric polynomial in two or three variables. Some
arithmetic properties of such tables will be found, studied, and proved. All this was made possible
only after the successful decryption of the entire class of numeric tables of truncated triangles in the
cryptographic system. Results. For example, the arithmetic properties of truncated Pascal’s triangle
for finding all prime numbers have been found and presented, and then their formulas have been
placed. In addition to elementary addition and subtraction tables, unlimited “comparison” tables of
numbers are given and presented for the first time. Conclusions. For computer implementation of
the objectives set, the rules of real actions that should exist for tables have been laid down. Only the
recurrent numeric series should be used for this purpose.

®
@ o Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 31


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

Knouesvie cnosa: tpeyronbuuk llackans, uncna duboHa4uu, MpOCTHIE YMCIA, BO3BPATHHIE
(peKyppEeHTHBIE) YHCIIOBBIE TTOCIIEI0BATEILHOCTH.

Keywords: Pascal triangle, Fibonacci numbers, Prime numbers, recurrent sequences.

OnHO #3 HEMHOTHX CpEACTB pelleHus apudMeTHUYeCKUX 3ajad sBisercss Tabnuua.
Bo3HuKHOBEHHE U BOMIONMS TaOIUIBI U €€ MECTO B MaTeMaTUKe KaK HayKe M3JI0)KEHO B HUCTOPUU
apudpmeruxu [1, c. 189]. Jlo mepBoHAYANBHOTO 3HAKOMCTBA C apUPMETHUYCCKUMHU TaOIUIaMU
HEOOXOMMO TIPEIMETHO O3HAKOMHUTCS C MPOCTEHIIMMH CUMMETPUYHBIMH MHOTOYJICHAMU
CTENEHHBIX cyMM [2, c. 20]. [ns 3TOoro Heo6XxoMuMbl ciienyrone 0003HaYeHHbIE MHOTOWICHBI:

A, (x) =0(modq) (1)

A () =ax" +a, X" +a X" +..+a, .

5

Dis(A,)

— YHCIIOBOM NUCKPUMHUHAHT MHOTOYJICHA! Aq (x) , [3].
X); A (X

Pemuth apudmernueckoe cpaBHeHue (1), 3T0 3HAYUT HANTH BCe 3HAYCHHS] HEU3BECTHOTO
yucna (x), eMy yaoBieTBopsitomue. /[Ba cpaBHeHus (wiu 6onee), KOTOPhIM YIOBIETBOPSIIOT OJHU U
T€ K€ 3HAYCHHS (X), HA3BIBAIOTCS PABHOCHIIBHBIMU WJTM SKBUBAJICHTHBIMH.

Re S(Aq ; Aq‘l) — YHCJIOBOM pe3yJabTaHT MHOTOYJICHOB: Aq

1. Hamypanvhwiii psio Kax npeomem CneyuaibHo20 pacCMOmMpeHUst 8 YUCI08bIX MaOIUyax

Jl1st crienuanbHOrO0 PacCCMOTPEHHUS U PaHbIIE BCETO HEOOXOUMO YCTaHOBUTD, YTO YHCIIOBBIE
[IOCJIEZIOBATEIbHOCTH, B KOTOPBIX KAl 4IEH OIpelneisieTcss Kak HeKoTopas (QyHKUus
MIPEIbIIYIINX, SBISIOTCS BO3BPATHBIMU WU peKyppeHTHbIMU [5]. [locrnenoBarenbHoe HaXOXKACHUE
TaKMX YHCENl OMpeeNseTcs Mpu MOMOIIM BO3BpaTHOro ypaBHeHus. C 3Toro mecra u jganee (ecnu
HWHOE, TO TOorJa Oy/eT OTMEUEHO OTHEThHO), 3aJeHCTBOBAH TOJILKO HATypajbHBIN psia ducen [6, c.

52]: (a“ :1'2’3""’), UMEIOIMN BO3BpaTHOE (PEKYpPPEHTHOE) ypaBHEHHE: (1+a” :a”+1). [Tiroc
0c000€ YnCII0 HYNb, KOTOPOE IMOMEIICHO Ha YCIOBHYIO KOOPAWHATHYIO NPSAMYIO M Ha3HAYaeTCsl s
KOJUPOBAHUS BCEX NEHCTBUTEIBHBIX YACET B CHCTEME JIECSITUUHOIO MO3ULMOHHOIO CUYETA.

CunTaeM HENPOTHBOPEUMBBIM CIEAYIOLIEE YTBEpKAeHUE. ApupMeTHuuecKkue NeHCTBUS Hal
YHCJIaMU PaBHOCUJIbHBI pa3MepHOCTH (A-MEPHOCTH) MareMaTHueCKOro MPOCTPAaHCTBA KaK 00ObEKTa,
B KOTOPOM (PUKCUPYIOTCSI OTHOILIEHHSI MEX]ly HUMH [7].

B cymecTByromei JIeHCTBUTETRHOCTH CYIIECTBYIOT TOJIBKO TpU O€CHpeneIbHbIX |
OECKOHEUHBIX MaTeMaTU4YEeCKUX JEUCTBUH (omepaluil) HaJ HaTypalbHBIMU yuciaMu (A = 3). D10
«CJIO)KEHUE» YHUCEell, KOTOPOE JOJDKHO OBbITh ellle B TOYHOCTH ompeneneHo. «Bpruntanue» uucen,
IIPEJICTABIICHHOE MAaTeMaTMYECKHMM CHMBOJIOM KaK pa3HOCTb YHCJIOBBIX ONEpaluil — He
0e3rpaHUYHbIX, HAlpUMep, U3 MEHBIIEro YWCla Heslb3sl OTHATH Oojbliee uucio. «CpaBHEHHE»
qycell, NPEACTaBIEHHOE MAaTeMaTUYeCKUM CHUMBOJIOM KaK OIpeleieHHas CyMMa YHCIIOBBIX
oleparuil CI0KEHUSI U BO3MOKHBIM BBIYMTAHUEM.

Tonbko Ui 3TUX TpeX MareMaTHYeCKHX YUCIIOBBIX ONEpalnii, CHMBOJIBI (Ha3BaHUs) YUCEN B
KOTOpPBIX, BO3MOXKHO 3aMEHHUTh KOJIMYECTBOM HATypajbHBIX TPEIMETOB U pa3MECTUTh B
MPOCTPAHCTBE B BUE apupMeTndeckux Tabmuil. M3 atoro ciueayert, yto apudmeTHiecKre TabauIsl
B OTJIMYME OT BCEX APYIMX MaTeMaTHYeCKUX TaOJNHUIl JOIMyCTHUMO PACIOJOXKHUTh B TPEXMEPHOM
NPOCTPAaHCTBE, TIJe O00O3HaueHHWe NHU(POBBIX CHUMBOJIOB MOXHO 3aMEHHUTh KOJIHYECTBOM
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BEIIECTBEHHBIX MPEAMETOB. Torga TOHATHE: Tabnmuia Oe3rpaHWYHas M TabmuIa OecKOHEUHas
(GecripenenpHast) OyayT HE SKBUBAJICHTHBI. ITO BO3MOXHO MTPOBEPUTH M CPABHUTH C TAOIUIIAMU JIJIS
OBICTPOrO cyeTa — YMHOKEHHBIX YMCeN B nepBoucTtodnuke [8, c. 184]. [lanee, B apudmMeTndecKkux
Tabnmuuax, NMpu HAXOXKACHUU MPOCTHIX uucen [9], OTCYTCTBYeT omepanus «IEeNEHUs» Yuce.
[ToaToMy, cpaBHUMOCTB 4Kcen (a) u (b) 1o YUCIOBOMY MOAYIIO (), 03HAYAET TOJBKO BO3MOKHOCTh

(@=b+0aY) rye qucno (t) nenoe.

IIPEJICTAaBUTh (A) B BUJIE
2. Haxooicoenue apugpmemuueckux maobauy u ycmauogienue ux Yuciogblx ceoUCms
Beprukanbabie Bo3BpaTHbIC (PEKYPPEHTHBIE) YHCIIOBBIE PSAJIBI, JJISI KOTOPBIX OCYIIECTBUMBI

MOCPEICTBOM IPaBUJI BBIUUCICHUN (CIOXKEHHS, BBIYUTAHUSI U YUCIOBOIO CPABHEHUS) HAXOXKICHUE

MPOCTEHIINX CBOMCTB LENBIX YHUCEN, SBIAIOTCA apudpmeTHuyeckuMu Tabnumamu. OCHOBHOE

YHICIIOBOE CBOICTBO TabnHIl pa3Mellaercs MOCPEACTBOM JEHCTBUN (omepauuil) HaJ YUCIaMH,

PaCTOI0KEHHBIX HAa (PUKCUPOBAHHBIX TOPU3OHTAIISX.

Pazbepem mpocrteitmuii mpumep co3naHus apudmernyeckoil Tabmuikl. Bocmonb3yemcs
dbopmynoi Bapunra [10, c. 53] mis monydeHus CTENEHHOW CyMMBI OT JBYX MEpEMEHHBIX uepe3

AIIEMEHTapHbIE MHOTOUJICHBI.

—y 4 a.

Sq =X +Xy 5 o =X +X,s Oy = XX, (2)

S, — o, =—4c}0,+207,

S, —o, =500, +50,062;
6 4 2 2 3
— — | — . 2
Sg —0, =-b0,0,+90,0;, —20,, ...; (67 +xo,) =0(modq) -

[IpaBass wacTh BCEX NPEANOCICIHUX YPAaBHEHHU IO3BOJSET CHOPMUPOBATH TaOJIHUILY
yuCcIoOBbIX Kod(hduimenTop B abcomoTHeIX BenuwuuHax (Tabmuma 1). Ilociae nmemmdpoBku

MOCIIEyeT YCTAaHOBJICHHWE €€ IJIaBHOTO apu(PMETHYEeCKOro CBOMCTBA. *Memoo pacuwugposku
mabauysl yHuepcaieH 0iisl 8cex NOCie0VIoWUX maxkux maoauy.

Tabmuua 1.
M3BJIEYEHHBIE KOR®OULIMEHTHI U3 CTEITIEHHOU CYMMBI
OT IBYX ITEPEMEHHBIX
q - Y-
4 442
5 5+5
6 6+9+2
7 7T+14+7
8 8+20+16+2
9 9+27+30+9

10 10+35+50+25+2
11 11+44+77+55+11

12 12+54+112+105+36 + 2
13 13+ 65+ 156+ 182 + 91 + 13

14 14+77+210+294 +196 +49+ 2
15 15+ 90 + 275 + 450 + 378 + 140 + 15

16

lopuzoHTanpHBIE 4YHCIA, KPOME TMOPSIKOBBIX HOMEPOB (q), CIEAyeT KOIUPOBaTh, TaKHM
criocobom (Tabnuma 1):

Y, () =0(mod 2% 1), Y, () = X" + Y, X" 4y X"+ 4y, 3)

®
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Yucno (g), sBisgercs O0O3HAYCHHBIM IOPSIKOBBIM HOMEpPOM MHoOrowieHa. Ywcno (1),
ABJISICTCS KOJMUYECTBOM uuceln (), pa3MEUIeHHbIX Ha (PMKCUPOBAHHBIX TOpU30HTAIX. [IprMeps:

Y,(X) = 7x* +14x+7 =0(mod2° -1) ;
Yy, (X) =13x° +65x* +156x° +182x° +91x +13.
Y,e (X) =15x° +90x° +275x* +450x° +378x* +140x +15

JUiist BCEX HEUETHBIX YHCEN (g), MHOTOWIEH (3) MMEET TOJIBKO OIHO HE TPUBUAIBLHOE PELIEHHE
[11]: Res(Y,;x+4) =0(mod 29" —1). Ipumepsr:

Res(Y,y; X +4) =0(mod2” -1), Res(Y,;x+4) =0(mod2" -1),
Res(Yygs; X +4) = 0(mod 2% -1), Re S(Yyg5; X +4) = 0(mod 2% 1),

VYcraHaBnMBaeM BO3BPAaTHOE ypaBHEHHE (B OOILIEM BUJE — YHMCIOBOE CPaBHEHHUE) CTEHNEHHON
CYMMBI (2), AJ11 HEUETHOTO YHcia (q):

(67 +x0,) =0(mod 29" —1) 4)

Hanee, n3noxxeHne apu(pMETHIECKOr0 MaTeprala 1o CymecTBY, KOTOPBIH JaeT BO3MOKHOCTD
MOJYYHTh AalIbHEHIee pa3sBUTHE B CHCTEME YMCIIOBBIX TAOJIHII.

Jlis HedyeTHBIX yucen (q) pasznoxuMm mo Qopmyrne Bapunra creneHHyr0 CyMMy OT Tpex
MEPEeMEHHBIX TAaKOTO BUJA!

S, =%"+%"+x%' =0(modo,) (&)

0, =X + X, +Xg, 0, =X X, + X X3 + X, X5, 03 =X X, Xs.
S, =..— 9050, +307,
S, =..+11o}0, 110,03
S; =..—13050, +130753,
6 3 3 5 3 2\ _
Si =..+150,0,-500,0; +30;,...; (0, +Xo;)=0(modq).
HpaBaﬁ YacTb BCEX MNPCANOCICAHUX ypaBHCHI/Iﬁ IIO3BOJIIACT CO34aTh Ta6J'II/II_[y YU CJIOBBIX

ko3¢ ¢uienToB B abcomoTHbIX BennuuHax (Tabmuua 2) u npousBoanyio ot Hee (U). Ilocne
pacmupoBKH YCTAHOBUM OCHOBHBIE UX apH(hMETHIECKHE CBOWCTBA.

Tabimna 2.
®PATMEHT KOS®OULIMEHTOB CTEIIEHHON CYMMBI OT TPEX IIEPEMEHHBIX
q -U- -G-
9 24 + 3 9+3
11 35+14 11+11
13 48 + 40 13+ 26
15 63 +90+ 3 15+50+3
17 80+ 175+ 20 17 + 85+ 17
19 99 + 308 + 77 19 + 133 + 57
21 120 + 504 + 224 + 3 21+196+ 147+ 3
23 143 + 780 + 546 + 26 23+ 276+ 322 + 23
25 168 + 1155 + 1176 + 126 25+ 375+ 630 + 100
27 195 + 1650 + 2310 + 450 + 3 27+495+ 1134+ 324 + 3
29 224 + 2288 + 4224 + 1320 + 32 29+ 638+ 1914 + 870 + 29
31 255 + 3094 + 7293 + 3366 + 187 31 + 806 + 3069 + 2046 + 155
33 e e,
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Topu30HTANBHbIC YHMCIA, MCKIIOYAs IOPSAKOBbIC HOMEpa (), HAIEKHT KOIUPOBATH
cnemyrommm criocodom (Tabmuua 2): U, (X) =0(modq), G, (x) =0(mod 271 -1).

Tpumepst: U.s (X) = 63x* +90x +3=0(mod15), G, (X) =15x* +50x +3=0(mod 2* -1).
OTMeTuM TOJILKO OeccropHble (cTajo OBITh — HEBO3MOXKHO OIPOBEPTHYTH) YHCIOBBIC

cBolicTBa ykasaHHbIX Tabmuil. B Tounocru: Res(G;4x-27)=0(mod 20 -1).

[IpuMepbl: Res(G,,;4x —27) = 0(mod 2 —1) , Re (G, ;4X —27) = 0(mod 2'* —1).

Hanee, cucrema cpasnennit: U (X)=0(modq)U, ,(x)=0(modq), sxeusanenrna ams seex
npoctsix uncen (¢). U wim B Tounoctu, cucrema cpasuenuit: U, (X) =0(modq); U ,(x) =0(modq);

DiS(Uq;Uq_z)EO(mOdQ), PaBHOCHJIbHA TOJNBKO TOrja, Korma (g) — 4ucio mpocroe. Hampumep:

Uy, (X) =80x* +175x + 20 = 0(mod17x19), Dis(U,,) = 0(mod17 x19) , X = 9(mod17 x19).

VcranaBnmmBaeM BO3BpPAaTHOE YHUCIOBOE CPABHCHHUEC CTEIIEHHOM CYMMBbI (5), JJIA HCYCTHOI'O 4HCJia
(@):
3 2\ _ g-1
(0, +Xa, ) =0(mod 2"~ -1) (6)

3. Memoouxa nocmpoenus apugpmemuyeckux maoauy

PacnionoxkxuM umncia mpsimoyroiabHoro TpeyroiabHuka Ilackans uabiM o6pasom [12]. Bce
qucia, HaxodIuecss Ha (PUKCHPOBAHHBIX BOCXOIAIINX AMArOHAJAX, MEPEIBUHEM HAa TOPU3OHTAIH.
B sTOM ciyuae, cyMMBbI yKcen pa3MeIeHHbIX M10CJI€A0BaTeIbHO Ha (PUKCHPOBAHHBIX FOPU30HTAIIAX,
OKaxyTcs unciaamu @ubonayuu [13].

Ternepp NOBTOPHO BBICTPAMBAECTCS TAKOW K€ YHMCIOBOM TPEYIOJBHHK, HO B KOTOPOM
OTCYTCTBYIOT BCE€ BEPTHKAJIbHBIE YHCIOBBIE PsAbl II0J UYETHBIMM HOMEPAaMH, a Kaxzaas
MOCJIEAYIOIIAsl YUCIOBas BEPTHKAJIb IIOJHMMAETCS BBEPX HA OJHY IO3HMLHIO Mpeablayluen
MOPSAKOBOW TOPU3OHTANIH. B TOIy4eHHOM yCEYeHHOM TpEeyrojibHUKe () M MPOU3BOIHOM OT HETO
TpeyroiabHuKa (E), Kaxnaas (UKCHUpPOBaHHAs TOPU30HTAIb 0003HAYeHA MOPSIKOBBIMU HEYETHBIMU
HoMepamu (q), (Tabmuma 3). 113 MHOTHX YMCIIOBBIX CBOMCTB yKa3aHHBIX TaOJIHIl BHIOEPEM TOJBKO
ocHoBHbIE. [IpenBapuTensHO 3aUKCUpyeM ABa OYEBHIHBIX YPABHEHUS:

E,(X)~E,,(x) = F,(x); 3E,(X)-E,,(x) =G, (x) (7
Taobnuua 3.
VCEUYEHHBIA TPEYTOJIbHUK TTACKAJIS (F)
q -F- - F-
9 4+1 1+1
11 5+4 1+3
13 6+ 10 1+6
15 7+20+1 1+10+1
17 8+35+6 1+15+5
19 9+56+21 1+21+15
21 10+84+56+1 1+28+35+1
23 11+120+ 126 +8 1+36+70+7
25 12 + 165 + 252 + 36 1+45+ 126+ 28
27 13+220+462+120+1 1+55+210+84+1
29 14 + 286 + 792 + 330 + 10 1+66+330+210+9
31 15+ 364 + 1287 + 792 + 55 1+78+495+ 462 + 45
33 16 + 455 + 2002 + 1716 + 220 + 1 1+91+715+924+165+1
35 17 + 560 + 3003 + 3432 + 715 + 12 1+105+1001+ 1716+ 495+ 11
37 18 + 680 + 4368 + 6435 + 2002 + 78 1+ 120+ 1365 + 3003 + 1287 + 66
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[39 [ oo, [
[opu3oHTaNIbHBIC YMCIIA, UCKITIOYasi TIOPSKOBbIE HOMEpa (q), KOOUPYIOTCS YK€ W3BECTHBIM
crocooom.
O0603HaYMM TOJBKO HECKOIBLKO CBOUCTB Tabmui (£)u (F), nns uucen (g > 1.3) (Tabmuua 3).

Cucrema CpaBHEHUH: Eq (x) =0(modq); Fq (x)=0(modQ), paBHOCHIBHA MIS BCEX MPOCTHIX
yncen (q). [lpumepsr:

E,, (X) = 9x* +56x + 21= 0(mod19); x = 8,9(mod19) ;

F,, (X) =1x* + 21x +15 = 0(mod19); x = 8,9(mod19).

CucreMa cpaBHEHUM: Eq (X) = O(mOd q); Ezq_l(X) = O(mod C]) , PAaBHOCHJIbHA JJISl BCEX MPOCTHIX

qucen ( q). llpumepsr:
E,,(X) =8x® +35x+6=0(mod17); X =94(mod17?);

E., (X) =16x° +455x* +2002x° +1716x” +220x +1=0(mod17) .

Cucrema cpaBHEHUN: Fq (x) =0(modq); qu,l(X) =0(modq), paBHOCHIBHA ISt BCEX HPOCTBIX

yncen (q). [lpumepsr:
F, (X) = x> +15x +5=0(mod17); X + 59 = 0(mod17%) ;

Fi(X) = X +91x* +715%° +924x* +165x +1=0(mod17).

Jlnisi yCTaHOBICHHS TOCIEAYIONIMX CBOWCTB apu(METHUECKUX TPEYTOJHHUKOB J00aBOYHO
npuHUMaeTcs MHorowieH (1), Takum 0003HaYeHHBIM BUAOM:

Ay () =(1Dax" +(,)a X" +(H)a X" + ..+ )a,,

Ac(X) =(1)a X" +(13)a X" +( s )a X" + L+ (40 )a, s

Hanpumep, cucrema cpasuenuit: Eg(X) =0(modq); F;(x) = 0(mod q); Dis(E,; F;) = 0(mod ),
PaBHOCHIIbHA TOJBKO TOTAA, Koraa (g)— uucio npocrtoe. [Tpumepsr:

EL (0 =C1 )% +(1,)x+(H,) = 0(mod19); x, = x, =9(mod19)

Fo (X) =(*1,)x% +(*1,)x+(°1,) = 0(mod19); X, = X, =9(mod19);

Dis(E,,) = 0(mod19); Dis(F,5) = 0(mod19) .

Jlanee, MMPOBEACM HMCCICAOBAHUC CICAYIOIIETO MHOTOYJICHA!

F/(x) =C1) £x" " +(1y) f,x"2 +() £ x" 2+ +(M ) f (®)

DTOT MHOTOWICH MMEET BCE IIETbIe YUCIIOBBIC KOA((UIIMEHTHI TOJBKO TOTHAA, Korma (q) —
gucio npocroe, (Tabnuma 3). [Tpumepst:

Fy (X) =1x° +36%° + 70X +7;

Fr () =CL )X +(PL)X2 +(P1)x+('1,) =1 +12x% +14x +1.

Fo (X) =1x* +66x° +330x* +210x+9;

Fu (X) =(1 )X+ L)X+ )X+ 1 )x+(Cg) =1x* +22x° +66%° +30x+1.

Craryc naHHOTO apu(METHUIECKOTO TTOJIOKEHUS — popMyra, CITy>Karmast 1711 HaXOKICHHS BCEX

MMPOCTBIX YUCCIT (TO €CTh, HC crocoo AJ1d TCCTI/IpOBaHI/Iﬂ). HJ'IIOC, HECJIO)KHOE YHMCIIOBOE CBOMCTBO
aJropuTtMa HpCHCTaBHCHHOﬁ (I)OpMy.TILI, JOITYCKACT €€ KOMIIbIOTCPHYHO pCaIn3aluio.
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Kparkoe [0Ka3aTelbCTBO JaHHOTO yTBep:kieHus, BosHukaeT us popmymst: F((X) =G, (X),

(5—7) (Tabnuma 2). Muorouex (8): Fq"(X) #0(modq) , ecnu uncio (g)— npocroe (12). Ilpu rTom
noaTBepkaaeM, uyto Tabnwuia 2, saBisercs mpou3BoaHoN oT Tabmuibel 3, cornacHo ypaBHeHHSIM (7):
G,(4) =3, (1)~ E, (9.

3aK/IIounTENIbHAsA YacTh JI0Ka3aTeIbHON 0a3bl IPOBEJECHHOIO MCCIIEOBAHNS BBIIIOJHEHA TaK.
Cucrema cpaBHEHUI:

F, (X) = 0(mod q); F; (X) = 0(mod q); Dis(F;) = 0(mod q) )
PaBHOCHJIbHA TOJIBKO TOT/A, KOrAa 4ucio (gq)— npoctoe. [Ipumepst:
F, (X) = X° +36x° +70x + 7 = 0(mod 23); x = 2(mod 23) ;
FL(x) =(1)X° +(51,)x2 +(°1,)x+("1,) = 0(mod 23); Dis(FJ,) = 0(mod 23).
Cucrema cpaBHEHUI:
F, (x) =0(mod h); F'(x) = 0(mod h); Dis(F;") = 0(mod h) (10)
paBHOCWIJIBHA TOJIBKO TOTJA, KOTJIA He4YeTHble uncna (g) m (h) — B3aMMHO MPOCTHIC.
Tpumepst: Fq (X) = 0(mod 37); Fg (X) = 0(mod 37); Dis(Fg) = 37; x =15(mod 37) .
Tenepb Ha OCHOBC YCTAaHOBJICHHBIX CBOMCTB UMCJIOBBIX TPCYroJIbHUKOB, 3JICMCHTAPHO
COCTAaBJISICTCS ClEAyIoLasi, MPUHLIMIINAIBHO BakHas apudmernueckas tabnuua (Tabmuua 4). B

ITOH Ta6nnue AJIs1 OTBICKHMBAHHS ITPOCTBIX YUCCI MPUCYTCTBYIOT CPa3y TpU BO3BPATHLIC YHUCIIOBLIC
IIOCICaA0BaATCIBbHOCTH. CoOCTBEHHBIN pAd 4UCCI (Q), " ABa IIOCTABJICHHLIX psaa YHUCCII.

IlepBblii psi: Vq =0,11,2,3,5,8,13,21,34,55,89,...; (Vq =Vq_l +Vq—2) )
Bropoii psn: Wq =012,4,712,20,33,54,88,...; (\Nq :qul +qu2 +1) .

[TepBerit psin @PrOoHAYYN paBHO3ZHAUYEH BTOPOMY PSIIY: (\/q =Wq_2 +1) .

Tabmuna 4.
HAXOXJIEHUE BCEX ITPOCTBIX UMCEJ

Vg Wy q Vg Wq q Vg Wq q
0 0 1 » 55 143 11 » 6765 17710 21
1 1 2 89 232 12 10946 28656 22
1 2 3 144 376 13 17711 46367 23
2 4 4 233 609 14 28657 75024 24
3 7 5 377 986 15 46368 121392 25
5 12 6 610 1596 16 75025 196417 26
8 20 7 987 2583 17 121393 317810 27
13 33 8 1597 4180 18 196418 514228 28
21 54 9 2584 6764 19 317811 832039 29
34 88 10 4181 10945 2 |

HucnoBoe cpaBHEHUE: Vq +Wq = O(mOd C{) , pa3pemumo (To ecThb, UMEET PElICHHE), A BCEX
npocthix uncen (g). [Ipumeps! (Tabnuma 4):

V, +W, =8+20=0(mod?7),

V,, +W,, =987+ 2583=0(mod17) |

V,, +W,, = 2584+ 6764 = 0(mod19) |
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V,, +W,, =17711+ 46367 = 0(mod 23)
Jlanuelii  pesyabrar jgokaspiBaeTcs  (opmynoit  (3), B KOTOPOH CyMMa YHCIIOBBIX

koo unmenrop MHorowiena (Yg pasma: Y, tY,+Y;+..+Y, =M. 3Barem wu gansiue:
(V, +W, =m) [14, c. 12].

4. Kak ooxasviearomcs wuciosvle C60UCMBA apuphmMemuieckux mpey201bHUKO8

IIpennaraercs creneHHas cymma (5), koropas pasznaraercs 1o ¢opmyiae Bapunra nHa
3JIEMEHTapHbIE MHOTOYJIEHBI U 00pa3yeT CUCTEMY C BO3BpaTHBIM ypaBHEHHEM (B OOILEM BHJIE —
YKCJIOBBIM CPAaBHEHUEM):

(o2 +xo3) =0(mod q) (11)

C nmnomompl0o OMHOMHAIBHBIX  KO3(QQUIMEeHTOB Hpl0TOHA W MHOTOYTOJBHBIX  YHCEN
Tpeyronbpauka [lackans, ycTaHaBIMBAIOTCS OY€BUIHBIC YpaBHEHUS U cpaBHeHUs (Tabnuma 3):

E,(0)—E,,(x)=F,(%).. 3£,(x)-E,,(x) =G, (x) < .S,

q
aF/(x) =G, (X), (40," +270,") = 0(mod 2™ -1),

BCJIGZ[ 3a O9TUM OTKpbIBAEM CYHIHOCTb, CICHUAJIBHO IMPECAHA3HAYCHHOTO METOAA «om
npomueHozoy, 1Npu KOTOPOM «AOKa3bIBAHHE» HEKOTOPOIO CBOMCTBA TPECYIroJIbHUKA Ilackana —
CYKIACHUA (TGSI/Ica ,Z[OKa3aTeJ'IBCTBa), OCYHICCTBIIACTCA YCPEC3 OIIPOBCPIKCHHUC OTPHLIAHHA I3TOI0
CYXKIACHUA — AHTHUTC3HCA. 10T Ccrocod JA0Ka3aTreJIbCTBAa OCHOBBLIBACTCS HA HMCTHUHHOCTHU 3aKOHa
JIBOMHOTO OTPHUIIAHUSI B KIACCHMYECKOW Joruke. Hampumep, mompoOHO HCCIEmayeM Cleayroliee
IIOJIOKCHHUC.

Hpe,I[HOJ'IO)KI/IM, YTO MdJd KaKOro-to0 MHOI'OYJICHAa (8), HMCCTCAA KOHKPCETHOC YHCIIOBOC

CpaBHEHUE:! Fq"(X) = 0(modq), umco (q) — npocroe. BeieacTBie 3TOr0 CHCTEMBI CpaBHEHHi (9)
u (10), cranyt sxBUBaneHTHbIMU. Win B TounocTH (1):

F,(x)=0(modq),

F, (X) = 0(mod q); Dis(F;) = 0(mod q),

F./(x) =0(mod q); Dis(F;) = 0(mod ).

q
B OTOM cjyvae, IIOoCJIC HCCJIOXKHBIX BLI"II/ICJ'IGHI/II\/'I, H3BJICKACTCA YTBCPIKACHUC!:

Dis(F,) =0(modq), no xoropoe neposmoxkmuo. B camom gere, Torma GyiyT HMETh MeCTO

nocjenyromue apuhMeTuIecKue AeCTBUA:
E,(¥)-E,,(X)=F,(x), — Dis(F,) =0(modq);
3E,(X)-E,(X)=..»S,(x), — Dis(*S,) =0(modq);
Dis(E,) = 0(modq).

BcnenctBue yero ctanyT 1o — TpoiHE paBHOCUIIBHBI BCE TOCIEAYIOLINE CUCTEMbI CPaBHEHUI:

E,(x) =0(modq), E;(x)=0(modq) Dis(E;E;)=0(modq)
E/(x)=0(modq), E,(x) =0(modq), Dis(E{;E,)=0(modq).

Yero OBITH HE MOXCET, TaK KaK IPOTUBOPCUUT BCEM 3asiABJICHHBIM YCIIOBHAM, B TOM YHCIIC U
yctanoBkaMm (11) u (13). CnenoBatenbHO, €CIIU YUCIO (g) — IPOCTOE, TOT/Ia MHOTOUJIEH:

Fy(X) 2 0(mod ) (12)

®
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Takum oOpa3zom, ocHOBomoJararomiee apudMETHIeCKOe CBOMCTBO TpeyroibHuka (F) s
HAXOXKJCHHS BCEX MPOCTHIX Yncel — JIoKa3zaHo, (Tabmuma 3).

EZ00 =(1)ax" +(1,)ax" +(1)ax"™ +..+(y, )8, ;

E,, (X)— kaxzp1it MHOrOWICH BBINICOGO3HAYCHHOTO THIIA:

Eo () =(1)ax™ +(7)a, X" +(V 408X 4o+ gz )20

(k) — BTOpPOIl YHMCIOBOI 3yeMEHT OOpaTHOW apu(pMETHYECKOH IMPOrPeccCHr, B KOTOPOH
KOKIBIA CIEAYIOIIUN 3JEMEHT pPaBeH MPEeIbIAylIeMy, YBEIHYEHHOMY Ha (PUKCHUpOBAaHHOE st
nporpeccuu yucio (k—1).

BHOBB nmpennonoxum, 4to A KaKUX-TO MHOTOWIECHOB (9) MMeeTCsi KOHKPETHOE YHCIIOBOE

CpaBHEHHUE: Fq'(X) =0(modq), uncno (g) sBusercs cocraBHbM. Torma cucTeMsl cpaBHEHHI (9) 1

(10), cHoBa CTaHyT PaBHOCHJIbHBIMH, YTO OIPOBEPTHYTO BBILIE MOKAa3aHHBIM JOKAa3aTeIbCTBOM.
Crano ObITh, cucTembl cpaBHeHHH (9) 1 (10) He SKBUBaJICHTHBIE.

Ocrtanock OTMETHTH, YTO BO3BpAaTHOE apU(PMETHUECKOE CPAaBHEHHWE CTENEHHOH CYMMBI OT
JBYX IIEpEMEHHBIX (4) U CTEIEHHON CYMMBI OT TPEX EPEMEHHBIX:

(o3 +xo2)=0(mod 2™ -1) (13)
UMEIOT 0coObIi cTaryc. OHU B3sTHl B 3ammdpoBaHHOM Buae u3 Tabmun (Tabnuma 1) u

(Tabmuma 2), mo3ToMy OSCCIIOPHBI IO ONPEICIICHHUIO.

3ameTuM, 4TO ynoxeHue (5), Ierko KOHBEPTUPYETCS B IPYroe J0Ka3aHHOE YTBEPKJIECHUE —
X" + y” -7"= 0(mod 2" —1) =0(mod| 2) . IIpm »osrom mokazatemu (n=1)  JOKHBI
YIOBIIETBOPATH HEKUM ycioBusM [15, c. 20].

5. Ilpasuna Heobxooumulx deticmeutl, Komopule 0Jisl MAOAUY OONHCHBL UMENMb MECHO

Tabnuiel uncnoBbIX cpaBHeHU# [lackans ciyxar, B TOM 4uCle, W ISl CO3JaHUS 3apaHee
OTIPE/ICTICHHOTO alNrOpUTMa apu(PMETHUECKH-TOTHYeCKoro ycTpoiictBa {AJIY}, BBINONHSIONIETO
apudmeTryeckue W JIOTUYECKHe omepanuu. Hampumep, nias HaxXoXAE€HUS BCE MPOCTHIX YHCED,
paccMoTpuM yceueHHbIH TpeyroidbHUK [lackans (Tabmuma 3). Drta Ttabmuia B moiaHOM dopmare
Oy/IeT BBITVISIIETh TaK:

Tabnuua 5.
JJOKA3ATEJIbBHOE HAXOXXJIEHUE BCEX ITPOCTBIX YUCEJI
Neg -F-
15 1+10+1
17 1+15+5
19 1+21+15
21 1+28+35+1
23 1+36+70+7
25 1+45+126+28
27 1+55+210+84+1
29 1+66+330+210+9
31 1+ 78+ 495+ 462 + 45
33 1+91+715+924+165+1
35 1+105+ 1001+ 1716 +495 + 11
37 1+ 120+ 1365 + 3003 + 1287 + 66
39 1+ 136+ 1820 + 5005 + 3003 +286 + 1
41 1+ 153 + 2380 + 8008 + 6435 + 1001 + 13
43 1+ 171+ 3060+ 12376 + 12870 + 3003 + 91
45 1+ 190+ 3876 + 18564 + 24310 + 8008 + 455 +1
47 1+ 210 +4845+ 27132 + 43758 + 19448 + 1820 + 15
49

() _©
@ T Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 39



http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

BriOupaetcs nepBblii HEOOS3aTEIBHBIN MOPSIKOBBI MHOTOWICH:
_ n-1 n-2 n-3 .
Fo(¥) = fxX" 4 £+ £x7 4 f
Yucno (q) — NOpAAKOBBIM HOMEPOM MHOTOWIeHa. Yucio (71) paBHO KOJIMYECTBY YHCEN

(fl + f2 + f3 Tt fn) , TIOMEIICHHBIX Ha (PUKCHPOBAHHBIX TOPH3OHTAJSX YCEYCHHOTO TPEYroIbHHUKA
[Mackans (F) — (Tabmuma 5).
Hampumep: F37 (X) =1x° +120x" +1365x° +3003x” +1287x + 66 ;

Cozpnaercst BTopoil MHOTOWIEH (8) — IMCKPUMUHAHTHBIN:

FoO) =C1) fx" "+ X"+ 1X ™ 4+ (g ) K

q
DTOT MHOTOWIEH UMEET BCE IIeNIbIe YHCIIOBBIC KOA(QHIIMEHTH TOJBKO TOrna, Korma (q) —
yuciao npocroe. Hanpumep:

1 5 120 4 1365 3 3003 2 1287 66
F3" () =CI)X +CT )X+ )X+ L)X+ ) x+( ) =
= 1x° + 40x* +273x>® + 429%x? +143x+ 6 ;
OTOT pe3ynsTar ABISETCS CIEICTBUEM JOKa3aHHOIO YTBEPXKICHUS: Fq"(X) Z0(modq), eciu

(q) — mupocroe uucno, (12). KonmmuecTBo BepTUKANBHBIX W TOPU3OHTAIBHBIX PSAOB YHCET
(Tabnuna 2, 5) — paBHBI OTHOCUTEIHHO MOPSIKOBBIX HOMEPOB.

Cnenyer 0co00 OTMETUTh, YTO (PopMyla HAXOXKIEHHUS BCEX IMPOCTHIX YHCEN B TaOIuUIe
SBIIIETCS apU(PMETUYCCKOH, TO €CTh HE Maremarudeckod. B Hell wmcmo (g), sBisiercs
OTHOBPEMEHHO M CHMBOJIOM U MOpPsSAKOBbIM HomepoM! IlosTomy, momHOe M ucYepmbIBarolee
MCXOJTHOTO JI0Ka3aTenbCTBO TaOnuilbl paBHO3HAUHBI JI0KA3aTENIbCTBY MPABUIBHOCTU TaOIHUIIBI
CIIOKeHHS 4YHcel. MM B TOYHOCTH, CIIEAyeT 3aMEHUTh YHUCIIa KOJIMYECTBOM HATYPabHBIX
MPEIMETOB U TIOMECTHUTD TaOJIUIly B TPEXMEPHOE MPOCTPAHCTBO.

3axnouenue

Hcxonuplii  npsiMoyroiipHbl  TpeyrosnbHUK Ilackans, y kotoporo uucna dubonayun
MIOCJIEZIOBATENIBHO HAXoAATCAd Ha (PUKCHUPOBAHHBIX TOPU3OHTANSIX, OBLI pa3iokeH Ha JBE YacTH.
[TonoOHoOe pa3neneHue BOZMOXKHO M Ha TPU, YEThIpE U Jajiee YUCIOBBIX yacTed. Takol mpoiecc
OECKOHEYEH, MM03TOMY, Mbl TOBOPUM, YTO TaKUX apu(pMETHYECKUX TaOIul OECCUeTHOEe YHCIO, TO
€CTh HEBO3MOXKHO IIOACUUTATD.

Kparkoe ompenenenve AUCKpUMHMHAHTa KyOMYECKOro TpexwieHa M3BECTHO — JIBa
BELIECTBEHHBIX KOpPHS TakKoro MHOTouJleHa paBHbl (cpaBHHMMbI). HewusBecTHO moOHATHE
JUCKPUMHUHAHTA CTENEHHOM CyMMBI OT Tpex mepeMeHHbIX [16]. Ortuero, BmepBble ObuIH
IIPEIOCTABJIEHBl TOJIBKO YHCJIOBBIE BBIKJIAJKM MX KOHKPETHOro u3MmepeHus. Cnemnom 3a 3TUM
MIOBTOPUM, YTO IIOJIyYEHHbIE apU(PMETHUECKHE TPEYrOJIbHUKH OKa3ajJUChb YCEUYEHHbBIMH TO U
MOPSIIKOBBIE YHCIIAa PACCMATPUBAIINCh, HanpuMep (g > 1.3), 1Uid HaXOXKACHUS COOTBETCTBYIOIINX
YHCIJIOBBIX TUCKPUMUHAHTOB.
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BJIUSIHUE CIIEKTPAJIBHOM MOJIEJIN U3 TYUEHUSA HA PACUETHBIE
XAPAKTEPUCTHUKHU CJIOKHOI'O TEIIJIOOBMEHA B IINTAMEHHBIX ITEHAX
HE®TEXUMHWYECKOHN MPOMBIIIJIEHHOCTHA
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Kaszancxuii nayuonanvuwlil ucciedosamenbCKull MexHoI02ULeCcKUull YyHugepcumen,
2. Huoicnexamck, Poccus, amabdullin@mail.ru

INFLUENCE OF THE SPECTRAL MODEL OF RADIATION ON THE CALCULATED
CHARACTERISTICS OF COMPLEX HEAT EXCHANGE IN FLAME FURNACES
OF THE PETROCHEMICAL INDUSTRY

©Abdullin A., ORCID: 0000-0003-1223-0535, Ph.D., Kazan National Research Technological
University, Nizhnekamsk, Russia, amabdullin@mail.ru

Annomayus. AHaIU3UpPyeTCsl BIMSHUE CIEKTPAIbHOW MOJEIM U3IY4YEHHS Ha TEIUIOBbIE
MOTOKK W TEMIepaTypy IMpPOAYKTOB CropaHusi B paJMaHTHBIX KaMmepax TpyOyarbiX [edei
He(pTeXMMHUYECKOM MPOMBIIIEHHOCTH. PaccMaTpuBaroTcsi MOJeNb LIMPOKOM TOJOCH U cepas
Monenb Xorrens. [lokazaHo, 4TO crieKTpaibHas MOAEIh U3JIy4eHHUs! TOTIOYHOU Cpeibl ¢1abo BIUsET
Ha pacueTHbIC XapaKTEPUCTUKH CYMMapHOU TEILIONepeIayun.

Abstract. The influence of the spectral model of radiation on heat fluxes and the temperature
of combustion products in the radiant chambers of tube furnaces of the petrochemical industry is
analyzed. A wide-band model and a Hottel gray model are considered. It is shown that the spectral
model of the combustion medium radiation weakly affects the calculated characteristics of the total
heat transfer.

Knrouesvle cnoea: MHTEHCUBHOCTh M3NMYyUEHUS, IYIUCTHIN MOTOK, CTETICHh YEPHOTHI, CIIEKTP,
KOHBEKTUBHEIN ITOTOK.

Keywords: radiation intensity, radiant flux, degree of blackness, spectrum, convective flux.

B TemoBoM OamaHce paauMaHTHBIX KaMmMep TpyOuaThIX TIeUe OIpeaessonas poib
MPUHAJICKUT JIYYHUCTOMY TEILIOOOMEHY, NI0Jii KOTOPOTO MOXKET OBITh Ha TMOPSAIOK Ooblie IO
CPaBHEHHUIO C JPYTHMHU MEXaHU3MaMH Teruionepenadr. TOYHOCTh pacueTa JyYHuCTOro TerIooOMeHa
B 3HAYUTEIHHOM MEpE OIpPEAeNsaeTCs] KOPPEKTHOCTHIO MOJEIH CIIEKTPa M3JIyYeHHUS KOMIIOHEHTOB,
3aMoNIHAIIMX Kamepy cropaHus. K HUM oOTHocATcs, B mepByro odepenb, mapel Boasl H2O u
nByokuch yriaepona COz, a Takke YacTUIBI CaXXd, OOpas3ylolIuecs B Pe3ylbTaTe HEMOIHOTO
cropanusi TorumBa. M3iydyeHue mapoB BOABI M JBYOKHUCH YTIIEpOJA MPOUCXOJUT B OMpPEIEIECHHBIX
I/IHTepBaHaX cneKTpa, I/I3J'IY'-IGHI/I6 JaCTUIl CaXN U CTCHOK KaMepBI xapaKTepmyeTc;I CIINTIOIIIHBIM
CHeKTpOM. OJIHI/IM n3 HaI/I6OJ'Iee YJIO6HBIX METOAOB yqua CCIICKTUBHOCTHU I/ISHy‘IeHI/ISI SABJIACTCA
MO/JIENb ITUPOKOI MOJIOCHI, TapaMeTPhl KOTOPOW MPHUBEIEHBI, HapuMep, B padote [1].

B nanHOli paboTe wu3NararoTcs pe3yNbTaThl CPABHUTENBHOTO aHalW3a MPUMEHUMOCTH
CIIEKTPAJIBbHBIX MOJIENIEH MIUPOKON MOJIOCHI U «CEpOM» Momaenu XOTTeNs Il TEIUIOBOIO pacyeTa
paZMaHTHBIX KaMep TpyOuaTblx Medeil. 3a KMCXOIHYI0 NPUHHUMAETCS CTyleHYaras MOJEIb,

®
@ o Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 42


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

yuyuThIBalomas nojocel 15; 4,3; 2,7 MxkMm u3nydenus nByokucu ymiepoga u 10; 6,3; 2,7; 1,5 Mkm
H3JTy4YCHHA BOASHOIO Iapa.

JlyqaucTplii  TEIIOOOMEH ONKCHIBAETCS CHCTEMOW JBYXMEPHBIX JU(QepeHIINaTbHBIX
ypaBHeHu P1-mipubnuxeHust Mmetoaa chepudecKux rapMOHUK:

o[ 0py\, 0 D 09y, . (1)
dx \ "M ox dy i dy 2P

Az
= —47Tf ay, Lp(T,A)d4; ;
A
N —
qx;, = —Dy, Ve, 2)
VCIOBHSL OHO3HAYHOCTH HA OrPAHMYMBAIOIIMX IIOBEPXHOCTSAX C Yd4eToM auy3HOro
OTPAKEHHS U U3Iy4CHUS IMEET BUJ:

on _ ! 4 flzl (T, 2)dA; — (1 —7) ©)
dn _ZDAi(1+r) me N Ap L, Ap)ar; )P,

3nmech ¢ 2, — BEKTOD IUIOTHOCTHU MOTOKA M3Iy4EHHUS B i-TOM CHIEKTPANbHOM 10110ce; Dy, oy, —

ko3 unrientsl auddy3un U3TYyYEHUS W TOMIOIICHUS B 1-TOM CHEKTpaldbHOU mojoce; [, —
dbyuknus [Inanka; €, 7 — CTENEHb YEPHOTHI M OTpaXKaTelbHasi CIIOCOOHOCTh TOBEPXHOCTH.

PacnipenencHue Temmeparypbl B pacdyeTHOM OOJNACTH OMNPENENAeTCS MYTEeM PELICHHS
YPaBHECHHSI SHEPTUU:

T oT o aT] o T & )
pepUo— + pcpv@ = [(A + A7) a] + 3y [(/1 + AT)@] +Q — de qdx;
=
B kauecTBe KpaeBbIX YCIOBUII Ha IOBEPXHOCTH HarpeBa M BXOJHOM CEUEHUM 3aJ1aeTCs
TEMIICpaTypa, Ha BBIXOAHOM CCYCHHU HCIIOJIb3YCTCA CBOICTBO «OOAHOCTOPOHHHUX)» KOOpAMWHAT [2]
Temneparypa ¢yTepoBKM oIpenensercsi U3 YpaBHEHHUs TEIUIOBOro OajiaHca, COCTaBIEHHOIO C
YYETOM TEIJIOBBIX MOTEPh Uepe3 Hee:

NS 5
,1¢T . i (%)
E(W— 0)=qk+ ) Gy -

i=1

KOHBEKTHBHBIM TNOTOK TEIUIa K CTEHKE  (j BBIYUCIAETCA 10 METOLYy IPHCTEHOYHBIX
¢ynxuwii [3]. B ypaBuenusx (4) u (5) p,Cp, U,V — IUIOTHOCTb, M300apHast TEIUIOEMKOCTH H
COCTABJISIONINE BEKTOpA CKOPOCTH MPOMYKTOB cropanus; A, A — kodpdunmeHTs MonexysipHon
u TypOyneHTHOH muddy3un tema; 0 — oObeMHasl IUIOTHOCTb TEIJIOBBIIENEHUS B pe3yJbrare
ropeHus TOTHMBa; Ng — KOJIMYECTBO M3IYHYAIOIIMX TOJIOC B CHEKTPATbHON momenu; Ag, d —

K03(DPUIMEHT TEIUIONPOBOIHOCTH U ToimMHa (yrepoBku, Ty, Ty — Temmneparypa BHYTpEHHEH U
BHEIIIHEH MOBEPXHOCTH (PyTEPOBKH.

Koneuno—pa3HocTtHas anmnpokcumManus ypasHeHui (1)—(3) npon3BoanuTCss METOAOM KOHEUHBIX
AIIEMEHTOB, a YpaBHEHUS (4) METOJJOM HHTETPUPOBAHUS IO KOHTPOJIBLHOMY 00beMY [2].

[TomyuyeHHass B pesyibraTe cHCTEMa aireOpandecKux YpaBHEHUIH OTHOCHUTEIBHO Y3JIOBBIX
3HAYEHUH MCKOMBIX BEJIUYMH PELIAETCSI METOAOM TPEXIUAroHaJIbHOIO MaTPUYHOIO aJrOpUTMa
(TAMA). IlpoBeneHHble pacyeThl MOKA3bIBAIOT, YTO MCIIONb3yeMas B JaHHOW paldoTe siBHas cxema
COBMECTHOTO HMHTETpUpOBaHUS CcHUCTeMbl ypaBHeHUU (1)—(5) mnpu TemnoBbIX Harpyskax,
XapaKTEPHBIX [UIsl BBICOKOTEMIIEPATYpPHBIX KaMep CropaHusi, sBisercs HeycroiiunBou. Jlus
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MOJABJICHUS] ATOM HEYCTOMYMBOCTH K JMBEPreHIMU JyYUCTHIX IOTOKOB TeIla MPUMEHSETCS
HIDKHSAS peakcauus ¢ napamerpom o = 0,2.

AHanu3 mpoBOIWJICS HA IMpUMEpPe MPSIMOYTOJIbHOW paJMaHTHOW KaMmephl TpyOuaroil meuu
koHBepcuu yrieBogopoaoB BIIK-15. TormuBo (mpupoaHbIi Ta3) MoAaeTCs B KAaMEpy Yepe3 TOPEIIKH,
PacrojOKEHHbIE HAa CBOJAE B OJHOM Py CUMMETPUYHO OTHOCUTEIIBHO IOBEPXHOCTH HArpeBa,
IIPOAYKTHl CrOpaHHs OTBOIATCS 4YEpe3 TOHHEINb, PACIOJOXKEHHBbIM Ha moay kamepsl. Hamnuume
OCEeBOI CHMMETPHUM IIO3BOJISIET PAcCMaTPHUBATh TOJBKO OAHY IOJOBHHY pPaJUaHTHONW KaMephl.
[Tonaranock, 4TO MOBEPXHOCTU (PyTEPOBKH U HarpeBa Mud(dy3HO U3IyUaIOUIe U OTPaKaoIIue Co
creneHssMu yepHoThl 0,6 1 0,87 cooTBeTCTBEHHO. {7151 MOJTydyeHUsl 3aMKHYTOM CUCTEMBI YpaBHEHUI
B pacueTax BXOJHOE€ M BBIXOJHOE CEUEHHUS 3aMEHSIOTCS IOJIHOCTBIO  OTPa)KaroLUMU
noBepxHocTaMU. [lons ckopocteil U ko3(pduiieHToB TypOYyJIEHTHOrOo oOMEHa OIpPENEsIOTCS U3
penieHus: ypaBHEHUH Ta30Boi quHaMuKH U (k-€) — mMozaenu TypOyneHTHOCTH [4].

B Monenu criekTpa MHTEpBAJIbI, I7I€ MPOUCXOAUT NEPEKPhIBAHKUE MMOJIOC U3IYYESHUS BOASIHOTO
napa ¥ JIByOKHCH YIJIEpOJa, BBIACISUIMCH KaK OTAEIbHBIE MOJOCH ¢ CYMMapHBIM KO3(h(HUIIEHTOM
MIOTJIOIIEHHUS:

as = a,,PB, +a.P., (6)

rae a,,, Q. — Ko3(pUIUEHTH! MOMIOUICHHU BOASHOIO Mapa U ABYOKHCH yIJIepoAa B JAHHOM
UHTEpBAJIe CIIEKTpa, COOTBETCTBEHHO, B, P, — mapuuanabHble NaBICHUS KaXJ0H U3 KOMIIOHEHT.
VY4uThIBaIOCh MEPEKPHIBAHUE CIIEKTPAIBbHBIX 1M0J0C 2,7 MKM; 10 1 15 MkM.

CrnekrpanbHblii KOA((ULIMEHT NOIVIOMEHHS YaCTHL Ca’KU BbIUUCISUICS 10 popmyiie [5]:

_ 3nd(d) %)
Ts =" v

rae ¢yHkuus P(A), onuceiBaroias JUCHEPCUI0 ONTUYECKUX KOHCTAHT CaXXH, MO JaHHBIM
pabotel [6] B mHTEpBaje crekTpa 10 10 MKM MOXeT OBITh ONMCaHa 3aBUCHMOCTBIO:

1,75 )

*W =17 0,31

Tak Ha3pIBaeMas 0ObeMHas (paKIMsI CAXH OIPEeNsIach Mo SMIupuyecKoit popmyse [7]:

C 9
fr =0,068(2 — ay) 2. ©)

Hp
3neck ap — kodduureHt uzdbITKa Bo3ayxa; Cp / H,, — oTHOCUTeNbHBII BEC yriepona B

TOIUIMBHOM rase.
JI1s1 BBIUMCIIEHUS] HHTETPAJIBHOW CTETIEHW YEPHOTHI TOITIOYHOM CPENbl UCIIOJIB30BAIACH MOEIIb
XoTTenst HabOpOM YETHIPEX CEPHIX ra3oB [6]:

> (10)
€= Z an(T){l — exp[—(anP); + as)l3¢]}
n=0
tne l,y, — d5hdexTnBHas TOMMHA TOMOYHOW Cpempl, Pp(aTM.) — CyMMapHOE JaBIeHUE

BOJISHOTO Tapa W JBYOKHCH YIIIEpOJAa, WHTErpalbHbIN KO3(D(QUIMEHT MOMIOMIEHUsI YacTHIl CaKu
OTIPEIEISIETCS TI0 3aBUCUMOCTH [6]:

C 11
ag = 0,03(0,016T — 0,5)(2 — aT)H—". (i

p
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Ha Pucynkax 1-2 npuBeneHbl pacyeTHOE paclpeieieHrue IJIOTHOCTH HHTErpajbHBIX 10
CHEKTPY JYYHCTBIX IIOTOKOB TeIUIa K IIOBEPXHOCTHM HAarpeBa IO JJIHHE TpyOd H mpoduib
TEeMIIepaTyphbl Ha OCH MOTOKA IO BBICOTE PAAUAHTHON KaMephl, ONMpPEIeICHHbIE C UCIIOJIb30BAaHUEM
CHEKTPaJbHBIX MoOjee mupokoi monockl U XorTensd. Haubomnpiee ominyne B paciupenesieHusIx
JYYUCTBIX MOTOKOB, PACCUUTAHHBIX 1O MOAETU XOTTENs U MOJ0COBOI Mozenn 0e3 ydera BIUSHUS
CaXXu, MMECT MCCTO HA HAYAJIbHOM YYA4CTKC TCUCHHUA, YTO MOKHO 06'LSICHI/ITB CyHleCTBeHHOﬁ
HEU30TEPMUYHOCTHIO MOTOKA, & TAKXKE HAJTUYUEM «OKOH» MPO3PAaYHOCTH B TOJIOCOBOM MOJIEIH.
Huxe no Teuenuto, rie nomnepeuHblii rpaJueHT TeMIIepaTypbl CTAHOBUTCS HE3HAYUTEIbHBIM, pacueT
1o Mojenu XOTTeNs XOPOIIO COIVIacyeTcsl ¢ pe3yibraTaMH pacdyera Mo MOJIOCOBOW MOAETH. YUeT
HU3JTy4YCHHA 4YaCTHUL[ CaXU HNPHUBOAUT K YBCIWUYCHHUIO JTYYUCTBIX IMOTOKOB TCIIJIa U COOTBECTCTBCHHO
YMEHBIIEHUIO MAaKCUMaJIbHON TeMIepaTrypbl ra3oB B TOIKE M €€ MONEPEeYyHOro rpajauenta. B stom
cllydae  pacmpelelieHHe  JIyYUCThIX  IOTOKOB,  OINpENEJeHHOEe IO  MOJAeNH  XOTTeds,
YIOBIIETBOPUTENIBHO COINIACYyeTCA C PE3yJbTaTaMH PAcYeTOB, CIACIAHHBIMH IO MOJENU IIWPOKOM
IMOJIOCHI C YUCTOM TPCX «OKOH» IMPO3PAYHOCTH, B KOTOPLIX JIYUUCTAaA TCIUIONICPEAa4a NPOUCXOAUT B
OCHOBHOM 32 CUET U3JIyYCHHSI YaCTHUIl CAXKHU.

T K
quKBT/M
2
40 Emm 1700
"":.\
1 \
20 \\ \ 1500
-
-
‘\‘ﬁ"-__
‘\-‘-ﬁ_‘__ﬁ_-_
0 1300
0 2 4 6 8 Lu -

1 — pacuem 6e3 yuema, 2 — c yuemom U3ZIY4eHUsI CAJICU, CNIOWHASL TUHUSL — MOOeTb WUPOKOL
NOJIOCYL, NYHKMUPOM — cepas Mmodeib Xommes.

Pucynok 1. Pacmpenenenue — IUIOTHOCTH Pucynoxk 2. Ilpodumne  Temmeparypsl
JYYUCTHIX MOTOKOB TEIUIa K MOBEPXHOCTH HArpeBa MO MPOJIYKTOB CrOpaHHs [0 BBICOTE pagHaIbHON
JUIMHE TPYO. KaMepsl.

Haubonpiiee BausHUE CHEKTpajdbHas MOJENb M3Iy4eHHMs] OKas3blBaeT Ha Hpoduib
TEeMIIEpaTyphl JbIMOBBIX I'a30B B 00bEME paJUaHTHON Kamepbl. B To ke BpeMs 3TO BIMSHHE Ha
TEMIIEpPATypy TIa30B, NOKUAAIOIIMX TONKY, HE3HAUYUTEJIbHO. Hanuume dacTui caxkm B cOCTaBe
IIPOAYKTOB CTOpaHUs CHMKAET TEMIIEpAaTypy ra30B Ha BBIXOJE U3 TONKHU Ha 16%.

VY4yer uznmyudeHus Cakd NPUBOAUT K YMEHBUICHHIO PACUeTHBIX 3HAYEHUIl KOHBEKTHMBHBIX
notokoB Teria (Pucynok 3). CromHo#i crekTp u3nydeHus: MHTeHCU(DUIIUPYET TeII000MEH MEKIY
CTEHKOW W Cpeloil, BCIEACTBME YEro TIpajueHT TEeMIepaTypbl BOJM3M CTEHKH YMEHbIIAeTCs.
Pacuersl Tax)ke MOKa3bIBalOT, YTO B MECTE NPHUCOEAMHEHHUS PELMPKYJISLUOHHOIO MU OCHOBHOIO
T€UeHUH KOA(P(UIMEHT KOHBEKTHBHOM TEIUIOOTIAAYM g HMMeeT MHUHMMyM. Huke mo TedeHuio
BOJIM3U BBIXOJHOTO CEYCHMS (i YBEIMYHMBAETCS, YTO BBI3BAHO CY>KEHHEM OCHOBHOT'O IIOTOKA U €ro
YCKOPEHHUEM.
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1 — pacuem 6e3 yuema, 2 — c yuemom uiy4eHus caxcu,
CRIOWHASL TUHUSL — MOOEb WUUPOKOU NOOCL, RYHKIMUPOM — cepasi Modenb Xommers.

Pucynok 3. PacnpenenceHue IIOTHOCTH KOHBEKTHBHBIX MOTOKOB TEIUIa K MOBEPXHOCTH HArpeBa IO
JUTAHE TPYO.

AHanu3 cyMMapHOW TeIionepeaayd IOKa3bIBaeT, YTO HHTErpajgbHOE TEIUIOBOCIPUITHE
IIOBEPXHOCTBIO HArpeBa, PACCUMTAHHOE MO Mojenu XoTTensd, Ha 13% Bbllle 10 CPAaBHEHUIO C
pacCUMTaHHBIM 110 MOJENU IIUPOKOM MOJOCHl. DTOMY COOTBETCTBYET CHM)KEHHUE TEMIIEpATyphl
ABIMOBBIX T'a30B Ha BBIXOAC M3 TOIIKH, YTO KAaUCCTBCHHO CONNIACYCTCAd W C AAaHHBIMU IOPYIrUux
aBTOpOB [7]. BmecTe ¢ TeM cienyer 3aMeTHTh, UYTO CHEKTpPaJIbHAS MOJAENb HU3JIYyYEHHs TOIOYHOMH
cpenbl c1abo BIMSET Ha pacdeTHbIE XapaKTEPUCTUKU CYMMAapHOM TeIulonepenadyd B paguaHTHON
KaMepe pacCMOTPEHHOM TpyO4aTou Meyu.
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Annomayus. 110BEpXHOCTHBIE CBOMCTBA MHUKDPOIOPUCTBIX  AJTIOMOCHIMKATOB  MMEIOT
IIEPBOCTEIIEHHOE 3HAUYEHUWE B XUMUYECKHN TEXHOJIOTMH M Kartaiuse. OrnpenencHue IUIOIAIU
MIOBEPXHOCTH, OOBEMa MOp, pacHpeieseHus Iulomanad U o0bemMa IOp IO pa3Mepam s
MHUKPOIIOPHUCTBIX aJIOMOCHIIMKATOB SBIISIETCS CIOKHOM HAyYHO—TEXHHUYECKOHM 3a7adyei, CBA3aHHOMN
KaK C IIPOBEIEHUEM TOYHBIX U3MEPEHUH, TaK U C NMPaBHJIBHBIM BHIOOPOM MaTeMaTH4YeCKON MOJeNn
aJIeKBaTHO OINMCHIBAIOMIEH (U3UKO—XUMHUECKHUE MPOIECCHl MPOMCXOIAIINE Ha HCCIeAyeMOil
IIOBEPXHOCTH. B HacTosmiee Bpems Uil ONpEAENICHHs] KOIMYECTBA MHUKDPOIIOp B Marepuaie
UCIONB3YIOTCS  MoJenu t-rpaguka, as-rpapuka, Mmonenb Jlyoununa-PanymikeBuya, wmozenb
Hwinumopa u mozaens XopBapca-KaBazoe, Kaxkzaas M3 KOTOPBIX HMMEET KaK OIpEAEICHHbIE
JOCTOMHCTBA, TaK M OIpeAeleHHble HenocTaTku. OneHuBas NPUMEHHMOCTH BBIIIEYKa3aHHBIX
Mojieneld HeoOXOAMMO OTMETHUTh, YTO W3 IISITHU PAcCMOTPEHHBIX Mojeneld Haubosee dYacTtoe
IPUMEHEHHE Hallia Mojaenb t-rpaguka. Uro sBisercs CIEICTBHEM XOpOILIEH KOppessiui
MOJIyYEHHBIX C €€ MMOMOIIBIO 3HaUeHUI 00BEeMOB U TUIONIAIeH TIOP ¢ TEOPETUYECKH PACCUMTAHHBIMU
3HAYEHUSMM JJI pa3iIM4YHbIX MarepuanoB. B CBSI3M ¢ uYeM B CTarbe NPUBOAUTCSA pacuer
MTOBEPXHOCTHBIX CBONCTB MOAM(PHUIMPOBAHHOTO IMHKOM 1Heonutra H-ZSM-5 ¢ ucnosnb3oBaHueM
Mojenu t-rpaguka, JUisi 4ero INepBOHAYalIbHO ObUIM TOCTPOEHBI M30TEPMbI aACOpPOLMU a30Ta.
N3otepmbl ancopOumu azota ucxomaHoro neonuta H-ZSM-5 MOXXHO OTHECTH K TEpBOMY THILY
U30TE€pPM, a MOAM(DUIMPOBAHHBIX OOpa3LOB K UYETBEPTOMY THUITy H30TE€PM IO KJACCH(PUKALUU
Bpynayspa. YCTaHOBIIEHO 4TO MCXOQHBIN LIEOIUT ABJISAETCS TUIMYHBIM MUKPOIOPHUCTBIM IIEOJIUTOM
tuna H-ZSM-5, B To Bpems kak MoaupUIpoBaHHbIE 00pa31bl OTHOCITCS K MUKPO-ME30IIOPUCTHIM
marepuanam. [lepecuer nzorepm aacopOIMK a30Ta ¢ UCTIOIB30BAaHUEM MOJENH t-TpaduKa Mo3BOIUII
ONpeJIeuTh 00bEM MUKPO- M ME30M0p, KOTOphIl BapbupoBaics B auanaszone 0,11-0,14 cm/r ans
mukponop u 0,04-0,07 cm*/r 1us mMe3onop. Ha 0CHOBaHMHM MOJTYYEHHBIX JAHHBIX MOJKHO CIENATh
BBIBOJ] O TOM, YTO IIPU MOAUDUKAIIMY IE0TUTA [IMHKOM MPU KOHIIEHTpAIMK [IMHKa MeHee 15 mac.%
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3all0JIHEHUE MMKPONOp LIMHKOM MPAaKTHUYECKH HE TMPOUMCXOAUT, MpU OSTOM HabmromaeTcs
MPEUMYIICCTBEHHOE 3alOJIHEHHE ME30TIOp M 00pa30BaHUE JOMOIHUTEIHHONH MOBEPXHOCTH OKCHJIA
[MHKA Ha BHEIIHEH MOBEPXHOCTH 1ICOJIUTA.

Abstract. The surface properties of microporous aluminosilicates are of primary importance in
chemical technology and catalysis. The determination of the surface area, pore volume, and pore
size and size distribution for microporous aluminosilicates is a complex scientific and technical
problem related to both accurate measurements and the correct choice of a mathematical model that
adequately describes the physicochemical processes occurring on the test surface. Currently, t-plot,
as-plot, Dubinin-Radushkevich model, Dillimore model and Horvath-Kawazoe model are frequently
used, each of which has certain advantages and certain disadvantages, to determine micropores in
the material. It should be noted that t-plot model found the most frequent use. This is a consequence
of the good correlation of volumes and pore areas obtained with its help with theoretically
calculated values for various materials. In this point, the article provides a calculation of Zn-
modified zeolite H-ZSM-5 surface properties using the t-plot model, for which nitrogen adsorption
isotherms were originally obtained. The nitrogen adsorption isotherms of the initial zeolite H-ZSM-
5 can be attributed to the first type of isotherms, and the modified samples to the fourth type of
isotherms according to Brunauer’s classification. It was found that the initial zeolite is a typical
microporous zeolite of H-ZSM-5 type, while the modified samples are micro- and mesoporous
materials. Calculation of nitrogen adsorption isotherms using the t-plot model allows to determine
the volume of micro and mesopores, which varied in the range of 0.11-0.14 cm?/g for micropores
and 0.04-0.07 cm’/g for mesopores. Based on the obtained data, it can be concluded that when
zeolite is modified with zinc at a zinc concentration less than 15 wt.%, micropores are not filled
with zinc, while mesopores are predominantly filled and an additional surface of zinc oxide is
formed on the external surface of the zeolite.

Knrouesvie crnosa: neomut, H-ZSM-5, nuzorepma ancopOumn, Moaesnb aacopOiuu, t-rpadux.
Keywords: zeolite, H-ZSM-5, adsorption isotherm, adsorption model, t-plot

Beeoenue

OnpenereHre TOBEPXHOCTHBIX CBOMCTB MUKPOTIOPHCTBIX MaTepUajOB IMPEICTaBISIET cO00i
CIIOKHYIO HAayYHO-TEXHUYECKYIO 3a]ady, He B TOJHOW Mepe PelIeHHYIO JO0 HACTOSIIETO BPEMECHHU.
OObIyHO 3amonHeHue MUKpornop (d<2 HM) HPOMCXOAMT B 007ACTH OTHOCHUTEIBHBIX JaBICHUN
p/po<0,01. Cunbl B3auMOAEHCTBUS aJCOpOEHT-afcopOaT OMPEAENSIOT 3aloJHEHWE MHUKPOIIOp
MoJIeKyIamMu ajicopbara. Hambosee 4acTo mpUMeHsSeMbIM CIIOCOOOM JUISI PEIICHHSI BBIICYKa3aHHON
3a1a4n sIBIsIeTCs: 00paboTKa M30TEpM aJACOPOIMU a30Ta C MOMOIIbI0 Monenu t-rpaduka, MoaeTb
KOTOpOro Oblia paspaboraHa B koHie 60-x romoB mpormwioro Beka mpod. e boepom [1]. Hdusa
OTIpe/IeTICHUS] KOJMYECTBA MHKPOIOpP H30TepMa aacopOIuu TpaHC(HOPMUPYETCS K 3aBUCUMOCTH
YIETBHOTO aacopOMpoOBaHHOTO o0beMa aacopOaTa OT TOJMIUHBI aacopOImoHHoro cios — t. [Ipu
WCTIOJIB30BaHNH a30Ta B KauyeCTBE MOJIEKYNBI ajcopbara IepecyeT OTHOCHUTEIBHOTO JIaBJICHUS
ocymiectBisercs mo gopmyre 1.

(1)

13.99
10g(%°)+0.034

rae t — TONIIHUHA aICOPOIMOHHOTO CJI0s, M; p — HW3MEpPEHHOe JaBieHue, [1a; po — maBneHue
KOHJIeHCaIuu a30Ta, I1a.
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Takum 00pa3oB B 001acTM HU3KUX JABICHUN BO3MOXKHO IIOJTYyYEHHWE 3HAUCHUU OOIIeH
JIOIA I MUKPOIIOP.

Eme omHUM CXOXXHUM CITOCOOOM OMPEIEIICHUS KOJMYECTBA MUKPOIIOP SIBISICTCS METOJ Os —
rpaduka pazpadborannbsie Tpod. CuHTOM [2], KOTOPBII MOXKET OBITH BEIPAKEH ypaBHEHUEM 2.

a(X) = Ammxpo T kCTZ[ Serem (IS(X) (2)
rie, a — KOJMYECTBO ajCOPOMPOBAHHOTO Ta3a, M /KL, Awupo — KONHYECTBO
a7icOpOUPOBAHHOTO Ia3a B MHUKPOHOpax, M>/KT; Key — yAeldbHas NOBEPXHOCTh CTaHIAPTHOIO

HEMOPHUCTOr0 00pasta, M2/KI; Sgwem — BHEIIHsS IUIOIIAAL HOBEPXHOCTH MCCIELyeMOro obpasla,
M*/KT; O — KO3((UIHEHT PaBHBIA OTHOIIEHHIO 00beMa aJcOPOMPOBAHHOIO Ta3a HAa CTAHIAPTHOM
o0pasiie Ipu U3MEPEHHOM OTHOCHTEIHHOM JIaBIICHUH U OTHOCUTEIILHOM JaBieHuu paBHOM 0,4.

O6beM MUKPOMOp ONpeAeseTcsl Kak OTPE30K, OTCEKaeMblid Ha OCH a0CIUCC B UCIIPABICHHOMN
U30TepMe aJIcOpOINH a30Ta.

Eme omHuM MeTOmOM, NMPUMEHSEMBIM JUIsI OLIEHKH O0beMa MHUKPOIOp, SBISETCS METOJ
HNyoununa-Panymkesuua [3]. M3orepma ajgcopOuuu st MUKPOIOPUCTBIX 00pa3LoB IpU 3TOM
MOXET OBITh BBIpa)KEHA YpaBHEHUEM 3.

V=vye G G’ )

rme V — KOIMYECTBO aJcOpOMPOBAaHHOIO rasa, M°/Kr; Vo — KOJMYECTBO ra3a

a7IcopOMPOBAHHOTO B MHUKpOHopax, M>/kr; R — rasosas mocrosuHas, 8,314 JIx/(Mons*K); T —

temmeparypa, K; p — xoadpdunment apunnoctu raza; E — sneprus agcopOuuu rasza, J>x/Mois; po
— JlaBJIeHHe KOHJIeHcaluu ajacopoara, [1a; p — u3mepenHoe nasnenue aacopOara, [1a.

OcHoBbiBasick Ha wu3orepMme JlyOmHumHa-PanymikeBnya BO3MOXKHO OTpezeiicHHe oObema
MUKPOIIOP, HEMOCPEICTBEHHO U3 U30TEPMBI aJICOPOIIUH, O3 TOMOIIHUTEIBHBIX TPe0Opa3oBaHui.

OnHako Bce BBINICONMHCAHHBIE MOJENM HE TMO3BOJISUIM MPOBECTH OICHKY paclpeaeiacHus
o0beMa MUKpOTIOP B 3aBUCHUMOCTH OT WX pasMmepa. OmHOH W3 Mojened, MPUMEHSEMBIX IS
HaxXOXJICHHS PACTIPEICIICHUs] MUKPOIIOp IO pa3Mmepam, sBjisieTcss Mojaenb npod. Hwmmumopa [4].
OrneHka pacrpeneseHus! op Mo pa3Mepam MPOU3BOAUTCS C HCIOJNb30BAHUEM ypaBHEeHUS (4), amns
9ero MPOU3BOJUTCS MOIIATOBBIN paciyeT COCTABIAIONIUX YPAaBHEHHS U MOCTPOEHUE rpadukKa.

AVa;[c:R(AVn - Ath(zAVauc/rn)+2ntnAthAVn/(Tcr2n)) (4)

rie  Vae — KOJIMYECTBO aJCOPOMpPOBAHHOTO Trasa, M>/Kr; Vi, —  KOJIMYECTBO
a7IcOpOUPOBAHHOTO ra3a B IOPE Pajlyca Iy, M>/Kr; R — rasoas noctostuHas, 8,314 xJIx/(Momns K);
tn — TOJIIUHA aJICOPOIIMOHHOTO CJIOSI TIOPBI, M; Iy — PAJNYC TOPBI, M.

Eme onmna Mojenb, MO3BONAIONIAS MPOU3BOAWTH BBIYMCICHHUS PACHpeNeNeHUus Iop M0
pa3mepam, Oblia pa3BuTa B padorax npod. Xopsapcom u npod. Kasazoe [5]. OcHOBHOE ypaBHEHUE
ATOM MOJIENIA MOXKET OBITh MPECTABICHO POPMYJIOif 5.

5)
NgAg+N 44z ot o0 o o0 (
RT/n(p/po)=K Yy — i 5 — 3 3

2
rae R — razoBas noctosinHas, 8,314 k/[x/(monb K); T — Temneparypa, K; p — u3mepennoe
nasnenue, Ila; po — maBieHue KoHJeHcauuu mapoB ajicopOara, Ila; K — uwmcno Asarazapo,

6x10% monexyn/monb; No — YMCIO aTOMOB HAa €IMHMIIy MOBEPXHOCTH aACcOpOEHTa, aTom/cM>;
Aa. — norennuan Jlennapaa-Jl>xoHCOHa 711 TOBEPXHOCTHU ancopOenTa, Jxx/mMomnekyna; Na — ducio
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MOJIEKYJT Ha €MHUITYy IOBEPXHOCTH ajcopoara, atom/cM?; Aa — MOTEHIUAT Jlennapna-/IxoHcona
s ancopbara, JDK/MoJekyna; G — pacCTOSHHE MEXIy SIpOM aJcOpOMpPOBAHHOTO aroMa M
MMOBEPXHOCTBIO TIPU OTCYTCTBUH B3aUMOJICHCTBUS, HM; | — paccTosiHHEe MEXay ClosiMu, HM; d —
3¢hHEKTUBHBIN AHAMETP aICOPOUPYEMON MOJIEKYIIbI, HM.

[TocnenoBarenbHOE pEIICHHWE BBHINICYKA3aHHOTO YPAaBHEHHS IS HANJACHHBIX HHTEPBAJIOB
JABJICHUYN TPUBOIUT K ONPECICHUIO pacpeiesICHus Mop 10 pa3Mepam.

PaccmarpuBas mMpUMEHUMOCTH BBIIICYKAa3aHHBIX MOJENEH HE0OXOAMMO OTMETHTh, YTO W3
MATH PACCMOTPEHHBIX Mojejieli HanOoJiee 4YacToe MPUMEHEHHE Haluia Mojaelb t-rpaduka, 4To
CBS3aHO KaK C €€ JIOJDKHBIM OOOCHOBaHHMEM, TaK W C JIOCTAaTOYHO XOPOIIEH KOppemsiui
MOJTyYEHHBIX C €€ TIOMOIIBI0 3HAYCHU 00bEMOB U TUIOIMIAJIEH TIOP C TEOPETUUECKH PACCUUTAaHHBIMU
3HAYCHUSMH. B CBS3M C YeM B CTarbe€ MPUBOIUTCS pacueT MOBEPXHOCTHBIX CBOWCTB
MOIU(PHUITUTPOBAHHOTO IMHKOM 1ieoiuTa H-ZSM-5 ¢ ncronp3oBaHuEM 3TOM MOJIEIH.

Mamepuan u memoowvl ucciedosanus

B skcniepumenTtax ucnonb3oBaiics neonut tuna H-ZSM-5 (HKC, Hong-Kong) B Harpuesoit
dopme. st mepeBoga meosmra B KUCIOTHYIO (Gopmy 20 T meonmra momemnanuck B 250 mn 1M
pactBopa NH4Cl u mnepememmuBanuch B TeueHMe 4 dYacoB, IMOcCji€ Yero MpPOBOIUIOCH
uentpudyruposanue npu 4000 o6/mMuH B Tedenwe 15 munHyT. Ocafok NpoOMBIBajicS TPU pasa
JUCTWJUIMPOBaHHOM Boaod u cymwica npu 105 °C u kanpuunupoBaau npu 700 °C B TeyeHue
6 yacoB. Jlnsa panpHedmeidl Momudpukaumu 10 1  BeIcymeHHoro ueonuta H-ZSM-5
cycrieHaupoBanock B 250 M1 pacTBopa aierata IHKa (Macca anerata quHka 1,5 1, 3 1, 6 1). [locne
4ero pacTBOp  OTAENSICS  IeHTpU(yrupoBaHUEM, OCaJOK  TPOEKPAaTHO  IMPOMBIBAJICS
JUCTUJUIMPOBAHHOM BOJOW, 3aTeM ocaJok BelcymnBaics npu 105 °C u xanbIUHHpOBAJICS IpU
700 °C. Karanuzaropbl 0003Ha4ajJuCh B 3aBUCUMOCTH OT KOJIMYECTBAa BHOCHMOTO alleTara IMHKA!
ZSM-5-7Zn-1,5, ZSM-5-Zn-3, ZSM-5-Zn-6.

Omnpenenenue yaenbHONM IMOBEPXHOCTH M MOPUCTOCTH OCYIIECTBISUIOCH Ha mpubopax:
aHaJM3aTop IUIOIIAAM TIOBEPXHOCTH M paclpeneseHus mop no pasmepam: Becman coulter sa 3100
(Coulter corporation, Miami, Florida), mpubop moaroroBku oOpasmoB: Becman coulter sa-prep
(Coulter corporation, Miami, Florida).

Jlns mpoBeieHus aHayin3a oOpasel] oMeNaeTcs B KBapleBYIO MPEABAPUTEIbHO B3BEIIEHHYIO
KIOBETy, KOTOpasi yCTaHAaBIMBaeTcss B Hpubop moarotoku obpasna SA-PREP™. Tlapamerps
npoOonoAroToBKU: Temmneparypa — 120 °C; ra3 — as3oT; BpeMs IMOATOTOBKH — 60 MUH.
ITocne 3aBepuieHMs NPOOOMOATOTOBKM KIOBETa OXJIAXAAeTCsl M B3BELIMBAETCS, a 3aTeM
IIEPEHOCHTCS B  aHaluTHYeckuii mopr npubopa BECMAN COULTER™ SA  3100™.
[locnenoBarenbHO NPOBOAMIIACH I[0/laya Ta3a B AHAJIUTUYECKYIO KIOBETY M OIpPEIesuIOCh
PaBHOBECHOE JJaBJIICHHUE B CUCTEME.

Pesynomamot u o6cyscoenue

N3orepmbl  ancopOimu  a3oTa i CHHTE3UPOBAHHBIX o0pasnoB 1eonura H-ZSM-5
MOIU(UIMPOBAHHOTO LIMHKOM B TPAJUIMOHHBIX KOOpAMHATaX OBUIM TOCTPOEHBI MO JaHHBIM
aHaJIM3aTopa NOBEPXHOCTU U IpuBeneHbl Ha Pucynke 1. M3orepma ncxonnoro neonura H-ZSM-5
MOXeT OBITh OTHECeHa K TIEepBOMYy THIy H30TepM Mo Kiaccudukamun bpyHayspa, uTo
COOTBETCTBYET MHUKPONOPUCTHIM oOpa3namM. B To Bpemsi kak oOmUN BUA H30TEPM AJIs LIMHK
MOJIU(UIMPOBAHHBIX O0PA3OB IMO3BOJSIET OTHECTH WX K UYETBEPTOMY THUIy H30TEPM, KOTOpbIE
XapaKkTepHbl JUIsI MHUKPO-ME30MOPUCTHIX MaTepHasioB. Takke H30TEpMbl MOAM(DUIMPOBAHHBIX
00pa3loB LIEOJUTOB XapPaKTEPU3YIOTCS HAIWYMEM TIE€TIM TUCTepe3uca B 00JacTH BBICOKHUX
OTHOCHUTEINIbHBIX JIaBieHui p/po>0,8, 4TO mpennojaraeT HaJu4ue KPYMHBIX ME30I0p B CTPYKType
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o0pa3noB, TMpPH O3TOM KOJUYECTBO MOCIEIHUX YBEJIWYUBACTCS C KOJIMYECTBOM MeTajia
Moaudukaropa.

W3otepMbl agcopOLuu Ajsl UCCIAEAYyEMBIX IIMHK 3aMEUICHHBIX I[EOJUTOB OBLIM MPHUBEICHBI B
KoopauHatel t-rpaduka (PuUcyHOK 2) ¢ y4eToM TOJIIMHBI aCOPOLMOHHOTO cios t, JUJIS Yero
UCIIONIBb30BAIOCh ypaBHeHHE 1. M3 monyd4eHHBIX NaHHBIX JJI1 BCEX CHHTE3MPOBAHHBIX OOpPA3IOB
OTYETIMBO BUIHO HAJIMYUE MHUKPOIIOP B OONACTH TOJIIMH aJICOpOIMOHHOrO ciost meHee 0,5 HM u
ME30Mop B OOJNACTH TOMIIMH aacopOuuoHHOro cios Oomee 0,5 HM. Ilepecdyer moiryueHHBIX
3HaYeHU 00BEMOB aJICOPOMPOBAHHOTO a30Ta B 00bEM MOP ObLI MPOU3BEIEH C YUETOM IJIOTHOCTH
azota 0,001251 r/cm® npu HopmaneHBIX ycrnoBusx u 0,808 r/cM® mpH Temmeparype KHIEHHUS
(—195,8 °C), a monmy4yeHHble JaHHbIE TPUBEACHBI B Tabnuie.
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Pucynok 1. M3oTepMsbl agicopOIiu a30Ta Ha MOBEPXHOCTH LICOJUTOB MOIU(PHUIIMPOBAHHBIX IIHHKOM a)
ucxonueii H-ZSM-5, 6) ZSM-5-Zn-1.5, B) ZSM-5-Zn-3, 1) ZSM-5-Zn-6.

Ha cHOBaHMM §aHHBIX TIPENCTaBICHHBIX B Ta0muie MOXHO cJelaTh BBIBOM, YTO
Monu(UKaIUs eOTUTa IMHKOM TPU KOHIIEHTpAIMU TMocieanero meHee 15 mMac.% He MpUBOIUT K
3aMOJHEHUI0 MHUKPOIIOP IIMHKOM, TIPH OSTOM HAOMIONaeTcs MPEUMYIICCTBEHHOE 3allOJTHEHUE
Me30M0p U 00pa30BaHue JOMOTHUTEIBHOM MOBEPXHOCTH OKCHA IMHKA HA IICOJIHTE.
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Pucynok 2. M3oTepMbl ancopOIuu a30Ta Ha MOBEPXHOCTH [IEOJUTOB MOTU(PHUIIMPOBAHHBIX [IMHKOM B
koopauHartax t-rpaduka a) ucxoguasrit H-ZSM-5, 6) ZSM-5-Zn-1.5, 8) ZSM-5-Zn-3, t) ZSM-5-Zn-6.

Ta6nmma.
XAPAKTEPUCTUKU ITOBEPXHOCTHU HEOJIUTOB H-ZSM-5 MOJJU®UITMPOBAHHBIX [TMHKOM
O6pasen V wsiipo, MIL/T V yieso, MII/T
Ucxonnwiii H-ZSM-5 0,119 0,070
ZS5M-5-Zn-1.5 0,130 0,056
ZSM-5-Zn-3 0,139 0,046
ZSM-5-Zn-6 0,116 0,039

[Ipu MaccoBol KOHIIEHTpaluu LuHKa Oonee 15 mac.% Habmonaercs 3anoJHEHHE Kak MUKpO,
TaK U Me30110p.

Baxnouenue

HccnenoBanne MOBEPXHOCTHBIX XapaKTEPUCTHK IIMHK MOJU(PHUITUIPOBAHHOTO IeouTa Tria H-
ZSM-5 MeTomoM HHU3KOTEMIIepaTypHOH aacopOlMu a30Ta MO3BOJMUIO TOCTPOUTH H30TEPMBI
agcopOimu azora. M3otepmbl amcopOiuu azota ucxomgHoro neonuta H-ZSM-5 MOXHO OTHECTH K
MEPBOMY THITYy H30T€PM, a MOAH(DHUIIMPOBAHHBIX OOpPA3IOB K YETBEPTOMY THUITy H30TEPM II0
kimaccupukanuu  bpyHayspa. VYCTaHOBIEHO YTO HWCXOIHBIM IICONHT SIBIIACTCS THUITAIHBIM
MUKPOTIOPUCTHIM TieonuToM Tuna H-ZSM-5, B To Bpems Kak MOAH(PHUIMPOBAHHBIE O0Opa3IlbI
OTHOCSITCSL K MHKpPO-ME30MOPHUCTHIM MarepuanaMm. llepecyer wu3orepMm anacopOumu a3ora ¢
WCIIOJTb30BAaHUEM MOJICNIA  t-rpadpyika TO3BOJWII OIPENEINTh 00beM MHKpPO W Me3omop. Ha
OCHOBaHHWH IMOJIYYCHHBIX JJAHHBIX MOXKHO CJIEJIaTh BBIBOJ, YTO MPH MOAU(PHUKAIIUH 1[COJTUTA ITHHKOM
MIPH KOHI[EHTPAllMK IMHKAa MeHee 15 Mac.% 3armoilHeHue MUKPOIIOp IIMHKOM TPAKTUYCCKH He
MIPOUCXOUT, TIPU 3TOM HAONIOAeTCs MPEMMYIIECTBEHHOE 3allOJIHEHHE ME30Mop U o0pa3oBaHUE
JIOTIOJTHUTETHHON TTOBEPXHOCTH OKCH/IA IIMHKA Ha [IEOJIUTE.
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SYSTEMATICAL STRUCTURE, GEOGRAPHICAL AREAL CLASSES
AND ECOLOGICAL GROUPS OF ROSA L. GENUS SPREADING
IN THE FLORA OF NAKHCHIVAN AUTONOMOUS REPUBLIC
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CUCTEMATHNYECKAS, ®IOPUCTHYECKASA U DKOJTOI'MYECKASA
XAPAKTEPUCTHUKA BUIOB POJA ROSA L., PACITIPOCTPAHEHHBIX
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Abstract. The article presents data on the systematical structure, ecological groups, and areal
classes of Rosa L. genus spread in the flora of the Nakhchivan Autonomous Republic. As a result of
researches in the Nakhchivan Autonomous Republic, the concept of 30 species of Rosa L genus was
developed and spreading of these species by vertical heights, as well as geographic range classes
based on regional and zonal principles, were determined.

Annomayua. B cratbe mpencTaBieHa cHCTEeMaTH4ecKas, (IOPUCTUYECKAss U KOJIOTHYecKast
XapakTepucTHKa BHJIOB poxa Rosa L., pacnpoctpaneHHbIX B HaxudeBaHCKOW aBTOHOMHOMN
pecnyonuke. B pesynbrare nccienoBanuii Oblia pazpadorana konuenuus 30 BugoB poga Rosa L. u
OIIPENIENIEHO paclpesielieHne TUX BHUJOB IO BEPTUKAIBHBIM BBICOTAM, a Takke (DIOPUCTHUECKUM
pPErMoHaM Ha OCHOBE PETMOHAIIBHBIX M 30HAJIBHBIX IPUHIIMIIOB.

Keywords: Rosa, areal classes, ecological groups, systematical structure, hybrid forms.

Kniouesvie cnosa:  Rosa,  (QropuCTUYECKHE  PETHOHbBI,  JKOJOTHUYECKHE  TPYIIIHI,
CHUCTEMAaTU4eCcKasi CTPYKTypa, THOpUAHbBIE (POPMBI.

Introduction

Either cultivated or wild plant biodiversity has undergone natural historical, ecological, and
anthropogenic impacts. The people don’t always make use of these resources efficiently at all. So
that, people cut the forests, destroy the habitat of the plants, more cattle graze in the hayfields and
pastures, which are the main food basis of animal-husbandry, inhibit the natural re-growth
vegetation by carrying out intensive mowing process in the meadows around the forests, clearing
off the forests, foster the lands to fall out by becoming salty. Instead, greenery and natural re-growth
measures are less focused on. Consequently, the process of erosion accelerates and the flora
composition of forests, lawns, pastures are changing. Initial plant cover perishes; their space is
occupied by less significant secondary plants. In such plant phytochromes the amount of nutritious,
herbal, honey-giving, oily, and other useful species is decreasing, which are regarded as valuable for
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their farming significance. Harmful, poisonous, and weed plants prevail among them which are not
eaten by cattle.

For this reason, exploration of taxonomic composition, ecological groups, areal types and
classes, their importance, and the role of vegetation of dog-rose species spread in the flora of
Nakhchivan AR is considered to be essential.

Materials and Methods

The researches have been implemented since 2018. Different regions of Nakhchivan AR are
chosen as the research territory while species with Rosa L. genus have been selected as an object.

In the specification of species, the following works have been used Vascular plants of Russia
and the Commonwealth of Independent States (within the former USSR) by S. K. Cherepanov [1],
Analysis of flora of the Caucasus by A. A. Grossgeim [2], Flora of Azerbaijan [3], Taxonomic
spectrum of the Nakhchivan Autonomous Republic flora by A. M. Ibrahimov, T. H. Talibov, A. V.
Matsyura [4], methodical aid titled In the territory of Nakhchivan Autonomous Republic the trees
and shrubs of the Rosaceae family by A. Sh. Ibragimov, M. Z. Piriev, D. Sh. Ganbarov [5], Notes on
the origin of species Rosa foetida Herrm. var. bicolor (Jacq.) E. Willm. by A. M. Iskenderov [6],
“Roses. Phylogeny and systematics.” by V. G. Khrzhanovsky [7], Red Book of the Republic of
Azerbaijan [8].

Experimental part
Dog-rose species are met in various growth environments of Nakhchivan AR. They are met
from plains to sub-Alpine and Alpine zones, in the suburbs of the forests, in the shrubs, in the river
sides and in rocky areas [9—10].
One of the leading families in the plant cover of Nakhchivan AR is Rosaceae Adans. During
the research that we carried out, 30 species of Rosa L. genus have spread in the area of research.

Table.
TAXONOMIC STRUCTURE, ECOLOGICAL GROUPS,
AREAL CLASSES OF DOG-ROSE SPECIES SPREAD IN THE FLORA OF NAKHCHIVAN AR

MNo The name of species Ecological groups Areal classes
1. RosacaninalL. Mesophyte Western palearctic
2.  R.teberdensis Chrshan. Mesophyte Caucasus
3. R.villosa L. (R. pomifera Herrm.) Mesophyte Mediterranean
4.  R. corymbifera Borkh. Mesophyte Europe
5.  R.orientalis Dupont ex Ser. (R. atropatena Sosn.).  Mesophyte Atropatena
6. R.tomentosa Smith. Mesophyte Europe
7. R.multiflora Thunb. Xeromesophyte Caucasus
8.  R.chomutoviensis Chrshan. et Laseb. Mesophyte Caucasus
9.  R.floribunda Stev. in Bess. Mesoxerophyte Europe
10. R.tuschetica Boiss. Xeromesophyte Caucasus
11. R. pulverulenta Bieb. Xerophyte Atropatena
(R. azerbajdzhanica Novopokr. et Rzazode).
12. R. foetida Herrm. Mesophyte Front Asia
13. R. nisami Sosn. Mesophyte Atropatena
14. R.sachokiana P. Jarosch. Xerophyte Alban
15. R. marschalliana Sosn. Mesophyte Caucasus
16. R. karjaginii Sosn. Mesophyte Atropatena
17. R.zangezura P. Jarosch. Mesophyte Atropatena
18. R. iberica Stev. ex Bieb. Xerophyte Small Asia, Caucasus
19. R. sosnovskyana Tamamsch. Mesophyte Caucasus
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No The name of species Ecological groups Areal classes
20. R. buschiana Chrshan. Mesophyte Caucasus
21. R.rapinii Boiss. Xerophyte Front Asia
22. R. haemisphaerica Herrm. Xeromesophyte Front Asia
23. R. myriacantha DC. (vatschatyrdagi Chrshan.). Xerophyte Atropatena
24. R. pimpinellifolia L. (R. spinosissima L.). Mesoxerophyte South palearctic
25. R. kazarjanii Sosn. Mesophyte Atropatena
26. R. hracziana Tamamsch. Xerophyte Atropatena
27. R.subafzaliana Chrshan. Xeromesophyte Front Asia
28. R. afzeliana Fries. Xeromesophyte Atropatena
29. R. brotherorum Chrshan. Xeromesophyte Atropatena
30. R. boissieri Crep. Xerophyte Atropatena

As species of R. nisami Sosn. and Rosa karjaginii Sosn. noted in the table above, spread in
minimum amount in small areas and became endangered natural resources. They were included into
Red Books of Azerbaijan and Nakhichevan AR and R. tuschetica Boiss., R. sosnovskyi Chrshan.,
R. rapinii Boiss. & Balansa, R. pimpinellifolia Bunge, R. foetida Herrm. were included into the Red
Book of Nakhchivan AR for efficient and consistent usage [8, p. 385—405].

Figure 1. Rosa rapinii Boiss. Figure 2. Rosa nizami Sosn.

Environmental factors are too various. Water is of great significance as an ecological factor in
spreading of the plants to vast areas, in different climatic conditions, in distribution to various
territories and in formation of different classifications. According to the areas compatible to
different humidity degrees, plants are distinguished from each other for various ecological groups
(Table).

Mesophytes among Rosa genus is represented by 15 species and it makes up 50% of total
species present in the flora. Mesophytes include the species as R. canina L., R. kazarjanii Sosn., R.
sosnovskyi Chrshan., R. tomentosa Sm., R. orientalis Dupont ex Ser. and so on.

Xerophytes are drought resisting plants. When water increases on the land, they make it
vaporize. Xerophytes can absorb water from very wide areas thanks to strongly evolved root
system.

When there is potent drought period, height growth of the plant halts, its leaves come off
gradually. Xerophytes with Rosa species are represented by 7 species and this constitutes 23.33% of
total species in the flora.
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Xeromesophytes include Rosa brotherorum Chrshan., R. afzeliana Fr., R. subafzaliana, R.
hemisphaerica Herrm., R. tuschetica Boiss., R. multiflora Thunb. while mesoxerophytes are R.
pimpinellifolia Bunge, and R. floribunda.

Figure 3. Rosa corymbifera Borkh.

During the researches, geographical and areal classes have been ascertained on the basis of
zonal and regional principles of species included in Rosa genus spreading in the territory of
Nakhchivan AR (Table).

Reflecting the bond between the flora of the region and the flora of big territories covering
this region, where the areal types of species are researched leads to the exploration of migration
ways from historical point of view.

As seen from the Table, Atropatena (11), Caucasus (10), Front Asia (4), Europe (4) areal
classes are prevalent and this accounts for 87.87% of the total species. The rest areal classes include
4 species, and this comprises 12.12% of the total species in the flora.

9 10 8
10 5
4
0
Mid highland From mid Upland Subalpine zone  Subalpine and

highland to Alpine zone
subalpine zone

Figure 4. Spreading of hips species according to zone.

While defining the species pertaining to Rosa type according to altitudes, 5 physically-
geographically differing vertical zones have been taken and their ecological condition, their
spreading altitudes have been specified and regularities have been explored. The diagram reflects
spreading of species according to vertical altitudes (Figure 4).
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There appeared some hardships in exact determination of borders of species in noted zones.
So, there are such species that were met only in one zone, while species belonging to Rosa genus
come across in some zones. For instance, R. hemisphaerica Herrm., R. hracziana Tamamsch.,
R. sachokiana Jarosch. and other species are met around-forest shrubs of mountains, while Rosa
canina L., R. orientalis Dupont, R. sachokiana Jarosch., R. pimpinellifolia Bunge and others come
across in the bushy slope from mountainous zones to sub-Alpine zones.

Undoubtedly, carried out researches do not reflect the species completely belonging to
Rosa L. genus that spread in the territory of Nakhchivan AR. In our further researches, exploration
of those species in detail is considered appropriate.

Conclusion

1. As a result of the carried out researches, the concept of 30 species of Rosa L. genus in the
territory of Nakhchivan AR has been prepared and it has been ascertained that those species have
spread in vertical altitudes.

2. According to ecological groups, mesophyte species are represented by 15 (50%) xerophytes
7 (23.33%), mesoxerophytes 2 (6.66%), xeromesophytes 6 (20%) species respectively.

3. According to the analysis of the species for areal classes, Atropatena (11), Caucasus (10),
Front Asia (4), Europe (4) areal classes are prevalent and this accounts for 87.87% of the total
species. Western Palearctic, Southern Palearctic, Small Asia-Caucasus, Alban areal classes include
only 4 species, and this makes up 12.12% of the total species in the flora.
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Abstract. The article provides information about new Pteridophyta in the North-Eastern part
of the Lesser Caucasus. As a result of the development of literature and personal field research
materials, Pteridophyta of the North-Eastern part of the Lesser Caucasus are characterized by
3 divisions, 5 classes, 13 families and 39 species of 20 genera. Among these species are Polypodium
interjectum Shivas., Polystichum illyricum (Borb.), Cystopteris anthriscifolia Fomin., one species
variety Polystichum aculatum var. aristatum, one new ecotype Adiantum capillus-veneris L., was
identified as new for the studied area.

Annomayus. B cTarbe TMPUBOAATCS CBEACHHS O HOBBIX BHUAAX MANOPOTHHKOB U3 CEBEPO-
BocTOYHOM yactu Masoro KaBkaza. Ha ocHOBaHUU UTEpaTypHbIX JaHHBIX U JJAHHBIX COOCTBEHHBIX
WCCJIC/IOBAHUM TMANOPOTHUKH CEBEpO-BOCTOUHOM yacT Mamnoro KaBkaza oTHeceHsl K 3 oTnenam,
5 knaccam, 13 cemeiictBamu u 39 Bugam 20 pomoB. YcraHoBIeHO, uTO BUAbl Polypodium
interjectum Shivas., Polystichum illyricum (Borb.), Cystopteris anthriscifolia Fomin., Bapuauus
Polystichum aculatum var. aristatum, sxotun Adiantum capillus-veneris L., SIBISIIOTCS HOBBIMU JIJISI
TEPPUTOPUU UCCIIEIOBAHUS.

Keywords: new species, herbarium materials, new ecotype, species diversity.

Knwouesvle cnosa: HOBble BUABI, TepOapHble MaTepuanbl, HOBBIM DJKOTHII, BHJIOBOE
pazHooOpasue.

Introduction

The north-eastern part of the Lesser Caucasus (within Azerbaijan) is one of the richest regions
of the Caucasus in terms of biodiversity. There are most types of plants found in Azerbaijan. A
number of prominent scientists have conducted research on the formation of flora in the region.
According to research, there are more than 12 000 species of ferns (Filicophytina, Polypodiophyta)
in the world, especially in the tropical forests of mountainous areas. Paleobotanical studies show
that this is a small part of the once widespread Pteridophyta.

The extinction of many large groups of Pteridophyta is associated with climatic, tectonic, and
floristic changes in the past geological periods (especially cataclysms in the Devonian,
Carboniferous, and Jurassic geological periods). In addition, the main reasons are the expansion of
flowering plants, the poor tolerance of ferns to environmental factors compared to flowering plants,
and the weak barrier mechanism during the fertilization of germ cells (in natural hybridization).
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Material and methodology

Basic researches in the study of ferns in the North-Eastern part of the Lesser Caucasus were
carried out systematically and consistently by months and seasons of 2015-2020, taking into
account the relief of the area, soil and vegetation. Taking into account the width of the area, the
richness of vegetation and the diversity of ferns spreading zones, the main advantage in conducting
field researches was given to the route method. Zonal distribution and botanical-geographical
features of the area vegetation were taken into account during the selection of routes. During the
study, a herbarium sample was collected and identified during regular expeditions covering the
entire North-Eastern part of the Lesser Caucasus (Ganja, Gazakh, Tovuz, Gadabay, Dashkasan,
Goy-Gol and Shamkir).

In the designation of the studied ferns, Flora of the Caucasus, Flora of Azerbaijan, A. M.
Askerov’s Ferns of the Caucasus, A. I. Shmakov’s Key of Russian ferns and other works were used
[1-9].

Discussion of the research and results

As a result of the development of literature and personal field research materials, the
Pteridophyta of the north-eastern part of the Lesser Caucasus is characterized by 3 divisions, 5
classes, 13 families, and 39 species of 20 genera [2].

As a result of the analysis of the collected herbarium and descriptor data, Polypodium
interjectum Shivas, Polystichum illyricum Hahne, Cystopteris anthriscifolia Fomin., 1 species
variety Polystichum aristatum (G. Forst.) C. Presl., 1 new ecotype Adiantum capillus-veneris L.,
were identified as new for the studied area.

Table.
PROPORTION OF PTERIDOPHYTA IN THE NORTH-EASTERN PART
OF THE LESSER CAUCASUS BY NUMBER OF FAMILIES, GENERA AND SPECIES

No Families Genera Species
Number According to the Number  According to the
total number of total number of
genera by % species by %
1 Huperziaceae Rothm 1 5 1 2,56
2 Selanigellaceae Vilk. 1 5 1 2,56
3 Equisetaceae Rich. ex DC. 1 5 5 2,56
4 Botrychiaceae Nakai 1 5 1 2,56
5 Sinopteridaceae Koidz 2 10 3 10,25
6 Adiantaceae Newm. 1 5 1 2,56
7 Polypodiacea Ebercht. et J. Presl 1 5 1 2,56
8 Dennstaedtiaceae Pichi Sermolli 1 5 1 2,56
9 Aspleniaceae Newm. 3 15 7 17,94
10 Thelypteridaceae Pie, Serm. 2 10 2 5,12
11 Dryopteridaceae R.-C. Ching. 2 10 10 25,64
12 Woodsiaceae (Diels) Herter. 1 5 2 5,12
13 Athyriaceae Ching (Athyriaceae 3 15 4 10,25
Alston, nom. llleg.)
Total: 20 100 39 100
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Figure 1. Polypodium interjectum Shivas.

Polypodium interjectum Shivas 1961, Journ. Linn. Soc., Bot. 58:29; Valentine, 1964, Fl.
Europ. 1:23; A. Beaver. 1974, Fl. European part of the USSR, 1:96; A. Askerov 1977, Bot. journal.
62: 1029.; Kudryashova 2003, Consp. Fl. Kavk. 1: 156. — P. vulgare subsp. prionoides (Aschers.)
Rothm. 1929, Mitt. Thiir. Bot. Ver., N. F., 38: 106. — P. vulgare f. prionoides Aschers. 1896, in
Aschers. u. Graebn. Syn. Mitteleurop. Fl. 1:94. — P. vulgare f. attenuatum Milde, 1867, Phil. Eur.
Atl.: 92; Rzazade 1950, Fl. From. 1:40. — P. serratum auct. non South.: Fomin 1934, F1. USSR, 1:
89 pp. — Intermediate sweet root is a mesophilous forest plant, 2040 cm tall, spore-forming in
July-August, perennial, often found in epiphytic forms. Cover the roots with brown scales.
The leaves are oblong-lanceolate, the segments are serrated along the edge. Vascularization is 2—3
layers dichotomous branching. The soruses are oval or elliptical and uncovered. Sporangia ring
cells number is 10-20. The spores are leguminous shaped. 2n = 222.

Polypodium interjectum we collected during the first expedition in the Lesser Caucasus on
June 24, 2015, from Goygol area, Amirvar village of Dashkesan region and Asrik forest area of
Tovuz region (N40°47,462'; E 45°35,636; h 1209 m). It is a new species for the area flora. It is a
mesophyte, lithophilic plant of the Euro—Mediterranean area type.

Cystopteris anthriscifolia Fomin 1911, Mater. Fl. Caucasus. 1, 1:15; Fomin 1913, Pterid. FI.
Kavk.: 15. — C. fragilis (L.) Bernh. 1805, Journ. Bot. (Gétting.) 1, 2:27, pp.; Kudryashova 2003,
Consp. Fl. Kavk. 1: 162. — C. filix-fragilis var. anthriscifolia Luerss. Farnpfl. 457, f. 156; Isaev
1950, F1. From. 1:19. Sivriyarpag q. is a perennial, mesophytic plant, 20—40 cm tall, spore-bearing
in July-August, spread in forests and rock crevices. The sorus is arranged in rows on both sides of
the veins. The surface of the spores (perisporis) is wrinkled. 2n = 168.

Cystopteris anthriscifolia was collected near the Amirvan village of Dashkesan region, from
the Asrik forest of Tovuz region, near the Bayan village of Ganja—Dashkesan highway and around
the Khoshbulag and included into the flora as a new species.

Polystichum illyricum (Borb.) Hahne 1904, Allg. Bot. Zeitschr. 10: 103; A. Askerov 1977,
Bot. journal. 62: 1027; A. Askerov 2001, Ferns of the Caucasus: 120; Kudryashova 2003, Consp.
FI. Caucasus. 1: 164; A. Asgarov 2016, Azerbaijan. flora: 59. — Aspidium illyricum Borb. 1891,
Oest. Zeit. 41: 354. — Illyrian c.
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Figure 2. Cystopteris anthriscifolia Fomin in Kusn. & al.FI.

Is 20-60 cm high and is a transitional species between P. aculeatum and P. lonchitis, a species
of natural hybrid origin. Vails are lanceolate, 30—50 cm long and 4-9 cm wide. The stems are
covered with short, grayish, lanceolate scales. The segments are sickle-shaped, the lower ones are
triangular, the veins on the leaf are single fork shaped. The sores are located at the tip or middle of
the veins. Spores are immature and often sterile. 2n = 123 The sprouting period is July—September.

c;‘\ﬂre,qsop

Figure 3. Polystichum IHlyricum.

Polystichum illyricum was collected from Dashkasan and Tovuz regions during the research.

Adiantum capillus-veneris L. 1753, Sp. PL.: 1096; Fomin 1913, Pterid. Fl. Caucasus.: 155;
Grossg. 1939, Fl. Caucasus, Ed. 2, 1:34, tab. 3; Isaev 1950, Fl. From. 1:38; Takht. 1954, Fl. Arm.
1:27, fig. 9; Dmitry. 1960, Opred. true. Aj.: 19; Ear. 1961, Rast. Kolkh.: 140; Doluh., Mikel. 1971,
Fl. Georgia., Publishing house. 2, 1:34; A. Bobr. 1974, Fl. European part of the USSR, 1:94; A.
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Asker. 1977. Bot. journal. 62, 7: 1024; Galushko 1978, Fl. Northern Caucasus. 1:31, figure. 3; Ear.
1980, F1. Abkh., Publishing house. 2, 1:28, tab. 2. — Venus hair adiant.

The height of the plant is 30 cm, the rhizome is covered with an elongated, narrow black
cover. Vaya is an ovoid, usually dark green, soft herbaceous plant. The boards are elongated and
wide, alternately arranged, with double or triple feathery sections. The axis is thin, dark brown or
dark red with a bright color and is bare. The last row of segments is on a thin woolen stalk and the
sides are rounded. The upper edges are serrated. Spores are located transversely at the end of the
wings. The soruses are elongated. Spores grow in June-August. It is a moist-lithophilic, mesophytic
plant associated with tropical flora of cosmopolitan geographical type. Diploid, 2n = 60.

;40 .
omirvar
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Figure 4. Adiantum capillus—veneris.

Adiantum capillus—veneris was collected twice by us for the first time from the research area
in 06.09.2015, a new Alchagboylu—Ganja ecotype of this species was discovered in the vicinity of
Amirvar village of Dashkesan region and in the area around the waterfall, among the rocks,
together with moss plant (N40°30,594"; E 46°20,494'; h 1086 m). It was collected on 18.04.2018
from a cave, which is an ancient settlement in Dashsalahli village of Aghdam region. It is given by
us as a new ecotype for the area flora. This specimen differs from typical Venus hair adiant
specimens by its small size and is found in relatively arid habitats.

Figure 5. P. aculeatum.
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The Polystichum aculeatum var. aristatum (Christ) A. Askerov 1983, Not. sist. georg.
(Thilisi.), 39: 6; A. Asgarov 2016 Azerbaijan. Flora: 60. — Aspidium lobatum. aristatum Christ
1891, Schweiz Bot Ges. 1:85. It is a perennial, mesophytic plant, 25-100 cm tall, spore-bearing in
July-September, found in shady forests up to the middle mountain range.

P aculeatum was collected by us from Asrik forest area of Tovuz region during the
expedition to the research area on June 24, 2015. N40°47,462'; E 45°35,636'; h 1209 m.

Conclusion
1. As a result of the development of the research materials, Pteridophyta of the north-eastern
part of the Lesser Caucasus are represented by 3 divisions, 5 classes, 13 families and 39 species of
20 genera. As a result of the analysis of the collected herbarium and descriptor data, there are 3
species Polypodium interjectum Shivas, Polystichum illyricum (Borb.), Cystopteris anthriscifolia
Fomin., 1 species variety Polystichum aculatum var, which are new to the studied area aristatum.,
and 1 new ecotype (Adiantum capillus-veneris L.,) has been identified.
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TAXONOMIC COMPOSITION AND LIFE FORMS OF THE FAMILY ASTERACEAE
SPREADING IN DARIDAGH MASSIF AREA
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TAKCOHOMMYECKHIA COCTAB Y )KU3HEHHBIE ®OPMbI BUJIOB CEMENCTBA
ASTERACEAE, PACITPOCTPAHEHHBIX HA TEPPUTOPUU MACCHUBA JAPBIJAI'

©reiioaposa A., ORCID: 0000-0002-4974-0849, Haxuuesanckuti 20cyoapcmeeHHblil
yHusepcumem, 2. Haxuueganwv, Azepoaiioxcan, aysel8888@gmail.com

Abstract. The article provides information on the taxonomic composition and life forms of
the Family Asteraceaec Dumort, which is widespread in the Daridagh Massif area. During our
research, 43 species belonging to 23 Genera of the Family Asteraceac Dumort spreaded in
the Daridagh Massif area. Also, a comparative analysis of the number of species belonging to
the Family and their life forms were studied. According to the analysis of the number of species of
the Genera Helichrysum Mill. — 2 (4.65%), Taraxacum Wigg. — 2 (4.65%), Centaurea L. —
3 (6.97%), Carduus L. — 3 (6.97%), Achillea L. — 3 (6.97%), Scorzonera L. — 6 (13.95%) and
Tragopogon L. — 8 (18.6%) species are the main predominant species in the Daridagh Massif area
and are represented by 27 (62.79%) species. The remaining Genera are monotype and consist of
16 (37.20%) species.

Annomayus. B crarbe npuBoAUTCS HHPOPMAIIHS O TAKCOHOMHYECKOM COCTaBE M KU3HEHHBIX
dopmax cemeiicTBa ACTpOBbIe, BUABI KOTOPOTO MIMPOKO PACIIPOCTPAHEHBI HA TEPPUTOPUU MACCHBA
Hapeigar. B xome Hamux wucciieoBaHUN OBLIO BBIABICHO 43 BHIA, OTHOCAIUXCS K 23 pomam
cemeiictBa ActpoBeie. Kpome Toro, OBUI TIPOBEACH CpPaBHHUTEIBHBIA aHAU3 BUJOB,
NPUHAAIIEKAMX K ceMeHCTBY M ux (opMm xu3Hu. Pox Helichrysum Mill. npencrasien 2-ms
(4,65%) Bunamu, Taraxacum Wigg. — 2-ms (4,65%), Centaurea L.— 3-ms (6,97%), Carduus L. —
3-ms (6,97%), Achillea L. — 3-ms (6,97%), Scorzonera L. — 6-10 (13,95%) u Tragopogon L. — 8-10
(18,6%) Bugamu, SIBISIOMIMXCS OCHOBHBIMHU MPEOOIaIaloIMMKU Ha TeppUTOpUH MaccuBa [lapwiaar
(Bcero 27 BunoB miu 62,79%). OcranbHbie 16 poaoB ABIAIOTCS MOHOTHIHBIMU — (37,20%) BUIOB.

Keywords: Daridagh Massif, taxonomic structure, comparative analysis, life forms, number of
species.

Knioueswvie cnosa: maccus Jlapbijar, TAKCOHOMUYECKas CTPYKTypa, CPABHUTENbHBIA aHAIU3,
KHU3HEHHBIE (DOPMBI, KOIMYECTBO BHUJIOB.

Introduction
One of the largest families in the class Asteraceae Dumort is a family of Asteraceae. There are
found 1,100 genera and about 25,000 species in the world. From this family, 584 species of 125
genera and 15 species of 10 genera are cultivated in Azerbaijan. It is a cosmopolitan family and
spread almost everywhere on the Earth, except in the poles, in all climatic zones. It is mainly found
in temperate and subtropical climates. Representatives of the family are found in a variety of
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environmental conditions (meadows, dry slopes, semi-deserts, weed-like crops, waste areas, etc.)
from the lowlands to the upper mountain range. It is sometimes found on forest edges. Rock species
growing in the forests are rare. Some species of the genus have spread throughout the world as a
result of human and bird migration. Most are herbaceous plants, sometimes found in shrubs, trees
and lianas. There are industrial, medical, nectariferous and decorative types.

Material and methodology of research

During our research, it was determined that one of the leading families in the Daridagh
massif, which was selected as the research area, was the Asteraceae family. The main research
object was selected around the Daridagh physiotherapy hospital building located on the south-
western slope of the Daridagh range and the area called Pir plain and Chakhchakh.

Herbarium specimens of the species belonging to that family were collected, and a taxonomic
spectrum was compiled. During the analysis of species, Flora Of Azerbaijan [1], Analysis Of Flora
Of The Caucasus [2] and Flora Of The Caucasus [3] by A. Grossgeim, Flora Of The USSR [4],
Taxonomic Spectrum Of Flora Of Nakhchivan Autonomous Republic by T. Talibov and
A. Ibrahimov [5], Plant World Of Azerbaijan [6] by A. Askerov and a number of scientific works
were used.

Experimental part

The Asteraceae Dumort family was formerly known as the Compositae Adans family and was
divided into two subfamilies: Asteroideae (or Tubuliflorae) and Cichorioideae (or Liguliflorae).

Currently, Compositae is known as an alternative name and consists of 13 subfamilies:
Barnadesioideae, Famatinanthoideae, Mutisioideae, Stifftioideae, Wunderlichioideae,
Gochnatioideae, Hecastocleidoideae, Carduoides, Pertyoideae, Gymnarrhenoideae, Cichorioideae,
Corymbioideae, Asteroideae. One of the subspecies Famatinanthoideae is a monotype and the
family includes a species belonging to the same genus. The subfamilies Asteroideae, Cichorioideae,
Carduoideae and Mutisioideae make up 99% of the species diversity of the whole family.

During our research in the Daridagh area, 43 species belonging to 23 genera within the
Asteraceae Dumort family were found, which are also part of the Asteroideae and Cichorioideae
subfamilies.

Comparative analysis of the number of species belonging to the Asteraceae Dumort family
spreading in the Daridagh area was studied (Table).

Table.
SPREADING OF SPECIES BELONGING
TO THE FAMILY ASTERACEAE DUMORT IN DARIDAGH AREA

Genus Species By %
Achillea L. 3 6.97
Artemisia L. 1 2.32
Carduus L. 3 6.97
Carlina L. 1 2.32
Carthamus L. 1 2.32
Centaurea L. 3 6.97
Chamaemelum Mill. 1 2.32
Chondrilla L. 1 2.32
Cicerbita Wallr. 1 2.32
Cirsium Hill. 1 2.32
Cnicus L. 1 2.32
Cousinia Cass. 1 2.32

() _©
Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 69


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne6. 2020

https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/55

Genus Species By %
Crepis L. (Barkhausia Moench) 1 2.32
Filago L. 1 2.32
Helichrysum Mill. 2 4.65
Jurinea Cass. 1 2.32
Koelpinia Pall. 1 2.32
Matricaria L. (Chamomilla S. F. Gray) 1 2.32
Onopordum L. 1 2.32
Scorzonera L. 6 13.95
Senecio L. 1 2.32
Taraxacum Wigg. 2 4.65
Tragopogon L. 8 18.6
Total 43 100

It is clear from the table that Helichrysum Mill. — 2 (4.65%), Taraxacum Wigg. — 2 (4.65%),
Centaurea L. — 3 (6.97%), Carduus L. — 3 (6.97%), Achillea L. — 3 (6.97%), Scorzonera L. — 6
(13.95%) and Tragopogon L. — 8 (18.6%) species are the main predominant species in the
Daridagh area and are represented by 27 (62.79%) species. The remaining genera are monotype and
consist of 16 (37.20%) species. Thus, Matricaria L. (Chamomilla S. F. Gray) was found in the
southwest of the Physiotherapy Hospital building, 7Tragopogon L, Scorzonera L., Cnicus L. in the
south-east, Senecio L. in the north-west, and Helichrysum Mill. in the Pir plain and other species are
found.

Representatives of the family consist mainly of perennial grasses. The analysis of the main
life forms of the species belonging to the Asteraceaec Dumort family spreading in the territory of
Daridagh was carried out on the basis of the classification systems of I. Serebryakov and
C. Raunkiaer [7-8].

According to the analysis of life forms, 8 species (18.60%) of the Asteraceae Dumort family
are annual grasses, 9 species (20.93%) are biennial grasses, and 26 species (60.46%) are perennial
grasses. Annual grasses include — Carthamus glaucus Bieb., Chamaemelum praecox (Bieb.) Vis.,
Cnicus benedictus L., Crepis pulchra L., Filago arvensis L., Koelpinia linearis Pall., Matricaria
recutita L., Senecio vernalis Waldst. & Kit species.

Biennial grasses include — Carduus thoermeri Weinm., C. onopordioides Fish. ex Bieb.,
C. adpressus C. A. Mey., Carlina onopordifolia Bess. ex Szaf., Onopordum acanthium L.,
Scorzonera laciniata L., Tragopogon buphthalmoides (DC.) Boiss., T. latifolius Boiss., T. coloratus
C. A. Mey species. Other species are perennial grasses.

30 26
20 |
10 |

|

m Annual grasses  ® Biennial grasses & Perennial grasses

Figure. Life forms of species belonging to the Asteraceae Dumort family spreading in the Daridagh
area according to the Serebryakov system.
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Out of the species spreading in the Daridagh area, belonging to the Asteraceae Dumort family,
the followings are herbs of medical significance: Achillea millefolium L., Cnicus benedictus L.,
Matricaria recutita L., Taraxacum officinale Wigg. [9—11].

Conclusion
During our researches in the Daridagh area, 43 species belonging to 23 genera of the
Asteraceae family were identified, as well as comparative analysis of the number of species
belonging to the family and their life forms were studied.
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EFFICIENT USE AND PROTECTION OF THE LESSER CAUCASUS
NATURE RESERVES PLANT COVER
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PAIIMOHAJIBHOE UCITIOJIB3OBAHUE U 3AIIUTA PACTUTEJIBHOI'O IIOKPOBA
OCOBO0O OXPAHAEMBIX ITIPUPOJTHBIX TEPPUTOPUH MAJIOTO KABKA3A

O©banipamosa A. A., ORCID: 0000-0001-8506-8183, kano. 6uon. nayk, Isinosxcunckuil
2ocyoapcmeennwlil yrusepcumem, 2. 1sanooca, Azepbatioscan, abayramova@rambler.ru
©Tazues 3. H., [snoxucunckuil cocyoapcmeaennwlil ynugepcumem, 2. 1snooca, Azepbatioscan

Abstract. While using food crops, feed crops, medicinal plants found in nature reserves
criteria for the rare and endangered species should be met the International Union for Conservation
of Nature (IUCN). Although there is wild fruit spread in 12 Families, 22 Genera belong to
46 species are not used effectively in nature reserves. Appletree, Arachis, Pyrus, Sea Buckthorn,
Mespilus, Crataegus, Rubus, Cornus, Ribes, etc. are considered expedient to use the raw material
reserves of these fruits for industrial purposes.

Annomayus. Ilpu UCIIONB30BaHUN KOPMOBBIX, ITPOIOBOIBCTBEHHBIX KYJIBTYD, JIEKApPCTBEHHbBIX
pacTeHuii, TpOU3pacTaOIIUX B 0CO00 OXPAaHSEMbIX MPUPOIHBIX TEPPUTOPUSIX, AJIS ONpPEAEICHUS
cTaryca pelKMX M MCUYE3aIOLIUX BHUJIOB JOJDKHBI IPUMEHSTHCS KpUuTepuu MexXlyHapOoJHOTO COr03a
oxpansl npupoasl (MCOII). HecmoTpst Ha MIMPOKOE pacrpoCTpaHEHUE JUKUX II0JJ0BO-STOAHBIX
pacrenuil (12 cemeiictB, 22 pona, 46 BHIOB) B 0CO00 OXpaHAEMBIX HMPHUPOAHBIX TEPPUTOPHUSIX,
UCTIONB3YIOTCS OHU He A dexTuBHO. CunTaeM 1eIeco00pa3HbIM HCIOJIb30BAHUE CHIPHEBBIX
3aracoB IUIONIOB SI0JIOHM, apaxuca, rpylId, 00JenuXu, MyIIMYibl, OOSpPBIIIHUKA, MaJIUHbI, KU3WIA,
CMOPOJIMHBI U TIP. B IPOMBIIIJICHHBIX LEJIAX.

Keywords: plant cover, nature reserves, endangered species, ornamental plants, feed crops,
food crops, rock garden plants, medicinal plants.

Knrouegvie cnosa: pacTUTENBHBI IOKPOB, NPUPOAOOXPAHHBIE TEPPUTOPUH, HCUE3AIOLINE
BHJIbI, JICKOPAaTHBHBIE PAaCTEHHUsI, KOPMOBBIE KYJIBTYPBI, IPOJOBOJIBCTBEHHBIE KYJIBTYPBI, PACTCHUS
JUISl pOKapUEB, JIEKAPCTBEHHBIE PACTCHHUS.

The problem of balanced use of vegetation is closely related to the level of study of plant
resources of the area. Various information is found on the use of wild flora of the Specially
Protected Natural Areas in different literature [1-5]. However, after the state-level review of
the status of the Specially Protected Natural Areas, there is a need to re-approach this problem.

The Caucasus research area is rich in important plants. The best work on important Caucasian
plants was written by A. Rollow in 1908. This book provides information about wild plant used by
local people. Based on A. A. Grossgeim significant crops in the study area are divided into several
groups for their quality degree.
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Decorative Plants

There are over 320 species of plants in the study area that are capable of cultivating various
ecological conditions. Many of the discovered plants are useful plants that can preserve their
decorative properties in non-moist, non-fertile, stone, clay, sandy soils. Berberis vulgaris L. Taxus
baccata L., Betula pendula Roth, B. litwinowii Doluch., can be used to create live corners.
Cotoneaster integerrimus Medikus, C. saxatilis Pojark., Euonymus europaeus L., E. latifolius (L.)
Mill., Spiraea hypericifolia L., Rhododendron caucasicum Pall., Seseli peucedanoides (M. Bieb.)
Koso-Pol., Teucrium orientale L., Geranium sanguineum L., G. columbinum L., Geranium ibericum
Cav., Alchemilla sericea Willd., A. raddeana (Buser) Juz., and so on. species are useful for
alpinexia. According to the decorative feature, the herbs are more expensive than trees. Asplenium
viride Huds., A. trichomanes L., A. ruta-muraria L., Woodsia alpina (Bolton) Gray, Polypodium
vulgare L., and so on. It can be shown to grass-type ornamental plants.

Feed crops
In general, the plants found in natural feed areas are divided into 3 main groups for their
biological characteristics and importance of feed: 1. Grains; 2. Beans; 3. Different herbs. Each
group combines plants that are similar to their biological, ecological, and economic characteristics.
253 fodder plants were spread in the study area. In the vegetation cover of specially protected
natural areas beans are 51.58%, grains 42.53, and various herbs 5.88% (Table).

Table.
BIOLOGICAL GROUPS OF FEED CROPS ACCORDING TO THEIR NATURE
Family Gender Species Percent
Fabaceae 19 114 51.58
Poaceae 46 94 42.53
Different herbs 12 13 5.88

In addition to the specific biological characteristics of each plant species included in these
feed groups, it is important to know them from the point of view of farming. It is difficult to
determine the use of these herbs more properly and efficiently without knowing these features.

Bean plants, grains, and herbs in Specially Protected Natural Areas show that the land is rich
in fodder plants. For their richness with feed crops Astragalus L. (8), Onobrychis Hill. (5),
Oxytropis DC. (2), Trifolium L. (7), Vicia L. (5) and also Trigonella spruneriana Boiss., Medicago
minima (L.) Bartal., Amoria bordzilowskyi (Grossh.) Roskov, Lotus caucasicus Kuprian. ex Juz.,
Vavilovia formosa (Steven) Fed. (=V. aucheri (Jaub.et Spach) Fed. and so on. are examples of
beans. For Gr