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bNOJOI'nUA

HAVITEHOBA AnéHa AJleKceeBHA
CTyIeHTKa, MOCKOBCKII TOCYJapCTBEHHBIN TeXHUUYECKUI YyHUBepcuTeT um. H. 3. baymaHna —
MbpITUIIMHCKMUIA Gumai, Poccus, r. MbITunm

HayuHulii pykosodumesnv — 0oueHm Kageopwl 1eCHbIX KyJIbMmyp, ceJleKyuu u deHoposiozuu MocKo8cKozo
20cydapcmeeHH020 mexHuueckoz2o yHusepcumema um. H. 3. baymana — MotmuwuHckozo ¢unuana,
KaHo. 6uos. Hayk ITonskosa TamesiHa AnekcaHoposHa

N3VUYEHUE BOITPOCA OB U3MEHUYNBOCTU JIOKVCA NAD1
MUTOXOHIPUAJIBHOM JHK U OIPEJEJIEHUE ITPOUCXOXIEHNS
HACAJKIOEHUI EJIU EBPOITEVICKOI HA TEPPUTOPUU HIEJIKOBCKOT'O
VUEBHO-OIIBITHOI'O JIECXO3A

AHHOmMauus. B cmamve paccmampuearomcst 60npocsl USMEHUU80CMU MUMOXoHOpuaivHozo nokyca Nadl u
onpedenieHust npoucxoxcdeHus y 8udog eeti Ha 0CHO8e NPOAHANUSUPOBAHHBIX HAYUHBIX cmameli. M3yueHue n1oKyca
Nadl ewvissuno Hanuuue y o6pasyos eau esponeiickoii (Picea abies (L.) H.Karst.), cobpaHHbix Ha meppumopuu
IIlenk08ck020 yuebHO-0NbIMHO20 J1eCX03d, 08YX 2aniomunos (721 n.H., 755 n.H.), npuHadaexawux K ceeepoespo-

netickoti 2zanjioepynne.

Kntoueewie cnoea: env esponetickas, Picea abies, zanniomun, zannozpynna, /THK.

Hamﬁonee MHGOPMATUBHBIMM 00JIACTAMU Y
XBOJHBIX I€PEBbEB B MUTOXOHIPUATIbHBIX I'e-
Hax CUMTAIOTCS MHTPOHBI 2 TPYIIIbI, KOTOpPbIE KO-
oupyoT cyobenuuuibl  NADH-mernmporeHassi,
0COOEHHO MepBbIi MHTPOH TeHa Nad5 u BTOPOIT
MHTpOH reHa Nad 1, mpeacrassioniye 0cobblii MH-
Tepec IJIST TIPOUCXOKAEHMS] TAKCOHOB XBOIHBIX
nopog, [6, c. 717-727].

B murtoxonapuanbHoii THK BTOpOiI MHTPOH
rera Nadl sBnsiercst Hanbosee MOAMMOPGHBIM [5,
c. 377-385] ¥ COCTOUT M3 TAHIEMHBIX ITOBTOPOB,
IJIMHA OJTHOTO MOBTOpAa BapbupyeTcs OT 32 mo 34
HYK/IEOTUIIOB, a KOJIMYECTBO IIOBTOPOB MOSKET
6bITh OT 0 I0 10. Kpome Toro, mmerorcs ernie 11 mo-
TTOJTHUTEbHBIX MOAMMOPQHBIX CATOB, (IaHKMU-
PYIOIIUX TaHJEeMHbIE TIOBTOPBI, 5 13 KOTOPBIX MO-
TyT BIMSITh Ha pasMep (pparMeHTa BTOPOTO MH-
TpoHa reHa Nadl [1, c. 36-39].

B pa6ore H. H. PbDKOBOIt ¢ coaBTOpammu
[4, c. 45-53] omMcaHa M3MEHUYMBOCTh MHTPOHOB
MUTOXOHApKaNbHOro reHa Nadl y mpeacraBuTe-
neii poma Vicia. T'en Nad1 BkiiouaeT B cebst 5 9K30-
HOB, pa3eJeHHbIX IT0C/IeI0BaTEIbHOCTbIO MHTPO-
HOB WIM [JOPYIUMX TeHOB. MHTPOHBI 2 TPYIIIbI

IeJsITCS Ha TpU TJaBHBIX Kimacca — IIA, IIB, IIC.
BosbIIMHCTBO MHTPOHOB MUTOXOHAPUATBHOTO Te-
HoMa oTHocATcs K ITA kinaccy. MHTpoHb! Knacca 1B
OTHOCSITCS K XJIOPOTJIACTHOMY TeHOMY. ABTOpamMu
OblIa ITOKa3aHa BbICOKAst KOHCEPBATUBHOCTD 2 MH-
TpoHa Nadl.

B pabore E. K. IIoTOKMHOII C coaBTOpaMm
[3, c. 818-830] Tarke aHANM3UPYETCS U3MEHUM-
BOCTb MUTOXOHIpuanbHoro reHa Nadl c menbio
M3yUYeHUs SBOJIIOLMOHHOIO pacceleHus] BULOB
eJieil Ha UCCaegyeMbIX TeppUTOPUSIX B 28 KiIuma-
Tuax reorpaduyeckux KyabTyp P. abies u
P. obovata v3 pasHbIX perMOoHOB EBporieiickoii ya-
ctu Poccun u 6piBuiero CCCP (Mypmanckas, Ka-
penus, JlenuHrpazackas, Jlenunrpagckas, [Ickos-
cKas, JcToHMsl, MoruneBckuii, 3akapnaroe, Ap-
XaHrenbCcKas, ApxaHrenbcKas, Bonoronckas,
Kommu, Koctpomckasi, KupoBckasi, MocKoBcKas,
TBepckas, Kamyxkckasg, Tatapcrad, YIMypTus,
Bamkupckuii, ITepmckuii, CBepajioBCKas).

B xome sKcriepumeHTa Ha reorpaduueckux
KyJIbTypax ey eBpoIleiickoil u3 221 nepeBbeB
OBLIO BBISIBIEHO 9 a/UlebHBIX BAapMAaHTOB TeHa
Nadl: 721, 755, 789, 815, 823, 857 map
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HYKJIe0TUIOB (I1.H.). Cpeay Bcex reorpagmueckmx
KYJIbTYp €M CAaMbIM YacCTO BCTPEUAIOMIVIMCS ObLI
ajienb gjauHom 721 m.H.

CornacHo uccnenoBaHusm [3, c. 818-830], enb
eBporeiickas Ha OCHOBE BBISIBJIEHHOIO ITOJIMMOP-
dusma murtoxoHapuanbHoro reHa Nadl oTHo-
CUTCST K ABYM TaIUIOTPYIIaM, CBI3aHHBIM OOIIMM
MPOUCXOKAeHMeM MoImysinuii. Tak Ha3bpiBaeMasi
rariorpynmna «CeBepHasi CeMbsl» €U €eBpoTei-
CKOJI mpomu3pacTaeT Ha Tepputopum crpaH CeBep-
Holt EBporibl, a Takke B EBponeiickoi yactu Poc-
cun. Annenpb gauHoM 721 I.H. SBJSIETCS CaMbIM
pacipocTpaHeHHBIM [IJIs TarIorpyIibl « CeBepHast
CeMbsI» U SIBJISIETCS €ro XapaKTePHbIM MapKepOM.
K ramnorpynne «tOxHas ceMbsi» OTHOCST IIpefCTa-
BUTeJIell ey eBPOIIeiCKOl, Mpou3pacTaroniein B
3akapnarbe. [JOMMHUPYIOLIUM ajijiejieM B TaHHO
rarvIorpyIINe SBJISIETCS a/uieNib OauMHOoM 815 1.H.,
XapaKTepHbIN A5l HaHHOM «ceMbu». OCTalbHbIE
OOHApYy)XeHHblEe  QJUIeJIM  MUTOXOHIPUATBHOTO
reHa Nadl He mpencTaBiaSiOT co60i KaKkoii-1nbo
reorpadmyeckoit MpUypoYeHHOCTH, T. K. IMIpe[-
CTaBJIeHbl 3HAUMTEJIbHO peske OMMCAHHBIX BhIIIIE.

B cBoem uccnenosanuu E. A. Myzipuk ¢ coaBTo-
pamu [2, c. 1117-1125] udyvannu npocTpaHCTBEH-
HOe pacripefiejieHe TalVIOTUIIOB 2 MHTPOHA reHa
Nadl B momynmaiusax KOMIUIEKCA eBpONeicKoii 1
cUbMpPCKOI1 eneil. B KauecTBe MaTepyuaa aBTOPbI
MCIIOJIb30Ba/IM 00pas3iibl TKaHeli 488 mepeBbeB U3
37 BBIOOPOK (22 IPUPOIHBIX MOMYIISINIL U 15 reo-
rpadguyeckux KyabTyp) eIy eBpOIMeiCKoi U eaun
cubupckoii. B pesynabpraTe 66110 BhISIBIEHO 11 Ba-
PUaHTOB ajijlesieli MUTOXOHAPUAIbHOTO TeHa
Nad1.

N3MeHUYMBOCTh BTOPOTO MHTPOHA MUTOXOH-
IpuanbHoro reda Nadl y esin eBpomneiickoit 1 enu
CUMOVPCKOI OTIpeesisyii Ha OCHOBE ITPUCYTCTBUS
WX OTCYTCTBUSI HECKOJbKUX TUIIOB MHCEPLMIA U
KOJIMUECTBOM MOBTOPOB ABYX MUHMUCATEIUTHBIX
MOTUBOB pasmepoM 34 (0-9 komrmii) u 32 (0-8 ko-
uit) T.H. B 3aBUCMMOCTH OT TUIIA HoJuMopdu3mMa
9TUX YYaCTKOB MMUTOXOHIApUaabHOro rena Nadl,
M3yyeHHble 06paslbl KOMILUIEKCA €M eBpoIleji-
CKOJ M eI CMOMPCKOIi OTHECeHbI K TPeM Traruio-
rpymmnaM. i 06pasiioB e eBpOMeiicKoi orpe-
JleJIeHbl IBe TalIOrPYIIbI: K)KHOEBPOIIeicKas 1
ceBepoeBpoIneiickas, s eny CUBUPCKOoil — Cu-
6MpCKast rarIorpyImna.

IO>kHOEBpOMelickasl TarIorpyIna ejin eBpo-
TeiicKoii TpeacTaBaeHa obpasiuaMyu U3 3akapIia-
Ths1 (aJ1enu pasmepom 746 n 815 1.H.) u u3 beno-
Beskckoit ITymu (815 m.H.), mpefcTaBUTeIN KOTO-
poOii XapakTepu3yIOTCSI HaJIu4YMeM OILHOHYKJIeO-
TUIHO BCTaBKM U MHCEPLIUMM pa3MepoM 33 I.H., a

ajutenb pasMmepoM 815 M.H. COAEPKUT YHUKATbHYIO
IIJIS F0O’KHOT'O TaruIoTUIIa BCTaBKY B 69 I1.H.

Ha Bceit EBpomeiickoit yactu Poccum, Ha
Vpaine, Ha 1eBoGepexkbe 061, a Takke B Benopy-
cuu, lIBetuy u ScTOHMM OBLIM OOHAPYKEHBI Tall-
JIOTUIIBI CEeBEPOEBPOIIEICKONM TaIlIOTPYIIIbI, Ta-
Kue, Kak 721, 755, 789, 823, 857, 891, 925. o111 Ba-
PUMaHThI TAaIVIOTUIIOB PAa3JMYaTCs KOJINMYeCTBOM
ITOBTOPOB ITEPBOr0 MUHMCATETIMTHOTO 6J10Ka OT 1
0 7 KOIMiT MOTMBA OJIMHOM 34 1.H. YV BCeX ceBep-
HBIX TaIlJIOTUIIOB OTCYTCTBYIOT BCTaBKM, Xapak-
TepHble OIS I0KHBbIX (1 M.H., 33 I.H., 69 Mm.H.), HO
MPUCYTCTBYET MHCeP1ns u3 9 m.H. CaMbIM pacmpo-
CTpaHEeHHbIM TaIlVIOTUIIOM CeBepOoeBpOIIeliCKOM
rarIoTPYIILI SIB/ISIeTCS ajieNb OIVHOM 721 I.H., a
HauboJjiee peIKUMU — rartotursl 891 u 925 m.H.
HaubosbIiiee umcio Bapualuii raryioTUIIoB o6Ha-
pykeHO B BbIGOpKe et 13 MOCKOBCKOI 1 TBep-
CKoJ1 o6macTeit, a Takke u3 Pecrry6mku Komu.

JKcIlepMMeHTaIbHbIE faHHble [2, c. 1117-1125]
MOKa3bIBAIOT OTCYTCTBME KIMHAIbHON M3MEHUM-
BOCTU TIO0 2 MHTPOHY MMTOXOHIPUAJIBHOTO r'eHa
Nadl, a BbIsiByieHHbIN mommopdu3m rera Nadl
TO3BOJISIET OTIPEEeNSITh C BBICOKOI A0Jieli BepOosIT-
HOCTU IIPOUCXOKAEeHYE TIOIYJISILIUIA ey eBpoIIeii-
CKOJi U eI CUMOMPCKOIA.

B Hamem wucciaemoBaHuMy ObUIM M3yUEHBbI 00-
pasupbl xBou y 30 mepeBbeB ey eBpOIeNicKkoii, co-
OpaHHBIX Ha TeppuTopun IllesKOBCKOTO yueOHO-
OIbITHOTO Jiecxo3a. JHK Beigensyiv mo craHgapT-
HOMY MPOTOKOJTY ¢ ucnonb3oBanuem CTAB. ITonn-
Mepa3Ho-1enHyto peakuuio (IILP) npoBognnu co-
IJIACHO MEeTOAMYECKMM paspaborkam [2, c. 1117-
1125]. Oetexuus pesyabraTo I1LIP 6bu1a BBITION-
HeHa B 1,5% arapo3HoM rejie 1ocjie OKpauMBaHusI
TUAMEM 6poMuaa B yIbTPadyoseTOBOM CBETE.

[To pesynbTaram aHaiam3a ObLIO OIPEAEIeHO
[IBa TaIUIOTUIIA eJIM eBpoIieiickoit — 721 m.H. u 755
n.H. FamnoTumn 721 m.H. BCTpeyascs yaille B JaH-
HOJ1 BbIOGOpKeE, ueM 755 m.H. O6Hapy>KeHHbIe Tall-
JIOTUTIBI — 721 M.H. ¥ 755 I.H. — O3BOJISIIOT OTHE-
CTU M3yUeHHbIe 00paslibl eIM eBPOIIeiicKoii K ce-
BEpPOEBPOIENiCKO rariorpyIme.

Takum 06pasom, U3yueHue MU3MEeHUMBOCTY MHU-
TOXOHApHUaabHOro reHa Nadl y o6pasIiioB ey eB-
pOIIeNiCKOM, WCCIeN0BAaHHBIX Ha TeppUTOpun
[[TeTKOBCKOTO y4eOHO-OIMBITHOIO JIecxo3a, IMoKa-
3aJI0 MPEeJICTABIEHHOCTh B BBIOOPKE IBYX raruio-
TUIOB — 721 m.H. 1 755 mI.H., IpUHAgIEXKAIIUX K
ceBepoeBpoIIeNickoi raruiorpyarmne. ITosyyeHHbIe
IJaHHble MOTYT OBbITh IIOJIE3HBI B OyOyIIeM [IJIs
YTOUHEHUSI TIPOUCXOXAEHMS], NpPU He3aKOHHBIX
pyOKax, Mg IIOTOJIHEHUS TeHEeTUYeCKOoi O6a3bl
IIAHHBIX JIpeBeCHbIX pacTeHMIA.
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TEXHHUYECKHUE HAVKHU

3AMIIEB Anekcauap CepreeBuu
CTyIeHT, Bosrorpaackuii rocyapCTBEHHbBIV TeXHUUECKNUI YHUBepCcUTeT, Poccus, r. Bosirorpap,

PA3PABOTKA TEXHOJIOTUYECKOM OCHACTKU
AJISI OBECIIEYEHUMSA ITPOLECCA XOHVHI'OBAHUA C OIL,

AHHOmMauusa. B cmamee paccmampugaemcs akmyanbHasi HaAy4HO-MexHuueckas 3aoaud no ucciedo8aHuro u
yC08epUIeHCMB08aAHUI0 MemMOOUK XOHUH208AHUSL O 0OCMUNCEHUS NOBBIUEHHOL MOUHOCMU 2e0MempUUecKUX
(opm u obecneuerus He06X00UMO20 MUKpOpenveda 06pabomarHblx N0BepXHOCMell.

Kntoueewle cnoea: mawiuHocmpoeHue, Kauecmeo, 00pabomxa, mexHosao0zuu, cmaib, XOHUH208aHUe, mMou-
HOCMb, N08epXHOCMU, Jemanu, NPou3800CM80, NPOMbIULIEHHOCTb.

B STIOXY pa3sBUTUS COBPEMEHHOTO MaIllUHO-
CTPOEHMST B&XKHOCTb MTPOU3BOAUTEIHHOTO I10-
BBINIIEHVS U YITYUIIeHMsT KauecTBa 06pab0TaHHbIX
TOBEPXHOCTEN TIPUXOAUTCS YCOBEPIIEHCTBOBA-
HUIO MeXaHM3MOB 00pabOTKM MAaIIMHHBIX HeTa-
Jieil, 0cOOEHHO B KOHTEKCTE UMCTOBOIO MIPoIiecca.
dopMuMpoBaHMe BepXHETO CJIOS AETANIN B Pe3y/ib-
TaTe UMCTOBOV OOPabOTKM SKUSHEHHO Heobxo-
IMIMO, TIOCKOJIBKY OT HEero 3aBUCSIT 3KCIUTyaTalu-
OHHbIE XapaKTePUCTUKMA.

Ha ceromusimHuiti eHb COBpeMeHHble Ma-
MIVHBI, KOTOPbIE CTATKMUBAIOTCS C MHTEHCUBHBIMU
Harpy3KaMmu ¥ HalpssKeHUSIMY, JOJDKHBI OTBEYATh
BO3pacTalomyM TpeGOBaHMSIM: OHM OOSI3aHbI
OBITb KOMITaKTHEE, Jierue U 06/1afaTh yYBeJlIMUeH-
HBIM BpeMeHeM 3KCIuTyaTauyu. Takue 3HaYUTe b-
Hble TpeOOBaHMS HEM30EKHO BEIYT K YIYUIIeHIIO
KayecTBa B MPOllecce M3TOTOBJIEHUS MAaIlMHHBIX
JeTaseii.

XOHMHIOBaHMe KiIacCUUIMPYETCsT Kak Iepe-
IOBOJI MeTOH ITOBEPXHOCTHOI 06paboTKM, PU-
TOAHbBIN O/ UMANHAPUIECKUX 3aTOTOBOK. B mpo-
1lecce XOHMHTOBAHMST HAIAKMBAETCS JOCTVDKEHYE
KBaMMUKaIMy, OTHOCSIIENCS K 5 KiIaccy Kaue-
CTBa, C mpenusueir GopM [0 OTKIOHEHMI Ha
ypoBHe 0,005 MM M IoKasaTess MIepOXOBATOCTYU
Ra, kotopas gocturaet b 0,16 MKM.

Tem He MeHee KommaHMM BKawuast «B3BT»,
«Hedremain» u «Kayctuk» u3 Bonrorpama, MCIIbI-
THIBAIOT TPYAHOCTU B JOCTUKEHUM BbICOKOKaUe-
CTBEHHO# 06pabGOTKY OBEPXHOCTU TPV 3aBepliia-
IOIeM 3Talle IpobecTpyitHO 06paboTKe Ha TU/I-
pPOITHEBMATUYECKMX Y KOMIIPECCOPHBIX IIVIMH-
Ipax, CIeJIaHHBIX U3 MSITKOI HU3KOYIJIEPOAUCTON

ctanyu. IlnacTMYHOCTL MaTepuasa HPUBOAUT K
dbopMupoBaHNIo rpyOOIi IEPOXOBATOCTH, 3ayCEH-
LeB M MeTa/NIMYEeCKMX KOMKOB, YTO BBIHYXKZAeT
MHOTVe NIpeATIPUSITHS 100aBIIsATh HECKOIBKO OIle-
paLyii py4yHO AOBOAKM M MOAUPOBKU. DTU I0O-
TTOJIHUTEIbHBIE OTepanyuu 3abMparT MHOTO Bpe-
MeHU U IPUBOJSAT K HECTAOMIBHOMY KaueCTBY 00-
paboTaHHBIX TOBEPXHOCTEIA.

Takum o6pa3om, akTyaabHasi HayYHO-TEXHU-
yecKasl 3a/1a4a 3aK/I04aeTcsl B IIPOLIeCcce UCCIe0-
BaHMS M YCOBEPLIEHCTBOBAHUSI METOOUK XOHMH-
rOBaHMs, OPMEHTUPOBaHa Ha JOCTVOKeHYe TOBBI-
IIEHHO! TOYHOCTU TreomeTpuueckux Gopm, a
TaKke Ha obecrieueHne He0OXOAMMOro MUKpope-
Jbeda 06paboTaHHBIX TTOBEPXHOCTEIA.

Cranb, comepskamass meHee 0,25% yriepopa,
KJIaCCUPUIMPYETCS KaK HU3KOYTIEPOANCTAS U CO-
oTtBeTcTBYeT ctanmaptaMm I'OCT 380-71. IlocTaBka
TaKo¥ CTa/K OCyIecTBIsIieTcsl B popMe HOpMaIK-
30BaHHOIO IIPOKATa BbICIIETO KaYeCTBa, KOTOPBIN
aKTVBHO MMPUMEHSIeTCSI B TPOU3BOJICTBE PA3HO00-
pa3HOii MeTa/UIOMPOAYKIMY OOILIETO MpeJHa3Ha-
yeHMsI, 4eMOHCTpUpYIOLIeli Tpeies MPOYHOCTM Ha
pactspkeHme 1o 600 MIla, coriacHo TpeboBaHUIM
I'OCT 380-71.

CTanu ¢ HU3KUM COAEPKaHMEM YIIepoda OT-
MeualoTcs KaK 06/1aiato1me mpeBoCXoTHOM obpa-
6aTbIBAa€MOCTHIO, GjIaromapsi KOTOPOil peannsy-
eTCsl MMPOKUI IMana3oH COYeTaHMil MPOYHOCT-
HbIX XapaKTePUCTUK. [Ipr X OTHOCUTEIbHON MSIT-
KOCTM M HeJoCTaTKe TBepAOCTH, Takue MaTepu-
ajibpl IPEeNOAHOCAT BbICOKYIO CTeleHb IJIaCTUIHO-
¢ty ¥ mpoyHocTu. OHM JIerko 0OpabaThIBAIOTCS
MeXaHM3UPOBAaHHO, HE COCTaBsIeT Tpyda UX
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CBapKa, Ipyu 3TOM ce6eCcTOMMOCTDb MPOU3BOICTBA
MAaTEePHUAIOB COXPAHSEeTCS Ha OTHOCUTENIbHO H0-
CTYITHOM YPOBHE.

HecMoTps Ha LieJTbli psi MPeUMYIIECTB, B XO/Ie
Mpoliecca MPOU3BOACTBA BCErja CyIIecTBYeT Be-
POSITHOCTh BO3HMKHOBEHMSI M3HAIIMBAHUS, B
CBSI3M C YeM CTOMUT HapaboTaTh CTpaTeruu,
HampaBjIeHHbIe Ha YIyJIlIeHNe KauecTBa MOBepX-
HOCTY COOTBETCTBYIOIIMX CTajIe.

B HacTos11ee Bpemsl, K/ITIOUeBOl 3afauelt MHIY-
CTPUM MAaIIMHOCTPOEHUS OCTAeTCs YIydllleHue
KauyecTBa BbIITycKaeMon npoaykuyu. npoko uc-
TTOJIB3YIOTCSI pa3sHOOGpa3Hbie CIIOCOOBI OTHEIKUA U
TOJMPOBKHM, HallpaBjeHHble Ha YaydllleHue Xa-
PaKTEPUCTUK TTOBEPXHOCTM 0O0pabOTAaHHBIX JeTa-
jei. B 4nciao Takux MeTOA0B BXOOUT XOHMHIOBA-
HMe, MpeJICTaBIsIoNnee o060l OIWH U3 TOMYJISIp-
HBIX BUIOB abpa3MBHOI 06pabOTKM.

[MTocsie mpoBeneHMs ONepaluii, TakKX Kak CBep-
JieHMe, ToueHMe, nuimMdoBaHKue, pa3BepThIBaHUE,
3eHKepOBaHMe ¥ IIPOTITMBAHME, TIPUMEHSETCS
XOHMHIOBaHMe. DTOT IPOLECC LieeBoi, HalmpaB-
JIeH Ha yIy4llleHVe TlapaMeTpoB TOYHOCTYU
(hopMbl, pasMepHbBIX ITOKa3aTeNlei 1 MepoxoBaTo-
CTU TIOBEPXHOCTEN [eTasieif, YTO HaXOAUT CBOE
MIpUMeHeHMe B MacCOBOM M CEPUITHOM ITPOM3BO/I-
CTBe.

B mpoliecce XOHMHTOBaHMS ITpU paboTe C OT-
BepCTUSIMM, 6YIb TO IIMIMHIPUYECKIE, CTYIIeHYa-
ThI€ WIM TJIyXUe, IpUMeHeHMe HalileHO TaM, e
TpebyeTcst co3aHKe MPel3MOHHBIX TJIagKUX 110-
BEpPXHOCTeI, a TaKkKe BKIIOUEHME IIMOHOYHBIX I1a-
30B WM KaHABOK, OKOH pa3sHOOOpasHbIX (HOpM.
HepaBHO MOSIBUIIMCDH TIepeOBbIe TEXHUKU U 060-
pyIooBaHMe [JisI BHENIHErO0 XOHMHTOBAaHMS Iya-
MeTpa C pe3bboii.

XOHMHTOBaHMe, YCIIEIIHO peaynsyemMoe B Ta-
KMX 06J1aCTSX, KaK IMPOU3BOACTBO aBTOMOOMIIEN,
aspoxrocmmueckas cdepa, TPaKTOPHOE U CeTbCKO-
XO3S/ICTBEHHOE MAaIIMHOCTPOEeHMe, a TaKke
HedTSHasT OTpac/ib, OKa3bIBaeT 3HAUMMOE BJIMSI-
HMe Ha pa3BUTHMeE JAHHBIX HAITPaBIeHMIA.

Bo3bMeM K CBeJJeHUIO COBpEeMEHHbIE METObI,
CIIOCOOCTBYIOIIME YITyUYIIEHNI0 KauyecTBa obpa-
OG0TKM TOBEPXHOCTY METOJIOM XOHMHTOBAHMSI.

djeMeHThbI abpasuBHbIE, CBSI3aHHBIE C Pa3HO-
06pasHbIMM KOH(DUTYpaLUSIMM, MUCIIONb3YIOTCS C
IOTIOJTHUTEIbHBIMM JBVSKEHNUSIMU B TIpOIecce pa-
60TBHI.

B poayu abpasuBHBIX OPYCKOB MUCITONMb3YIOT XO-
HUMHTOBAJIbHbIE KOJIbIIA, HA KOTOPbIX HaHeCeH ab-
pasMBHBIN CI0M, OCh JAHHBIX KOJIell OpUEHTUPO-
BaHa I10f, CTPOTMM YTJIOM o K XOHMHTOBaIbHOI ro-
JIOBKE " MpeaycMOTpeHa  BO3MOXKHOCTh

KOHTPOJIMPYEMOTO TIOBOPOTa p, YTO JOITyCKAeT
HACTPOJKY yIJIa a B CTOPOHY YMEHbIIIEHUS ITPU pe-
3aHUM U YOAJIeHUY U3JIUIIKOB MaTepuasa, a Takke
TIpy caMo3aTauMBaHuu. AGpasyBHbBIE Kojleca pac-
TTOJIOKEHBI B IIJIOCKOCTM BpAIleHMsI 0 CMEKHBIM
PaBHBIM yIJIaM OTHOCUTEIBHO JIPYT ApyTa.

VHHOBalLIMOHHBIN MNOAXOH, IIPeJIOKeHHBI B
BUJIE MCITOIb30BaHMSI XOHMHTOBA/IbHOI TOJIOBKM C
HaKJIOHOM I10 OTHOLIEHMIO K IIPOI0JIbHOI OCH pa-
6oTarlel IOBePXHOCTY abpasuBHbIX KoJIell, 00Y-
CJIOBJIMBAET IOBbINIEHME KaueCTBa M ITPOU3BOIM-
TeJIbHOCTY IIpU 00paboTKe OTBEpPCTUIL. 3aMeTHOe
CHIKEHMe 3aTpaT SHepPTUM Ha eIMHUITY CheMa Me-
Ta/la JOCTUraeTcs Ojaromaps JaHHOM TeXHOJIOo-
. KpoMe TOro, onTMMM3alus YCTPOICTBA CIIO-
cobcTByeT 3 GEKTUBHOMY OTBOIY CTPYKKM U 60-
Jlee KauyeCTBEHHON IIofaue CMa3bIBAIOIIEe-0XyIa-
SKOAIOIIe TeXHOJIOTMYECKOI Cpeibl.

OCHOBHOIJ HEIOCTaTOK METOHA XOHUHTOBAaHUS
3aK/TI0YAETCS B CJIOKHOCTY M BBICOKOI CTOMMOCTH
CaMOr0 XOHMHIOBAJIbHOTO MHCTPYMEHTA, YTO, B
CBOIO OYepe/b, MPOBOIMPYET YBEJIMUYEHME CTOU-
MocTy 06paboTku. [IoMMUMO 3TOro, B JAHHOM Me-
Tome obecreuuBaeTcs JMIIb CKPOMHAs IJIOMAIb
KOHTaKTa MEeXIy MHCTPYMEHTOM M I1IeJieBOii I10-
BEpPXHOCTHIO, UTO, CI€IOBATEIbHO, CIIOCOOCTBYET
TTOBBIIIEHNIO OBICTPOTHI €ro M3Hoca. Takke He 1c-
KITIOYEHA OIAaCHOCTh Pas3pylIeHUs] MHCTPYMEHTA,
KOTOpasi MOKeT IPOU30MTH BC/IEINCTBME €ro 3a-
CTpPeBaHUSI B OTBEPCTUM ITOJ, HEYIAYHbIM YIJIOM B
OTHOIIEHUY OCH.

B meTome, omMcaHHOM B JAHHOM KOHTEKCTE,
VICTIO/Ib3YETCSI XOHMHTOBAJIbHBIN MHCTPYMEHT B
BUJIe IVUIMHAPUUECKOTO 3JIeMeHTa, KOTOPbIii 06s1-
3aH OCYIIECTBJISATb OBMKEHUSI BIiepen-Hasal BO-
KpyT cBoeit ocu. COCTaB/ISIIOIIMMM XOHUHTOBAJIb-
HOJ TOJOBKM, MPUMEHSIEMOJ B Mpoliecce, SBJIS-
IOTCST KOPITyC, 3JIEMEHT JJIsI pacIIMpeHus], CTep-
SKeHb PacIIMUpSIIOIINI U 371eMeHT pexyinuii. [Ipu
9TOM PEXYIIUii 3JIeMeHT, MpeacTaBJIeHHbI KO-
POTKMM IIMIMHIAPOM C paboueii MOBEPXHOCTHIO
chepuueckoii GopMbI, ITOABEPraeTcsl HE TOJIBKO
OOBIYHBIM [IJIST XOHMHTOBAHMS BpaIIaTeIbHbIM ¥
BO3BPATHO-TIOCTYMATEIbHbIM ABMKEHUSIM, HO U
IIOTIOJTHUTETbHOMY BpPAIlleHUIO BOKPYT COOCTBEH-
HOJt OCM, UTO IepIIeHAUKY/ISIPHO OCH OTBEpPCTHS,
MOABEPraeMOro XOHMHTOBAHMUIO. IJTO CIIOCOO-
CTBYeT IOBBIIIEHNIO KauecTBa 06paboTaHHOI T10-
BEPXHOCTM 6J1arofapst YHUKaTbHbIM TPaeKTOPUSIM
repeMeIleHnst Kaskaoii abpasuBHOIM YaCTULIBI pe-
SKYIIEro 3JIeMeHTa, KOTOpble He TOBTOPSIIOTCS C
IBVDKEeHYEM MHCTPYMEHTA.

OcHaleHue pexkyieil TOJIOBKM OOJBIIUM KO-
JIMYECTBOM  9JIEMEHTOB M  3amJacTeil s
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obecrieyeHnsl BpalaTeIbHOrO IBVIKEHMUS STUX
3JIEMEHTOB 3aMeTHO YCIOXKHSIEeT KOHCTPYKIIMIO T'O-
JIOBKM, TIPUBOIMUT K YBEJIMYEHMIO CTOMMOCTH, a
TaKKe K CHIKeHMIO ee HagexxHocTu. Criemyer 3a-
METUTD, YTO ITOBBIIIeHNMEe KauecTBa 0OpabaThiBae-
MOJi [TOBEPXHOCTM, XOTb ¥ HEe3HAUMUTeIbHOe, CO-
MIPSIKEHO C SIBHBIM fnageHuem

MIPOU3BOAUTENBHOCTU. DTO TPOUCKXOOUT BCIIE[I-
CTBME PE3KOT0 YMEHbBIIEHMSI KOJIMYECTBA PEXKY-
VX 3€PEeH, YUYACTBYIONIMX B PE3aHMMA, 110 IPUUMNHE
MaJIOii TUIOIIAAY KOHTAKTa abpa3syBHOTO MHCTPY-
MEHTa C MOBEPXHOCTHI0. VI3HOC MHCTpYMEHTa Py
3TOM TaKsKe ITOBbBIIIAeTCSI.

ZAITSEV Alexander Sergeevich
student, Volgograd State Technical University, Russia, Volgograd

DEVELOPMENT OF TECHNOLOGICAL EQUIPMENT
TO ENSURE THE HONING PROCESS WITH OPD

Abstract. The article considers the actual scientific and technical task of researching and improving honing
techniques to achieve increased accuracy of geometric shapes and ensure the necessary microrelief of the treated

surfaces.

Keywords: mechanical engineering, quality, processing, technologies, steel, honing, precision, surfaces, parts,

manufacturing, industry.
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3MHYEHKO Imutpuii BacunbeBuu
cryneHT, Poccuiickuii yausepceuret tpancnopt (MUNT), Poccus, r. Mocksa

HayuHolii pykosodumesb — npogeccop Kagpedpsl mensiosHepzemuka mpaHcnopma
Poccutickozo yHusepcumema mpavcnopma (MUHT), 0-p mex. Hayk
Kosanes Andpeti Anekcanoposuu

OLIEHKA KPUTEPU SHEPTO3®®EKTUBHOCTHU UCIIOJIb30BAHUS
PA3JIMYHOI'O TEIVIOOBMEHHOI'O OBOPYIOBAHUSA KOTEJIbHON
ITPOMN3BOACTBEHHOI'O HASHAYEHV S

AHHOmMauus. B cmamoee paccmampusaomcs pasiudHsle 6Udsl menio00MeHH020 060py008aHuUsl, KOMOpble UC-
nonv3yrmecs 0Jis Hazpeea menjoHocumens ¢ yevto obecneueHus nompebumeeti menia Heo6xodumsimMu napa-
Mempamu, coznacHo mapugukayuu. ITpouzsodumcs mexHuueckdsi OyeHKa Kpumepuii meniozudpasauueckoti s¢-
(heKmusHOCMU NO PA3NUUHBIM NAPAMEMPAM, ¢ Ueablo onpedeieHus Haubosiee 8bl200H020 8 IHEP2OIPPeKMUBHOM

OMHOUIEHUU MeNn1000MeHH020 060pyaOGGHLlﬂ.

Kniouegsle cnosa: mennoobmerHoe 000pyoosaHue, pacuem peKynepamugHozo menioo0MeHHUKa, naacmuH-
uamolii menno06MeHHUK, CNUPATbHLIL Men1000MeHHUK, Men1000MeHHUK «mpyba 8 mpybe», Kpumepuu 3¢ pex-

mueHocmu, zuapaeﬂuquKuﬁ pacuem.

Tennoo6meHHoe o6opygoBaHME  SIBJISIETCS
KpaeyrojbHbIM KaMHEM MHOIMX IIPOMBbIII-
JIEHHBIX TIPOLIECCOB ¥ CUCTEM KM3HeoOecIeueHus.
TouHbIl pacueT 1 OlleHKa 3Hepro3ppeKTUBHOCTHU
3TOro 060pYJOBaHUSI MMEIOT peIlalollee 3Haye-
HMe OJI ONTUMM3ALUM TIPOU3BOIUTENIBHOCTU U
CHVDKEHMS 3KCIUIYaTalMOHHBIX PacXomoB. B 3Toi1
CTaTbe MBI PAcCMOTPMM OCHOBHbIE TIPMHIIUIIBI
pacueTa TeIZIOOOMEHHOro OOGOpYIOBaHUSI U Me-
TOJIbI aHAJIM3a ero 3Hepro3(pdeKTUBHOCTM.

PacueT  Telmmoo6MeHHOTO  06GOpPYIOBaHUS
BKJIIOYAET Ompe/iesieHue:

e  TemoBOII HArpy3KM: KOJMYECTBO TeIIa,
KOTOpOe Heo6X0AMMO ITepeiaTh OT OAHOTO ITOTOKA
K APYrOMY;

o IDromanpb ITOBEPXHOCTM TEIJIOOOMEHA:
IJIONIAIb, Yepe3 KOTOPYIO MPOUCXOOUT Iepemaya
Teria;

e KosdduimeHT Terionepesaun: MeTPUKa,
xapaktepusyomas 3h(QeKTUBHOCTh Iepegaun
Tervia.

Ananus sueprosaddekTUBHOCTHU

OHeprosGpdHeKTUBHOCTh TEIJI006MEHHOr0 000-
PYZAOBaHMS OLIEHMBAETCS 110 HECKOJIbKYMM ITOKa3a-
TeJIIM, B TOM 4McCIe:

e KosdduimeHnt o6iein Teruionepesaun:
Mepa o611eii 3PpheKTUBHOCTU TEIIO0OMEHa;

e CrpouTenpHas TIUIONAAbL TEIUIOOOMEH-
HMKA: METPUKA, MOKAa3bIBAONIAST KOMITAKTHOCTb
TeIrI006MeHHOTO 060PYAOBaHMS;

e  MwuHMMATBHO HeOOXOAMMasi MOIIHOCTb
HAaCcoca Ha MPOKAYKY TeIIOHOCUTEJISI: KOJTMYECTBO
3JIEKTPUUECKOM SHEepruu, 3aTpaueHHOl B MPOU3-
BOJICTBEHHOM ITpoliecce.

PaccmaTpuBaeMoe B JAaHHOE CTaThe TEIIo06-
MeHHOe 000pYIOBaHMe U ero KpaTKas XapaKTepu-
CTUKA.

1. TInacTMHYaTHIN TEIIOOOMEHHUK Trops-
yero BomocHaoOxeuusa (majiee — I'BC)

[InacTUMHYATBI TEIIOOOMEHHMK IIpeCcTaB-
yisieT co6071 BBICOKO3(h(PEKTUBHOE YCTPOICTBO IS
repegauy Tervia MeXAy ABYMS KuakocTsmu. OH
COCTOUT M3 CepUM TOHKMX MeTA/TMUECKMUX ILIa-
CTUH, YIOKeHHBIX B UepeayionleMcs IopsiaKe, 06-
pasysl KaHaJibl, IO KOTOPBIM IPOTEKAIOT JKMUIKO-
cty. Terwio nepenaeTcs yepes CTEHKY IJIACTUH OT
O HO XXUIKOCTHU K IPyroii. JKUIKOCTU IIPOTEKAIOT
B ITPOTMBOTOKE, UTO O3HAYAET, UTO OHU ABVKYTCS
B IPOTUBOTIOJIOXKHBIX HAIIPABIEHUIX. ITO CO3/]aeT
GOJIBIIYI0 PAa3HOCTb TEMIIEPATYP MEXKIY >KUIKO-
CTSIMM, UTO TIPUBOOUT K 6ojiee 3¢ddHeKTUBHOI ITe-
penaue Teruia.

2. KokyxoTpyOHbIii Terioo6meHHUK I'BC

KoxkyXOTpyOHBIil TEMI000MEeHHUK TIPeICTaB-
JiieT coboii TUI TEeImI000MEeHHOro ammapaTa, B
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KOTOPOM OJiHA KUJKOCTb MPOTEKAET BHYTPU TPY-
00K, a apyras KUJKOCTb OKPYKaeT TPYyOKM B KO-
skyxe. JKMIKOCTM TPOTEKAIOT B KOXYXOTPYOGHOM
TeII006MeHHMKE B IIPOTUBOTOKE WU ITPSIMOTOKE.
Terwo repemaeTcs Yepes3 CTEHKY TPYOOK OT OJIHO
SKUIKOCTY K Apyroit. KOHCTpyKIus KokyxXa 1 Tpy6
obecrieurBaeT GOJIBIIYIO IIIONAAb MOBEPXHOCTU
Terioo6MeHa.

3. COMpaIbHbII TEIVI00OMEeHHUK

CrnupasbHblil TEIJIOOOMEHHUK IIpeACTaBIsieT
€000¥i KOMIaKTHbIN 1 9QPEKTUBHBIN TUIT TEIUIO-
06MeHHOTO almnapaTa, B KOTOPOM [ABe KUAKOCTU
MIPOTEKAIOT B CIIMPAIbHBIX KaHalIaX, 00pa3yeMbIX
IBYMSI MapajuieJibHbIMM TutacTuHaMmu. YKuagkocTu
MPOTEKaT B CIMPaIbHBIX KaHajgax B IPOTUBO-
TOKe Wiy TIpsimoToKe. Teruio IepemaeTrcs depes
CTeHKM TUIACTUH OT OJHOM KUIKOCTU K APYTOM.

CrupanbHasg ¢opMa KaHajJoB oObOecreunBaer

GOJIBIIYIO TUIONAAb TTOBEPXHOCTY TEIUVIOOOMEHA U
co3maeT TypOyJIEHTHBIN MOTOK, YTO IMPUBOIUT K
3¢ dberTUBHOI MTepegaye Terwia.

4. TeryIo06MEeHHUK «TpyOa B TpyGe»

TemmooOMeHHUK «TpyOa B Tpybe» IpelCTaB-
JiIeT 060l MPOCTOI, HO 3P GEKTUBHBIN TUIT TEII-
JI000MeHHMKA, COCTOSIIINI 13 IBYX KOHIIEHTpUYe-
CKUX TPy, OJTHA 13 KOTOPBIX BCTABJIEHA B IPYTYIO.
JKupkocTy mpoTEeKaIoT 10 BHYTPEeHHE U BHEITHe
TpybaM B MPOTMBOTOKE WM TPSIMOTOKe. Teruio
repefaeTcs yepe3 CTeHKU TPyO OT OIHOI JKUIKO-
cTu K Apyroi. KoHIeHTpuyeckass KOHCTPYKIIVS
obecrieunBaeT OOJBIIYIO IIOMAAb TOBEPXHOCTU
Teruioo6MeHa ¥ CO34aeT TypOyJIeHTHbIN ITOTOK,
YTO IPUBOIUT K 3G PEeKTUBHOI Iepemave Tervia.

PacueTHbie GOPMYIIbI, MCITOJIb3YEMbIE B UCCIIE-
IOBaHMM IIpUBEAEHbI B Tabmuiie 1.

Tabnuua 1

PacueTHbie (OpPMYJIbI AJIS OIpeIe/IeHIs TeIUIOTUAPABINYeCKOIi
3Hepro3dGeKTUBHOCTY TEIVIOOOMEHHOTO 000PYAOBAHMS

PacueTHas ¢popmyiia

IMosicHeHMe K pacueTHO hopMyiie

Gy KonuyecTBo KaHajaoB I10 HarpeBaemoit
m=———
Wi fep Boze
S Gip™* dakTHYecKasi CKOPOCTb TPeIoleii BOIbI
rp —
p- ﬁ'p

a; = 1,16 - A - [23000 + 283tS) — 0,63(tF)?]

0,73

'WI‘

p

KoadduumeHnt rtemmoornauu OT Tpero-
11eit BOZbI K CTeHKE IIaCTUHBI

= B KosdduumeHT Tennonepegaun
1§ 1
— 4+ /1_CT + —
a CT 4%]
P Q Heo6xopuMasi TOBePXHOCTh Harpesa
K- At
X = F+ fun KonuuecTBO X0O/I0B B TeITIO0OMeHHMKe
2-m- fo,
max
p_ O CeueHue Tpy6OK BOZIOMOOrpeBaTest
yCH_Z'p'W—l%TT

0\’
=075 =
AP, = ¢7 <f >N

P

HOTepI/I JaBJIEHNMA B BOAOIIOAOIrpeBaTeie

Umucno PeliHonbaca aJist IOTOKA TPeroleit
BOJbI

Pr,
Nu,, = 0,021 % Re, % * Pry **% « ( )1(1)

Pr

0,25

UYncno HyccenbTa

- At — At,, CpepmHuit norapudmuueckuii Temmnepa-
P n % TYPHBbIi1 HAIIOP
(29
b = f OddexTMBHAs BbICOTA TEIIOOOGMEHHMKA
¢4 (3 dexTHBHAS IMPUHA IEHTbI)
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PacueTHas ¢popmyia

IMosicHeHMe K pacueTHO hopMyiie

_2:8-b,
> §+b,

OKBMBAJIEHTHBIV [OMaMeTp CIUPAIbHOIO
TeII00OMEHHUKA

Y1110 BUTKOB 06eMX crimpaieii

Iyis TIpOCTOTHI M yA06CTBA BOCIPUSITUS MH-
dhopManuy 3 JaHHOV CTaTbM PaCcUeThbl ObLIN OITy-
meHbl. B pe3ynbrare MccieJOBaHUS BBISICHUIOCD,
yTO Hambosee 3HePro3hHEKTUBHBIM C TOUKHU 3pe-
HUSI TeIIOTUIPABIUKMY, SIBJISETCS TIACTUHYATHIN

Terma006MeHHMK. [Ipy caMmoM BBICOKOM KO3 u-
Bt

m2°C’
BEPXHOCTh TEIIOOOMEHA, a TaKKe CTPOUTEIbHAs

LIMeHTe Tervionepemauu — k = 2259

ero I1o-

TUIONIAb Cpeay APYTUX UCCIeqyeMbIX alllapaToB,
oKasajach Hauboyiee He3HAUYUTEIbHOI M COCTa-
Bmwia — 0,9m% u 0,26M? cOOTBETCTBEHHO. IloTepnu
IaBJeHMsI TaK’Ke MMEIOT caMblii HM3KUII TTOKa3a-
Tenb — 1077 Ila, a MMHMMAaJbHO HeoOXOoayMas
MOIIIHOCTh HAacoCa Ha MPOKAa4yKy TeIJIOHOCUTENS —
442 Br.

IMogpobHble pesyabTaThl pacueTa CBeEHbI B
Tabnuiry 2.

Tabauia 2
Pe3ynbTaThl TEIJIOBOTO M TMAPABINYECKOrO pacueTa
TemnooO6MeHHBbI aTlmapaT
K 7 - -
puUTepuii HJ’IaCTI/IUH Ko)KVXOXOTPV6 «Tpy6a B Tpy6e» | CrimpabHbIi
YyaTbIit YyaTbIit
Koadduumenr rernonepenaun, k, M‘z—fc 2259 763 1547 1558
[ToBepxHOCTH TeIioo6MeHa, F, M2 0,9 2,44 1,4 1,19
0O6beM Bofbl B TEITIOOOMEHHMKe, M3 0,005 0,013 0,01 0,016
CTponTezzana;{ TJIOIIA/Tb TEIJIO0OMEH- 0,26 1.6 1,34 0,32
HUKA, M
[Totrepu maBnenus, [1a 1077 8480 6250 2020
MyHuManbHas Heo6XoaMmasi MOII-
HOCTbh HAcoCa Ha IMPOKAuKy TeIUIOHO- 442 3477 4125 1313
curens, Bt

Takum 06pa3soM, ITOABOAST UTOT MCCJIeI0Ba-
HUIO, MOKHO CHENaTh BBIBOJ O TOM, UTO C TOUKU
3peHus TeIUVIOTUAPABIUKMA U TeIJIOMeXaHUKU
MpeATIOUTUTEIbHEE UCTIOIb30BaThb IIACTUHYATbIN
TeIJI00OMEHHMK, KOTOPBIi BKIIOYAET B Ce0SI MHO-
SKECTBO IIPEUMYIIECTB, OIMMCAHHbIX BBIIIE.
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23-01-99* (c Usmenenusimu N 1, 2).

2. CII50.13330.2012 TenioBas 3aiuTa 34a-
HUii. AkTyanusupoBaHHas pepmakuusi CHull 23-
02-2003.

3. CI160.13330.2016 «OToryiIeHne, BeHTUJIS -
UMl M KOHOAMIIMOHMPOBaHME». AKTyaIu3UpPOBaH-
Has pegakuyss CHull 41-01-2003.



AKTyaJIbHBIE UCCIIEIOBAHUS * 2024. N224 (206) @ TexXHUYECKUE HAYKH | 15

ZINCHENKO Dmitry Vasilyevich
Student, Russian University of Transport (MIIT), Russia, Moscow

Scientific Advisor — Professor of the Department of Heat and Power Engineering of Transport
at Russian University of Transport (MIIT), Doctor of Technical Sciences Kovalev Andrey Alexandrovich

EVALUATION OF THE CRITERION OF ENERGY EFFICIENCY OF USE
OF DIFFERENT HEAT EXCHANGERS OF BOILER FOR INDUSTRIAL USE

Abstract. The article considers various types of heat exchange equipment that are used to heat the coolant in
order to provide consumers with the necessary parameters, according to tariffication. A technical evaluation of the
criterion of thermal hydraulic efficiency in various parameters is carried out in order to determine the most energy-
efficient heat-exchange equipment.

Keywords: heat exchange equipment, calculation of regenerative heat exchanger, plate heat exchanger, spiral
heat exchanger, heat exchanger «pipe in pipe», efficiency criteria, hydraulic calculation.
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ITAJAJIKO Baagumup Cepreesnu
CTapuINii IIperoiaBaTelib,
AJTTalcKui1 TOCyRapCTBEHHBIN TEXHUYECKUI yHUBepcuTeT, Poccus, r. bapHayn

TAINIKWH Muxaun IOpseBuu
CTYAEHT, ANTaliCK1ii rOCyJapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET,
Poccus, r. bapHayn

VICCJIEMOBAHUE TUHAMMNYECKUX ITOKA3AHUI TMBKOT'O
TEH3OMETPUYECKOI'O JATYMKA HA OCHOBE 'PA®UTOBOI'O IIOPOIIKA

Annomauyus. CobpaHa cxema 01 Ucciedo8aHus OUHAMUYECKUX NOKA3AHUL 2ubK020 mMeH30MempuuecKozo
damuuxa. Ha ocHoge nonyueHHbsIx 0aHHbIX 0bL1a 8bl08UHYMA U NOOMeepioeHd meopusi 00 akmMueHo-EMKOCIMHOM

Xapaxkmepe 2ubK020 meH3omempuueckozo damuuxka.

Kniouegsle cnosa: zubxuii meHzomempuueckuti damuux, wiym, punsmp ckoJiv3aujee cpedHee, 0CYUNI0ZPAMMA,

aKMueHo-EMKOCMHbLLL Xapakmep.

B craThe «Co3maHye U UCCaeg0BaHMe cTaTuue-
CKMX IIOKa3aHUi1 TMOKOTO TEH30MeTPpMn4YeCKoro
OaT4lMKa Ha OCHOBE TOKOIMMPOBOOAIINX ITOPOIIKOB»
OBLIO BbLISICHEHO, YTO MaTeMaTudyecCckKad MOJIeJIb,
npeancTtaB/IieHHAs B CTaTbe «MaTtemaTuueckasi Mo-
Oejb O IUOKUX TEH30JaTUMKOB Ha OCHOBE

TOKOIIPOBOISIIINX IIOPOIIKOB», SIBISIETCSI HECOCTO-
SITeJIbHOM. JIJ11 MCII0/Ib30BaHMsI TMOKMUX TEH30MeT-
PUUYECKUX TaTUMKOB HEO6XOAMMO HaWTH 3aBUCKU-
MOCTb yajiuHeHus: Al oT compoTuBieHus R, mis
3TOT0 HY)XHO IMpPOaHaIM3MpPOBaTh IMHAMMUUYECKIE
MMOKa3aHus JaTuuKa.

amo—o
Zv—l1—| —
Gi=YaYaYal

AREF
D11

QW NOLT OO
aYalllaVYaYaYaYaYaYaYal

; ettt U1
Duemilanove Diecimila UNO R1R2 ARDUINOUNO
l_
. o5e
2na00S RIIIIT
R1 -
[MBKWMI TeH3oMEeTPUYECKNIA OaTHnK

Puc. 1. Cxema 0na uccnedosaus OuHamu4eckux noka3aHuil 2u6xozo meH3omempuieckozo damuuka
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151 MccemoBaHMS JYMHAMMUUYECKMX [TOKa3aHUit
I'MOKOT0 TEH30METPUUYECKOro AaTuMKa ObUia CO-
CTaBJIeHa CXeMa IIpe[iCTaBJIeHHAass Ha PUCYHKe 1,
cocrosiast 13 maathl ArduinoUNO u menurens
HanpspkeHus. Takke HEOOXOIVIMO ObIJIO BhIGPATh
GUIbTp, OIS YCTpaHEeHMS IIYMOB. BbIIO MPUHSTO
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pelnieHue B3Th QUIBTP CKOJb3sIEe CpeIHee, TaK
KaK OH TIO3BOJISIET CIJAAUTb IIYMbI ¥ BBIOPOCHI,
MO3BOJISIET BBISBJAATL 0OOIIME TeHAeHIUM U
TpPeH[Ibl, YMeHbIIIasl BAUSHUS CIy4aitHbIX Kojeba-
HUIA.
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Puc. 2. I'paguk 3asucumocmu conpomueieHusi R om spemetu t npu pasHvlx NOKA3AHUsAX YoauHeHus Al
(cuHuli — He PunbLMPOBAHHBITI 3HAUEHUS; KPACHDIT — (PUNbMPOBAHHbIE 3HAUEHUS)

[Ipu peranbHOM aHaIM3e MOTYIEeHHO 3aBUCH-
MOCTH, TIPe[ICTABJIEHHOI Ha PUCYHKe 2, ObUIO 3a-
MeUeHO, UTO BO BPeMS YAJIMHEHMS TMOKOTO TEH30-
MeTPUYeCcKOro JaTuMKa COMpOTUBIeHMe R pe3ko
yBeIMUYMBAETCS U OSKCIIOHEHIMaAbHO yMeHbIla-
ercs. M3-3a 3TOrO GbUIA BBIABUMHYTA TEOPUS, UTO

R1
330

rMOKMIT TEH30MEeTPUUYECKUII NaTUMK MMEET aK-
TUBHO-EMKOCTHBII Xapakrep. s moATBepxKIe-
HUS Teopuu OblIa COOpaHa 1Lierb, ITpeICTaBIeHHast
Ha pucyHke 3. llenb cocTouT 13 reHeparopa Me-
aHgpa, pesuctopa R = 3300M, rM6KOT0 TEH30MeT-
pUYeCcKoro JaTumka 1 ocuusiorpada.

sxod Ocumnnorpada

MMBKNI TEH3OMTPUYECKMIA AaTUNK

3emna Ocumnnorpada

Puc. 3. I[IpuHuunuansHas cxema yenu 07s nposepku meopuu

OcuumiorpaMmma, mpefcTaBjieHHas Ha pUCYHKe
4, mpecTaBisieT co60¥i 3arryMIEHHbIN curHa RC
LeIIN. CnepgoBaTenbHO, rMOKMI

TeH30MeTPUYeCKUii JaTuMK MMeeT aKTMBHO-eM-
KOCTHBI XapaKkTep.
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Abstract. A circuit has been assembled to study the dynamic readings of a flexible strain gauge. Based on the
data obtained, the theory of the active-capacitive nature of a flexible strain gauge was put forward and confirmed.
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PbDKUKOBA Kcenus CepreeBHa
CTy[eHTKa,
bpuTaHckas BbICIIAS IIKOJIA AM3aliHa,
Poccus, r. MockBa

INIEPEPABOTKA YCTAPEBIINX HATYPAJIbHBIX LIIYB
B MOJHBIE AKCECCYAPBI: HOBbBIV B3IJIA],
HA YTWIN3AIINIO OTXO0B

AHHOmMauus. AKmyansHocms 0aHHO20 UccnedosaHust 06ycu08aeHa npooaeMoll U3NUWIKO8 U 0MX0008 8 MeX0-
801l npoMblUIEHHOCMU U cmpeMJleHueM 00uecmad K 60Jiee YCmotiuuesiM U IK0N02UHECKU 0MEemcimeeHHbIM Me-
moodam nepepabomku, u HeCcMomps Ha Cyujecmayioujue mexHoaozuu nepepabomku, cyujecmgyem «0enoe nimHo»
8 ude omcymcmeus NPoOyKMUBHbIX CNOCOO08 UCNONb308AHUS HAMYPANbHBIX MeX08, Komopsle Obl couemanu 8
cebe acmemuxy, PYHKYUOHANBHOCMY U IKON02UUECKYH) YCMOUUUBOCMb, 8 C853U C IMuM OaHHOe UCCed08aHue
HanpasjeHo Ha peuleHue daHHoli npobiemMbl nymem paspabomku Mmemoda nepepadomyu ycmapesux Hamypaib-
HbiX U0 8 MOOHbIE AKCECCYapbl, YUMo UHMePecHo KaK npogeccuonaiam é obaacmu modst u dusatiHa, max u cmo-
POHHUKAM ycmotiuugozo passumus. Bedywum nodxodom K uccnedosaruio 0aHHOL npobembl A6715€Mcst UCNOJ1b30-
8aHUe KOMOUHUPOBAHHbBIX TNEXHUK 8A3AHUS MeXA KPIOUKOM C NPUMEHEHUEM PA3IUUHBIX PA3MEPO8 KPIOUK08 0/is
HUMU U Mexa, u Memoo Hape3Ku Mexa Ha NoJ0CKU onpedesieHHOUl WUpPUHbL. B pe3ynsmame npumMeHeHUs yKa3aHHbIX
Memodos b0 8bISI6JIEHO, UMO U3MEHEHUe pasmepd KPIOUK0o8 U MeXHUKA 83aHUSl N0BbILUA0N NPOUHOCHb CBsl-
3aHHBIX U30enUli, 036015151 UCNOIB308AMb MeX08ble 0MX00bl 6€3 3HAUUMeIbHOL Nomepu Kauecmsa mamepuand,
danee 6bL1U CO30aHb NPOMOMUNDBL MOOHBIX AKCECCYAPO8, OeMOHCMpUpYOUjUe 8apuamusHoCcms NpUMeHeHUs1 Me-
mooa 8 npakmuke, om 31€2aHMHbIX WAN C MEX08bIMU NOJIAMU 00 YIOMHbIX OMAWHUX NPeOMemos, MAaKux Kax
noxpsigana u nodywku. OCHOBHOT CMbIC/I Pe3yibMamos Uccied08aHusl OMHOCUMENBHO Yeau 3aKaudemcs 6 de-
MOHCMPAYUU 803MOMCHOCIU NepepadomKu HAMypaivHO20 Mexd 68 KauecmeeHHbvle, MOOHble U IKON02UUeCKU
ycmotiuugsle uzoenus, a Mamepudans Cmamosu npeocmas/isiom NPAKmMu4ecKkyro YeHHoCcms 0711 dusatiHepos, NPous-
sodumeneli 00exObl U akceccyapos, u 0 IK0A02UHeCKUX aKMUBLUCIO08, CMPEeMAWUXCS K COKpaUeHUw 0mxo008 U
no8blleHUI0 YPOBHS NepepadomKu 8 Mexoeoli NPOMbIULIEHHOCTUL.

Knroueesie cnoea: nepepa6oml<a mexa, ycmoﬁqueoe pa3sumue, 6513dHuUe Mexa KprHuyKoM, IKoJioeudeckas
ycmoﬁuusocmb, MOOHbIE akceccyapul, ucnojib308aHue omxoaoe, pecaﬁmqu, NpPOYHOCMb C6A3AHHbIX usodenuii.

BBepenue

M306peTeHne, omicaHHOe B paboTe, HaXOIUT
MIpMMeHeHre B 00/1aCTy JIETKOM MPOMBIIIEHHO-
CTU, a UMEHHO B CKOPHSI’)KHOM IIpOM3BOJCTBE, U
OTKpbIBaeT HOBbIE MEePCIEeKTUBbI B U3TOTOBIEHUNU
pPa3sHOOOpPa3HBIX MPEIMETOB OMEKIbl U M3MEeNNit
IeKOpaTUBHO-TIPUKIALHOTO MCKYCCTBa, KaK yKa-
3aHO B Kinaccupuranusax [A41D5/00, C14B 15/12,
D04B 3/02]. PaccmarpuBasi ypOBEHb TeXHMKH,
MOKHO OOpaTUTh BHMMAaHME Ha TPaAUIMOHHbIE
CITOCOOBI  TPOM3BOACTBA  MEXOBBIX  M3MIENINit
[RU2705148 (C1), SU1708853, SU1725736], KOTO-
pble 3aTparmMBaloT IIPOIlecChl, Takue KaK CIIuBa-
HME MeXOBBbIX II0JI0C, MX TPaBKy BO BIaKHOM

COCTOSIHUU, CYIIKY, AyOIMPOBaHMKE ME3APHI C MO-
MOIIbI0 TKaHel UM HeTKaHbIX IOJIOTEH C Kilee-
BbIM IIOKPBITHEM U YKpeIUleHMe Me3ApPbl IPUILIH-
BaHMEeM K Heli TKaHM, HO OCHOBHBIMM HeJOCTaT-
KaMM JAaHHBIX METOJIOB SIBJISIIOTCSI X OpUEHTAaIUs
Ha UCIOJb30BaHMe BBICOKOLIEHHBIX YacTeit MIKYp
MYIIHBIX 3Bepeii, KOTOPOe BeJeT K 60JBIIOMY 00b-
eMy OTXOJJ0B MEXOBOTO JIOCKYTa, OTCYTCTBME BO3-
MOKHOCTe!l il TiepepaboTKM HeCTaHIapTHOTO
MeXa, TPYLOeMKOCTb MPOU3BOACTBEHHOrO IpO-
1ecca M OrpaHMYEHHBI/I acCOPTMMEHT IIoJyvyae-
MBIX MEXOBBIX M3IeJMI C BBICOKOI Ce6ecToMMO-
CThIO [6].



AKTyaJIbHBIE UCCIIEIOBAHUS * 2024. N224 (206)

@ TexXHUYECKYe HAYKH | 20

Haunb6osiee 6/IM3KMM aHAJIOTOM SIBJISIETCSI KOM-
OMHMpPOBAHHASI OHEXAa, Mpe[cTaB/leHHas B Iia-
TeHTe [FR2462114 (Al) — 1981-02-13], Kotopas
o0beIMHSIeT MeX 1 BI3aHle, 8 0COOeHHOCThIO JaH-
HOT'O MeTOJa SIBJSETCS UCIO0JIb30BaHUE MEXOBbBIX
KYyCOUYKOB, 00pab0TaHHbBIX GeCTOHYATHIM IIIBOM I10
TepUMeTpy, ¢ Jo0aBleHMeM BSI3aHbIX KPIOUKOM
PSIIOB U3 MIePCTU OAMHAKOBO TeKCTYPbI U 11BETa,
HO TeXHUYECKOIi Mpo6IeMoii 3ITOr0 MeTo/Ia SIBJIsI-
eTCsl UCTIOIb30BaHMe KPIOUKa OTHOTO pa3Mepa Ha
TIPOTSIKEHMM BCeil BSI3KM, UTO He obGecreumBaeT
HeOoOXOIMMYI0 TTPOYHOCTb U3AENUS, C TeUeHUEM
BpeMeHM 9TO MOXET IIPMUBECTU K 0CIabIeHnIo T1e-
TeJIb M MOSIBJIEHUIO TOpYaIIMX IT0JIOC Mexa KaK Ha
JINLIEBOJ, TaK ¥ Ha M3HAHOYHO CTOPOHE U3TeNns
[5, c. 103-105].

3amava JaHHOTO M300peTeHMsT 3aK/II0YaeTCsT B
YCTpaHeHMM BBINIEYIIOMSHYTBIX HEeJOCTATKOB,
TpeIJIOKUB YJIydllleHHbI/i MeTOJ, M3TOTOBIEeHUS
MEeXOBBIX M3AeJINIi, KOTOPbIN IMTO3BOIUT UCIIO/Ib30-
BaTh MeX 6osiee 3(DGEKTUBHO, CHU3UTD TPYI0EM-
KOCTb Tpoliecca M pacliMpUTh aCCOPTUMEHT MPO-
OyKIMy, obecrieunBast Py 3TOM BBICOKYIO ITPOY-
HOCTb U JOJITOBEYHOCTb FTOTOBBIX U3HEUIA.

MaTepuaabl M METOAbI

B mpoiiecce nepepaboTKy HATYpaabHbIX IIyO B
MOJIHbIE aKceccyapbl UCMOAb30BAIUCh HATYpasib-
HbI/A MeX pa3/MYHbIX BUAOB MNYIIHBIX 3Bepei,
Hape3aHHbI Ha IMOJIOCKU IUPUHON OT 3 10 5 MM,
U BSI3aJIbHASI HUTh, TIOJ00OpaHHAas 110 IIBETY U TeK-
CType K Mexy; IJIs BSI3aHMsI IPUMEHSUTICh KPIOUKA
pasHOro pasmepa: Gojiee KpYITHBIA OIS HUTU U
MEHBIINI IJI1 MeXa, YTOObl 06eCIeYnTh MIOTHOE
U IIPOYHOe coefHeHMe MeXIy MaTepuaaaMu.

MeTop, BsI3aHMS coZepsKal TEXHUKY CTOJIOMKOB
0e3 HaKuaa C 11eJIbl0 paBHOMEPHOTIO pacipepesie-
HMS Mexa M0 U3eJUI0 U YKperyieHus ero, 3axBa-
THIBasl MeX 3a Me3Ipy M m3berass MOBPEXKIEHUS
BOpCa.

PesynbTaTnl

CyTb U306 peTeHMs 3aK/II0YaeTCsI B 0COOOM BbI-
O6ope pa3mMepoB KPIOUKOB ISl BSI3aHUSI, TOe IJIsS
TIPOBSI3bIBAHMSI HUTY MCIOJIb3YETCS KPIOUOK OfI-
HOTO pasMepa, a JIjIs BSI3aHMSI Mexa — KPIOUOK, KO-
TOPBIN Ha OVH pa3Mep MeHbIIle — TaHHOe pasyin-
yMe B pasMepax KPIOUKOB ITO3BOJISIET MOOUTHLCS
60J1ee TIOTHOTO ¥ IIPOYHOTO COEAVMHEHMST MEKIY
MEXOM ¥ HUTDIO, YBEIMUMBASI ITPOYHOCTD CBSI3aH-
HbIX M3genuii. st obecrieyeHns] ONTUMAIbHOTO
pes3y/bTaTa BI3aHMe HUTU IIPOU3BOIUTCS CTOION-
Kamu 6e3 HaKuaa, KOJIMUECTBO KOTOPBIX OIpe[e-
JIIeTCS B 3aBMCUMOCTM OT JIJIVHBI BOpPCAa MeXa, KO-
TOpoe obecIieuMBaeT paBHOMEPHOE paclipezene-
HMe MeXa 10 BCell TTOBEPXHOCTY U3IENUs; MeX, B
CBOIO Ouepelb, NMPOBSI3bIBAETCSI B CTONOMKM Oe3
HaKkupa, IMpuyeM MeX 3aXBaTbhIBAETCSI KPIOUKOM
TOJIBKO 33 Me3[Ipy JI JOTIOJHUTEbHOTO YKperl-
JIEHWS U3TIeITHS.

JlOTIOMHUTETbHBIM ITPUHIIUIIOM TeXHWKM SIBJIS -
€TCsI MeTOMKA IMOATOTOBKY MexXa K BSI3aHMUIO, KO-
Ia MeX Hape3aeTcs Ha MOJO0CKM MIMPUHOI OT 3 10
5 MM, UTO ITO3BOJISIET TOOUTHCS HE TOJBKO 9KOHO-
MMM MaTepuasa, HO ¥ CO3JaTh YCIOBUS i 6ojiee
TOHKOJ 1 aKKypaTHOI paboThbI ¢ MEXOM (0OCOGEHHO
BaskHO ITpM paboTe C 0TX0IaMM CKOPHSKHOTO ITPO-
M3BOACTBA, TaK KaK JAHHBbII MeTO. IT03BOJISIET
MaKCMMaJbHO MCIIOJIb30BaTh AOCTYITHBIA Mare-
puasn 6e3 3HAUUTEbHBIX ITOTEPD).

TexHuueckas JOKYMeHTAIUsI K M306pETEHNIO
COMIEPKUT CXeMaTUIecKue YepTesku, KOTopble fe-
MOHCTPUPYIOT OCHOBHBIE 3TAIlbl M 37IEMEHTHI BSI-
3aHMS Mexa KpIOYKOM, HallpMMep, Ha pUCyHKe 1
TpefcTaBjeHa o0Ias cxeMa IIpoliecca, rjae 060-
3HaueH cToj6uK 6e3 Hakuaa HUTH (1) U mpoBsI3aH-
HbII MeX (2), KOTOPbBIN JeEMOHCTPUPYET uepenoBa-
HMe PSIOB HUTU U MeXa AJISI TOCTVKEHMUS OITU-
MaJbHOM IIJIOTHOCTY U MPOYHOCTU m3aenus. Pas-
Mep KpIOYKa [AJIS TPOBSI3bIBAHMS HUTM, YKa3aH-
HBIi KaK oT 2 10 3,5 MM, BbIOpaH C yuyeToM obec-
MeYyeHus] [OCTATOUYHOM TMOKOCTM U TIPOYHOCTU
CBSI3U MEXIY 2JIEeMEHTaMU U3IeNs.
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Puc. 1. Cxema u3o6p

Tak, mIs peanmusalnuy JaHHOTO M300peTeHUs
TpebyeTcst criocob BSI3aHMSI MeXa KPIOUKOM, IIeH-
TPaJbHbIM 3JIEMEHTOM KOTOPOTO SIBJIIETCS TeX-
HMKA TPOBS3bIBAHMS MeXa M HUTU CTOJIOMKaAMU
6e3 HAKMA, Jajiee, METOM HAUMHAETCS C TIIATE/b-
HOro Iombopa pasMepa Kplouka It HUTH, TIPU
9TOM pa3Mep KpiouKa JojiKeH 6bITh B 1,5-2 pasa
MEeHbIIIe TOJIIIVHBI MUCIIONb3yeMO HUTY, HAIIPU-
Mep, ec/IM TONIIMHA HUTK IIpearoaraeT UCIo/b-
30BaHMe KprOuka pasMepoM 3,5 MM, TO MMEHHO
TaKo¥ pasmep u 6ymeT BbIOpaH.

B mormoiHeHMe K OCHOBHOMY METO/Y, B aJIbTep-
HaTUBHBIX BapMaHTaX MCIIOJHEHUS M306peTeHms
pasMep KpIOUKa [Jis MPOBA3bIBAHMUS HUTU MOKET
BapbMUPOBAThCA OT 2,5 10 3,5 MM, TO €CTh TaHHbIE
BapMAaHThI ITO3BOJISIIOT MEHSITh TEXHUKY IO, CBOY
YCJIOBYSI ¥ MaTepuasbl, 06ecrieunBas JOCTIKeHME
[JIABHOTO TEXHMYECKOTO pe3ylbTaTa — yBeJIuve-
HMe TIPOYHOCTYU CBSI3aHHBIX U3IeJNii U paciimpe-
HMe BO3MOKHOCTe} IO MCIIOIb30BaHUIO OTXOA0B
CKOPHSKHOTO ITPOM3BOACTBA.

B mpoliecce Bsi3aHMsI CTOJIOUKM 6€3 HaKuIa UC-
TIOJIb3YIOTCS KaK JJIsT HUTH, Tak U AJist Mexa. Konu-
YeCTBO PSIIOB HUTHM BbIOMpAeTCs B 3aBUCUMMOCTU
OT IJIMHBI BOpCa Mexa, YTOObI 06eCIIeYnTh rapMo-
HMYHOE COYeTaHMe MaTepuayioB B TOTOBOM M3Jie-
JIUU, U TIPY TIPOBSI3bIBAHMM MeXa BasKHO 3aXBaThI-
BaTh MeX KPIOYKOM TOJIbKO 3a Me3Apy, u3beras 3a-
XBaTa Bopca IS MpeJoTBpalleHus TOBPEXKIeHNS
Mexa ¥ CO3[aHMs U3Henuil BBICOKOTO KauecTBa.

Cam croco6 BsI3aHUS — THIATEIbHO MPOAYMAaH-
HbBIM MpOIiecc, KOTOPbI/i HAUMHAETCS C 9Tama BbI-
60pa MHCTPYMEHTOB U JJIsI 9TOr0 MeTOJa HeoOXo-
IMMO TI0Z00paTh [Ba KpIOUKa pPasHOro pasmMepa:

XXEX AKX KB
KX XEXAKEXAKE
XAXEXAXEXXK

OAVH I/ TIPOBSI3bIBAHUS HUTU, APYroi — mOjs
mexa. Mcxons u3 TOMMHBI UCTIONb3YeMOM HUTH,
KOTOpasi COCTaB/sIeT 6 MM, BbIOMPAETCST KPIOUOK
IJIST HUTU pa3MepoM 3 MM, TO €CTh B JIBa pasa
MeHbllle TOMIIMHBI HUTU, a IJIs1 Mexa — KPIOUOK
pasMepoM 2 MM, YTO Ha OAMH pasmep MeHbIlle
KPIOYKa JIJISI HUTU, YTOOBI JOCTUYb ONTUMAIbHO
TVIOTHOCTY BSI3KM U YIYUYLIUTh KAUYeCTBO TOTOBOTO
U3Oenus.

Ianee mpoiecc MpOAO/DKAETCS MOATOTOBKOM
mexa. Mcnonb3yeTcss HaTypaJibHbIM MeX C OJIMHON
BOpca OKOji0 1 C¢M, KOTOpbI Hape3aeTcCs Ha I0-
JIOCKM IIVMPUHOM IIPUMEPHO 4 MM C 1I€/IbI0 PaBHO-
MEpPHOCTHU U aKKyPaTHOCTY B TOTOBOM U3EJINN.

BsizaHMe HauMHAETCS C CO3/IaHMSI OCHOBBI U3 54
BO3IYIIHBIX METeJb, KOTOpble SBSIOTCS (yHOa-
MEHTOM [IJIsl TOCJIeAYIOLIEero psiia HUTH, HAIlIpU-
Mep, IepBblii INLEBOM Psih, MPOBSI3bIBAETCS CTOJI-
6uKkaMy 6e3 HaKyIa KPIOUKOM JIJIsI HUTHU, CO3aBast
OCHOBY [J151 MEXOBOM 4acTH, a KOTMUYECTBO TaKUX
PSI0B HUTU KOppenupyeT ¢ AAMHOM Bopca Mexa, U
B IAHHOM CjIyJae, i1 ob6ecrieyeHns: paBHOMEPHO-
CTU MEXOBOJ TEKCTYpbl, MeX IMPOBSI3bIBAETCS Ye-
pe3 Kaxkaple ABa psiia HATU.

[Mocne mpoBsI3bIBAHUSI MEPBOTO JUIIEBOTO U
BTOPOTO M3HAHOYHOTO PSIIOB HUTYU CTOJIOMKAMU
0e3 HaKuaa MCIIOIb3YeTCS MEHbIINIT KPIOUOK JIS
BSI3aHUSI MeXa; TPeTUi JTULEBON P BSI3KU IIpe -
Ha3HAvaeTcsl [/ MeXa, KOTOPbBI YKIaIbIBAeTCs
BOPCOM K BSI3Q/IBIIMKY, M MeX 3aXBaThIBAETCS 3a
Me3Ipy CIelaNTbHO M0I00paHHbIM KPIOUKOM [IJIST
TOT0, YTOOBI aKKYPATHO MHTETPUPOBATh MEX B U3-
Ienue, obecrieunBas ero paBHOMepHOe pacripeze-
JIeHVe ¥ KPaCUBYIO BU3YAJIbHYIO TEKCTYPY (pUC. 2).
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Puc. 2. Texcmypa usdenus

[potiecc BI3aHMS TPOJOKAETCS IIyTEM uepe-
IOBaHMUS OBYX PSIIOB HUTU U OOHOTO psifia Mexa
IJIST CO3[4,aHMS TIJIOTHOM M MIPOYHOI MeXOBO JIn-
11€BO¥t CTOPOHBI U3 e/Ns.

To ecTb 3asiBJe€HHbII MeTOJ BsI3aHUSI Mexa
KPIOUKOM HaxXOOUT CBOe IIpMMEeHeHNe B pa3sHo06-
pa3HbIX IIPOEeKTaxX, B TOM UlC/ie B U3TrOTOBJIE€HUU
9JIETAHTHBIX MEXOBBIX aKCeCcCyapoB U OJEeX[bI,
OOMH U3 TaKMX MPUMEpPOB — CO3JaHMe ILIISIIbI C
MeXOBbIMM IOJISIMMU, TI€ STOT HOBBII CII0CO0 103-
BOJISIET BOIUIOTUTD B KM3Hb UAEI0 OPUTMHATIbBHOTO
¥ KaueCTBEHHOTO usnenusi (puc. 3). B atom ciyyae
UCTIOMb3YeTCS TeXHUKAa, NOpU KOTOpPOil Mex

MIPOBSI3bIBAETCS TOJIBKO C JIMII€BOI CTOPOHBI Uepes
KaXIble OBa PSAOA HUTU IJIST TYJOBUINA IIISIIIBI,
obecrieunBast TJIQAKOCTb M POBHOCTb ITOBEPXHO-
CTH, a JIJIS1 TIOJIST LIUISITIbI MeTOZ, afanTupyeTcs Ta-
KMM 06pa3om, UTO MeX BHeIPSIeTCS B KasKAbINA Psif,
HUTU C 06euX CTOPOH, JUIIEBOI ¥ M3HAHOUYHOI,
co3gaBasi 6oJiee IIOTHYIO M OOBEMHYIO TEKCTYDY.
B maHHOM KOHKpPeTHOM cjiy4yae ISl JOCTVOKEeHMS
BBICOKOI MPOUYHOCTU U (POPMOCTOMKOCTU TOTO-
BOT'O U3[IeJMsI IPUMEHSIIOTCSI KPIOUKM Pa3IMYHOTO
pasmepa: 2,5 MM 115t HUTU 1 1,5 MM [IJ1 Mexa, IIpu
3TOM UCIIONb3YIOTCS UCKYCCTBEHHBIE MEeXOBbIE T10-
JIOCBI IVPUHOM 3 MM.
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Puc. 3. IIpumep co30anust uLIANbL C MEX0BbIMU NOJIIMU NO OAHHOL MeXHOJI02UU

IIpyroii mpuMep UCII0JIb30BaHMSI JAHHOIO CII0-
coba AeMOHCTPUPYET €ro MoTeHIMal B 061acTy
YCTOMYMBOTO MPOU3BOJCTBA, MO3BOJISISI MUHUMU-
3MpPOBaTh OTXOAbI CKOPHSIKHOTO ITPOM3BOJICTBA,
TaK, 6;arogapst BO3MOKHOCTM M3TOTOBJIEHUST IITYH
13 MEeXOBbIX OTXOHOB 0e3 He06XOOMMOCTH IIUThS
M CO3[aHMsI OCHOBBI, METO, IEMOHCTPUPYET 6e3-
OTXOJJHOE MCITOJIb30BaHMe pecypcoB. [Ipu aTom u3
PACKpOIMHBIX OCTATKOB IIKYP, HAIIPUMED JIMCUILIBI,
Hapes3arTCs MOJIOCHI IMMPUHOI 5 MM, KOTOpbIE 3a-
TeM BKJIIOUAIOTCS B M3Ie/Me 4yepe3 Kakible TPy
psiZa HUTHU, obecrieurBasi pacIioyiokeHue Mexa uc-
KITIOYUTEbHO C JIMIEBOM CTOpPOHBI. Takke, MC-
TI0JIb3YS KPIOUKY pa3sMepoMm 3,5 Mm myist HUTU 1 2,5
MM 151 MeXa, CO3HAI0TCS MIYObl C OPUTMHATBHBIM
BHEIIIHUM BUIOM U CTPYKTYPOI, TO €CTh TeXHMUKA
MO3BOJISIET JKCIIEPUMEHTUPOBATh C pasHoobpa-
311€M MEXO0B, UX TeKCTYP U LIBETOB, C IJIMHOI Bopca
MEXOBBIX II0JIOC, aBas BO3MOXKHOCTb CO31aBaTh
IT0-HACTOSIIEMY SKCKIIO3MBHbBIE U TIEPCOHATU3U-
pPOBaHHbBIE U3TEUSI.

06cyRkaeHmne

3asBieHHOe M300peTeHMe IMpPeNCTaBiseT Co-
60i1 3HAUMTENIbHBIN IPOPBIB B 06JIACTU BSI3aHUS
MeXa KPIOUKOM, I1eJTbI0 KOTOPOTO SIBJISIETCS TOCTY-
SKeHMe JIBYX OCHOBHBIX TEeXHUUYECKUX pe3y/IbTa-
TOB: yBeJIMUeHMe ITPOUYHOCTY CBSI3AHHBIX U3 eIt
M pacmypeHue BO3MOXKHOCTEl WMCIIOIb30BaHMS
OTXOJI0B CKOPHSIKHOTO IMPOM3BOACTBA — JaHHbIE
1IeJI JOCTUTAIOTCS 6aromapsi HOBOMY HOIXOIY K
BBIOOPY MHCTPYMEHTOB M TEXHMKE BSI3aHMS, B
YACTHOCTH, IIJIsI TIPOBSI3bIBAHUS HUTU U MeXa UC-
TIOJIB3YIOTCSI KPIOUKM Pa3HOTO pasmMepa, MpUUEM
KPIOUOK 1T Mexa BbIOMpAeTcsl HA OOMH pasmep

MeHblIe, YeM KPIOUOK IJIS1 HUTU ISl JOCTVDKEHUS
6oJiee TUIOTHOTO ¥ MPOYHOTO COEOVHEHUS MEXKILY
MeXOM U HUTBIO.

JIOTIONMHUTENbHO, KOJUYeCTBO pPSIOB HUTU
nonbupaeTcs B 3aBUCMMOCTM OT IJIMHBI Bopca
Mexa U obecrieuuBaeT ONTHMAalIbHOE COueTaHue
MaTepuasoB, Tak’)ke PABHOMEPHOMY pacIipefere-
HUIO MeXxa I0 U3/e/INI0, B TO Ke BpeMsl MeX MPOBSI-
3BIBAETCS CTOAOMKaMM Oe3 HaKMIA, 3aXBaThIBast
€ro TOJIbKO 33 Me3[py U UCKIII0Yasl IOBPEXeHne
BOpCa C Le/lbl0 COXPAaHEHMUS €ro ecTeCTBEHHOI
KpacoThI.

IMpoBenenHoe cormacHo 'OCT 19878-2014 uc-
cJieloBaHye MPOYHOCTU BSI3aHbIX MEXOBBIX M3[le-
JIVIVA, BBITIOJIHEHHBIX 110 3as1BJIEHHOMY METO.Y, I10-
KasaJio, YTO OHM B JIBa pasa MpOYHee, yeM usfe-
JIViSL, UBTOTOBJIEHHBIE TPAAVLIMOHHBIMY METOaMU
(Hampumep, € UCIIOAb30BaHKEM €AVHOI0 pasMepa
KpIOuKa 3 MM, Kak B nporoturie FR2462114), to
eCTb JaHHbBII pe3ynbTaT MOATBEepXKIAeT MPOAYK-
TUBHOCTb IpeJJI0KEHHOTO MEeTOJa B MOBBIIIEHUN
MIPOYHOCTM WM3JeNuii M OTKPbIBaeT HOBbIE BO3-
MOSKHOCTM IJISl MUCIIOJb30BaHUS OTXOLOB CKOD-
HSDKHOTO TIPOM3BOJICTBA, UTO paHee ObLIO HEMO-
CTYITHO M3-3a UX HEOOHOPOJHOCTU U pasnuuuii B
pasmepax [1, c. 342-344].

Taxk, MCIIo/Ib30BaHye OTXOJOB He TOJIbKO 9KO-
HOMMUT pecypchl U CHIKAIOT Pacxofpl, HO U MO[-
ep’XKUBalOT 9KOJIOTMUECKYI0 YCTOMUMBOCTb, TaK
KAaK MMO3BOJISIIOT [TOTY4aTh AOTIOIHUTEbHbIE U3]le-
JIVSI U3 MaTepuaioB, KOTOpble B IIPOTUBHOM CJIy-
yae 6bUTM OBl YTWIM3UPOBAHbI, 3asIBJIEHHbIN Me-
TOA, Yy/AyYlllaeT KaueCTBeHHble XapaKTepUCTUKU
MEXOBBbIX M3[eAuii U paciiUpsiOT aCCOPTUMEHT,
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npeJiarast pasHooOpasye JeKopaTUBHBIX 3¢ dek-
TOB M BBICOKOE KauecTBO OTAEIKU IpU COXpaHe-
HUU TIPOYHOCTM U [OOJITOBEYHOCTY KOHEUHOTO
npoaykra [3, c. 74-79].

[TepepaboTKa CTapbhlXx HATYypaJbHbIX IIyO B
MOJHbIE akCceccyapbl — HOBEMILNIA MOAXO0M, K YTU-
JM3aluy MaTepuanoB, paHee CUMTABIINXCS OTXO0-
IaMu, a MCCIeIOBaHUS B 9TOI 061acTy MOKAa3bI-
BaIOT CITOCOOBI TpaHChOpMAIIUM YCTAPEBIINUX Me-
XOBBIX U3/Ie/INii B lIEHHbBIE U CTUJIbHbIE TTPEIMETHI,
HaInpumep, OTHUM U3 IIPUMEPOB ITepepabOTKM SIB-
JISIeTCsI CO3JaHye YIOTHBIX Y MPaKTUYHBIX IIPeAMe-
TOB JIJISI IOMAa, TaKUX Kak ofesiyia, TOKpbIBaia JJist
KpOBaTM MM NMBaHAa, TeKOpaTUBHbBIE MTOAYIIKYU U
mycuxu [2, c. 15-19; 4, c. 50-57]. To ecTb UCTIONb-
30BaHMe Mexa Kak OCHOBHOTO MaTepuasa IJist 3ITUX
U3JeNnit BHOCUT 3JIEMEHT POCKOIIN B MHTEPBbED U
COKpalllaeT KOJMuYeCcTBO OTXOJI0B, BIOXHYB CTa-
PBIM BelllaM HOBYIO XXKU3Hb, a CaM IPOLIecC 3aTpa-
TMBaeT KOMOMHMPOBaHME Mexa C OPYTMMM TKa-
HSIMM ¥ MaTepuajaMy, YTOObl CO3[aBaThb OPUTHU-
HaJIbHbIE TIpeIMeThI JoMallHero yoTa [10, ¢. 343-
347].

B cepe moms! mepepaboTKa MEXOBBIX U3TEJTNIA
MO3BOJISIIOT CO3[aTh akKcecCcyapbl, TakKue Kak
CYMKM, KOIIEJbKM, YKpalleHus,, 00yBb M [axe
ofexay AJjis1 JOMAITHMUX SKMBOTHBIX, Tak, U3 CTa-
pPBIX IIy0 MOXHO W3TOTOBUTH OPUTMHATbHBIE
cepbpru, OpacyieTsl, KOJIbe, MCIIONb3YS MEXOBbIE
MOJIOCKYU MJIU KYCOUKM JJISI CO3aHMsT YHUKATbHBIX
aKkceccyapoB, KOTOPbIe TOAYEPKUBAIOT MHAVBULY-
aJIbHOCTb U cTuib Hocutens [8, c. 107-110]. Ceit-
Yyac MeX0Bble CYMKM Y KOILIeTbKU CTAaHOBSITCS Bbl-
pa3UTeIbHbIM JOMOTHEHMEM K 06pa3y, COXpaHss
MPY 3TOM MPaKTUYECKYI0 I[eHHOCTb U AOJITOBEeY-
HOCTb HaTypajJbHOTO MeXa; a MCII0JIb30BaHMe
Mexa IJIs Co3AaHusI 00YBM, TaKOM Kak TeIlIble Ta-
TTOYKM WY CAaHZAINU, 106aBIsIeT KOMMOPT U YIOT
B IOBCEJHEBHYIO XXU3Hb [7, €. 76-79]. UHTepecHOM
MJIeei SIBJISIETCS TaKKe MepepaboTKa MEXOBbIX 13-
JleJIUit B UTPYIIIKM, KOTOpbIEe IPUHOCAT PajgoCTh U
Tervio B AoM [9, c. 138-143].

3axkiaoueHue

OCHOBBIBASICh Ha JeTaJbHO OMMCAHHOI (op-
MyJie M300peTeHusI, OIIMCcaHHasi METOAMKA Ipey-
CMaTpuBaeT THIATEIbHbIN IMOAOOpP pa3MepoB
KPIOUKOB [IJIT IIPOBSI3bIBAHMSI KaK HUTU, TaK U
Mexa, obecrieunBasi BICOKYIO0 ITPOYHOCTh U Kaue-
CTBO TOTOBBIX MEXOBBIX U3Me/Nii, [NIaBHBIM IPUH-
LIUIIOM SIBJISIETCSI UCIIOb30BaHME KPIOUKA MeEHb-
niero pasmepa Ajsl Mexa I10 CpaBHEHMIO C KPHou-
KOM JIJIsI HATHU C 1e/IbI0 JOCTMKEHUs OoJiee IIoT-
HOJi ¥ POBHO BSI3KM, U M306€KaHUS ITOBPEKIEHMS
MeXxa IpU ero MPOBSI3bIBAHUMA.

VTouHeHus B Gopmysie M306peTeHus, TaKue
KaK TexXHMKa Hape3Ky MeXa Ha MOJOCKM C YIETOM
COBIIAZEHMSI PUCYHKAa MeXa MM BBIGOP ITOJIOCOK
oTpejieJIeHHOM IMUPUHBI (0T 3 10 5 MM), JOTIOTHH-
TEeJIbHO PACIIMPSIOT BO3MOXKHOCTM MCITOb30Ba-
HUS MeTOoHa IJISl CO3MaHus M3Oeauit C pasimy-
HBIMM J€KOPATUBHBIMYU U (PYHKIIMOHATBHBIMMU Xa-
PaKkTepPUCTUKAMMU, YTO AAET BO3MOXHOCTbH pabo-
TaTh C MeXOM 6oJiee rM6KO, MEHSITb CII0CO6 K CIIe-
uuduKe MCIOIb3yeMOro Martepuana u Tpebye-
MOMY JI13aitHy TOTOBOTO U3 eJNsl.

BapmaTuBHOCTbh pasmepa KpIouKa [Jisl IPOBSI-
3bIBaHUS HUTK (OT 2 10 3,5 MM) IpemoCcTaBisieT
IOTIOTHUTEbHYI0 3PrOHOMUYHOCTh MeTO[a, Tak
KaK IT03BOJIIET IOAOGMpaTh ONMTUMAIbHBIN IIPO-
1lecc BSI3aHMSI B 3aBUCMMOCTM OT TOJIIMHBI MUC-
MOJIb3YEeMOV HUTU U XeJaeMOi TNIOTHOCTU U3Je-
JIVsI, M TapaHTUPYEeT, YTO MEeTOH MOXET ObITb
YCIIeIIHO MPUMeHeH JJIs1 pa3iMuHOrOo pojia Mexo-
BbIX MaTepUaioB U TUIIOB U3HeNuit, yaydias Ux
M3HOCOCTOVKOCTDb ¥ BHEIIHUI BU/I,.

Ha ocHoBe aHajM3a U BbIBOJIOB MCC/IeAOBAHMS
3asIBJIGHHOTO CII0CO0a BSI3aHMS MeXa KPIOUKOM
MpeAiaraloTcs cyiedywlne peKOMeHAalun:

e  l3o6peTeHue CIlelMaaM3MPOBAHHbIX Me-
TOAMK IPUCIIOCOOIEHMSI OCHOBHOIO CIIocoba Iof,
TUIIBI MeXa C Pa3IMYHBIMM XapaKTepUCTUKAMU
BOpCa ¥ OCHOBBI.

e NccrmegoBaHue BO3MOKHOCTM CO3HAaHMUS
CTIeMaAM3MPOBAHHBIX KPIOYKOB [IJIS BSI3aHUS
Mexa, KOTopble YIy4uIllaT KauecTBO M YCKOPSIT IPo-
1Iecc BsI3aHMsI, 0COOEHHO JIJISI MEXOB C HeCTaHIapT-
HOJi TOJIIIVMHOV BOpCa MM 0CO60Ji MPOYHOCTHIO
Me3Ophl.

e  BHepgpeHMe YaCTUUHO WIM TTOJTHOCTBIO aB-
TOMaTU3UPOBAHHBIX TEXHOJOTUI [JISI BSI3aHUS
Mexa KPIOUKOM JIJIsI TIOBBIIIeHMSI IIPOU3BOINTEb-
HOCTMU U CHVKEHMS TPYIOeMKOCTH Mpoliecca.

OrmpenenneHbl OCHOBHbBIE HAIIPABIEHMS IJIST UIC-
c/IeoBaHMit B JAHHOI 0671aCTH:

1. TIpoBenmenue ucciemOBaHUA BIAUSHUS UC-
MOJIb30BaHMSI OTXOHOB CKOPHSDIKHOTO MTPOM3BO.-
CTBa Ha 3KOJIOTUIO, Jlajiee MoC/Ieiyioliee Co3aHe
MEeTOAMK MaKCUMMaJbHOTO YMEHBIIEeHUSI OTXO0B
1 TIOBTOPHOTO MUCII0/Ib30BaHMS MaTep1aoB B IPo-
U3BOJICTBEHHOM LIMKIJIE.

2. M3yueHme moTpedbUTENbCKUX IPEIIoUTe-
HMI1 OTHOCUTEJIbHO MEXOBBIX M3IENMii, U3TOTOB-
JIEHHBIX [JaHHBIM CIIOCOOOM [Jisl OIpeneIeHus
TPEeHI0B Pa3BUTUS IPOIYKIUN.

3. [erasbHOe M3y4yeHMe BIMUSHUS pasinyg-
HbIX (DaKTOPOB (HAIIpMUMep, TUIIA HUTH, TVIOTHO-
CTM BSI3KM, pa3aMepa KpIouka) Ha ITPOYHOCTHbIE Xa-
PaKTePUCTUKY U3 C 1eIbI0 UX YAyUIIeHNS.
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4. HccnenoBaHue BO3MOXXKHOCTEH CO3ITaHUS
HOBBIX OM3a/HOB U HEeKOPAaTMBHBIX 3JIEMEHTOB C
MCIIOJIb30BaHMEM CBOJICTB Mexa, 06paboTaHHOIO
T10 IIPeA/I0KeHHO MEeTOOMKe.
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RECYCLING OUTDATED NATURAL FUR COATS INTO FASHION
ACCESSORIES: A NEW LOOK AT WASTE DISPOSAL

Abstract. The relevance of this study is due to the problem of surplus and waste in the fur industry and the
desire of society for more sustainable and environmentally responsible processing methods, and despite existing
processing technologies, there is a “blind spot” in the form of a lack of productive ways to use natural furs that
would combine aesthetics , functionality and environmental sustainability, therefore, this research aims to solve
this problem by developing a method for recycling obsolete natural fur coats into fashion accessories, which is of
interest to both fashion and design professionals and supporters of sustainable development. The leading approach
to studying this problem is the use of combined fur crocheting techniques using different sizes of hooks for thread
and fur, and the method of cutting fur into strips of a certain width. As a result of the application of these methods,
it was revealed that changing the size of hooks and knitting techniques increase the strength of knitted products,
allowing the use of fur waste without significant loss of material quality, then prototypes of fashion accessories were
created, demonstrating the variability of the method in practice, from elegant hats with fur brims to cozy home
items such as throws and pillows. The main point of the research results regarding the purpose is to demonstrate
the possibility of processing natural fur into high-quality, fashionable and environmentally sustainable products,
and the materials of the article are of practical value for designers, manufacturers of clothing and accessories, and
for environmental activists seeking to reduce waste and increase recycling rates in fur industry.

Keywords: fur recycling, sustainable development, fur crochet, environmental sustainability, fashion accesso-
ries, waste management, recycling, durability of knitted products.
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BOEHHOE AEJO

KEJIUITIOB Cepreii iBaHOBMY
cyuiaTenb, BoeHHas akajieMus MaTepuaJibHO-TEXHUUECKOTO 06ecTrieueHust
uMeHu reHepana apmun A. B. Xpynesa, Poccust, r. CaHkT-IleTep6ypr

3AXAPOB Muxani lOpseBnu
JIOLIEHT, KAHAMIAT BOEHHbIX HAayK, BoeHHasT akageMus MaTepualbHO-TEXHUUYECKOT0 obecrieueHust
uMeHu reHepaia apmun A. B. Xpynesa, Poccust, r. CaHkT-ITeTep6ypr

METO/IUKA ITOBBIINIEHUS YPOBHS ITIOOPA3IETEHNN TEXHUYECKOTO
OBECIIEYEHIS BOVCK HAIIMIOHAJIBHOM I'BAPIVU POCCUICKON
®EJIEPALIVU B YCJIOBUSIX CITY>KEBHO-BOEBOTI'O ITIPUMEHEHUS

AHHOmauus. B cmamoe 8bi0eseHbl OCHOBHblE MPeb0B8AHUS, NPedsseiseMble K 0p2AHU3AUUOHHOL CMpyKmype
nodpasdenieHuti mexHuueck02o obecneueHus 8 COBPEMEHHbIX YCI08USIX.

Kntouessle cioea: mexHuueckoe O6€Cl’l€li€Hl1€, 34)(17€KmUBHOCmb, COBpPEMEHHbIE mpe6osaHuﬂ.

3a MoCJIeJHME ToAbl OOIeCTBeHHO-IIONUTHYe-
cKkas cutyanus B Poccuiickoit @epepanum nmpo-
JOJDKaeT HaXOOWUThCS TOJ CUJIBHBIM BJIMUSIHUEM
BHEITHE TOAUTUYEeCKuX (haKTOPOB 3amajHbIX
CTpaH, B ePBYI0 ouepelb, CBSI3aHHBIX C IPOBe/Ie-
HMEM CIlel[MaJibHOI BOEHHOJ oIlepaliyy Ha Tep-
puTopun YKpauHbl.

[Tox yrpo3aMy HaIlMOHAJIbHOV 6€30MacHOCTH
MbI TIOHMMAaeM IOTeHI[Ma/IbHbIe YIPO3bI TTOJIUTHU-
YeCcKMUM, COLMaJTbHBIM, SKOHOMMYECKMM, BOEH-
HbIM, 3KOJIOTMYECKUM, B TOM 4ucje, U 3a Ipeje-
JlaMy ee TeppuTopuu. B Kaxk oM KOHKPETHOM CJTy-
yae IS UX JIMKBUAAIMM TpeOyeTcsi 0coOble
dbopmbl M MeTOmBI AESATETbHOCTU TOCyIapCTBa:
IpUMeHeHMe COOTBETCTBYIOUIMX CHEelMaTbHbIX
OpraHoOB, CWJI ¥ CpPeICTB rocyaapcTBa.

B kauecTBe yrpo3 HalMOHaJIbHON 6e30IacHO-
CTU pacCMaTpPUBAIOTCS:

e  pa3BedbIBaTe/IbHAS M MHAS IESITeIbHOCTD
CIIeMaTbHBIX CJTY’KO M OpraHM3alyii MHOCTpaH-
HBIX TOCYHApCTB, a TakKXkKe OTHEJbHbIX JIMII,
HampaB/ieHHas Ha HaHeceHue yiepba 6e30macHo-
ctu Poccuiickoit @enepanyin;

e  IIeSATeIbHOCTb TEePPOPUCTUYECKMX OpTa-
HM3aUMi, TPYINUMPOBOK U OTAENbHBIX JIUII,
HarpaB/ieHHass Ha HAaCUJIbCTBEHHOe M3MeHeHUe
OCHOB KOHCTUTYIIMOHHOTO CTposi PD, nesopranu-
3alMI0 HOPMAJIbHOTO (QDYHKIVMOHMPOBAHMS Opra-
HOB TOCYJapCTBEHHO} BJaCTH, YHUUYTOXeHMe

BOEHHBIX U IIPOMBIIIIJIEHHBIX 06'bEKTOB, IIPeaIIpii-
SITUI U yYpeskaeHui, 06ecrieunBaronnX KU3He Ie-
SITeJIbHOCTh OOIIECTBA, YCTpalleH e Hace/leHus], B
TOM 4YMCJIe IIyTeM IIPUMEHEHMNS SIIEPHOTO U XVIMM-
YeCKOro OPYKMS MO0 PagMoaKTUBHBIX, XMMUUe-
CKMX ¥ 6M0JIOTMYECKMX BeIeCTB;

e  JKCTPEMMUCTCKAS AesSITebHOCTh HallMOHA-
JINCTUYECKUX, PETUTUO3HBIX, STHUYECKUX U UHBIX
opraHmu3aluii ¥ CTPYKTYyp, HaIlpaBjieHHasT Ha
HapyllleHre eIVHCTBA U TEePPUTOPUAIBHON Iie-
JocTHOCTM PO, mecTabmiamn3aimio BHYTPUIIOTUTH -
YeCKOii U COLIMa/IbHOM CUTyallu B CTPAHE;

e  1eITe/NbHOCTb IIPECTYITHbIX OpTraHM3alLNi
U TPYIIIMPOBOK, CBSI3aHHBIX C HE3aKOHHBIM 000-
pPOTOM HApKOTUYECKUMX ¥ IICMXOTPOIIHBIX Be-
IIECTB, OPYKMsI, 60eIPUIIacOoB, B3PhIBUATHIX Be-
IIEeCTB U Op.

I;1s1 HermocpeACTBEHHOTO BbITIOJIHEHMS [TOCTaB-
JIEHHBIX 337a4 BOJMCKa HALMOHAJIbHONM TBapauu
IOJDKHBI 00/71aaTh MOIIHBIM KaJpPOBBIM M TEXHMU-
YyeCcKMM MOTEeHIMAJIOM C XOPOIIO OCHAIlleHHbIMU
COeIMHEHUSIMU ¥ BOMHCKMMM YaCTSIMU, U TIpef-
CTaBJIATh 0607t ONVH 13 OCHOBHBIX KOMIIOHEHTOB
BOEHHOJI OpraHu3alym rocyiapcTsa o obecreye-
HUIO BHYTPEHHEel 6e301acHOCTU CTPaHBbI.

YT0O6BI BBITIOJTHUTH 9T U IPYTHE 3a0aUu, Heob-
XOAMMO 3HaTh, B KAKOM HampaB/JeHU BeCTU CTPO-
MUTEIbCTBO BOJMCK, KAKOBbI (POPMbI U CITOCOGBI BbI-
TOJTHEHMSI BO3jIaraeMbIX Ha HUX CIYyKeOHO-
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60€eBbIX 33/1a4. DTO OUE€Hb BAXKHO, ITOCKOJIbKY, UC-
XOllsl U3 aHa/lIu3a yrpo3, OMpeaesssioTcs MyTU Ux
pasperieHuns, COCTaB CUIOBBIX CTPYKTYP, GOPMBI 1
CITOCOOBI ITPUMEHEHMS.

Pa3BuTyue M CTPYKTypHbIE M3MEHEHMSI BOJCK
JIOJIKHBI OCYIIECTBIISITbCSI Ha HAYYHOI OCHOBE, I10-
JIyUeHHOT'O OIbITa, IPUHIIUIIOB CTPOUTENHCTBA U
CITy’ke6HO-60eBOTO MPUMEHEeHUS C YYEeTOM pella-
eMBbIX MM 331a4.

OIHMM M3 OCHOBHBIX HaIlpaB/IeHUI Pa3BUTUS
ToJpasae/ieHnii  TeXHMUYECKOTO  obecrieueHus
BOJICK HallMOHAJbHO rBapauu PO saBnsercs o1-
TUMM3ALMUST OPraHU3alMOHHO-IITATHOM CTPYK-
Typbl ¥ o6GecrieueHus] COBPEMEHHBIM BOOpYKe-
HMeM, BOEHHOJ U CIlel[MaJibHOM TeXHUKOIA.

Bce 3T0 mpemornpenenseT HeOOXOIUMOCTh Ka-
YeCTBEHHOTO ¥ BCECTOPOHHEro MccaeloBaHMUs
pa3sHO06pa3HbIX ACIIEKTOB CITYKeOHO-60eBO mest-
TeJIbHOCTY BOVCK HallMOHa/IbHO rBapaum PO, cu-
CTeMbI TTpodeCCHOHATBHOTO 0T60PA U ITOATOTOBKY
KaapoB IS TIPOXOXKIEHMST CIYyKObI B BOJiCKax
HallMOHAIbHONM rBapauu P®, njaHupoBaHUS U
MPOBeAEHNSI MEPOIIPUSITUI IO MOAIePsKaHMI0 60-
€BOJi ¥ MOOMIM3AIIMOHHOM TOTOBHOCTHM, a TaKKe
MIPOEKTUPOBAHNE HOBBIX CITIOCOOOB CITysKe6HO-60-
€BOJi IeATe/IbHOCTY B COOTBETCTBUM C HaMeUeH-
HBIMM TEHIEHIIMSIMM PasBUTUSI HAYUYHO-TEXHUYE-
CKOr0 mporpecca B BOVCKax HaI[MOHAJIbHOM rBap-
Ivu u BoopykeHHbix Cunax PO B nienom.

C yueToM psiia OCHOBOIIOJIATaIoNIMX MTPUHIIN-
0B, HA OCHOBE HAKOILJIEHHOTO OIbITa MeiCTBUMA
BHYTpPeHHMX BOViCK MBI Poccun, TeopeTudecKux
paboT Mo paccMaTpPUBAEMOMY BOITPOCY U MPAKTH-
YyeCKoi peanu3anym MoaydyeHHbIX pe3ylibTaToB Ha
OCHOBE COBPEMEHHBIX TeHAEHIIN/ BO3HUKHOBE-
HMSI ¥ Pa3BUTHS 3a1a4 MOKHO TPEIJIOKUTD K pac-
CMOTpPEHMIO  CJeOYIOUIyI0  OpraHM3allMOHHYIO
CTPYKTYpYy IOApasIeNeHnii TeXHMUECKOro obec-
revyeHmusl.

[Mox mnpuMHOUIAMM OPTraHM3ALMOHHOIO IIO-
CTPOEHMSI CTPYKTYp TIoApasfeneHunii TexHuue-
CKOro obecrieyeHus] MOHMMAIOTCSI OCHOBHBIE ITpa-
BUJIA, B COOTBETCTBUM C KOTOPbIMY (POPMUPYIOTCS
coeIVHEeHMsT ¥ BOMHCKME YaCT¥ BOVCK HalMo-
HaJIbHON rBapaum P®. OTu mpaBwia cliegynT U3
3aKOHOMEPHOCTEeN Teopu GOPMUPOBAHUS CTPYK-
TYp U cneuuduIeckKux 0COOEHHOCTEN BBITIOTHE-
HMSI 3371449 10 MaTepPUaIbHO-TEXHUUYECKOMY 0bec-
TTEYEeHUIO CTY’KeOHO-60€eBOi HeaTeTbHOCTH!.

Tpe6oBaHMST K OPTaHU3AIMOHHOI CTPYKTYpe —
9TO OOBEKTMBHO OOYCJIOBJIEHHbIE XapaKTepu-
CTUKY ¥ BO3MOKHOCTH, KOTOPBIMU TOJIKHBI 06J1a-
IaTh IOAPA3IeIEeHNSI TEXHUUECKOTO 00ecIieueHust
IJIsT pelleHMsI BO3JIO)KEHHbIX Ha HMX 3ajad.

HauanpHpIM 3TarioM (GopMMUpOBaHMUSI OpraHusa-
LIMOHHBIX CTPYKTYpP SIBJISIETCS OIpejiejieHe Tpe-
6oBaHMiT K HUM. OHM BBITEKAIOT U3 3a1a4 U yCJI0-
BUit (QYHKUIMOHMPOBAHUSI B COBPEMEHHBIX YCJIO-
BUSIX. JI7IS1 MOCTVOKEeHUS 11eJieit cBoero (QyHKIIMO-
HUPOBaHMS JTI00ass OpraHM3aIMOHHas CTPYKTYpa,
SIBJISISICH CJIOKHOM CMUCTeMOJ, HO/DKHA 00/1a5aThb
ornpefeneHHbIMU CUCTEMHBIMU CBOMCTBAMM.

K uncnay TpeboBaHmii, MpembsBiIsieMbIX K Opra-
HM3aIMOHHOI CTPYKTYype MoApasieeHunii TeXHU -
YyeCcKoro obecrieueHust B COBPEMEHHBIX YCJIOBUSIX,
OTHOCSITCS:

1. CooTBeTcTBME OpraHM3alMOHHO—IITAT-
HOI CTPYKTYpbl TIOApas[elieHuii TeXHUYeCKOro
obecrieueHys BOCK HaI[MOHAIbHO rBapauu PO u
MX BO3MOKHOCTEI, cComepkaHuIo ¥ 00beMy pela-
€MbIX 3aa4.

2. Croco6HOCTh MOApa3AeIeHuil TexHuue-
CKOT0 o0ecrieueHust BBITIONHATD 3a4a4y B pas3ind-
HbIX (GU3UKO-TeorpaPuUecKux yCIOBUSIX.

3. BbIcOoKass MOOMJIIBHOCTb COeIMHEHMII U BO-
MHCKMX 4YacTell BOJMCK HALMOHAJIbHOM TBapauu
Pd.

4. CrocoOGHOCTh OpPraHU3AIMOHHBIX CTPYK-
TYp BBITIOJHUTh TOCTaBJeHHbIe 3aJauM B YyCJIO-
BUSIX HEKOMIUIEKTa TpebGyeMbIX BUIOB BOOPYKe-
HISI, BOEHHOM U CrIelIMaIbHOI TEXHUKN.

5. BsICcOKas KMBYUYECTb COEAMHEHMIT Y BOUH-
CKMX YacTeil BOMCK HallMOHAAbHOI reapauu PO B
YCJIOBUSIX TIpMMEHEHUSI MPOTUBHUKOM BBICOKO-
TOUYHOTO OPYKMS U IPYTUX HOBEMIINX BUIOB OPY-
KM, a TaKKe JeMCTBUI OMBEPCMOHHO-pa3BeIbl-
BaTeJbHBIX IPYMI ¥ 6aHADOPMUPOBAHMIA.

6. ABTOHOMHOCTb IIOJIpa3eaeHNui TexHuude-
CKOro obecreyeHns 3aKa0YaeTCs B UX CIIOCOOHO-
CTM CaMOCTOSITE/IbHO BBIMOJHATH 3a7auy obecrie-
YeHMs CIykeOHO-00eBOIi NesITeIbHOCTY COeIVHe-
HUII U BOMHCKMX 4YacCTeil B OTPbIBE OT TPYIIU-
POBKM BOJVICK (C1).

7. CHocoGHOCTh OpPraHM3alMOHHBIX CTPYK-
TYp amalTUpPOBAThCSI K M3MEHEHUIO YCJIOBUIA
(byHRUIMOHMPOBAHMS B CPOKM, COM3MEPUMBIE C pe-
anmu3anuen nesneii, MOCTaBI€HHbIX 3a0a4 U yCJI0-
BUI UX BBITIOJIHEHMUSI.

8. DKOHOMMYHOCTb OpraHM3alMOHHbBIX
CTPYKTYp, XapakTepusylolias MMHUMM3aluein 3a-
TpaT Ha UX cofiepkaHye B MUPHOE BpeMsI.

TakuM 06pa3oM, BO3HMKAET HEeOOXOOUMOCThb
copmynupoBaTh Kak B TeOpeTMYECKOM, TakK U B
MpaKTMYECKOM IJIaHe pa3paboTaTh TPeGOBaHMS K
orleHKe 3¢G@dEKTMBHOCTY ¥ TMPOTHO3MPOBAHUIO
oIepaTMBHBIX TOKa3aTeel Cy;ke6H0-00eBOI me-
SITeJIbHOCTU COeNMHEHUIA U BOMHCKMX 4YacTeil
BOJMCK HAalUMOHaJIbHOW TrBapauu PO 1ipn
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OCOBEHHOCTU OXPAHBI 1 OBOPOHbBI BATAJIbOHA MATEPUAJIBHOTI'O
OBECIIEYEHUNSI ITPU ITEPEBO3KAX JXEJIE3HOJOPO>XHBIM
TPAHCIIOPTOM B PAIOH ITPETHA3SHAUEHUA B XO/IE
MEXIAYHAPOJHOTI'O BOOPY>XKEHHOI'O KOH®JIMKTA

Annomauus. OxpaHa u o6opora BMO npu nodzomoske u 8 xo0e nepeso3Ku Hcesie3H000POHCHBIM MPAHCNOP-
Mom cmpoumcs Ha o0WUX NPUHYUNAX OXPaHbl U 000POHbL, 00HAKO UMeem ps0 0cobeHHOCMell, CBA3AHHbIX C 02pd-
HUYEHHOCMbI0 8peMeHU Npedbl8aHUs 8 patioHe oxuUdaHUs nozpy3Ku, NOCMpoeHuem 6amanvoHa Npu nepesosKe U
Opyaumu pakmopamu. B cmamee paccmompetst Hekomopule 0C00EHHOCMU 0p2aHU3aYUU 0Xpamst u 060poHst BMO

8 IMux yciosusx.

Kntoueewle cnosa: oxpawerue, dusepcuoHHo-paseedvieamenvHole cuisl (IPC), opeaHudayus, oxpaHa, 060-

POHa.

SaqaCTym I paspelieHuss MeXIyHapOIHOTO
BOOPYKEHHOT'O KOH(MIMKTA HEOOXOOUMO TIPU-
BJIeUeHMe COeAVHEHUI M BOMHCKMX YacTel, Iuc-
JIOIMPYIOMINXCS B TJyOMHE CTpaHbl, HA 3HAUYM-
TeJIbHBIX PacCTOSIHUSX. B aTOM cityuae, 3a UCKITIO-
YeHMeM OSKCTPEeHHOJ IepebpocKy BOMCK Ha
Haubosiee yrpoykaeMble HampaBjeHUs BO3OYIII-
HBIM TPAHCIIOPTOM, MPUMEHSIETCS >KeJe3HOIO0-
POSKHBIV TPAHCIIOPT. DTO MO3BOJISIET HE PACXOA0-
BaTh MOTOPECYPC TEXHUKY U 00ECIeUNTH ITPUOBI-
THe B paliOH MNpefHa3HAaueHUs] B KpaTuaiiuiue
CPOKM C MUHUMAJIbHBIMU U3 EPKKAMU.

[Tpy mepeBO3Kax MOTOCTPEJIKOBOI (TaHKOBOIA)
Opurambl KeJe3HOJOPOXKHBIM TPAHCIIOPTOM OC-
HOBHAsl 4aCTb 6aTaIbOHA MaTepPUATbHOTO ObecrTe-
yeHNs] OyHeT IepeBO3UTHhCS ONHUM BOVHCKUM
smresioHoM [1]. [Tpu 3ToM HEOOXOAUMO YUUTHIBATD,
YTO OOEroTOBHOCTb 6aTajboHa 6ymeT MaKCcu-
MajIbHO CHIDKEHA KaK B XOjie MOTPY3KM Ha JKeJjie3-
HOOOPOSKHBINM IMOABUKHOM COCTaB U pasrpysKu C
Hero, TaK ¥ HeIlocpeJCTBEHHO IIpU IlepeBO3Ke Ha
>KeJIe3HOJJOPOXXKHOM COCTaBe.

B cooTBeTCTBUM C COBpEMEHHBIMM B3T/SIAAMU
Ha CII0cO0bI BOOPYKEHHOIT 60pbObI U BemeHue 60-
eBbIX [IeiicTBMIT 0coboe MeCcTO OTBOOUTCS

HapyLIeHUI0 CUCTeMbl MaTepuaJbHO-TeXHUYe-
CKOTO 0obecIieueHus C IpMMeHEHMEM BbICOKOTOY-
HOT'O OPY>KMSI M IeCaHTHO-IMBEePCUOHHBIX CUII [2].

baTasboH MaTepuaabHOTO OOecreveHus Mpu
HaXOXIeHUM B paiioHe OsKUIaHUsI TIOTPY3KU U TIpU
Ha KeJIe3HOIOPOSKHOM TPaHCIIOPTe OYAET OIHOI
U3 IPUOPUTETHBIX Liejieii MPOTUBHMKA. DTO 00y-
CJIOBJIEHO TE€M, UYTO, B OTJINYME OT Pa3MeIleHUs B
patione cocpenotouenusi (PC), rme BMO pasmeltia-
eTcst Boiu3u nentpa PC 1 HaxXomguTCS MOJ, 3ali-
TOVi OOIIEBOVICKOBBIX ITOApa3aeNeHuii U MMoapas-
nenennii [IBO, B paiioHe OsKMAgaHMs IMOTPY3KM, Kak
MpaBuI0, MMeINeM MeHbIIyI0 Iiomanb, bMO
OymeT pasMellaThCs CaMOCTOSITEIBHO JIMOO C
OTpaHUMYEHHbIMU CUJIAMU U CPeICTBAMM Bbljie-
JIEHHOTO JJ1s1 €r0 OXpaHbl noapasgenenus. Kpome
TOro, 60yiee KOPOTKOe BpeMsl HaxoxkaeHus MO B
palioHe OXXVIaHUS TOTPY3KYU HE TTO3BOJIUT BBITION -
HUTHh MEPOIPUSTUS MHKEHEPHOTO 000pYIOBaHMS
pajioHa B MOJHOM 00beMe, a 3aYacTyio Jaxke 3a-
BEpIUIUTb MepPOIPUSITUSI UHKeHepPHOro 060pymo-
BaHMS MEePBOI OUepean.

Takum o6pas3om, oxpany 1 06opony EMO Heo06-
XOIMMO OYIEeT OpraHM30BbIBATb B YCIIOBUSIX OTpa-
HUYEHUS 110 pecypcam: IMYHOTO COCTaBa, CPeliCTB
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pasBedKu U LieieyKa3aHusl, OTHEBBIX CPEACTB.

B xome mepeBo3ku BMO Xkeje3HOAOPOXHBIM
TPaHCIIOPTOM MOXHO BBIAEIUTb [IBA OCHOBHBIX
BUA YIPO3: 3TO BO3AYIIHBI 1 HA3€MHBbIIA.

N3-3a TOrO, UTO IepeBO3KM >KeJIe3HOAOPOXKHBIM
TPaHCIIOPTOM OYIyT OCYIIECTBJSITHCS, Kak IIpa-
BWIO, BIAAM OT TIpaHUIl, YMEHbIIAeTCsI BeposiT-
HOCTb TIpUMMEHEeHMSI MO0 3IIeJIOHy aBUAIlMOHHBIX
CpPeiCTB MopaxkeHuss 6oMOapIUPOBOUYHON aBua-
1Meii, a IpMMeHeHMe apMeliCKoi aBualym mpakTu -
YyeCK! UCK/II0UaeTCs.

OCHOBHBIM BMJOM BBICOKOTOYHOTO OPYKUS
manbHero nerictBust CIIA sBisieTcs KpbuiaTasl pa-
Keta Tomahawk Mopckoro 6a3mMpoBaHMsI, OTHAKO
BO3MOXHOCTb 3(h(EKTUBHOTO MTOPAKEHUST IBVOKY-
HIMXCS Lesteii 6blIa peaan3oBaHa TOJBKO B MOIM-
dukamum Tomahawk Block IV Multi-Mode Mission
(TMMM), nipM3HaHHOM M36GBITOYHO AOPOrOii U A0
HACTOSIIIIETO0 BPpeMEeHM Tak U He MPUHSITON Ha BO-
opyxeane BMC CIIA [3]. Kpome TOro, onacHOCTb
MIPeACTaBISIOT M AaJbHOOOJHBIE KpbLIaThle pa-
KeTbl BO3OYIIHOTO 6asupoBaHust crpaH HATO:
¢dpanmysckas SCALP-EG, Opuranckass STORM
SHADOW, repmanckast TAURUS KEPD350/150. Ox-
HAakKO BEpOSITHOCTb TPUMEHEeHUS] YyKa3aHHBIX
cpencTB nopaxkeHus 1o MO OTHOCUTELHO Majia
BBUJIY X OPOTOBM3HBI.

Haubosee peanbHOI yrpo30ii Iy ogpasaesie-
Huii BMO, 1epeBO3MMBIX XeIe3HOOOPOKHBIM
TPAHCIIOPTOM, OymeT HpuMeHeHMe OGeCHMUIOTHBIX
JieTaTeabHBIX alNapaToB B COUETAHUU C MUHUPO-
BaHMEM KeJIe3HOJOPOXKHBIX ITyTel U 06CTperaMmu
U3 CTPEIKOBOTO OPYXXMS, TPaHATOMETOB M MMHO-
METOB [IMBEPCHMOHHO-Pa3BeIbIBATEIbHBIMMU TPYII-
amMm.

YTo Xe MOXXHO HPOTUBOIIOCTABUTh TaKOMY
KOMIIIEKCHOMY BO3[€/CTBUIO IIPOTUBHMKA?

Bo-mepBbIX, 3TO IpUMEHEHNE «KIaCCUIECKUX»
CIIoco60B OXpaHbl ¥ 060POHBI, IJIABHBIM U3 KOTO-
PBIX OYIET OpraHu3alus OXpaHeHus.

Llenpro oxpaHeHus] 6GYHET He OOMYCTUTDb IPO-
HUKHOBEHMs pa3BedKku IMPOTMBHMUKA B paiioH
BbMO, BHe3aImHOro HamnajaeHus Ha moApa3aeieHns
BbMO, Ha3eMHOro MPOTUBHMKA U €ro AeCaHTHO-
IVBEPCUOHHBIX I, obecrieunTs EMO, BpeMeHeM
¥ BBITOOHBIM YCJIOBMEM [IJisI pa3MeIleHUs] U BbI-
TOJIHEHMS TIOCTaBJIEHHBIX 3a/1a4.

Llenu oxpaHeHUS IOCTUTAIOTCS BBITIOJTHEHMEM
3a/5a4, OCHOBHBIMM 13 KOTOPBIX SIBJISIIOTCSI:

e oOpraHmusaius HaOMIOJEeHMS 3a BO3IYII-
HbIM TPOTUBHUKOM,;

e  BbISIBJIEHME U YHUUTOKEHME OeCaHTHO-
IVBEPCUOHHBIX CUJI MPOTUBHUKA;

e  OxpaHa ITyHKTa ynpasnenust bMO;

e  obecrieyeHue 6e30IIaCHOCTY [BVKEHUS
TPaHCIIOPTa;

e OCylIecTB/IeHMe MPOITYyCKHOTO pexyuma.

OpraHmu3aiysi OXpaHeHMsI BKJIIOUaeT: ompeje-
JieHue 11eJieit ¥ 3a7au OXpaHeHUS B 3aBUCUMOCTU
OT BUIa AENCTBUIA; OTHAUYy yYKa3aHMU U MOCTa-
HOBKY 3ajlau 110 OXpaHeHUIO CiUJIaM, CpeJiCTBaM U
opraHaM; OpraHM3alMI0 B3aMMOMENCTBUS TIOJ-
pasaeneHuit UIu CUI U CPeACTB OXpaHEeHUSI MeKITY
co60il M C OXpaHSeMbIMM IIOIApa3meleHUIMH;
TOATOTOBKY CUJI U CPeICTB K BBIMTOJIHEHUIO TO-
CTaBJIEHHBIX 3374, MX pa3BEépTbIBaHME U obecIie-
yeHMe; OpraHM3alMio YIIpaBJIeHus]; IpaKkTuye-
CKYI0 paboTy IO MOATOTOBKE K BBIIIOJHEHMIO ITO-
CTaBAE€HHBIX 3a/1ay, KOHTPOJb U OKaszaHue II0-
MOIIIN.

[Ijis opraHu3aiyum oxXpaHbl IIpK pasMelieHun B
paiioHe OXXUAAaHMS IOTPY3KY U B paiioHe MOrpy3Ku
OyIeT BBIIENSATHCS CTOPOXKE€BOE OXpaHeHue —
CUJIBI U CpeJicTBa ToApasaeneHus OJjs1 BbITIOTHe-
HM 337a4 10 oxpaHe u 3amute BMO, ripu ero pac-
MOJIOKeHUM B parioHe. IlompasmeneHusM, Bbime-
JIEHHBIM B CTOpPO’kKe€BOe OXpaHeHMe, Ha3HAUaTCs
TTOJIOCHI OXPaHEeHUs U Pas3sBelKM, a TakKe pybesku
o6oponbl. CToposkeBoe oxpaHeHue BMO, Gymet
OCYIIECTBJSATHCS CTOPOKEBBIMM TIOCTAMU, H030-
pamMu, cekpeTamu, aTPy/ISIMU ¥ HaOGII0aTeNIIMU.
CroposkeBble OTpSIbI, 3aCTaBbl, MOCTbI TO/DKHBI
3aHMMAaTb MO3UIIMK YIOOHbIE IJIT 060POHBI, 00ec-
reunBaoIye HabIIoAeHNE Y OTHEBOE TIOPasKeHe
Ha BEPOSITHBIX HalpaBJIeHUSX OEeMCTBUII IPOTUB-
Huka. C yueToMm ciaboro o60pymoBaHMSI paitoHa
OXXMUIAHUS TTOTPY3KU B MH)KEHEPHOM OTHOIIIEHUH,
11eJ1eco00Pa3HO JIJIsT pa3MelleHNsl 3JIEMEHTOB CTO-
pO’XKeBOTO OXpaHEHMUS MCIIOAb30BaTh €CTEeCTBEH-
Hbl€ CKIaJ KM MECTHOCTH, a TAKXXe UCKYCCTBEHHbIE
COOPY>KEeHUSI.

Ins obecrieueHuss 6e30ITACHOCTH IBMKEHMUS
KoJIOHHBI BMO, 13 paitoHa OXKUAaHUS TMOTPY3KU B
paiioH MOTPy3KM OXpaHa Ha MapIIpyTe ABVDKEHMUS
OCYIIECTBJIIeTCS COIMPOBOXKIEHVEM KOJIOHH IIO-
XOJHBIM OXpaHeHNeM.

IMoxomHoe oxpaHeHMe MpedHA3HAUEHO ISt
obecrieueHus1 6GeCHpeNnSITCTBEHHOTO OBVKEHMS
OXpaHsIeMO} KOJOHHBI U OTpaskeHus] HamageHus
Ha Heé u3 3acaf. Ilompasmenenus u 60eBble Ma-
IIMHBI pacipenessioTcsl 0 KOJOHHE U3 pacyéTa
He MeHee OJHOTO MOTOCTPEIKOBOTO OTHeneHUs
mau 60eBoit MamMHbI Ha 5—10 mammH. [Tpu 3TOM
He [OIyCKaeTCs ITOCTaHOBKA OOEBOI TeXHUKU
MEeXIY MalllMHaMM C TOIUIMBOM U 60eIpuIiacaMiu.

[ nopmepskaHusi HENpPepbIBHOTO B3aMMO-
JeJiCTBYS TIPU COTPOBOXKIEHMM KOJIOHHBI OpraHu-
3yeTcsl YCTOMuMBas paAMOCBIA3b C JIPYTUMU
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rnojpasaeieHusiMu,  COMPOBOXAAIIMMU KO-
JIOHHY, C TIofpa3feneHus MU oOxpaHeHus, CO cTap-
IIMM KOJIOHHBI, C BBICTAB/ISIEMbIMM Ha MaplipyTe
OBIDKEHMUSI CTOpPOKEeBBIMM  3acTaBaMl, KOH-
TPOJIbHO-TIPOITYCKHBIMM ITyHKTaMM, KOMeHIaHT-
CKUMU U [OUCIIETUEPCKUMM NYHKTaMU MU TI0-
CTaMM.

YunuThiBas TO, YTO PaiioH OKUIAHUS TTOTPY3KU
OyIeT HaXOIMUThCSI HA OTHOCUTEIHHO HEGOJbIIOM
PacCTOSTHMM OT paitoHa MOrpy3Ku, OyIeT 1eneco-
o6pasHa oTIpaBKa 3a 25—-40 MUHYT 10 YOBITUS KO-
JIOHHBI BMO, uHKeHepHO-pa3BeIabIBaTEIbHOTO
I030pa, a Boieq 3a HuM 3a 15-20 MuHYT A0 yObI-
TS KOJIOHHBI BMO, TrojoBHOro mo3opa IJis
MIpemoTBpallleHMsI MOBTOPHOTO MMHMPOBAHUSI
MapuipyTa ABVOKeHMSI.

HenmocpencrBeHHOe oOxpaHeHMe OpraHu3y-
€TCsI BO BCexX BUAAX O0eBOii JesTeTbHOCTU B IOJI-
pasfesieHusIX, Ha MyHKTaX yIIpaBJieHNs], ThIJIOBbIX U
IPYTMX 00beKTax C 3ajaveii MpegoTBpaTUTh Hama-
JleHe Ha OXpaHseMble BOJiCKa OVBEPCUOHHbBIX
TPYII ¥ CBOEBPEMEHHO MPERYIIPEAUTDb O TIPUOIIU-
SKeHMM TIPOTMBHMKA WIM Hauvajie aKTUMBHBIX Heii-
cTBuUit. OHO OCYIIECTB/ISIETCST YaCOBBIMM, HAOTIONA-
TeJIIMM ¥ HaGMoJaTelbHbIMM TIOCTAMM, HEXKYP-
HbIMM PACUETAMM OTHEBBIX CPEeICTB, SKUIAKaMU
MallIMH, CTOPOXKEeBbIMU TTIOCTaMU, MATPY/ISIMU, CEeK-
peramu, opraHaMy KOMEHIAHTCKOJ cirykObl. Ha
Mapiile HeTlloCpeJICTBeHHOe OXpaHeHMe OCYIeCTB-
JISIeTCs, KpOMe TOrO, TOJIOBHBIMM, OOKOBBIMM,
ThIIBHBIMM 1030paMy WM AO30PHBIMU OT/Ie/IeHN-
SIMM, TAHKaM¥, OpOHETPaHCIOPTEpPAMI U 6OEBBIMU
MalIMHaMM [eX0Thl.

HermocpeficTBeHHOe OXpaHeHMe OpraHU3yeTCs
KOMaHAVpamMu oA pasaeneHnit U OCyIeCTBISIeT s,
Kak TpaBUIO, CMJIaMM U CpeACcTBaMM CaMUX ITIOf-
paspenenuii. [IporHo3MpoBaHME BEPOSITHOCTU
HaIlafeHMs 3aBUCUT OT MHOTUX BEpPOSTHOCTHBIX
(bakTOpOB: MOTEHIIMATbHBIX BO3MOKHOCTEN MPO-
TUMBHMKA, €ro B3IJISIIOB Ha BeJeHMe O0eBbIX Meli-
CTBUIA, CTpaTerny 60eBOr0 BO3IEIICTBUS; CTEIIEHN
9(pdeKTUBHOCTH BbIBOJA U3 CTPOSI TAHHOIO IOI-
pasnesieHus; yaajieHus OT JIMHUM CONTPUKOCHOBE-
HMS C IIPOTUMBHMUKOM, BO3MOKHOCTEN CpeICTB I10-
paKeHUsI U T. .

Bo Bcex ciryyasix BO3MOXXHO NMpUMeEHeHUe s
HaOIIOIeHNMS 32 MECTHOCTBIO MasTbix BITJIA KBagpo-
KOIITEPHOTO TUTIA, UTO ITO3BOJIUTD B YCJIOBUSIX OTpa-
HUYEHHOTO KOJIMYECTBA JIMYHOIO COCTaBa OXpaHe-
HUSI TIOBBICUTH 3(PGEKTUMBHOCTh OXpaHbl 32 CUET
3HaHMS 0OCTAHOBKU ¥ YIIPEXKIEeHNUS] He3aMeTHOTO
MOJX0Mla AVBEPCMOHHO-Pa3BeAbIBATEIbHBIX CUII
MMPOTMBHMKA Ha OJIM3K0e PacCTOSTHME.

BakHBIM MOMEHTOM OymeT M OpraHu3aIus

MIPOTMBOBO3AYIIHOI 060poHb! (ITIBO). B cooTBeT-
CTBUM C HaCTaBJieHMEM I10 TlepeBO3Kam BOJCK Ke-
JIe3HOJIOPO>KHBIM, MOPCKMUM, PEUHBIM M BO3MAYIII-
HBbIM TPaHCIIOPTOM, ITPOTMBOBO3AYIIIHASI 000POHA
OpPTaHM3yeTCcs] U OCYIIECTBJSIETCS B OOIIei Ccu-
cteMme [1BO cumamu u cpeactBamu [1BO cTapiiero
Haya/IbHMKA, a HeNoCpeJCTBeHHas — IepeBO3u-
MBIMU BOVICKaMMU.

HemocpencTBeHHOe TIPUKPBITME  BOMHCKUX
S1IeJIOHOB B ITyTU CJIeJOBaHMS OCYIIEeCTBIISIETCS
cpeactBamu [1BO U opraHM30BaHHbBIM OTHEM W3
CTPEeIKOBOTO OPY>KUSI TIepeBO3UMBbIX IO pasfese-
HUIA.

[T TIpUKPBITUS SIIEJIOHOB, He MMeIIInX
cBoux cpeacts [1BO, MoOryT NpuB/IeKaTbCS TOZ-
paszenenus [IBO BoMHCKMX noe3a0B. KomaHAphI
3TUX TIOApa3feneHunit BOBpeMs COMPOBOXKIEHUS
MOJUMHSIIOTCS HAyaJbHUKY B3llejioHa. B 1ensx
obecrieueHUs HEOOXOOMMBIX YCJIOBMI [IJIS1 Beme-
HMS OTHS 110 BO3AYIIHBIM LIeJISIM CpefCTBa IPOTH-
BOBOS3/IYIIIHOY 0O0POHBI, a TAKKe JIMYHBIN COCTAB,
BblJleJIeHHbIe 71 BelleHUs OTHSI U3 CTPEeIKOBOTO
OpPYKMSI, pa3MeNIaloTcs Ha I1aTgopMax B TOJIOBe
M XBOCTe 3IlejioHa. [Ijisg 6e30macHOCT BeOeHUs
OTHSI KakAOMY 3€HUTHOMY Opy[ui0 (YyCTaHOBKe,
60€eBOJi MalllMHE) YKA3bIBAIOTCSI M YCTAHABJIMUBA-
IOTCS 3allpeTHble CEeKTOpbl M YIJVIbI BO3BbIlle-
Hus [4].

Ucxonst u3 xapakTepa yrpo3, a MUMeHHO MaJlbIX
pasMepoB ¥ OTHOCUTEIHHO HEOOJIBINION MOIIHO-
ctu 6oenpuriacoB BITJIA, ux majoii CKOpoCTH, HO
BMeCTe C TeM U MaJI03aMeTHOCTH, 11eJIecoo0pasHa
YCTaHOBKA B TOJIOBE U XBOCTe cocTaBa 3D PeKTuB-
HbIX cpencTs [IBO manoro paauyca neicTBus B CO-
YyeTaHMM C aBTOHOMHBIMMU CpeACTBaMMU paayo-
3JIEKTPOHHOJ OOpbOBI, MpemHa3HAYEHHBIMU [IJIsI
MOAABIEHMS JIMHUI YIIPaBIeHUsS 6eCrMIOTHBIX
JleTaTeabHBIX almapaToB U pPaauoyIpaBsieMbIX
dyracos. [Tpyuem 1151 HOCTUKEHMSI 6OJTBIIIETO CEK-
TOopa o6cTpesa, IaTGopMy C YCTaHOBIEHHBIM 3e-
HUTHBIM CpeJICTBOM JIyullle YCTaHOBUTb Iepef, T0-
JIOBHBIM JIOKOMOTMBOM, a riepen Helt ratdopmy,
TPYKEHYI0 KaMHSIMM JMOO IIeCKOM [Jisi TOTO,
yTO6bI 00€30ITaCUTh JJOKOMOTUB OT MOApPbIBA Ha
MMHAX HOKMMHOTO JeiCTBUSI.

ITo MaccorabapuMTHBIM XapaKTepUCTUKAM U
TaKTUKO-TEXHUYECKUM XapaKTePUCTMKAM BbITIOJI-
HSIeMbIX 3a7jau ONMTUMAJbHBIM [IJi1 BBbITTOJTHEHUS
IocTaBleHHbIX 3agau 1o IIBO BMO, mpu mepe-
BO3Ke KeJIe3HOOOPOKHBIM TPaHCIIOPTOM OyAeT
JIETKUI MOGMIIbHBIN GYKCUPYEMbIii 3€ HUTHBI ITy-
[I€eYHO-PaKETHBIN KOMIIIEKC «CocHa-PA»

(puc.) [5].
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Puc. Modyns 3eHUMH020 nyuieuHo-pakemHozo komniexca «CocHa-PA»

OcHOBHOe BOOpYyXeHMe KoMIuiekca — 30 Mm
IBYCTBOJIbHBIV 3€HUTHBIN aBToMar 2A38M, aHa-
JIOTMYHBIM ycTaHaBauBaemoMy Ha 3IIPK «TyH-
rycka». OH criocobeH TMopaxkaTh ABUKYIIMECS
LeJM Ha BBICOTAX OO0 3 KUMJIOMETpOB. Bech aBTO-
MaTa B CHapsDKeHHOM COCTOSTHUM 230 KT, BO3MMBI
6o0exkomIIekT 600 TaTPOHOB.

B cocTaB KomieKca Tak ske BXOJST 4 MyCKOBbIe
YCTaHOBKM /11 pakeT 9M337, CIIOCOOHBIX IMOpa-
SKaTh LIeJIY, KOTOPBIE JIETSIT Ha BhICOTax A0 3500 m.
HanbHOCTb HOpaXkeHus — OT 1,3 10 8 KMJIOMeTpPOB,
P 3TOM BpeMsI TojieTa Ha MaKCUMAaAbHYIO JTa/lb-
HOCTb — 11 ceryH/I. PakeTa pasBuBaeT CKOPOCTD 10
1200 meTpoB B cekyHmy. OHa 060pyIOBaHa JBEHA-
JLATUKAHAIbHBIM  Jla3epHbIM  HEKOHTAKTHBIM
B3pbIBaTeJIEM U MMeeT G0eBYI0 YaCTb BECOM IISITh
KMUJIOTpaMMOB. Bec pakeTbl B TPaHCIOPTHO-ITYC-
KOBOM KOHTejfHepe — 36 KT, a 6e3 Hero — 25...26 KT.
Bo3sumeiit 6oe3amnac — 8 3YP [6].

Kommiekc MmMeeT ONTUKO-3JIEKTPOHHYIO CU-
CTeMy HaBefeHMs, KOTopas 6ojiee yCcToiuMBa K
rnomMexam, 4eM paAMOKOMAaHAHAasl, M ONTUMAaJEH
IJISL CTPesIbObI IO BHE3aITHO BO3HMKAIOIIVIM HU3KO
BBICOTHBIM BO3AYUIHBIM LieisiM. Kpome mopaske-
HMS BO3IYIIHBIX lieseii, KomruieKc «CocHa-PAx,
Kak rokasbiBaeT onbIT npumeHenus 3IIPK «TyH-
IycKa», OCHAIlleHHOTO aHAJIOTMYHbBIM MYIIeYHbIM
BOOpYKeHMeM, [0 Ha3eMHbIM IieisiM B AdraHu-
craHe U YeueHcKoit Pecmy6iuke, I03BOJSIET

3¢ deKTUBHO BeCT OTOHb 13 3€HUTHOTO aBTOMAaTa
110 Ha3€MHbBIM LIEeJISIM.

OnTManbHast KOHQUrypamusi  3allUTHOTO
KOHTypa 3lIeJIOHa B 9TOM CjIy4yae TaKoBa: BIle-
peau, mepej JTOKOMOTMBOM: Tuiatdopma ¢ 6asia-
CTOM [J1s1 3alUThl OT MUH HaKMMHOTO eMCTBUS,
margopma ¢ 3IIPK «CocHa-PA»; c3amgu - 1iat-
dopma c 3ITPK «CocHa-PA». [Tpu morpyske u pas-
Tpy3Ke SILIe/I0HA pacyeThl NaHHBIX KOMIUIEKCOB
TaKKe CIOCOOHBI BECTU HAGTIONEHME U OTPAXKATD
aTaky BO3AYILIHOTO M Ha3eMHOI'0 IPOTUBHUKA, UTO
TO3BOJISIET HE OTPBIBATh JIMUHBIN COCTAB MEpPeBo-
3MMBIX IOApa3ae/IeHUIA.

B cratbe paccMOTpeHBI OTIe/bHbIE BOIIPOCHI
oxpaHbl 1 060poHbl FMO, nipu mepeBo3Ke Keyes-
HOJOPOXHBIM TPAHCIOPTOM. U3 WM3I0KeHHOro
MOXXHO CieaTh BbIBOJ, UTO COYeTaHNe OpraHu3a-
LIVOHHBIX ¥ TEXHUYECKUX MEPOTTPUSITUIN TO3BOIUT
TOBBICUTH 3(P(GEKTUBHOCTh OXpaHbl U OOGOPOHBI
BMO, B X0oe MeXIyHapOLHOIO BOOPY>XEHHOTO
KOH(UIMKTA TpU IepeMellleHUN >KeJe3HOL0POXK-
HBIM TPAHCIIOPTOM.

JIutepaTtypa
1.  OcHoBsl nipuMeHeHUs BoopykeHHbIX Cun
Poccuiickoit @epnepanumn. Y. 2 Crparermuyeckas
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2. BeposiTHble BO3AENCTBUS MPOTMBHMKA B
6010 110 BojickaM ¥ ToLTy. CTereHu 60ecrocoO6HO-
CTM  BOJcKoBOro Thiia —  Kubepllegus.:
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NMHPOPMAIIMOHHBIE TEXHOJIOTHUHA

T'AJIAHOB VBaH Cepreesuu
CTy#eHT, YPUMCKIUIT yHUBEpPCUTET HayK U TexXHOoTuit, Poccus, r. Yba

METO/JbI 1 AJITOPUTMbI ITPOTHO3MPOBAHUSA HATPY3KU
B UHOGOPMAIIMOHHOI CUCTEME JIJ/11 COCTABJIEHUS TPA®UKOB
PABOTbI COTPYIHUKOB KOJIJI-HEHTPA

AHHOmauus. B cmamee paccmampusaiomcst Memoost U anzopummsl NPoZHO3UPOB8AHUS. HA2PY3KU 0711 COCMAs-
JieHus epagukos pabomst COMpYOHUKO8 KOJLI-UeHmpa. ITpozHo3uposatue Hazpy3ku uzpaem Kanuesy pois 8 3¢-
(hexmueHOM ynpasaeHuu cMeHamu U 00ecneueHuUlU 86ICOK020 YPOB8Hs 00CYHUBAHUS KaueHmos. OnucaHst memodsl
8PEMEHHbIX PI008, MAWUHHO20 00YUeHLsl, SKCNOHEHYUABHO20 C2NIANCUBAHUSA U UEPAPXUUECKO20 NPOZHO3UPOBAHUSL.
BuedpeHue amux memodos 8 UHHOPMAayUoHHble CUCMEMbl N03680J18€m NOBbICUMb MOYHOCMb NPOZHO308 U ONMU-
MU3Uposams pacnpeodeyeHue pecypcos, yayuuias onepayuoHHyo 3¢pekmusHocms KoAI-yeHmpd.

Knioueesle cnoea: npozHo3uposarue Hazpy3ku, Memodsl 8peMeHHbIX PA008, MAUIUHHOe 00yUeHUe, IKCNOHEH-
UUAIbHOE C2NIaXCUBAHUE, UepapXuuecKoe NPozZHO3UPOsaHUe, UH(POPMAUUOHHbIE CUCINEMbI, KOJLT-UeHmp, ynpaeje-
Hue epagukamu, onepayuoHHas ¢ gpexmusHocme.

BBenenmne

MO3BOJISIET ONTUMMAJILHO paclpenensaTh paboune

CoBpeMeHHbIe KOJUI-IIEHTPbl UTPAIOT KIIoUe-
BYIO POJIb B OGCIYKMBAHUM KIMEHTOB U IOAIEp-
SKAaHUM WX YOOBJIETBOpPeHHOCTU. DPdeKTuBHOE
yopasjieHue pabouumy rpadukaMy OIepaToOpOB
KOJUI-IIEHTPa HAIMpsIMYIO BIMSIET Ha KauecTBO 06-
CTYKMBAHMST M OIEpPaOHHYI0 3(hdEeKTUBHOCTD.
OnHMM U3 KPUTHMUECKUX aCIIeKTOB TAKOTO YIIpaB-
JIEHUS SIBJIIETCS IPOTHO3MPOBaHMe HAarpy3Ku, UTO

CMeHbI U U306eraTh Kak IMEePerpysku, Tak M Hemlo-
TPY3KY COTPYTHMUKOB.

Llenb cTaTby — paCCMOTPETh U ITPOAHATU3UPO-
BaTh pasIMUHbIe METOMIbI 1 aJITOPUTMbI IIPOTHO3M-
pOBaHMS HArpy3KM IJISI COCTaBjeHMsI rpadukos
paboThI COTPYAHMKOB KOJI-IIEHTPA.

MeTompl, TTOOXOASIIME IS PEeIleHus] MOCTaB-
JIEHHOJi 3aa4¥ IepevncIeHbl B TabIuIIE.

Tabnuia

MeToapl MOAXOASIIINE IJISI IPOTHO3UPOBAHMS HATPy3KU

HasBaHue meTtona

OnucaHue

MeTo[ BpeMEeHHbBIX PSIIOB

SIBNISIIOTCSL OMHMMM U3 Haubojiee pacpoCTPaHEHHBIX U 3pdek-
TUBHBIX JIJISI aHAMU3a U TPOTHO3MPOBAHMS HATPY3KU B KOJII-1€H-
Tpax. OCHOBBIBAIOTCSI HA aHA/IM3€ UCTOPUUECKMX TaHHBIX U BbI-
SIBJIEHUM TeHJeHIIVI, Ce30HHBIX U IIUKINYeCKUX KonebaHwmii [1].

MeToa MaIITHHOTO 00yYeHMsI

MeToabl MalIMHHOTO OOYy4YeHMsI IpenjaraloT Oojiee I'MOKMe U
MOIIHbIE MTOAXOAbI K MPOTHO3MPOBAHMIO, OCOOEHHO IIPM HaJIl-
yyy GOJBLIIOr0 00beMa [OAaHHBIX M CIOKHBIX 3aBMCUMOCTEN
MEeXOy HUMMA.

DKCIIOHEHIMaIbHOE CIMIaXkKMBaHUe

Vicrionb3yIoTcs AJis CIVIasKMBaHUSI BpeMEHHBIX PSIOB M IIPOTHO-
3UpOBaHMS GYyIyIIMX 3HAUEHMII Ha OCHOBE B3BEIIEHHOTO Cpe[i-
HEro MPOILJIbIX HAaGTIOme .

MeTonpl afanTUBHBIX MepapXuuecKux
MIPOTHO30B

Hepapxuueckoe IPOTrHO3UPOBaHMe MO3BOMSET YUUTHIBATh pas-
JMMYHbIe YPOBHU TaHHBIX (HAIIPMUMeD, OTe/bl Y COTPYIHUKN) 1151
CO3/1aHMsI 0011[ero MPOTHO34a.
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K meTogam BpeMeHHBIX PSLOB OTHOCSITCS:

e ARIMA. mozmenb aBTOperpeccum CKOIb3si-
IIero cpegHero, KoTopas IpuUMeHsieTcs Ajisl To-
CTPOEHMST KPaTKOCPOUYHBIX MPOTHO30B BEIUUMHbI
Ha OCHOBAaHMM €€ NpeablayIinX 3HaUeHWI ;

e SARIMA. Pacmimpenme wmopenu ARIMA
ISl yueTa Ce30HHbIX KOMIIOHEHTOB.

K MeTomaM MaIIMHHOTO OOyYEeHUSI OTHO-
cared [2]:

e  perpeccus. [IpocTeiimnii MeTOn, MaIlIMH-
HOTO 00y4YeHMsI, OCHOBAHHBI Ha HAXOKAEHUM 3a-
BUCUMMOCTY MEXIY [lepeMEeHHbIMH;

e  ciyvaliHble jeca. AITOPUTM, UCIIONb3YI0-
LM MHOXECTBO JepeBbeB pelleHUil IJs1 MOBbI-
LI€HNSI TOYHOCTY ITPOTHO30B;

e  HelpoHHbIe ceTU. MHOTOC/IONHbIE CTPYK-
TYPbI, CLIOCOOHbBIE MOJIETMPOBATD CIOKHbBIE HEIN-
HeliHble 3aBUCUMOCTU. IDPEKTUBHBI IJIs1 OGOJIb-
MIKUX 00bEMOB JAHHBIX U CJIOKHBIX 38]1a4 IIPOTHO-
3MpoBaHug [3].

K MeTomam sKCIIOHEHIMATbHOTO CITIaXXVBAaHUS
OTHOCSITCS:

e TIPOCTOE 3KCIIOHEHIIMAJbHOE CI/IasKMUBA-
Hue. Vcrionb3yeT OHO BeCOBOe 3HaUeHMe JIJIsl BCeX
MIPOLITBIX HAOITIOMEHWIA;

e  [BOJfHOE 3KCIIOHEHIMaJbHOE CIJIaKMUBA-
HMe. YUUTBIBAET TPEH], B JaHHBIX;

e  TpOIHOE 3KCIIOHEHIIMaJbHOE CIVIAKMBA-
HMe. YUUThIBAET TPEH/, ¥ Ce30HHOCTDb B JAHHBIX.

Hepapxnieckoe IPOTHO3MPOBAHUE WUCIOJb3Y-
eTcs OJ151 TPOTHO30B Pa3INYHbIX YPOBHEN Mepap-
XU JAHHBIX.

[Tpu paspaborke MHPOPMALVIOHHON! CUCTEMBbI
IUIST COCTaBIeHNS Tpa(MKOB pabOThI COTPYIHUKOB
KOJUT-TIEHTPa BaXKHO OTPEeNeNnUTh Haubosee TOM-
XOOSAIIMIA MeTO[ TPOTHO3MPOBAaHUS HArpysKu,
YUMTBIBAS CITEIMGUKY TaHHBIX M TPeOOBaHMS OM3-
Heca. XOTS KaKAbI U3 METOOB MMEeT CBOM IIpe-
MMYIIeCTBAa, UCIIOIb30BaHMe BCeX METOJ0B OJHO-
BPEMEHHO MOXET ObITh M36BITOUYHBIM U PECypCo-
eMkuM. [ToaTOMy HEO6XOMMO BBIOPATh HanMboIee
TIOAXOISIIMIE METO WM KOMOMHAIIMIO METO/IOB,
KOTOpble HAWIYYIIMM 06pa3oM COOTBETCTBYIOT
LeJIsIM M 3afa4aM CUcTeMbl. [IJI 9TOro ObLIM pac-
CMOTpEeHBI ITPeVMYIIecTBa 1 HeJOCTaTKM KaXXI0To
U3 METOIOB.

[IpeumymiecTBa METOLA BPEMEHHBIX PSIA0B:

e  XOpOIIO MOAXOZAT IS OaHHBIX C BbIpa-
SKeHHBIMM TPEHIaMU U Ce30HHOCTBIO [4];

e  MOryT 3bdeKTUBHO MOIenupoBaTh Bpe-
MEHHbIE 3aBYCUMOCTH B JaHHBIX.

HenmocraTkn:

e  TpebYIOT CTAllMOHAPHOCTY JAHHBIX, UTO HE
BCETa BO3MOXHO 0e3 IpeqBapuUTelbHOTO Mpeob-
pa3oBaHMS JaHHbIX;

e  OrpaHMYEHHAs CIIOCOOHOCTb MOZEINPO-
BaTh CJIOKHbIE HEJIMHEIHbIE 3aBUCUMOCTH.

IMpeumyiiecTBa METONOB MAIIMHHOTO 00Oyue-
HUS:

e  MOIYT YYMUTBIBATH OOJIbIIOE KOJIMUYECTBO
(haKTOPOB ¥ CJIOSKHBIE HEJIMHEHbBIE 3aBUCUMOCTH;

e  (006/amal0T BBICOKOI I'MOKOCTBIO M ajall-
TUBHOCTBIO K Pa3JIMYHBIM TUIIAM JTaHHBIX.

HenocraTtku:

e  TpebGyloT GOMBIIOr0 06beMa JaHHbBIX IS
obyueHus;

e  MOTYT OBITh PECYPCOEMKUMM B IJIaHE BbI-
YUCTATETbHOV MOIITHOCTY ¥ BpEMEHY 00yUeHMSI.

IpeumMytecTBa METOAOB SKCITOHEHI[UATHBHOTO
crIaskuBaHus [5]:

e  IIPOCTOTA M JIETKOCTh peanu3alinu,

e  XOPOIIO MOAXOOUT IJIS1 AAHHBIX C KPATKO-
CPOYHBIMMU KOJIeOaHUSIMU U 6e3 BhIpaskeHHbIX ce-
30HHBIX KOMITOHEHTOB.

HenocraTtku:

e MeHee 3¢deKTMBeH NPU HAINUUU CUITb-
HbIX TPEH[IOB U Ce30HHBIX M3MEHEeH W,

e  MOXET He CIIPABISITbCS C JOMTOCPOUHBIMMU
MIPOTHO3aMM.

IMpeumy1iecTBa METOA AN THBHBIX MepapXu-
YeCKUX IIPOTHO30B:

e  CIIOCOGHBI YUMTBHIBATH Pa3/INUHbIE YPOBHU
IAaHHBIX (HallpuMep, OTOeNbl U COTPYIHUKU), UTO
MTO3BOJISIET CO3/1aBATh O0JIee meTaau3MpOBaHHbBIE U
TOYHbIE ITPOTHO3HI;

e  Mepapxuyeckass CTPYKTypa yIIPOIIAeT
yIpaBjieHKe JAaHHBIMU U UX aHAJN3.

HenmocraTku:

e  MOTIYT OBbITh CJIOKHBIMM B peaau3aluyl u
TpeboBaTh 3HAUMUTETbHBIX BBIUMCIUTEIbHBIX pe-
CYpCOB;

e  3aBMCMMOCTb OT KAUeCTBa M IMOJIHOTHI TaH-
HbIX Ha BCEX YPOBHSIX MEPAPXUNA.

s MHGOPMAaIMOHHO CUCTEMBI, ITpeJHa3Ha-
YEHHOI IJis1 cocTaBieHus TpadmKoB pPabOThI CO-
TPYIHUKOB KOJI-IIEHTPA, MOXKHO PACCMOTPETD He-
CKOJIbKO CIIeHAapueB TIPUMEHEHUS U BbIOPAThb
Haybosee TOIXOASIIVIA METO Ha OCHOBE CIIeIM-
buKM JaHHBIX U TpebOBaHMII K IPOTHO3UPOBA-
HUIO.

Eciu maHHbIEe MMEIOT BbIpakeHHbIE TPEHIbI U
Ce30HHbIe KOje6aHMsSI PEKOMEHAYEMbBII METO:
SARIMA.

SARIMA xopo1io crpaB/isieTcss C MOIeIupoBa-
HMEM [JAHHbIX C CE30HHBIMM KOMIIOHEHTaMM U
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TPeHaMM, YTO YacTO HAOMIOAAeTCsl B KOJI-IIeH-
Tpax (Hampumep, yBejluueHe 3BOHKOB B Ipas/i-
HUYHBIE THU WIN B ONIpeJe/ieHHbIe THU HeJenn).

Ecnu maHHbIe cofiepskaT CI0KHbIE 3aBUCUMOCTHU
¥ MHOTO (DaKTOPOB, BAMSIOIIMX Ha HATPY3KY PEKO-
MeHIyeMblii MeTof: HelipoHHbIE ceTU WM Cy-
YaliHble jeca.

HeiipoHHbIe ceTV 1 cTydaiiHble jeca CrIoCOOHBI
YUUTBIBATb MHOXECTBO (DaKTOPOB (HAIIpMMep, Io-
rofia, peKJiaMHble KaMITAaHUY, COOBITHUST) M MOZIETH-
pOBaThb CIOKHbIE HEeJIMHEJIHbIE 3aBUCUMOCTM.

Ecmn  Heo6XOOMMO YUYMTBHIBATD pa3IMUHbIE
YPOBHM Mepapxuy ITaHHBIX PeKOMEeHIyeMblii Me-
TOZ,: ABANITUBHbBIE epapXU4ecKye IIPOTHO3BI.

OTU MeTO[bl MOXOMAST A1 KPYITHbIX OpPTaHU-
3alMit C pa3BeTBIIeHHOI CTPYKTYPOIL, Ilie Heobxo-
IMMO YYUTBIBATb OCOOEHHOCTU Pa3IMUYHBIX ITOA-
pa3aeneHuii.

Eciu naHHbIe MMEIOT KPaTKOCPOUHbIE Komeba-
HUs 6e3 BbIPaKEHHBIX CE30HHBIX KOMIIOHEHTOB
peKOMeHAYyeMblii METOH: OJKCIIOHEHLMAIbHOE
CraaXuBaHue.

ITpoctoTa 1 3 PEKTUBHOCTh SKCIOHEHIMAIb-
HOTO CIVIQXXMBAHUS OeaeT ero UAeaabHbIM IJIs
KPaTKOCPOUHBIX MMPOTHO30B B CTAGMIBHBIX YCIO-
BUSIX.

3axkioueHue:

[IporHo3MpoBaHMe Harpy3kuM B KOJI-IIEHTpe
SIBJISIETCS CJIOKHOI 3amaueit, TpeOyoleii mpume-
HEeHUs pa3IMYHbIX METOLOB U aJrOpuTMOB. Me-
TOAbI BPeMEHHBIX DPSIIOB, MAIIMHHOTO O0Gy4YeHMs,
9KCIIOHEHIMAIbHOTO CIIRXKUBAHUS "

MepapXmuuecKoro MporHo3MPOBaHMSI MOTYT 3HAUM-
TEJIbHO YIYYIIUTH TOUHOCTh ITPOTHO30B U 3¢ dek-
TUBHOCTb VIIpaBjieHUs1 Trpadukamu paboOThl CO-
TPYOAHUKOB. BHempeHue MHPOPMAIVMOHHON CU-
CTEMbI, VCIIOIb3YIOIIel AJaHHbIe METOIbI, IT03BO-
JIUT CYIIECTBEHHO MOBBICUTh KaueCTBO OOCITYKM-
BaHMSI KJIMEHTOB, ONITMMM3UPOBATh pacipemese-
He PeCypCoB U YIYUIINTD OOIIYIO OTIePallIOHHYIO
3(pdeKTUBHOCTD KOJI-IIEHTPA.
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METHODS AND ALGORITHMS FOR FORECASTING LOAD
IN AN INFORMATION SYSTEM FOR SCHEDULING WORK
OF CALL CENTER EMPLOYEES

Abstract. The article discusses methods and algorithms for load forecasting for scheduling call center employ-
ees. Load forecasting plays a key role in effectively managing shifts and delivering high levels of customer service.
Methods for time series, machine learning, exponential smoothing, and hierarchical forecasting are described. The
introduction of these methods into information systems can improve the accuracy of forecasts and optimize the
allocation of resources, improving the operational efficiency of the call center.
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KOHJIAPOBA Kpuctuna UropesHa
CTyneHTKa, YOUMCKIIT yHUBEpCUTET HayKu U TexHosioruit, Poccus, r. Yda

TEXHOJIOI' CbOPA 1 OBPABOTKU JAHHbBIX

AHHOmauus. B danHoli cmamve npogedeH aHanu3 co8pemMeHHbIx nyouKayull, cesi3aHHsIx ¢ 3adaveli yugpo-
8020 cOopa, ob6pabomku u aHanusa oaxHHsix. Takxe paccMompeHsl cyujecmayrnujue mexHonozuu c6opa u odpa-
60mKu OaHHbIX. BoisisneHsl npoyedypsl mexHon02uueckozo npouecca obpabomku urgopmayuu. Ipedcmasnen
aHaIU3 NPoZPAMMHBIX NPOOYKINO08, KOMOopbie M02ym 0blMb UCNO016308aHbl 0J1S1 XPAHEHUs U 8U3YAIU3AYUU OAHHbIX
u coenamsl 8618600bl U HAMEUEHb! NyMu OdibHelilez0 pa3eumusl.

Kntouessie cnosa: uHpopmayuoHHsle mexHoa02uu, 6a3sl OAHHbIX, UHMezpayus OaHHbIX, cO0p U 06padomka

JaHHbIX, XpaHuauule OaHHbIX.

BBepenue

B Hamm gHM KpYIIHbIE OpraHU3aIlUM UMEIOT
MHOXeCTBO 0(MCOB B pa3HbIX TOPOIaX, UK TaxKe
CTpaHax, a Takke MHOKeCTBO COTPYIHMKOB, 3a-
Ka3uMKOB, KJIMEHTOB, OM3HEC-TIOb30BaTesneil u
MHBECTOPOB. Kaskmomy 115t MX paboThl HY>KHBI J0-
KYMEHTbI, OTUETHI WJIM TabGIUIbI, KOTOPbIE MOTYT
XPaHUTHCSI B KOMIIAHUM B PasHbIX MCTOYHMKAX.
IaHHbI mpoliecc 6yaeT BecbMa JOJTMM, TakK Kak
CHavayia HeoOXoauMo OyIeT y3HaTh, Iae MMEHHO
XPaHSTCSI HY)KHbIe JaHHble. [lasee HY)KHO Y3HaTbh,
eCTh JIM y T0Jb30BaTe/sl JOCTYI K 3alpalinBae-
MbIM JaHHBIM, TIOTOMY UTO CYIIECTBYIOT KOHGU-
IleHIIMa/bHble JaHHble KOMIIAHUM, K KOTOPBIM J10-
cTyn orpanuued [11]. [Ins 3TOro HeoOXOAMMO CO-
IJ1aCOBATh TOCTYII C 6OIBIINM KOJTMIECTBOM PYKO-
BOJIUTesel, M TOIBKO MOTOM TIOJYYUTh HYKHbIE
JIlaHHBIE.

Ho dbopmaT maHHbBIX B Pa3HbIX MCTOYHMKAX MO-
I'yT ObITh pasHblil. Hampumep, cyirecTByeT He-
ckonbKo BapuaHTOB CYB]] 0151 XpaHeHMs JaHHbBIX,
", YTOOBI MCITOJIb30BAaTh UX B APYTUX CUCTEMAX,
CHavaja JaHHble He06X0aMMO OYIeT IepeBecTu B
TpebyeMblii popmaT, a MOTOM Yyke paboTaTb C
HUMMU.

Takum 06pa3om, y OpraHM3aIy BO3HUKAIOT
TPYAHOCTU B paboTe C MaHHBIMMU, Ha ITOIyUYeHUE
KOTOPBIX TPATUTHCSI MHOTO BpeMeHU U, COOTBET-
CTBEHHO, paboTa Bceii KOMITaHUY MOKET 3aMe[i-
JINTHCSL.

AKTYaJIbHOCTh peIleHUs JAHHOW ITPOOJIEMbI
COCTOMUT B TOM, UTOOBI ITOJIb30BATENISIM B OpraHMu-
3alMsIX ObUIO Jierdye paboTaTh ¢ GOJMBIIUM OO6BE-
MOM JIaHHBIX, XpPaHUTh UX B OTHOM MECTe U B efI-
HoM (popmare. JITaHHASI TEXHOIOTHSI [TIOMOXET KO-
HOMMYHO UCII0JIb30BaTh AeHEXHbIE Y BpEMEHHbIE
pecypcbl KOMIaHUM U TOJib30BaTesel, a TakxKe
ONTUMM3UPOBATH 3aMIPOC K JaHHBIM.

Llenp mccmenoBaHusi: O630p CYIIECTBYHONIUX
TEXHOJIOTUI 0 cO0py, 06paboTKe M aHa/IM3a JaH-
HBIX.

3aauy UCcaeIo0BaHMs:

1. HUsyunuthb crocobbl cbopa ¥ 00pabOTKM
TaHHBIX.

2. W3yuuthb nporpamMmHble€ IPOAYKTBI [OJISI
BU3yaIM3aIUY TAHHBIX.

3. BplgenuTp HeOOCTAaTKM CYLIECTBYIOLINX
TeXHOJIOTUIA.

OcHOBHa# 4acThb

Cnocobul cobopa uHgpopmayuu:

C6op nHbOPMALVMK MpearoaraeT mojayyeHne
MaKCMMaJIbHO BbIBEPEHHOI MCXOOHOI MHpopMa-
IIMY U SIBJISIETCSI OHYM U3 OTBETCTBEHHBIX 3TAIlOB
B pabote c nudopmanumeii [4, c. 104]. TexHoIOTUS
cbopa moapasyMeBaeT MCIIOAb30BaHME OIpene-
JIEHHBIX METOMIOB cO60opa MH(pOpMALIK U TEXHUYE-
CKUX CPEACTB, BBIOMPAEMbIX B 3aBUCUMOCTU OT
BUIa MHGOPMAIUY U TIPUMEHSIEMbIX METOZOB ee
c6opa. 3aKITIOUYNUTETbHBIM 3TAlIOM CO0pa SABJISETCS
ee npeobpasoBaHue B JaHHbIe, MHBIMY CJIOBAMMU B
MHGOPMAIINIO, IPUTOIHYIO IJISI 06pabOTKM Cpe-
CTBaMU BbIYMCIUTETbHOM TEXHUKINA.

Korma c6op mHbpopmaluy 3aBepiieH, cobpaH-
Hble TaHHbIE CBOISTCS B CUCTEMY IJISI CO3HAHMS,
XpaHeHMs U MOAIepsKaHusI B aKTyaJIbHOM COCTOSI-
HUM MHGOPMAIMOHHOTO (OHIa, HEOOXOIMMOTO
II7IST BBITIOJTHEHUS Pa3IMYHbBIX 3a/1a4 B IeSITeTbHO-
CTY 06BEKTA YIIPABIICHYSI.

B obiieM ciyyae TeXHOJOTMYECKMUIT IMPOIecc
06paboTKM MHGOPMAaLIMM BKIIOUaeT TaKue Mmpoiie-
IyphI Kax [9, c. 325-330]:

e  COop u peructpaiust MHGOPMaILK;

e  (OO6paboTka MHPOPMALUHA;

e  XpaHeHMs, TOMCK MHPOPMAIINK;

o Tlepemaua nndbopmauuu;
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e IIpencraBnenue wHbOpMauuu Ijsl aHa-
JIM3a U IPUHSTUS pelieHnii [6, c. 73].

Cnocob6st 06pabomku uHGopmayuu:

LleHTpasM30BaHHBI CIIOCOO — TpeIonaraeT
cocpenoToueHye JaHHbIX B MHPOPMAaIMIOHHO-BbI-
YUCJIUTETPHOM II€HTPE, BBITIOJHSIONIEM BCE OC-
HOBHbIE JEICTBUSI TEXHOJIOTMUYECKOTO IpoIecca
06paboTky nHDOpMaLyu. JJOCTOMHCTBOM TaKOTO
criocoba 06paboTKM MHPOpMAaLK, SIBISETCS Ie-
meBM3Ha 06pabOTKM 6OMBLIIMX 06HEMOB MHGOP-
Maluy 3a CYeT 3arpy3ku BBIYMCIUTENIbHBIX
CPenCTB.

IleleHTpaaM30BaHHbINA CIIOCOO XapaKTepusyeT
paccpemoToueHreM WHGOPMAIVIOHHO-BBIYMCIN-
TeJBbHBIX PECYPCOB U pacipeeeHueM TEeXHOJIO-
TMYeCKOro mpoiiecca 06paboTky uHGOPMALIUH T10
MeCTaM BO3HMKHOBEHMSI U MOTpebieHus uHpop-
Maryuu. JTOCTOMHCTBOM AAHHOTO Crocoba SBis-
€TCs TIOBBILIIEHVEe OTIePAaTUBHOCTY 00PabOTKY MH-
dbopManuy ¥ pelleHus IIOCTaBIEHHBIX 3ajad,
TIpMMeHeHe HaIeKHbIX CPeICTB Iepemauyy MH-
dbopmanuu [7, c. 237].

IIpozpammHble npodykmol Ons  eusyanudayuu
O0aHHbIX:

B mocnegHee BpeMsl CTaM OUYEHb MOIY/ISIPHBI
aQHAJIUTUYECKNE CUCTEMbI YIpaBjieHus 6GasamMu
IaHHBIX [2, c. 32-34]. 3TO CBI3aHO C TeM, YTO BO
MHOTUX OpraHu3anusX HaKOIUIEHbI OTPOMHBIE
MaccuBbl MHGOPMALIUM, U3 KOTOPBIX CIEIMaTA-
CTHI 110 PaboTe C JAHHBIMU HAYYWIIUCh U3BJIEKATh
LIeHHOCTb [12, ¢. 91-93]. B TO Bpems Kak TpaIulu-
oHHble CYB/l cO CTPOYHBIM TUIIOM XpaHEHWUS He
MO3BOJISTIOT 3 PEKTUBHO CIIPABJISITCS C 06paboT-
KO «TsDKENbIx» OLAP-3ampocoB, aHaJIMTUUYECKIE,
C UX BO3MOXXHOCTbIO XPaHUTh TaHHbBIE B CTOIOIAX,
CHeMaTbHO OPUEHTUPOBAHBI HAa pabOTy C HArpys3-
Kamu Takoro tumna [16, c. 18-19].

OCo6eHHOCThI0 MaCcCOBO-MAPaslIeIbHOM apXu-
TekTyphl [10] (Massive parallel processing, MPP)
sIBJIsIeTCs QU3uUecKoe pasmesieHye aMsITy y3JI0B,
006beMHEHHBIX B KiaacTtep [14].

KpaTko pacCMOTPUM, KaKye TEXHOJIOTUY CyIIe-
CTBYIOT Ha CETOIHSIITHUIA A€Hb.

EMC Greenplum - mpencTtaBisieT co60it pesi-
uymoHHy CYB/I, MMewIyo MacCOBO-TIapalieib-
HYI0 apXUTEKTypy 6e3 pasfeneHus] pecypcoB Ha
ocHoBe PostgreSQL.

[IBa OCHOBHbIE OTJIMUUTENbHbIE OCOOEHHOCTU
IAaHHOTO ITPOYKTa — TOPMU30HTATbHAS MACIITA0M-
pyeMocCTb (BO3MOXHOCTb [00aBJIEHMS Y3JIOB B
KJIacTep) U XpaHeHMe JaHHBIX B CTONMOIAX (06ec-
MeyyBallnee MPAKTUYECKYI0 3(PGHEKTUBHOCTD
CKaTusl AAHHBIX U CHIDKeHMe Tpacduka BBOJA-BbI-
BOZA /151 60/IBIIMX 3aMpocoB) [3, c. 129-133].

Teradata — 9TO mapajiiesbHasl peIsILVOHHAS
CVYB]I, kKoTopas paboTaeT Ha pasHbIX ONePaLIOH-
HbIX cucreMax. ®Paktuuecku Teradata siBisteTcst
60JIBIINM cepBepoM 6a3 MaHHBIX, KOTOPbI B3au-
MO eiCTBYeT CO MHOXXeCTBOM KJIMEHTOB Mocpe[ -
ctBoM 1ipotokosia TCP/IP nnu yepe3 coenuHeHe
C KaHaJIOM YHUBEPCAJIbHOV BBIUMCIUTEIBHON Ma-
mmHbl (mainframe) IBM. PasHooGpasue moamep-
skuBaeMbix OC - ogHa M3 TPUYMH, TOUYEMY
Teradata MMeeT OTKPBITYIO apXUTEKTYPY.

BbICOKYI0O CKOpOCTb HOCTyIla K JaHHBbIM
Teradata obecmeunBaer 3a cuét MPP. Teradata
npejJiaraet cepsepsl Intel, coemMHEHHbIE B YaCT-
Hy1o ceTb BYNET mj1s1 o6MmeHa coobuienusimu. Cu-
crembl Teradata mpemiaraloTcsi ¢ GMPMEHHBIMU
IVICKOBBIMM MacCHMBaMMU JJISI XpaHeHus 0a3 JaH-
HBIX.

Apache Hadoop - 3To cpena ImporpaMmupoBa-
HMSI IPOTPAMMHOI0 OGecrievyeHys, Tae XPaHsITCs
6osblIie 0ObEMBI TAHHBIX, KOTOpPbIE MUCIIOIb3Y-
IOTCS [JIS BBIMIOJIHEHUST BbluMCIeHui. [IpoekT
donma Apache Software Foundation, cBo60mHO
pacrpocTpaHsieMblii Ha60p YTUINUT, OUOINOTEK U
(peitMBOPK IIj1s1 pa3pabOTKYM ¥ BBITTOJHEHMS pac-
npenenéHHbIX MMPOrpaMM, paboTalUIMX Ha Kia-
CcTepax U3 MHOKeCTBa y3JIOB.

Hedocmamxku cywecmeyouwux mexHo102uti:

HecmoTpst Ha TakMe ONTUMMCTUYHbIE TTOKA3a-
Teau ckopoctu, MPP-CVYB]l He mpengHa3HaueHa
IJIsT GBICTPOIT 06PabOTKY MHIAVMBUAYATbHBIX TPAH-
3aKkuuit, Kak, Hanpumep, OLTP-cucrema. Pas6e-
pém sammch AaHHbIX B MPP-6a3sy. laHHOe meii-
CTBME IIPOUCXOIUT He MTHOBEHHO, a IIpe/CTaB-
JIIeT c060ii ITOC/Ie0BATEIbHOCTD HECKOIbKIX II1a-
roB [1, c. 24-25]:

e CHava/la BBIMOJHSIETCS CUHTaKCUUeCKuit
pas6op SQL-BbIpaskeHus;

e  [ajiee CTPOUTCS MuiaH BbimosiHeHUS SQL-
3ampoca;

e  TIOCJIe 3aTpoC OTMPABJSETCS Ha BCE Y3JIbl
KJIacTepa U OKuaaeT OT KaKI0To U3 HUX MOATBep-
SKIeHUST YCITeIIHOTO BhITIOHeHMs. [Ipyu 3TOM BO3-
HMKaeT HeOoJ Iblas 3aJepskKKa 110 BpeMeH!U, CJie-
CTBME 0OMeHa JaHHBIMM I10 CeTH.

Greenplum

Beigenum ciepytomniue HepoctaTku Greenplum:

e  BBICOKME TpebOBaHMSI K pecypcaMm ILieH-
TPaAJILHOTO MPOIleccopa, MaMsITU U JKECTKUM JIVC-
KaM, a Takke K ceTeBoii MHDPACTPYKType;

e  HM3Kas IPOU3BOAUTENBHOCTb IIPU OOJb-
IIIOM 00bEMeE IPOCThIX 3aIIPOCOB, BBIMTOIHSIIOMINX
O HY OTlepaluio, IOTOMY UTO KakAasi TpaH3aKIIMsI
Ha MacTepe IOPOKIAeT MHOXKECTBO 3epKaJIbHbIX
TpaH3aKINii Ha CeTMEeHTaXx;
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e  HEONTUMMAaJIbHOE pacIpejesieHue cerMeH-
TOB, YTO MOXKET HETAaTMBHO OTPA3UThCS HA ITPOU3-
BOAMTEILHOCTY KJIaCTepa MPY ero paclipeHnn.

Teradata

I'naBHbIM HemoctaTkoM CYB]I Teradata oTHO-
CUTEeJIbHO IPYTUX TEXHOJIOTUIA, SIBJISIETCS BbICOKAS
CTOMMOCTb ITPUOOPETEHMS, KaK CUCTEMBI B I1€JI0M,
TaK ¥ CTOMMOCTb XpaHeHUsI TaHHbIX [5, . 54]. BTo-
pOiT HeJOCTAaTOK — HeOOJIbINO WHCTPYMEHTapUit
o pa6orel ¢ CYBJl. TpeTbuMM HEOOCTaTKOM,
MOXXHO CKa3aTh, sIBJigeTcs To, uTo Teradata mosry-
yujga MeHbIllee PacIpOCTpaHeHMue YeM, HaIpu-
mep, Hadoop. I uMeHHO 13-3a 9TOro HeJoCTaTKa
CYIIECTBYIOT TTPOOJIEMbI C BHEJIDEHUEM U COTIPO-
BoxxameHuem gaHHoi CYBII.

Hadoop

IaHHbIA GpeiiMBOPK 3HAUUTEIBHO ITPOUTPHI-
BaeT KOHKypPEeHTaM B MPOU3BOAUTEIbHOCTH B Ta-
KMX TeMax, Kak [15, c. 57-58]:

e Database joins (compare any SQL data-
base);

e  OLTP (compare VoltDB);

e Realtime analytics (compare Cloudscale);

e  Supercomputing, e.g., modelling, simula-
tion, fluid dynamics;

e  Graph computing (compare Pregel);

e Interactive analysis of big data (compare
Dremel);

e Incremental analysis of big data.

HykHo momHuTh Takxke, urto: Hadoop -
(bpeiiMBOpK, a He TOTOBOE pellleH!e, ero CJIOKHee
COMpOBOXIAaTh ¥ BhIMONHATh AdHoc-aHanus; B
HEKOTOpBIX ciaydyasx Hadoop oueHb MemdJjIeHHBI
[13, c. 2-9].

Takum 06pa3oM, MacCHBHO-TApasIIeTbHbIe
CYB][l, mpenHasHaueHbl OJII XpaHeHUS U obpa-
60TKM 60TbIINX 00BEMOB JaHHBIX, KOTOPHIE MOTYT
poxooutb mo coteH Tb. Kakpmass TexHomorus
MMeeT CBOM HEAOCTATKM, [NIABHOE OIPeIe/NThCS,
C KaK/MM TIOTePSIMY KOMIIAHMS TOTOBA MUPUTHCS,
a C KaKMMM HeT. [IJig orepaTUBHBIX TPaH3aKLIMI 1
OBICTPOTO TOCTPOEHUST AHAIUTUYECKUX OTUYETOB
JIyJIlle BCEro MOMOMIYT TaKMe TEXHOJIOTWM, KaK
KOJIOHOUHbIe 6a3bl [8, c. 90] Arenadata QuickMarts
u ClickHouse.

BeiBOoaBI

PaccMoOTpeHbl  CYIIECTBYIOIIYE  TeXHOJOTUM
coopa 1 06paboTKe maHHBIX. IIpoBeméH aHaNINU3
TEXHOJIOTMI, CITOCOOCTBYIONIMX BU3yaTU3aUN
60JIBIIIOTO KOMWYECTBA JAHHBIX U3 €IVHOT0 Xpa-
HUIUIIA TIOTpeduTensM. HaMeueHbl ITyTH Oalib-
He1lel ONTUMM3alUM CYIIeCTBYIOIEN TeXHOIIO0-
iy coopa 1 06paboTKM TaHHBIX.
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Abstract. This article analyzes modern publications related to the task of digital collection, processing, and
analysis of data. Existing technologies for collecting and processing data are also considered. The procedures of the
technological process of information processing are revealed. An analysis of software products that can be used to
store and visualize data is presented and conclusions are drawn and ways of further development are outlined.
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ITPOT'PECCUBHBIN MAPAJIIEJII3M HA ITPAKTUKE: OT KJIACCUYECKUX
ITOTOKOB K BUPTYAJIbHBIM B JAVA U KOPYTUHAM B KOTLIN

AHHOmauus. Paccmampueaemcs ucnons308amue MHO20NOMOUHOCHU 8 COBPEMEHHDBIX 8bIUUCTUMENBHBIX CU-
cmemax uepe3 npusmy Java u Kotlin na nnamgopme JVM. OcHogHoe eHUMaHue ydeneHo aHanusy apekmusHocmu
mpaduyuoxHsix nomokos JVM u cospemeHHbIx abcmpakyuti, maxkux Kak kopymunst 6 Kotlin u eupmyansHsie no-
moxku 8 Java. Cmames usyuaem 6JiUsiHUe IMUX MeXHOI02Ull Ha NPoU3600UMeIbHOCMb NPUNONEHUTI, UCNOb3Ys
KOJIUuecmeeHHble Memoosl 071 OUeHKU 3adepicek, nompebieHus Namamu U Koauuecmed nomokos 8 pasautHblx
cyeHapusix uchsimatuti. Peaynemamot mecmos npedcmassirom uHmepec ons onpedesieHus Haubonee 3ppexmus-
Hblx n00x0008 K hapannenusmy 6 pamkax JVM, oco6eHHO 8 YCI08UsIX 8bICOKOLI KOHKYPEHYUU 3d CUCMEMHble pe-
cypcol.

Kniouessle cnoea: Java, Kotlin, nomoku, supmyaibHsie NOMOKU, KOPYMUHbL, CMPYKMypuposaHHslii napainie-

JIU3M.

BBenenue

B coBpeMeHHbBIX BBIUMCIUTENIbHBIX CUCTEMax
MapaiiejibHasi 006paboTKa ¥ MHOTOIOTOYHOCTD
SIBJISIIOTCSI K/TIOUEBBIMU 3jIeMeHTaMM JIJIsl yaydilie-
HUSI TIPOM3BOAUTEIBLHOCTM U 3(PGhEeKTUBHOCTU
npwioxenuii. JVM mpefjaraer abCTpakium st
CO3JaHMS M yIpaBjieHus MOTOKAaMM B IPUJIOXKe-
HUSIX, KOTOpble HANpsIMyI0 B3aMMOJIEiCTBYIOT C
norokamu omnepaunonHon cucremsl (OC) [1, c. 1-
3]. DTO B3aMMOAECTBME KPUTUYECKN BaXKHO /IS
OTNITUMM3ALNM TIPUITOKEHMI U 3(DPEKTUBHOTO UC-
M0JIb30BaHMS CUCTEMHBIX PECYPCOB.

OCHOBOI1 IJ1 CO3aHMSI MHOTOMIOTOYHBIX MTPU-
JIOKeHUI1 Ha Java SIB/SIeTCSI MOJlesib MaMsITu Java
(Java Memory Model, JMM), koTopast onpeienser,
Kak /3MeHeHMUsI, BHeCeHHble OAHUM ITOTOKOM, MO-
I'yT OBITh BUAMMBI IPYTUMM ToToKamu. JMM oripe-
JlesisieT, KakK MOTOKU B Java B3aMMOJIENCTBYIOT C
naMsThio [2, c. 81-96]. OHa rapaHTUpYeT, YTO U3-
MeHeHMsI, CAellaHHble OJHMM ITOTOKOM, OYAyT
BUAHBI OPYIMM, obecIieuuBasi OCHOBY [IJisg 6es-
OIlacHOJ MHoromnotroyHoctu. JMM obecrieunBaeT
Ha/IJIeskalyo CMHXPOHMU3AIMIO C TOMOIIIbIO0 TAKUX
KOHCTPYKIMIL, Kak «synchronized»  6oku,
«volatile» mepemeHHble U Gapbepbl MaMATHU. ITO
OYeHb BaXKHO /IS TIpeOTBpaleHs] TOHOK JaH-
HBIX ¥ 00ecIIeueHs COrJIaCOBAaHHOIO ITOBEIEHNS B
MHOTOIIOTOYHbIX IIporpaMMax Ha Java.

e  Crek (Stack) — Kaskaplit ITIOTOK, BBITIOTHSI-
IOIIMICS B BUPTYaJAbHOM MallMHE Java, MMeeT
CBOJI COOCTBEHHBIN CTEK IOTOKOB. JIOKa/IbHbIE ITe-
peMeHHble [/ IPUMUTUBHBIX TUIIOB MOJHOCTHIO
XpaHSTCSA B CTeKe TOTOKOB M He BUAHBI JIPYTUM
norokaMm. Jlaxke eciau [Ba TMOTOKA BBIMOITHSIOT
OIVH U TOT e KOJ,, OHU CO3LaIyT CBOM OTHe/bHbIE
KOTIMM JIOKaJIbHBIX TTIepeMeHHbIX JJIs1 3TOTr0 KoJa B
CBOMX CTeKax MMOTOKOB. [TaMsTh cTeKa yBeInunBa-
eTCsl IIPY BbI30Be HOBBIX METOJIOB M YMEeHbIIIaeTCs
Npu ux 3aBepiieHnn. Kaxapiit pas, KOrga BbI3bIBa-
eTcs MEeTOJ, CO3[aeTCsl HOBbI KaAp CTeKa, U Ipu
BO3BpaTe 3HaUeHMSI METOLOM COOTBETCTBYIOIINIA
Kafp yaansercs.

e  Kyua (Heap) — 3T0 OTHe/NbHAS 06/1aCTDb TA-
MSITU, COOepsKallas Bce OODbeKThbI, CO3TaHHbIE B
MIPUJIOKEeHUM Java, He3aBUCUMO OT TOTO, Kakoi
MOTOK MX co3gan. Cioga BXOISIT 00beKThl IPUMM-
TUBHBIX TUIOB (Hampumep, Integer, Long). He3sa-
BMCHMO OT TOTO, ObUI JIM OOBEKT CO3MaH U TpU-
CBOEH JIOKAJIbHOI [epeMeHHOM WM CO30aH KakK
repeMeHHas-WiIeH IPyroro 06beKTa, OH COXpaHsi-
eTcs B Kyye.

[ToTokM B Java CcO30aIOTCSI U YIIPABJISIOTCS Ue-
pe3 API knacca java.lang.Thread, kaxzplit U3 Ko-
TOPBIX COTIOCTABJISIETCS HA MOTOK OMepaMOHHOI
cucTeMbl, 1o3Bosisst JVM 3dbdekTUBHO yIIpaBIsaTh
BBITIOJIHEHMEM KOJa Ha MHOTOIPOLIECCOPHBIX CU-
creMmax. [ToToku JVM MOTHOCTbIO MHTETPUPOBAHbBI
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C IUIAaHMPOBIIUKOM IOTOKOB OC, 4TO IO3BOJISIET
MPWIOXKEeHUSIM Ha Java BOCII0/Ib30BaThCS IIPEUMY-
1ecTBaMy MHOTOTIOTOYHOCTM Ha ypOBHe aria-
paTHOro obecrieyeHus. ITOCKONIbKY TMOTOKM JVM
SBsIIOTCS moTokamy OC, oHM oA BepP>KeHbI MTOU-
TUKaM IutaHupoBaHusi OC, 4TO BAMSIET HA TOPSIAOK
¥ BpeMsI BbITIOJIHEHUS TIOTOKOB B IIPUJIOKEHUU.

Kotlin ucrnonb3yer Te ke MexXaHM3MbI Java
Virtual Machine (JVM) gyt paboThbl C IOTOKaMu,
YTO U Java, 3TO MO3BOJISIeT MCIO0Jb30BaTh TO Ke
API K/1acCOB IO YIpaBJI€HUIO KU3HEHHOrO LIMKIIa
MOTOKa.

OTMmeuaeTcs psii, OTpaHUYEHUIi, C KOTOPbIMU
ctankupaioTcsa JVM moTtoku. Yactoe co3gmaHue u
repex/aoueHe TOTOKOB MOKeT MPUBECTH K 3Ha-
YUTENbHBIM HAKIaJHBIM PacxojaM, 0COOEHHO Ha
CUCTEMAX C GOJIBIIMM KOJIMUECTBOM IIOTOKOB, UTO
CHIKAeT O6IIYIO TTPOU3BOAUTEIBHOCTD IPUIOKe-
Hus. Heob6XoguMMo yumuThIBaTh, MOTOK JVM 3aHU-
MaeT omnpeAeleHHOe KOAUYeCTBO MaMsITU U CU-
CTEMHBIX PECYPCOB, BKIIOUASI COOCTBEHHBIN CTeK
BbI30BOB U JIOKa/IbHbIE TlepeMeHHbIe, UTO MOXEeT
TIPUBECTY K U3OBITOYHOMY IOTPEOIEHUIO pecyp-
COB TIpY HEONTUMAaJIbHOM MCHOJIb30BaHUM TOTO-
KoB. Kpome TOTO, MOTOKM 3aBUCST OT UMC/IA SIED
MpoIeccopa; cos3manye 60JbIIero Yncia MOTOKOB,
yeM KOJIMYECTBO sifiep NMpuBeAeT K Oerpamainuu
MPOU3BOAUTENBHOCTU U3-3a KOHKYpPEeHLUM 3a
MPOI1eCCOPHOEe BpeMsl.

[TosiBeHMe 1eTKOBECHBIX TTOTOKOB, MPeACTaB-
JISTIOMIMX co60ii abCTpaKIUMI0 Had TpaguiMOH-
HBIMM TIOTOKaMM OIEPalMOHHOM CUCTEMBbI, T03-
BOJIWJIO YMEHBIINUTh HaKIaJHbIe PacXo[bl Ha CO-
30aHKe U yrpasieHue MoTokamu. OHU SIBISIIOTCS
6ojiee MacHITabMpyeMbIM U pecypco3dderTuB-
HBIM CITOCOGOM TSI BBITIOJIHEHUS TapalyIeTbHbIX
3a/la4y 10 CpPaBHEHMIO CO CTAHAAPTHBIMU MOTO-
KaMM, TIOCKOJIbKY He TPeGYIOT BbIIeeHUS OTe/b-
HOTO CTeKa M JOPYIUX CUCTEMHBIX PecypcoB IJs
KaX[I0ro MOTOKa. JIerkue MOTOKY He YIIPaBJISIOTCS
HAMpsSIMYI0 OINEePalyOHHOM CUCTEMOI, a OpraHu-
3YIOTCS HA YPOBHE MOJIb30BAaTE/IbCKOTO MPOCTPAH-
CTBa WM 6UO6IMOTEKM. DTO CHIMKAeT BpeMs U pe-
CYpChI, HeOOX0oAMMble IJISI CO3MAHUS U TepPeKITo-
YyeHMsI KOHTeKCTOB. Takke OHM MO3BOJISIOT CO37a-
BaTh OOJIBIIIOE KOJIMYECTBO MapalyieTbHbIX 334y,
He Teperpyxasi cucremy, 6imarogaps 3¢pbeKkTuB-
HOMY paclipefieJIeHMI0 3ama4 Mexnay dusnue-
CKMMM TIOTOKaMM.

Peanusanusi jerkux IOTOKOB CYIECTBYeT B
psiie SI3bIKOB UM MMeeT pasjiMuHble TEePMMUHBI,
Hanpumep B Kotlin sto Coroutines, B Go -
Goroutines, B Erlang — Processes u T. 1. B HefaB-
Heit 21 Bepcum Java mosiBMiIach OGUIMaNbHAs

rnogmepskka BUPTyadbHbIX 1OTOKOB  (Virtual
Threads).

Kopyruusi B Kotlin

IMonmepskka jerkux MmotokoB B Kotlin ocy-
LIeCTBJISIETCS Yepe3 KOPYTUHBI [3, c. 68-84], pea-
JIM30BaHHbIe B BuAe OOraTtoit OMOGIMOTEKU
kotlinx.coroutines. KopyTuHbI Iepeluiu 13 CTa-
Tyca 3KCIIePUMEHTAILHOIO B CTaOMIbHOI BEPCUM
Kotlin 1.3. Oumu He mpuBSI3aHbl K IIOTOKAM Sipa
OC, coroutine Mmo3BoJISIET BbINIOJHEHME 3aau B
OJJHOM MJIM HeCKOJIbKMX MOTOKOB JVM.

B oTiinume OT TpagUIIMOHHBIX GYHKIINIA, KOTO-
pble BBITIOJHSIOTCS OT Havaja A0 KOHIla 6e3 ocTa-
HOBKM, KOPYTMHBI MOTYT «IIPMOCTAHABIMBAThCSI» B
TOYKaX OXMIAHMS (T BBITIOJHSIETCS aCUMHXPOH-
Hasl oTiepaius) u «BO300HOBJISITHCST» C TOTO JKe Me-
CTa, KaK TOJIbKO aCMHXPOHHAsI orepanus 3aBep-
MINTCS. DTO TOCTUTAETCS Gy1aromapst MCII0/Ib30Ba-
HUIO  CIEelMaNbHBIX  «IIPMOCTaHABIMBAIOIINX
dyukunit» (suspend functions), KoTopsie oTme-
YaloT TOYKMY, I/ie KOPYTHHA MOXKeT ObITh ITPMOCTa-
HOBJIeHa [4, c¢. 27-38]. Kotlin mpemocTaBiseT s3bi-
KOBYIO TIOANEPKKY M OMONMOTEKM, TaKue Kak
kotlinx.coroutines, njs1 yrpaBaeHusT XKM3HEHHBIM
[IMKIOM KOPYTMH U BBITIOJTHEHUSI aCMHXPOHHBIX
3a7ad.

Kopytussr B Kotlin 3amyckarooTcs B onpeeneH-
HoJt o6acTu Bumumoctu (CoroutineScope), a ajist
3aITycKa caMoil KOpYyTMHBI McIonb3yercs launch,
IJle 3aIyCK BO3BpallaeT 3aJjaHue 1 He HeceT HUKa-
KOT'O Pe3yJIbTUPYIONIEro 3HaUeHMs MU async BO3-
BpaIIAOIINMii OT/IOKeHHOoe 3amanne Deffered.

KopyTunbl Bcer/a BbITIOTHSIOTCS B HEKOTOPOM
KOHTEKCTe, TpeACTaBJIeHHOM 3HAaueHMeM TUIIa
CoroutineContext, ompeesieHHOTO B CTaHIapT-
Holt OubamoTrerke Kotlin. KoHTeKCT KOPYTMHBI
BK/IIOYAaeT B Ce0S [AUCIeTYEp COMPOTrPaMMBbI
(CoroutineDispatcher), KoTopblIit olpenensieT, Ka-
KOJ TIOTOK WJINM TTIOTOKM COOTBETCTBYIOIIASI KOPY-
TUHA UCIIONb3yeT IJIsI CBOETO BBIMIOAHEHMS. [uc-
reTyep COMpOrpaMMbl MOXKET OTPAHUYNTD BITTIOJ-
HeHlMe KOpPYTUHBI OIpe/ieiIeHHbIM IMOTOKOM, OT-
MPaBUTH €€ B ITyJT TIOTOKOB MJIM ITO3BOJIUTD €71 BbI-
TTOJTHSITHCST 6€3 OrpaHUYEeHUIA.

CymiecTByeT 4 Bua nucreT4epos [5]:

1. Dispatchers.Default: mo ymomuaHuio uc-
MTOJIb3YEeTCSI BCEMM CTaHIAPTHBIMM COOPIIMKAMYU,
TaKMMM KaK 3aITyCK, aCMHXPOHHOCTb U T. [I., €CJIN
B X KOHTEKCTe He yKa3aH AYCIeTYep;

2. Dispatchers.IO: mpemHa3HaueHHbIN )i
OJIOKMPYIONMX 3a7a4 BBOIA-BbIBOJA;

3. Dispatchers.Main: orpaHM4eHHbI OCHOB-
HBbIM IIOTOKOM, PabOTaOUMM C 06beKTaMM I0JTb-
30BaTeIbCKOT0 MHTEpdeiica;
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4. Dispatchers.Unconfined: He mpusizan-
HbI/l K KaKOMY-IM00 KOHKPETHOMY MHOTOKy. OH
BBITIOJIHSIET HauaJIbHOEe ITPOIO/IKeHe KOPYTUHBI B
TeKyllleM Kajipe BbI30Ba U IO3BOJISIET KOPYTUHE
BO306HOBUTH PaboTy B JI060OM IOTOKE, KOTOPBIi
MCIIOJIb3YEeTCSI COOTBETCTBYIOLIEI MPUOCTAaHABIM-
Bawieil ¢yHKIMe, 6e3 yKasaHUS KaKoii-1mbo
KOHKPETHOJ TTOJIUTUKM TTOTOKOB.

CoroutineScope ymnpasiseT >XU3HEHHbIM IIMK-
JIOM KOPYTMH B paMKax 3TOji 061acTi, obecreun-
Basi aBTOMAaTUYECKYI0 OTMEHY BCeX 3allyllleHHbIX B
JaHHOJ 06/1aCTV KOPYTMH, KOrga 06JacTb BUOM-
MOCTY YHMUTOXXAETCS MU 3aBepIliaeTcs, MpeioT-
Bpalast TakuM 06pa3soM YTeUKM IMaMsTU U pecyp-
COB.

CTpyKTypMPOBAHHBII Mapayiein3M B KOPyTHU-
Hax M03BOJISIET JIOKAIM30BaTh ¥ KOHTPOJMPOBATD
SKM3HEHHbIE IMKJIbl KOPYTMH, YMeHbIasi PUCK
yTeUeK pecypcoB M APYIMX CBSI3aHHBIX C aCUH-
XPOHHOCTBIO Mpo6sieM. KopyTuHbl, 3aIyleHHbIe B
paMKax OJHON 06J1aCT¥ BUAMMOCTU, MOTYT OBbITh
JIETKO CUMHXPOHU3UPOBAHBI U KOOPAVHMUPOBAHBI,
9TO TIOMOTaeT KOpPpPeKTHO pearMpoBaThb Ha
OIIMOGKM U OTMEHbI, aBTOMAaTUUECKY MpeKpaIiaTh
BCe CBS3aHHbIe Olepanuy, MUHUMMU3UPYS BO3-
MOSKHBIE TO60UHBIE 3(PGhEKThI OMMUOOK VTN HeKe-
JIaTeNbHbIX COCTOSTHUIA.

Bupryanbabie moroku (Virtual threads) B
Java

B Bepcum 21 g3bIka Java ctamu oduiMagibHO
IOCTYIIHBI BUPTYa/IbHbIE OTOKU [6]. OHM ympaB-
JsitoTcs JVM U mipeaHa3HAYeHbl OIS pelieHus He-
JIOCTATKOB TPAAMIIMOHHbBIX TTOTOKOB OIlepalioH-
Hoit cuctembl (OS threads), Takux, Kak HaKJIagHbIe
pacxofibl, CBsI3aHHbIE C pecypcamMu U IJIaHUPOBa-
HMEM.

[IporpaMmupoBaHue C BUPTyaJIbHbBIMU TOTO-
KaMM ITOXO)Ke Ha MCIO/Ib30BaHMe OObIUHbIX ITOTO-
KOB. BupTyasibHbIe ITOTOKM B Java ITpeJHa3HAYEHbI
IS VICTIONb30BaHUS C CYIIECTBYIOIIMMU MHTEP-
(deiicamu 1 Kmaccamy B CTaHIAPTHON OMOIMOTEKe
Java, Takumu Kak Runnable, Callable wn
ExecutorService. DTo m03BoJisSieT JerkKo afanTUpo-
BaTb CYIIECTBYIOIIMII MHOTONOTOYHBIN KOA, OIS
MCIOJb30BaHMUSI BUPTYaAbHBIX MOTOKOB. s 3a-
ITyCKa BUPTYaJbHOTO IMOTOKA JOCTATOUHO MUCTIOJIb-
30BaTh paciypeHHbit Meton startVirtualThread
u3 java.lang.Thread [7].

BupTtyanbHble OTOKM B Java peanmsyloT MO-
JeJIb «MHOTI'Ve-KO-MHOIYM», TTe MHOXKECTBO BUP-
TYaQJIbHBIX ITOTOKOB MOTYT OBITh OTOOGPa’KeHBI Ha
OTHOCUTEJIbHO MeHblliee KOJMUeCTBO (Pr3nueckmx
IIOTOKOB (IIOTOKM OIlepaliMOHHOM cucrtemsl). Ko-
rga BUPTYadbHbINM MMOTOK OXUIAeT BBOAA/BbIBOAA

MU GIOKMPOBKU, OH MOKET OBbITh IPUOCTAHOB-
JiIeH, ¥ ero Gu3nuyeckuii MOTOK MOKEeT ObITh UC-
MTOJIb30BaH JISI BBITTOJIHEHUS APYTUX BUPTYaITb-
HBIX TTOTOKOB. OUeBUIHO, YTO BUPTyajbHbIe IO-
TOKM CJTYKaT JJ1s1 TIPUJIOSKeHUI ¢ BBICOKMMU Tpe-
060BaHMAMM K TMAPAUIENIU3MY M aCMHXPOHHOCTH,
IOCTUTAsT JIYUIIYI0 MAacIITabupyeMoCTb U Oojiee
OBICTPYIO CMHXPOHM3AIIAIO.

Heo6xogyMo MCHOMb30BaTh BUPTYaIbHbIE TIO-
TOKM B IMapajuieJIbHbIX MPWIOKEHUSIX C BBICOKOI
MIPOITYCKHO CITOCOOHOCThIO, OCOOEHHO B TEX, KO-
TOpBIE COCTOSIT U3 OOJIBIIOTO KOJIMYECTBA OFHO-
BpeMEeHHbIX 3aJjau M TpaTsilye 3HAYMUTeIbHYIO
YyacTh BpeMeHM Ha oxxupaHme. CepBepHbIe MPUIIO-
SKeHMSI SIBJISTIOTCST IPUMepaMy TIPUIIOKEHMI C BbI-
COKOJi ITPOMYCKHOM CIIOCOOGHOCTBIO, MOCKOJIBKY
OHU 0OBIYHO 06PabaThIBAIOT MHOKECTBO K/IMEHT-
CKMX 3aIIPOCOB, KOTOPbIE BBIMIOIHSIOT OJIOKMUPYIO-
e oIrepanuy BBOJA-BbIBOMA, TaKue, KaK BbI-
60pKa pecypcos.

TecToBas cpega ¥ METOI0IOTHS

Bce TeCThl BBIMOITHSINCH HA OJHOM KOMITBIO-
Tepe momein MacBook Pro (16-inch, 2021), cocto-
SieM U3 64-6MTHOI MaIllMHbI C ONepaliOHHOI
cuctemort macOS Monterey 12.6, 32 I'b namsaTu
tuna LPDDR5 u nipouieccopom 3.2 GHz Apple M1
Pro. [ng 3amycka JVM wucmonb3oBajicst arch-64
Open]DK-21.0.2 LTS, Bepcus si3pika Kotlin 1.9.22.

OnHa ¥ Ta ke TIporpaMma 6bljia HamMcaHa Ha
Java u Kotlin ¢ ucronbsoBaHueM pasaUUHbIX KOH-
CTPYKUMI mapayienusma. Bcero 66110 3 TeCTOBBIX
crydass — Ui Java ¢ MCIIOb30BaHMEM OOBIYHBIX
TOTOKOB M BUPTYaJIbHbBIX ITOTOKOB, U 15 Kotlin ¢
MCITOJIb30BaHMEM KOPYTMH. Kakmblit TecT mpe-
cTapisieT coboii paboTy C AMCKOM ITyTEM 3aIIMCU B
daitn uadopmanuy o JaTe CoO34aHMS )il KaXKIO0T0o
noroka. Coroutines MCHOMb3yeT  KOHTEKCT
Dispatchers.IO. Dispachers.IO mo ymMoa4aHNUIO
yCTaHaBIMBAET OrpaHNYeHMe B 64 TOTOKA WJIN KO-
JIMYECTBO simep, B 3aBUCUMOCTM OT TOTO, 4TO
6osbire [8]. B Java — KOIMUYeCcTBO MOTOKOB IIAT-
(dbopmMbl, JOCTYIIHBIX [Jis1 TIJIAHUMPOBAHUS BUPTY-
aJbHBIX TIOTOKOB [0 YMOJIYAHUIO MCIOJb3YETCS
KOJINYEeCTBO JOCTYITHBIX IIPOL[eCCOpoB [9].

Insa ompenenenus: c6amaHCMPOBAHHOTO Cpei-
Hero 3HadyeHus mpousBoawiaoch 10 mociaemoBa-
TeJIbHBIX 3aITPOCOB, B KOTOPbIX CO3/TaBaIMUCh CTaH-
IapTHbIE TTOTOKU, BUPTYaJIbHbIE TIOTOKU UM KO-
pytussl Ha 10, 100, 1000 nnam 10000 moBTOpEHMIA,
YTO ITO3BOJIWJIO TIOIYYNTh MPEICTABIEHNEe O Mac-
mrabupyemMocTyt u 3(GEKTUBHOCTY KasKAOTO MH-
CTpyMeHTa KOHKYPEHTHOCTU TpU YyBeIMYeHUU
Harpysku. JIjst IpocMOoTpa pe3yabTaToB 10 TeCTaM
MCITONb30BAJICS MHCTpyMeHT VisualVM  2.1.7,
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obecrieunBarOIyii BU3yaIbHOE TMpeICTaBIeHNE
uHbOpMaIum, B TOM uncie o notokax, CPU u ma-
MsITU 17151 JVM DpUIosKeHUIA.

PesynbTaTsl M aHAIU3

[Ipy TecTMpOBaHMM CpenHelt 3amepsKKu IJs
KJIaCCUYECKUX MOTOKOB, BUPTYaAIbHBIX IIOTOKOB U
KOpyTuH (Tabsa. 1), BBISBMJIOCH, UTO Ha HU3KUX
ypoBHsix (10 m 100) Bce Tpu ciayyas TMOKasaau
O/MM3KYI0 TIPOU3BOAMUTENIBHOCTh C HEOGONbIIMMU
BapuauusaMu. 3HauKuTe bHble Pa3anums B MPOuU3-
BOJUTEIBbHOCTY IPOSIBUINCH HA BBICOKUX YPOBHSIX

(1000 mn 10000). Java Virtual Threads cucremaTu-
YeCKy ITOKasbIBAIM JIYUIIYIO ITPOU3BOAUTENb-
HOCTb MO cpaBHeHmi0 ¢ Java Threads, cymre-
CTBEHHO CHMKasl 3aJepiKKy B 3 pasa Ha HauBBIC-
mem ucneiTaHHOM ypoBHe. Kotlin Coroutines
Takke mpeBocxomwin Java Threads. ITpumeua-
TeJIbHO, BUPTya/IbHbIE TIOTOKYU U KOPYTUHBI pabo-
TalOT TIOYTU OJMHAKOBO OTHOCUTEIHLHO IIPOU3BO-
IUTEIbHOCTU, HO C HEGONBIIUM MTPEUMYIIECTBOM
Ha CTOPOHE BUPTYaJbHbIX TTIOTOKOB.

Tabnnua 1
Cpenusas 3afepikKa B MWIIMCEKYHIAX B 3aBUCUMMOCTH OT KOJIMYECTBA IIOBTOPEHMIT
Repetitions Java Threads Java Virtual Threads Kotlin Coroutines
10 16 22 21
100 25 23 32
1000 80 38 53
10000 537 152 165

PaccMoTpuM cpemHee TOTpebjieHMe MaMsITU
«Ky4uM» TIPU MaKCMMaJIbHOW Harpyske (Tabim. 2).
BuaHo, UTO BUPTYa/lbHBIE IOTOKYU ¥ KOPYTUHBI pa-
60TalOT 3HAYUTEIBHO JIYUIEe, YeM OOBIYHBIE IT10-
TOKM B Java, Tak KaK 3aHMMAlOT 3aMEeTHO MEeHbIIIe
MecTa B Kyde. IIOCKOJbKY TIOTOKM SIBJISIIOTCSI
06epTKoii AJist ToToKOoB siapa OC, ux cIoKHee yaa-
JIUTH U3 Ky4M, UTO B KOHEYHOM UTOTE MPUBOIUT K
«3aCOPEHMIO» KyuM. 3HAUUTEIbHOE KOJUYECTBO

moTokoB sapa OC ucmosb3yeTcst a1t 06paboTKU
BBICOKOJ 4aCTOThI 3alPOCOB, OHU 3aHUMAIOT pe-
CYpChI, HeoOXoAUMbIe s 9P GHEeKTUBHOTO YIIpaB-
JIeHMS IaMSIThIO 1 c6opKM Mycopa. ITo cpaBHEHMIO
C TIOTOKaM¥, B OCHOBHOM 0/1arofapst IyJIInM I1/1a-
HUPOBIIMKAM, ¥ BUPTya/lbHbIe TOTOKM, U KOPY-
TUHBI 0CBOOOKIAIOT CBOJ MOTOK sigpa OC u3 Kyun,
KaK TOJIbKO OHM OOJIbIlle He HYKHBI, 6€3 JIMIITHEro
yaepsKaHus.

Tabmua 2

Cpe,uHee HOTpEﬁJ’IEHI/Ie «Kyun» B MerabaifTax AJIA MaAaKCMMaJIbHO MCIIBITAHHOI'O

Ko/inmyecTBa HOBTOpeHMf;I

Repetitions

Java Threads

Java Virtual Threads

Kotlin Coroutines

10000

640

12

11

Kaxk o6cyskaanoch paHee, BUPTYaabHbIe IOTOKM
M KOPYTHMHBI MPeaycMaTpMUBaIOT MeHbIllee KOJIM-
YeCTBO [IeJiCTBUTENIbHBIX ITOTOKOB (Tabi. 3). ITpu
Hu3Koi Harpyske (10 u 100) pasHuua B Koauve-
CTBe MOTOKOB Mexky Java Virtual Threads u Kotlin
Coroutines HeBenMKa, YTO yKa3bIBaeT Ha MOYTU

OIVHAKOBOE MCIIOIb30BaHMe pecypcoB. OIHAKO
pu BbICOKOM Harpy3ku (1000 n 10000) pasHuiia
CTAHOBUTCSI 3HauuTeNbHON. Coroutines motpe6-
JITIOT TIOUTM B JIBa pasa OOJbIlle TTOTOKOB, YeM
Virtual Threads, yTo MoXeT yKa3bIBaTh Ha OoJjiee
BBICOKYIO PECYPCOEMKOCTb.

Tabauua 3
CpegHee KOJIMYECTBO CO3OAaHHBIX MOTOKOB 1yist 10, 100, 1000 1 10000 moBTOpEeHMI
Repetitions Java Virtual Threads Kotlin Coroutines
10 11 13
100 18 20
1000 20 39
10000 40 77
OO6CYyRaeHUs MTOXOMIOB K Mapajuien3My, BKIYas pa3paboTky

OIHOJi M3 OCHOBHBIX 1iejielt mapauienn3ma siB-
JISIeTCS ONMTUMM3ALMSI MCIIOAb30BaHMUSI MHOTO-
SIIEPHBIX TIPOIIECCOPOB U ITIOBBINIEHNE ITPOU3BO-
IUTENIbHOCTU TIPUIOSKEHUIT TIPY TOM 3Ke Kojmde-
ctBe pecypcoB. OmHAKO TIOSBJEHME HOBBIX

HOBBIX peain3aluii, TaKuxX Kak BUPTyajabHbIE TO-
TOKMU, MOXET MIPUHECTHU U ApyTHe TPpeuMylecTBa.

CpaBHMBas1 S3bIKM IIporpamMMmupoBaHus .Net
C# u Java, U3B€CTHO HEeCMOTPSI Ha TO, YTO SI3bIK
MPOrpaMMMPOBaHMS Java IIpegHa3HAYeH JIsI
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paboThl HA HECKOJIBKUX IIaTGOpMaX, UTO YCIOXK-
HSeT IMPOeKTUPOBaHME U peanusalMio TaKo
cpenbl, OH SIBJIIETCS 3HAUMTETbHO ObIcTpee [10, c.
426-441]. Taxke COIJIaCHO CPaBHUTEIbHOMY aHa-
nu3sy Java, Python and GO [11], Java u Go copeBHY-
IOTCST MEXKITY CO007 1 3aHMMAIOT JIMAUPYIOIIMeE T10-
3UIIMK B 3aBUCUMOCTHU OT XapaKTepa UCI0/Ib30Ba-
HMSI B MHOTONIOTOYHOJ cpefe. bosee Toro, coBpe-
MEeHHbIe TIOJIUIIOTCKUE BUPTYaJIbHbIe MAaIlIMHbI
TIO3BOJISIIOT pa3paboTuMKaM MCII0/Ib30BaTh IIpe-
MMYIIECTBA MOJUITIOTCKOTO COYeTaHUs U CUHEp-
TUU Pa3INYHBIX SI3bIKOB MporpaMmupoBanmsi. Of-
HUM U3 TaKMUX MPUMEPOB SIBJSIETCS BUPTyaJabHAsI
mammHa (BM) GraalVM, KoTopasi moaiepskuBaeT
pasHble SI3bIKM TPOTPaMMUPOBAHMS Y MOJIe/I BbI-
nonHeHus, Takue Kak JIT-kommmnasums u AOT-
KOMOWISILMS. JTO O3HauvaeT, 4YTO JajbHelillee
pa3BuTye BM 1 mo6aBieHe HOBBIX SI3bIKOB, TAKUX
kak Kotlin, MoskeT NIpMBHECTM IPEeUMYIIECTBA
CTPYKTYPUPOBAHHOTO Mapasuiein3mMa B MOJUTIOT-
MpOrpaMMMpPOBaHMe, TI03BOJISAS Pa3paboTUMKaM
KOMOVMHMPOBATh pa3jiMUHbIe SI3BIKM ITPOTPaAMMMU-
poBaHus, Takue Kak Java u Kotlin, ajst moctiske-
HMSI BBICOKOJ MHPOMU3BOIUTENBHOCTU Oojiee IIpo-
CTBIM CITOCOOOM.

[To pe3yabTaTaM TeCTOB, IOCKOJbKY BUPTYaJlb-
HbIe TIOTOKM ¥ KOPYTMHBI OCBOOOXKIAIOT CBOU T10-
ToKM simpa OC 3HAUMTENbHO GbICTpEe, OHU MOTYT
YAYYIIUTL TIPOLlecc yIpaBjaeHUs mnamsTbio. Bce
MoTokM JVM MMEIOT OOCTYIl K Kyue, yaydlleHue
CKOPOCTM CMHXPOHM3ALUU MeKIY TOTOKaMM IIpu-
BOIUT K JIyUIIEMY YIIPaBJIe€HUIO 00beKTaMu, Xpa-
HSIUMMUCS B Kyde, U UX yAaJeHUI0 C TTOMOIIbIO
GC. B Java 21 no npexxHeMy IO YMOJTYaHUIO UC-
rosb3yeTcst coopuuk mycopa (GC) G1, v gjist masib-
HeJilero uccjiegoBaHus cjieiyeT MPoBepUTh pas-
JINYHBIE COOPIINKYA mycopa, HaTnpumMep
Shenandoah GC u Generational ZGC c BuUpTyab-
HBIMM TTOTOKaMM. B 4aCTHOCTU, U3yYEeHUIO pa3iu-
yMii MeXAy MoBefeHNeM U MPOU3BOIUTETbHO-
CThI0 BUPTYATbHbBIX TIOTOKOB ¥ KOPYTUHOB B 3TOM
OTHOIIEHUU. PaciypeHHbIii HAboOp TeCcT KeiicoB
IU1st pabOThI C CETHIO MU VCKITIOUast paboTy ¢ 6710-
KUPYIOLIMMM 3afauyaMi BBOZa/BbIBOJIA ITpeOCTa-
BT GoJiee eTa/ibHbIe BAPMAHTBI MCIIOIb30BAHMS
TOTO MJIX MHOTO MOIX0/1a.

3axiaoueHue

HccnepoBaHue TOATBEPAWIO 3HAuMTe/bHbIE
MpeyMYyIIeCTBa UCII0Ib30BaHMsI JIETKOBECHBIX I10-
TOKOB, TaKMX KakK BUPTyaJibHble MOTOKU U KOPY-
TUHBI, TI0 CPaBHEHUIO C TPAgMUIMOHHBIMU TOTO-
Kamu JVM B KOHTEKCTe MYJbTUIIOTOKOBOTO IIPO-
rpaMMMpOBaHMs. BupTyanbHble IOTOKM Java U KO-
pytunbl Kotlin IeMOHCTPUPYIOT YIyUIIEHHYIO

MPOM3BOOUTENBHOCTh HA BBICOKMX YPOBHSIX
Harpy3ku OGmaromapst 3(pdeKTMBHOMY yIIpaBiie-
HUIO MMaMSThIO M MEHbBIIMM 3aTpaTaM Ha CUHXPO-
HM3aIUI0. DTU TEXHOJIOTUM CIIOCOOCTBYIOT Gojee
BBICOKOIT TMPOITYCKHOW CIMOCOGHOCTM W JIyYIIEMY
pacrpeeneHuIo 3a1ay, 0cO6EHHO B MHOT03a/1au-
HbIX M AaCUHXPOHHBIX NpPUIOKeHUsX. Takxke,
CTPYKTYPUPOBAHHbBIN Tapaijiein3M KOPYTUH B
Kotlin 1 MexaHM3MbI yIIpaBIeHUS BUPTYaIbHBIMU
MOTOKaMM B Java mpepjiaraioT 3HAUYUTEIbHbIE
YIIydIleHUsT IJIS TPWIOKeHUM, TpeOylonmux MH-
TEHCMBHOJ paboThI ¢ HOTOKaMM. OTMeUYaeTcs CX0-
>Kasl TPOM3BOJUTETbHOCTb BUPTYa/IbHBIX IOTOKOB
Y KOPYTUH, OJHAKO BUPTya/IbHbIe TOTOKM ITPeBOC-
XOAMIN KOPYTUMHBI IO CKOPOCTU BBHITIOJTHEHUS U
MeHbIIEMY TIOTPeOIEHUIO PECYPCOB MPOIECCOpA.
OnHaKo BbIOOP OJHOTO U3 ITPEeIOCTaBIEHHBIX MO/ -
XO[IOB T10 MTPUMeEHEH MO JIETKOBECHBIX IMOTOKOB 3a-
BUCUT OT BapMaHTa UCII0Ib30BaHMs IIPU MOCTpoe-
HUM CUCTEMbI ¥ Y3KOHAIIpaBJIEHHBIX aHaM30B
MPOMU3BOINTENbHOCTH.
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TO VIRTUAL THREADS IN JAVA AND COROUTINES IN KOTLIN

Abstract. We consider the use of multithreading in modern computing systems through the prism of Java and
Kotlin on the JVM platform. The focus is on analyzing the performance of traditional JVM threads and modern
abstractions such as coroutines in Kotlin and virtual threads in Java. The paper investigates the impact of these
technologies on application performance, using quantitative techniques to evaluate latency, memory consumption,
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proaches to parallelism within the JVM, especially in a highly competitive environment for system resources.
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MAMYYEB Mypat OcmaHOBUY
IOKTOpP (GM3UKO-MaTeMaTUUYeCKUX Hayk,
Kabapauuo-bankapckuii rocygapCcTBeHHbIV yHUBepcuTeT uM. X. M. Bepbekosa,
Poccug, r. Hanmpuuk

TAIDKUKYPBAHOB TeMmupiaaH I>kaMaJIOBUY
maructpanT, KabapauHo-bankapckuii rocygapCcTBeHHbI yHUuBepcuTeT uM. X. M. Bepbekosa,
Poccug, r. Hanpuuk

KOMIIBIOTEPHOE MOJE/INPOBAHME YPOBHS POKITAEMOCTHU
B CEBEPO-KABKA3CKOM PETMOHE

AHHOmauus. B cmamee paccmampugaemcs 0630p Cyujecmsyoujux memodos Modenuposanus, AHaIu3 eJus-
HUSl pA3IUYHbIX (PaKmMopos Ha YPOBeHb PoXdaemMocmu, NpozHO3uposaHue 6yoyuwjux meHdeHyuti u paspabomky no-
JIUMUKU, 0CHOBAHHOII Ha pe3yibmamax modenuposarus. Taxkue uccnedo8aHus UMerm eaxcHoe 3HaueHue 01 pas-
pPabomKu CoYUAnbHbIX U IKOHOMUUECKUX CIpamezuli, HaNpasaeHHbIX Ha N0JdepHcaHue YyCmotiuueo2o ypoBHs PO -
daemocmu u obecneueHue Onazononyuus HaceneHus. KomnsiomepHoe modenuposarue yposHs poxcdaemocmu
npedcmasnsiem co00ti npoyecc Ucnob308aHUSI KOMNBIOMEPHBIX NPOZPAMM U MameMamuueckux mooeueli s aHa-
JIU3a U NpozHO3UPO8aHusi meHOeHYUll 8 poxdaeMocmu HacesleHusl. AHAIU3UPYs. pasiuiHele demozpaguueckue
JaHHble, makue Kak 803pacm, 00pazosaHue, IKOHOMUUECKUE YC08US U KYAbIMYPHble (DaKmopsl, KOMNbIOMepHble
Modenu Mozym nomous uccaedogamensim u NOJAUMUKAM NOHAMb OUHAMUKY poxcdaemocmu 8 onpedesieHHOL

cmpaHe unu pe2uoHe.

Knroueebnle cnosa: oemozpagpus, pezuoH, KOMnvromepHas Mooesb, Moodesu, porcdaeMocms, AHAIU3, HACeleHUe.

BBepenue

CoBpeMeHHOe O0IIEeCTBO CTAJIKUBAETCS C BbI-
30BOM JeMorpaduueckoro Kpusuca, KOTOPBIi
TIPOSIBIIIETCSI B HEJOCTATOYHO BBICOKOM YPOBHE
POXKIaeMOCTU, OCOOEHHO B OIIpeIe/IeHHbIX PETMO-
Hax. OOHMM M3 TaKUX permMoHoB sBisieTcs. Ce-
Bepo-KaBKa3cKuii peruoH, rae gemorpaduueckas
cuTyanyst TpebyeT 0co60ro BHMMaHMS ¥ aHaIM3a.
KomIpoTepHOEe MOIeIMPOBaHMe UTPAET BasKHYIO
POJIb B U3yUeHUM AeMorpadmuuecKux mpoieccoB 1
MOKeT ObIThb 3(G(PEKTUBHBIM MHCTPYMEHTOM [IJIsI
aHa/IM3a YPOBHS POkmaeMoCTy. [I03BOJISIST YUUTHI-
BaTh MHOKECTBO Pas3/MUHbIX (GAaKTOPOB U UX B3a-
MMOJIe/ICTBMEe, KOMIIBIOTEpHbIE MO IT03BO-
JISTIOT TIPOTHO3MPOBATh M3MeHeHMs B gemorpadu-
YyecKMX II0Ka3aTeNsIX U OLeHuBaTh 3P eKTUB-
HOCTb Pa3IMYHbIX MEPOTIPUSITUIL M0 YAYUIIEHUIO
Iemorpaduueckoi CUTyalun.

Llesip HacCTOSILEV HAYYHOM CTATbU COCTOUT B
MIPOBEIeHNM KOMITBIOTEPHOTO MOIeIMPOBAHMS
YPOBHS POKIAEMOCTU B CEBEPOKABKA3CKOM PETU-
OHEe C IIeJIbI0 BBISIBIEHUSI OCHOBHBIX (PAKTOPOB,
BJIMSIIONIMX Ha 3TOT [TI0KA3aTellb, i pa3spaboTKu pe-
KOMEeHIAIM 10 ero yaydileHuio. B pamkax uc-
ciefoBaHMs OYIOYT MCIIOAb30BAaHbI TAHHbBIE O POXK-
IlaeMOCTH, COLMAIbHO-9KOHOMMUYECKME

IoKasaTenu, 3OpaBoOXpaHeHMe U apyrue dax-
TOPBI, KOTOpble MOTYT OKa3biBaTh BIMSHME Ha
YPOBEHb POXKIAEMOCTH.

IMpenmosnaraeTcsl, YTO pe3yJbTaTbl KOMIIbIO-
TEpPHOTO MOJEeIMPOBAHMS ITO3BOJAT 6oyiee TiIy-
O0KO TOHSATH AMHAMMKY POXKIAEMOCTU B CEBEPO-
KaBKA3CKOM pervoHe, BbISIBUTH ITOTEHIIVATbHbIE
Mpo06JIeMHbIE 00JIACTY U TPEIJIOKUTh KOHKPET-
HbIe MePbI /IS YIIy4dIieHus JeMorpadmuyeckoi cu-
Tyaruu. IlomyuyeHHbIe JaHHbIE M BBIBOIbI MOTYT
OBITD ITOJIe3HbI KaK /11 HAYYHOTO COOBIIecTBa, Tak
M [IJI1 OPTaHOB BJIACTU U IPYTUX 3aMHTEpPeCOBaH-
HBIX CTOPOH, paboTalomMX B 006/1acTH AeMorpadun
Y COLMATBHO TTOUTUKM.

VccnenoBaHye YpOBHSI POXKIAEMOCTM B CeBe-
POKaBKa3CKOM PermoHe SIBSIeTCS aKTyaJbHbIM I10
HECKOJIbKUM IIPUUMHAM:

1. IOemorpadwuueckast curyauusi: CeBepHbIi
KaBka3 xapakrepusyercs oco6biMu memorpadu-
YECKMMM TEHAEHIUSIMM, TaKMMM KaK BbICOKUII
YPOBEHb POKIAEMOCTU, KOTOPbINi MOKET OKa3bl-
BaTh BAMSHME Ha AeMOrpaduuecKkyio CTPYKTYpY
pervoHa u CTpaHbl B I[€JIOM.

2. CouuaJIbHO-3KOHOMMYECKMEe aCIIeKThI:
VpoBeHb POKIAEMOCTY HAMIPSIMYIO CBSI3aH C COIIM-
aJTbHO-9KOHOMMWYECKMMY  (aKTOpaMy, TaKUMU
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KaK YpOBEeHb 0X0/1a, LOCTYITHOCTb MeIULIMHCKOM
ToMoIIy, o6pa3oBaHue u T. 1. V3yueHne ypOBHS
POKIAeMOCTM TIO3BOJIUT BBISIBUTH ITPOGIEMHbIE
o6y1acTy ¥ pa3paboTaTh Mepbl IS UX YITyUIIeHNUs.

3. 3ImopoBbe HacejeHMs: YPOBeHb poxpaae-
MOCTM TaKkke CBsI3aH CO 3[J0pOBbeM MaTepeii 1 HO-
BOPOXKIEHHbBIX. AHA/IN3 OAHHBIX O POXIAEMOCTHU
MOXXEeT IIOMOYb BBISIBUTH IPOOJIEMBI B 3[IpaBoO-
OXpaHEHUM U TMPeIJIOKUTh MepPHI M0 UX YJIydIlie-
HUIO.

4. IlmaHupoBaHMe pasBUTHUS perMoHa: 3Ha-
HM€ YPOBHS POKIA€MOCTM BaXKHO 151 IIJIaHUPOBa-
HUSI pa3BUTUSI pETUOHA, B TOM YMCJIe IS OTIpefie-
JIEHUSI TIOTPe6GHOCTU B MH(PpaCTPYKType, 06paso-
BaHUM, 3[IPABOOXPAHEHUN U IPYTUX COLUATbHBIX
ycayrax.

11 JOCTMKeHUS TaHHOJM 1ie/IM MOKHO Bblje-
JINTH CAeyIouue 3a4aun UCCIef0BaHNSI:

1. TIpoBecTu aHanmM3 CTAaTUCTUUECKUX [laH-
HBIX O POKIAeMOCTM B C€BEpPOKaBKa3CKOM peru-
OHe 3a OIlpe/ie/IeHHbI NepuoJ, BpeMeHy (HaIpu-
Mep, nociaeguye 5-10 jeT) ¢ ydeToM pasanuuii mo
perMoHaM, STHMYECKMM TIPYIIIaM, COLMAIbHO-
S5KOHOMMUYECKMM XapakTepucTukaM ¥ IPYyTrUM
dakTopam.

2. W3yuuth BAMSHUE COLUMAIBHO-3KOHOMU-
yeckux (haKTOPOB, TAaKMX KaK YPOBEHD 10X0/1A, A0-
CTYITHOCTb MEIOUIIMHCKOM ITOMOIIM, 06pa3oBaHue

¥ 3aHSITOCTb, HA YPOBEHb POXAAEMOCTU B peru-
OHe.

3. OrmpenenuTb OCHOBHBbIE TPUUYMHBI BBICO-
KOTO WMJIM HU3KOT'O YPOBHS POXIAeMOCTU B CeBe-
POKaBKa3CKOM pETMOHEe U BBISIBUTH MOTEHIUATb-
HbIe TTpo6IeMHbIe 00JIaCTH.

JuHaMyKa YMCI€eHHOCTU HaceleHMs

B HacTos1ee BpeMs BCce IPUOPUTETHBIE Fe0CT-
parternuyeckue tepputropum Poccuy BKIOYAKOT B
cebs1 29 cyobekTOB Poccuiickoit demepanyn: 468
ropoackux okpyros (I'O) 1 MyHULIMTIATBbHBIX paii-
oHOB (MP) - 310 okono 20% Bcex MO BepxHero
YPOBHS B CTpaHe. B HUX IIpoXXuBaeT 24 MJIH 4eso-
BeK uan 16% HaceneHus ctpanbl. K mpuopuret-
HbBIM reocTtparernyeckum Tepputopusim Cesep-
Horo KaBkasza oTHocsTcs Bce permoHbl CKOO -
Pecrry6nuku darectan, VurymeTusi, KabapauHo-
bankapckas, KapaudaeBo-Uepkecckas, CeBepHas
Ocetust — Ananus, YeueHckast 1 CTaBpOMOIbCKUIA
kpait. B Hacrosiiee Bpems CeBepHbiii KaBkas
BK/II0UaeT B cebs 144 I'O u MP (1/3 Bcex MO mpu-
OPUTETHBIX reoCTpaTernueckux Tepputopuii Poc-
CUK), HO 3TO camasi MHOTOHaceJ€HHas TpymIa
NIPUOPUTETHBIX T'€OCTPaTEerMuYecKuX TePPUTOPUN
— 42% HacelleHUS TaKUX TepPpUTOpUIL B CTpaHe.
JvHaMMKa YMCIEHHOCTU HaceJeHUs PerMoHOB
CeBepHoro KaBkasa 3a mepuop, MpOILEAIInii CO
BpeMeHU BCEePOCCUICKOI Iepenucu HaceleHUus
2010 r., mpuBedeHa B Tabuiie 1.

Tabnuua 1

JuHaMuKa YMCI€eHHOCTY HaceJIeHMsI CeBepPOKaBKa3CKUX PerMoHoB 3a nepuop 2010-2022 rogos

Unc/IeHHOCTDb HacejeHus, o
Tepputopus TBIC. YE/IOBEK Ouuamuka ¢ 2010 roga, %
2010r. 2021 r. nepe- | 2022 r. Teky- | 1o gaHHbIM | Ilo maHHBIM
I1Ch HInii yueT repenmcu TeKyIlero
yJeTa

Pecniy6iuka Jarecran | 2910 3182 3154 109,3 108,4
Pecniyonuka WHrymie- | 413 510 524 123,5 126,9
TS
Kabapanuno-bankap- 860 904 870 105,1 101,1
ckas Pecry6ivka
KapauaeBo-Yepkec- 478 470 464 98,3 97,1
ckas Pecrybimka
Pecrry6nuka CeBepHast | 713 687 688 96,4 96,5
Ocetus — AnaHusi
YeueHnckasg  Pecry6- | 1269 1511 1516 119,1 119,5
JIKa
CraBpoIo/ibCcKuit Kpait | 2786 2908 2780 104,4 99,8
CK®O B 11esiom 9429 10171 9997 107,9 106,0
Poccust B iesioM 145168** 147190 145558 101,4 100,3

CaMbIM KPYITHBIM I10 YMCJIEHHOCTM HaceJeHusI
pernonom CeBepHoro KaBkasa siBiseTrcst Pecry6-
quka Jarectan - 6omee 30% oT oO61ieit

yuciaeHHocTn  HaceineHuss CK®O. HemHoro
MeHbllle HacejseHus B CTaBpOIOJbCKOM Kpae —
29%. B cymMe Ha 9T ABa cyobekTa PO us cemu,
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YMCAEHHOCTb HaceJeHUs] B KOTOPBIX COCTaBjsIET
OKOJI0 3 MJIH 4YeJioOBeK B KaXIOM, IMPUXOAUTCS
okoiio 60% Hacenenusi CKOO. Hacenenue ocranib-
HbIX PETMOHOB CPAaBHUTEIBHO MAJIOUMUCIEHHO, HO
OHM OTJMYAIOTCSl BBICOKOJ IUVIOTHOCTBIO HaceJie-
Hus. Hambosee TUIOTHO 3aceéHHBIM PErMoHOM
CesepHoro KaBkasa sBnsiercst Pecrry6nvka WHTY-
meTust (okoyso 170 yueloBeK/KM? — MSITOE MECTO
cpenu cyobekToB P® mocne ropomoB Mocksa,
CaukT-ITetep6ypr, CeBacTomoysib ¥ MOCKOBCKOi
obsacty). MyHMMaJIbHA TUIOTHOCTh HAaceJIeHMs B
KapauaeBo-Yepkecckoit Pecrnybnmke (33 ueso-
BeK/KM?), HO U 3TO B 4 pasa 6oJblle cpegHepoc-
cuiickoro nokasaressi. CKOO B 11e/10M M0 JIOTHO-
CTU HacejleHMSI 3aHMMaeT cpelu denepanbHbIX
OKpyroB Poccum BTOpoe MecCTO, MpakTUUeCKU
cpaBHSIBIIMCH C lleHTpanbHBIM efepaTbHbIM
OKPYTOM — B 000MX HACUUTHIBAETCS IIPMMEPHO I10
60 ue0BEK/KM2.

BricoKasi IJIOTHOCTb HaceJeHUsI B COUETaHUM C
CaMbIM BBICOKMM B CTpaHe YPOBHEM 6e3pabOTUIIbI
TOBOPUT O nepeHaceéHHOCTH CeBepHOro KaBkasa
B HAcTosIIee BpeMms, YTO SBHO OT/IMYAEeT ero oT
JIPYTUX TPYIIT IPUOPUTETHBIX TeOCTpaTernyeckmnx
TeppuTopuit Poccun u Boobiie oT MoAaBsouniero
60JIbIIMHCTBA PETMOHOB CTPaHbI. B ornpeneé HHO
Mepe 3Ta cuTyalus cBs3aHa ¢ TeM, 4To CKOO sB-
JIeTCsl HauMeHee YpOaHM3MPOBAHHBIM eme-
pPaJIbHBIM OKPYTOM CTpaHbl — Cpeau CeabCKOTo
HacejeHUsI eCTeCTBeHHbIN MPUPOCT MPU PaBHBIX
YyCJIOBUSIX (BO3pacTHasl CTPYKTypa HacejleHUs U
IpyTye) OObIYHO BBIIE, UeM Cpeau TOpPOJICKOro,
KaK ¥ ypoBeHb 06e3paboTuilbl (TaK KaK PBIHOK
TPpyZa B CeIbCKOI MECTHOCTH, KaK [IPaBWIO, MeHee
pPa3sHOO6pPa3HbIil U IO CTPYKTYpe cdep 3aHATOCTH,
U 110 KOJIMUeCTBY pabounx mecr). [opoackoe Hace-
JleHMe oKpyra cocTtaBiseT 50,7% Bcero HaceeHUS

(o mpeaBapuUTeNbHBIM JaHHBIM mHepenucu 2021
I.), B TO BpeMs Kak B Poccuu B ropoackmux Hace-
JIEHHBIX ITYHKTax MNpoxkuBaeT 74,8% HaceleHWUs.
MunumanbHasi gons ropokaH B CKO®O oTmeua-
ercs B UeueHckolt Pecrry6nmke — 38,2% skuteneii.

Crnosxkmiach Takasi CUTyalusi BO MHOTOM M3-3a
CcaMbIX BBICOKMX B Poccum TeMIIOB pocTa UMCIeH-
HOCTM HacejeHus. ITa TEHAEHIMS COXPaHMIIACh U
B Moc/efHee AecaTUIeTHe, YTO BUSHO U3 TaHHbBIX
Tabmuiel 1. ITo TeMITamM pocTa YMCAeHHOCTY Hace-
JieHusT cpeau ¢deaepalbHbIX OKpyroB Poccun
CK®O 3a nepuog ¢ nepenucu 2010 r. 3aHsI niep-
BOe MecTOo, a peciybiauky WHrymeTtus u YeueH-
cKasi cpeny cyobekToB PO 3aHMMAIOT 3-€ 1 4-e Me-
CTa COOTBETCTBEHHO (yCTymawmT ropoay CeBacTo-
moJt0 1 MOCKOBCKOJi 06s1acTH) ¢ pocToM Ha 19-
27% 3a 11 nonnbix set (c koHua 2010 r. ;o Havaia
2022 r.).

TeHAeHIIMM YPOBHS POKJAeMOCTH 3a IIO-
cllegHUE NeCITUIeTUs

Kak u B mipe[iiiiecTByIolue gecaTuaeTus, pac-
TET HacesneHne CeBepHOro KaBkasa B OCHOBHOM 3a
CYET eCcTeCTBEHHOTO mpupocTa (oKojso 95% o06-
uero mpupocrta 3a 11 jgert). Murpauum, COOTBET-
CTBEHHO, BHOCSIT HEOOJIBIION BRI, (OKOI0 5%) 1
UX CTaOMIIbHOE TIOJIOKUTENbHOE CalbI0 (0 AaH-
HBIM TeKYI[ero y4e€Ta HaceJeHMsI) XapaKTepHO
cpeny pernoHoB CK®O TonbKo it Pecrybnnku
Wurymetnss (B OTHeNbHbIE TOObl — TakKke [JId
CraBporoyibCckoro kpasi). I[Ipu sTom mociegHye
JIlaHHBbIE 0 MUTPAIIUSIX U €CTECTBEHHOM JBUKEHUN
HaceJIeHus B pa3pese pernoHoB 1 MO omy6IMKo-
BaHbl Poccratrom 3a 2020 rop. JIuMHamMmuKa ecrte-
CTBEHHOTO ABVDKEHMUS HaceleHMS 3a paccMaTpu-
BaeMblIii nepuop 1o permoHam CK®O mnokaszaHa B
Tabnuie 2.

Tabnuna 2
JdunHamuka ecrecTBeHHOro npupocra HaceaeHuss CKOO B 2010-2020 rogax
Tepputopust 2010 2016 2020y, | [WAHAMIKA ECTECTBEHHOIO
pupocTa
Pecniy6mka Jlarectad 13,00 13,17 9,36 -0,36
Pecniyonuka VHTyIeTus 17,29 15,10 15,84 -0,15
Kab6apauno-Bankapckas Pecrr. 5,42 5,52 2,01 -0,34
KapauaeBo-UYepkecckas Peci. 3,08 2,21 0,02 -0,30
Pecr. CeBepHas OceTus-AnaHus 4,23 2,99 -0,21 -0,44
Yeuenckas Pecrry6imka 23,34 14,84 12,85 -1,04
CTaBpOIIO/JbCKIUIL Kpait -0,90 0,34 -4,05 -0,31
CK®O 9,24 8,31 5,06 -0,41
Poccus B iesiom -1,70 -0,01 -4,80 -0,31

Kaxk BMIHO 13 TabIUIIBI 2, OT/Ie/IbHbIE PETMOHBI
CeBepHoro KaBkasa 3aMeTHO OTJIMYAIOTCS APYT OT
npyra. Tpu cyobekta — Pecrry6auky VIHTyIieTus,

YeueHckast u JlarecTaH IeMOHCTPUPYIOT BBICOKUI
M0 POCCUIICKMM MEPKaM eCTeCTBEHHBIN MPUPOCT
HaceJieHus. ITO pecnyOauKM, B  KOTOPBIX
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YCTAHOBKM Ha BBICOKYIO POXKIAEMOCTb COXPaHS-
I0TCSI Ha TPOTSI’)KEHUM MHOTUX JIeT, He3aBUCUMO OT
COCTOSTHMSI 3KOHOMMKM CTpaHbl, YTO MPU MUHU-
MaJIbHO# CMEpPTHOCTM M 00ecIieunBaeT BbICOKMIA
€CTeCTBEHHbIII MPUPOCT HaceleHus. Pecrybauku
Nuryietns n YeueHcKast BXOISAT B UUCIIO JTIUAEPOB
cpenu cy6bekToB PO mo mokasaTenio ecTecTBeH-
HOro IpupocTa HaceneHus. Ho umeHHO B YeueH-
ckoit Pecrry6onmuke ¢ 2010 r. eCcTeCTBEHHbIN MPU-
pPOCT CHU3MJICSI MaKCMMAaJIBHO — IOYTH B 2 pasa (B
npommuie). IIpyuémM OCHOBHOE CHIDKeHMe IIpU-
LIJIOCh Ha MepByio nosaoBuHy 2010-X IT., KOrmga no
Poccun B 1esiom nmemorpadudueckas CUTyauust
3HAUUTEJILHO yiryurimiachk — B 2013-2015 rr. gaxe
HaOIoaICsT HEeOOJbION TTOIOKUTETbHBIN ecTe-
CTBEHHBII NpupocT HaceneHus (B 2016 r. oH cTan
MPaKTUYECKNU HYJIEBbIM, a B MOC/IENYyIOIIe TOAbI
CUTYaIMsI CTaia ObICTPO YXYAIIATHCS).

B KabapnuHo-Bankapckoii Pecryovke K 2020
I. OTHOCUTEIbHO HeBbICOKMII eCTeCTBEHHbI Mpu-
pPOCT OCTaJICSI TIOJIOKUTENbHBIM, HO COKPATUIICS
6osee ueM B 2,5 pasa. B KapauaeBo-Yepkecckoii
Pecrry6nuke 3a 10 yieT u 6€3 TOTO OTHOCUTETHHO
HU3KUI eCcTeCTBeHHbIN MpuUpocT K 2020 r. cBencs K
Hym110. B Pecrry6iiuke CeBepHast OceTusi- AylaHus 3a
paccMaTpMBaeMblil TIePUOJ, eCTeCTBEHHbIN IMpu-
POCT Iepelés OT MOJ0KUTeTbHOTO K OTPULIATE N b-
HOMY 3Hau€eHMUIO.

O6mmepoccuiickoe ymydineHue aeMorpaduye-
CKOJt cuTyaiuu B repBoii mososuHe 2010-x IT. Ha
CeBepHoM KaBka3se mpakTuuecki He MPOSIBUIIOCH.

CTaBpOMOAbCKUIT Kpai, KOTOPBI/ OTAUYAETCS OT
ocTanbHbIXx pernoHOB CK®O 1o 3THMYECKOMY U
BO3pacTHOMY COCTaBy HaceneHus. Ho mpu sTtom
Crapornonbe, UMEHHO B CBS3Y C OTJAUYUSIMU B CO-
cTaBe HaceyneHwus, Bbigensercs Ha CeBepHom Kas-
Ka3ze CaMbIMM TUIOXMMU AemorpaduueckMMu Io-
Kas3aTeJIsIMM, ITOUTU COBHAJAILIMMM CO CpeIHe-
poccuiickumu. XOTs C TeYEHMEM BpeMeHU pasin-
YyMs B COCTaBe HaceleHUsI HECKOJIbKO CIIaXMUBa-
IOTCS ¥3-3a MHOTOJIETHEI MHTEHCUBHOIM MUTpa-
MY HaceJleHMs CeBePOKaBKa3CKUX PecITyOInK Ha
TeppuTopuio CTaBpOIOAbCKOrO Kpas.

TTpOTUBOMONOXKHAS CUTyalMsl HaO/II0IaeTCs B
pecniyonukax —KabapmuHo-Bankapckas, Kapa-
yaeBo-Yepkecckasi, CeBepHast OceTust — AmaHus u
CTaBpOMOJIbCKIIL Kpae, B KOTOPBIX B OOJbIIMHCTBE
MO ecTecTBeHHBIV IPUPOCT HACeJIE€HUSI OTpULA-
TeJIbHBIN WM TIPUOIMKAETCS K Hy/lneBoMy. [Ijis
3TUX PETMOHOB XapaKTepPHbI OTHOCUTEIbHO BbICO-
Kye 3HAUeHMsI eCTeCTBEeHHO yObIIu, GopMuUpyo-
nMecs 3a CyeT cCoueTaHMs HU3KOM POXKAAeMOCTH U
TOBBINIIEHHOV CMePTHOCTU. JIuiib B HeMHOTHX MO
3TUX PETMOHOB COXPAHSIETCS TIOJIOKUTENbHBIN
€CTeCTBEHHbIN IPUPOCT HACETIEHMS, KOTOPbI MO-
SKeT HOCUTh BPEMEHHbI XapakTep U B OJIMsKaii-
meM OyAyIieM CTaHeT OTPULIATENbHBIM, eC/ii He
MIPeITIPUHSITD PEIINTEbHBIX MECTBUIL B 061aCTU
nemMorpaduyeckoit moauTuku. Jlanubie 06 06IIMUX
Ko3(duLIMeHTax poskgaeMoOCT U CMEPTHOCTH 3a
paccMaTpuBaeMblii TIEPUOT, IIPeICTaBIeHbI B TA0-
auie 3.

EnuHCcTBeHHOe  3aMeTHOe  MCKIIYeHue  —
Tabnuia 3
O6uIe K03 OUIMEHTbI POKIAEMOCTU UM cMepTHOCTH B pernoHax CK®O 3a 2010-2020 roasl
PoxxkpmaeMmocTb CMepTHOCTD
Teppuropis 2010T. | 2016T. | 2020r. | 2010r. | 2016r. | 2020T.
Pecrry6yka Jlarecran 19,63 19,34 16,84 6,62 6,16 6,16
Pecniy6siika VHryIeTust 21,19 18,30 17,15 3,89 3,20 3,48
KabapauHo-Bankapckas Pecr. 15,27 14,37 12,37 9,84 8,85 10,35
KapauaeBo-Yepkecckas Pecr. 12,95 11,65 10,67 9,87 9,43 10,65
Pecrn. CeBepHas OceTusi-AnaHus 15,91 14,46 12,53 11,67 11,46 12,75
Yeuenckas Pecrybimka 28,70 19,49 18,32 5,36 4,65 5,34
CTaBpOITIOJIbCKMIT Kpait 12,04 12,78 12,00 12,94 12,43 13,90
CK®O 17,88 16,39 15,20 8,63 8,08 9,23
Poccus B esiom 12,50 12,90 9,80 14,20 12,91 14,60

Kak BMAHO M3 JAaHHBIX TA0JMULIBI 3, CTAOMIBLHO
BBICOKMIT OOIIMIT KOIPIULIMEHT POXKIAEMOCTY B
IyarasoHe oT 16 mo 29% HabmogaeTcs B TPEX pec-
my6mKax BocTouHoit yactu CeBepHoro KaBkasa —
Wurymetusi, YeueHckas, larecrad. B 2010-2020
IT. YPOBEHb POXIAE€MOCTM B HUX COKPATUICS
(cunbHee, yeM no CK®O u Poccum B memnom).
Cpeg MO 3TuUX pernMoHOB JIMAEPOM IIO

COKpalieHno poxkaaeMmocTu saBisercs: [O ApryH B
YeueHckoit Pecrry6nuke — ¢ 61,9% B 2010 r. 1o
25,1% B 2020 1., TO ecTh 6osiee ueM B 2,5 pasa. Ho
rpu 3ToM B aByX MO Pecny6nuku VHrymeTtus: —
I'O Marac n MP [Ixeripaxckuii — 3a 2010-2020 rr.
Kos¢duumeHT Bbipoc o 27,5% u 35,2% B 2020 r.
COOTBETCTBEHHO C OUeHb HM3KUX (17151 CeBepHOro
KaBkaza) yposneit 2010 r. B paitoHe 4-5%.
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ITocnenHee cBsI3aHO C 0COOEHHOCTIMMU 3TUX MO —
«HOBBIV TOpoi» Marac u «HOBBIN paiioH» JIxkeit-
paxckuit — B 06oux B 2010 I. MPOKMBAJIO BCETO MO
2,5 toICc. yenoBek. Cpenu cy6bekToB PO mo cym-
MapHOMy Ko3dbuieHTy poskgaeMocTu YedeH-
ckas Pecniy6smka B 2020 r. 3aHs1a € TTOKa3aTesiemM
2,57 pebGEHKA Ha KEeHIIMHY BTOPOE MeCTO Iocjie
Pecrry6ukm TwiBa. B octambHbix pernonax CKOO
CYMMapHbI/ KO3DOUIMEHT POKAAEMOCTU HAaXO-
IuTcs B nuamnasose 1,43 (CTaBpOmnoJbCKUii Kpart)
- 1,87 (Pecrty6smka Unrymetus). C yuéToM TOrO,
YTO MMEHHO B 3TUX Ke pecnyosmkax (VHrymeTus,
YeueHckas, JlarectaH) HaG/IIOJAIOTCS caMble HU3-
Kue B Poccuu o611me Ko3PUIIMeHTbI CMEPTHOCTYU
HaceneHus, kotoprle 3a mepuoxn 2010-2020 rr.
elé M CHU3WINUCh, HaceleHue 3TUX PErmMoHOB
OBICTPO PACTET 3a CUET eCTEeCTBEHHOTO MPUpPOCTa
HacesieHMsi. OCHOBHbIE MPUYMHBI OTHOCUTETBHO
HU3KUX OOIIMX KO3(DOUIMEHTOB CMEPTHOCTU —
BBICOKAST MMPOJO/IKUTEIbHOCTD KU3HM HaceJIeHUsI
¥ BBICOKAS OJISI MOJIOZEXKY B 06Iei BO3pacTHOM
CTpYyKType HaceneHusi. CpefHss okugaemMas mpo-
IOJDKUTENBbHOCTh XXU3HM Ha CeBepHOM KaBkase
camas BbicoKas B Poccum (makcumym — 81,5 roma
B 2020 r. B cpegHeM /11 060MX TOI0B B Pecry6-
nvke UHrymeTrus).

B sanagHoii yactu CeBepHoro KaBkasa cutya-
Lys Apyrast —ooumit Koap@ULUMEHT POXKIaeMOCTA
31eCch MOHMKEeHHBbINT (HO B 2020 r. Bcé-Taku 3a-
METHO BbILIE CPEeJHEePOCCUIICKOTO YPOBHS), a
CMEepTHOCTM — TIOBBIIIEHHBIN (HO HIKe CpenHe-
poccuiickoro). uHamuka 3a 2010-2020 rr. Hera-
TUBHAs: POKIAeMOCTb — CHU3MUJIACh, a CMEPTHOCTh
— BBIPOCJIA, YTO U IMPUBEJIO K HYJIeBOMY €CTeCTBEH-
HOMY OPUPOCTY MU TMOSIBJIEHUI0 e€CTeCTBEeHHOI
y6b11M (HO B CTaBPOTIOIBCKOM Kpae OHa GbIIa yKe
u B 2010r.). Cpenyt MO MMHMMAaIbHBIM OOLIMM KO-
sppunmentom poxkmaemoctu B 2020 r. Bbigesi-
etcst Ypymckuit MO B KapauaeBo-YUepkecckoii Pec-
my6mke — 5,5%, uTo B 2 pasa HiKe Ko3hduim-
€HTa CMepTHOCTM (palioH C TMPeuMYyIIeCTBEHHO
PYCCKMM HaceJeHMeM, U3 KOTOPOro yexajaa

OCHOBHAsI YaCTb MOJIOAEXM). 1o 061emMy Koadbu-
IMeHTy cMepTHOCTH (17,9% — Taxoke MpeBbIlIeHME
Hag o6myM KO3(DQUIMEHTOM POXIaeMOCTU B 2
pasa) mupep — TpyHoBckuit MP B CTaBpOIIOJIbCKOM
Kpae, KOTOPBI yKe YIIOMMHAJICS Bblile, Kak MO
CeBepHoro KaBkasa ¢ caMbIM CMIbHBIM COKpallie-
HMeM 4MC/IeHHOCTM HacejeHus 3a nepuon 2010-
2022 romos. [MmaBHbIMY Ipo6GIeMaMu AemMorpadu-
yeckoro pa3Butusg CK®PO ocTaloTcs cMepTHOCTb
OT BHEIIIHNX ITPUUMH B TPYIOCIIOCOOHOM BO3pacTe
u 6GosesHeii cucreMbl KpoBooGpaiieHus. Ilo
YPOBHIO CMEPTHOCTU OT BHEUTHUX MPUYUH BbIIe-
JITIOTCSI TPaBMBbI ¥ I'M0€JIb B JOPOXKHO-TPAHCIIOPT-
HbIX npouciiecTBusx. OHM coCcTaBsoT Ha CeBep-
HoM KaBkase 6osiee 50% ymepImx OT BCeX BHEIII-
HUX MPUYMH CMEPTU, UTO 3HAUUTETbHO IpeBbI-
1miaeT CpegHepOCCUICKMIT ypOBeHb. B mocienHue
rofbl ckasanach Takke mangemuss COVID-19.
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COMPUTER MODELING OF THE BIRTH RATE
IN THE NORTH CAUCASUS REGION

Abstract. The article reviews existing modeling methods, analyzes the impact of various factors on the birth
rate, predicts future trends and develops policies based on the results of modeling. Such research is important for
the development of social and economic strategies aimed at maintaining a sustainable birth rate and ensuring the
well-being of the population. Computer modeling of the birth rate is the process of using computer programs and
mathematical models to analyze and predict trends in the birth rate of the population. By analyzing various demo-
graphic data such as age, education, economic conditions, and cultural factors, computer models can help research-

ers and policy makers understand the dynamics of fertility in a particular country or region.
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ITOJIYLIBITAHOB Banepuii Bukroposuu
ctyaeHT, CeBacTOMNOMbCKUI TOCYIapCTBEHHBINV YHUBepcuTeT, Poccus, r. CeBacTOIO b

HayuHutii pykosodumesns — npogeccop Cesacmonosivbckozo 20cydapcmeeHH020 YHugepcumema,
Jdokmop mexHuueckux Hayk, doyenm I'onuaperko FOnus FOpvesHa

PA3PABOTKA CUCTEMbBI AT TBI THO®OPMALIMUN
KOHONIEHIITAJIBHOI'O XAPAKTEPA HA OBBbEKTE NTHOOPMATHU3AIIVIN

AHHOmauus. B dannoii cmamve paccmampueaemcs npoyecc pa3pabomku u eHedpeHUst CUCTeMbl KOHMPOs
u ynpaenenus docmynom (CKV/I) 6 zocydapcmeeHHOM yHU8epcumeme, ¢ akyeHmom Ha 3aujumy KOH@UIeHYualb-
Hoti uvgopmayuu. Ocoboe 8HUMAHUe yoesleHO aHanu3y mpebosaHuli K 6e30nacHOCMu yHUBEPCUMemcKoli cpeds,
BKJIIOUAS 3auumy JUUHbIX OAHHbIX CMYJeHMo8 U compyoOHUK08. H3nazarwmcs Kawuessle mexHoa02u4ecKue peule-
HUsl, UChOJIb3YeMble 8 CUCeMe, makue Kak buomempuueckas udeHmugukayus u wugposaHue daHHblX, a MAKie
ONUCHIBAOMCS 8bI308bl, C KOMOPLIMU CINANKUBAIOMCA paA3pabOMUUKU NpU UHmMezpayuu cucmemsl ¢ Opy2umu yHu-
gepcumemcKuMu UHGOPMAyUoHHsIMU cucmemamu. Cmames makxe 3ampazugdenm 80nPocsl HOPMAmMugHozo0 pe-
2y/IUpo8aHus 8 061acmu 06pabomKuU U 3awjumst NePCOHANIbHbIX JAHHbBIX, NPedssisisleMble K YUEOHbIM 3a8edeHUsIM,
u npednazaem HanpasneHus 05 danvHetiuiezo pazsumus cucmemst CKY]] Ha 0cHoO8e COBpeMEHHBIX MEXHOJI02ULL.

Knroueewle cnosa: cucmema konmpons u ynpasnexus docmynom (CKY), 3awjuma uHgopmayuu, KoHpuoeH-
yuanvHoele OaHHble, OLOMemMpUUecKads uoeHmupuKayus, wupposaHue OaHHbIX, NePCOHAbHbIE OaHHble, UHPOpMa-
YuoHHasi 6e30nacHOCMb, MeXHOoJI02UYeCcKUe pelleHusl 8 00pa308aHul, 3aKk0H0damenbcmaeo 0 3aujume OaHHbIX, UC-

KyCCmGEHHblﬁ uHmeJiiekm 8 6e30nacHOCMu.

B COBpPEMEHHOM Mupe, rae 1udpoBusaims 3a-
TparMBaeT BCe acHeKTbl >XU3HM, BaKHOCTh
HaIeKHBIX CUCTEM 3allUThl MHPOpMALUM CTaHO-
BUTCSI BCE OoJiee aKTyaIbHOM. YHUBEPCUTETHI, KaK
KpymHble WMHGOPMAIMOHHbBIE Y3JIbI, COHepsKaT
OTpOMHBIE 00beMbl KOH(PUOEHIIMATbHOI UHPOP-
Mallyu, BKIIOYAsl JUYHbIE AAHHbIE CTYOEHTOB U
COTPYIOHMKOB, (pMHAHCOBYIO MHMOpPMAILINIO U pe-
3y/lIbTAThl MUCC/IeNOBaHui. B 3TOM KOHTeKcTe Cu-
CTeMbl KOHTPOJIS M yIipaBiaeHus goctyrnom (CKY]I)
UT'PAIOT KJIIOUEBYIO POJIb B obecrieueHnn MHGOP-
Mal[IOHHOJI 6€30IaCHOCTY yUeGHbIX 3aBeIeHMIA.

T'ocymapcTBeHHBI YHUBEPCUTET MPeICTaB/IsIeT
€000J1 SIpKuMii puMep 06beKTa MHGOpMaTHU3aAINHA,
Ir7e MOTPe6HOCTD B 3allUTe JaHHBIX 0COOGEHHO BbI-
coka. Paspa6oTka 1 BHeapeHue cuctembl CKY]I B
JlaHHOM YHMBepPCUTETE MT03BOJISIET He TOTbKO KOH-
TPOIMPOBaTh GU3UUECKUI TOCTYII K OObEKTaM Ha
TEPPUTOPUM YHMUBEPCUTETA, HO U 3alIUIIATH MH-
(opManoHHbIEe aKTUBBI OT HECAHKI[MOHMPOBAH-
HOTO JTOCTYIIA.

Llesib MAHHOI CTaThbyU — U3YUMTD IPOLIECC pa3-
pabotku cuctembr CKV]] B rocynapcTBEHHOM YHU-
BepCUTETe, BBIJEIUTb OCHOBHBIE TeXHOJIOTUYe-
CKVe ¥ OPTaHM3alMIOHHbIE PeIIeHNSs, a TAKKe oIle-
HUTDb UX 3PEKTUBHOCTh B KOHTEKCTe MH(OpMa-
IIMOHHO 6e30macHOCT. MbI TaKsKe PacCMOTPUM,

KaK 3aKOHOJaTeJbHble TpPeOOBaHMS BIUSIOT Ha
MIPOEKTUPOBAHME U SKCIUTyaTal M0 CUCTEMBI KOH-
TPOJISI JOCTYIIa B 00pa30BaTeIbHO cpefie.

TexHOJOTruM CUCTEMbI KOHTPOJIA U yIIpaB-
JIeHUsI JOCTYIIOM

Cucrema KOHTPOJISI M yIpPaBlIeHUS LOCTYIIOM
(CKY[) rocymapCTBEHHOIO YHMBEpPCUTETA Ipef-
CTaBJsIeT COO0Vi KOMIUIEKCHOE pellleHyue, OpueH-
TUPOBAHHOE Ha 3aIIUTy KOHQUIeHIINATbHOM UH-
dbopmanumu u obecrieueHne 6e30MacHOCTH ITepPCo-
Ha/la U CTYJEHTOB. B OCHOBe cucTeMbl JeXaT He-
CKOJIBKO KJIFOUEBBIX TEXHOJIOTUM, KaXAasl U3 KOTO-
PBIX BBITIOJHSET crienyduueckue QyHKINN:

1. UneHTU(PUKAIIMOHHBIE TEXHOJIOTUM

OcHoBHBIM 371eMeHTOM CKVY]I SIB/ISIIOTCS UIEH-
TUGUKAIMOHHBIE TEXHOJIOTUM, TAKME KaK ITPOKCH-
MUTKU-KapThl, RFID-Teru u 6momMeTpuyeckue cka-
Hepbl. B yHUBepcuTeTe MCIIONb3YyeTCSI KOMOMHA-
IIMST OTUX TEXHOJIOTUIT sl 06ecrieueHusT ypOBHeM
IOCTyIa, COOTBETCTBYIOIIMX CTaTyCy KaXAoro
roJib3oBaTessl (CTYIeHT, IperojaBaTe/b, TEXHU-
YeCKui1 IIepcoHan).

2. IIporpaMmMHOe oGecrieueHue sl YIIpaB-
JIeHUSI JOCTYIIOM

LleHTpanM3oBaHHOE TMPOrpaMMHOe obecrieve-
HMe YIIpaBJiseT BCeEMU NaHHBIMM, CBSI3aHHBIMU C
ugeHTUGMUKaLIMer U JOCTYIIOM,  ITO3BOJISS
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aJMMHUCTpATOpaM JIerKO HacTpauBaTh MpaBwuia
IIOCTYTa, OTCAeXMBAaTh MUCIIOIb30BaHMe JOCTYIIOB
M aHAIU3MPOBATh JaHHbIe O MOTOKAxX MOCEeTUTe-
JIeii. DTo MporpaMMHOe obecrieueHe TakKe MHTe-
TPUPYeTCs C IPYTUMM cUCTeMaMy 6e30I1acHOCTH,
obecrieuyBass KOMIUIEKCHBI TOAXOM, K 3alluTe
YHUBEpPCUTETA.

3. UnTerpauus ¢ BUACOHAOTIOAeHEeM

Cucrema CKVY]I TecHO cBsI3aHa C CUCTEMOJ BU-
IeOHAOTI0IeHNSsT, UTO TI03BOJISIET OIepaTUBHO pe-
arMpoBaTh Ha MHUMIEeHTbl. KaMepbl pacIiooxkeHbl
B CTpaTernMyecky BaXKHBIX TOUKAX, M UX JaHHbIE
MOTYT OBITh CBSI3aHBI C COOBITUSIMM JOCTYIIA, UTO
TIOMOTaeT B paccjeOBaHMUSIX M TOBBINIEHUY 00-
mieit 6e30macHOCTH.

4. AynuT u XypHaJIupoBaHue

Kaxxmoe cobbITHME [OCTYIIA PETUCTPUPYETCS B
cucreMe, obecrieunBast MOMHBIN ayOUT ¥ BO3MOXK-
HOCTb OTCJEXMBAHUS BCEX OIMepaluii B pexume
peasibHOTO BpeMeHU. ITO KPUTUUECKM BaKHO 151
obecIieyeHus] COOTBETCTBUSI HOPMAaTUBHBIM Tpe-
60BaHMSIM M TIPOBEJEHMSI paccaedOBaHMIT IIPU
HapyIIeHKsIX 6e30macHOCTH.

IIpo6semsbl 1 BbI30BbI cucTeMbl CKV],

Peanusauus u mogaepskka CUCTeMbl KOHTPOJIS
M YIIpaBJIEHUS] JOCTYIIOM B YUYEOHOM 3aBelleHUM,
TaKOM KaK TOoCyJapCTBEHHbII YHUBEpPCUTET, CO-
MIPSDKEHBI C PSIAOM YHUKATbHBIX BbI30BOB U TPO-
6semM. Db derTUBHOCTS cuctemMbl CKV/]I 3aBUCUT OT
MHOXecTBa (aKTOpOB, BK/IIOYas TeXHOJOTMYe-
CKMe acIeKTbl, yIIpaBJeHUecKye peueHns 1 CooT-
BETCTBME HOPMATUBHBIM TPeOGOBaHMSIM.

1. Texuuuyeckue orpaHMUYEHMUS U YA3BUMO-
cTU

OIHOJ M3 OCHOBHBIX MPOGIEM [JISI CUCTEMBbI
CKVY[I siBnsieTcst obecrievueHye BBICOKOTO YPOBHS
TeXHUYECKOI HaZle;KHOCTU U 3aL[UThI OT ySI3BUMO-
cTeii. Bompocel, TakMe Kak HEeCAaHKIMOHMPOBAH-
HBIVi JOCTYII Yepe3 B3JIOM ITPOrpaMMHOr0 obecrte-
yeHus, QU3NYECKoe TOBPEXIEHNE CUCTEMbI
umeHTUbUKaMu ¥ YycTapeBaHMe TeXHOJOTHUIA,
TpeOYIOT MOCTOSTHHOTO BHUMAaHMSI.

2. CooTBeTCTBYE 3aKOHOAATEIbCTBY

Cob6miofeHne 3aKOHOAATENbHBIX TpeboBaHMUIA,
B YaCTHOCTM 3aKOHOB O 3alllUTe MepCOHATbHbIX
IaHHBIX, TIPeICTaB/sIeT CO601 3HAUMUTENbHbIN BbI-
30B. YHMBEPCUTET [O/DKEH TrapaHTUPOBATh, YTO
Bce acnekTsl CKV]I, BKiIoUast c6op, XpaHeHUe U
06paboOTKy MaHHBIX, COOTBETCTBYIOT (emepasib-
HBIM U perMOHAIbHBIM HOpMaM.

3. ConnpoTuBIeHVEe U3MEeHEeHUSIM

BHenpeHe HOBOII CUCTeMbl yIIpaBAeHUS IO-
CTYIIOM 4acTO BCTpeYaeT CONMPOTUBJIEHME CO CTO-
POHBI TI0/Ib30BaTe/iell, KOTOpble IIPUBBIKAU K

crapsiM cuctemam. O6yueHne u aganTaius mnep-
COHa/Ia U CTYHEHTOB K HOBOJ CUCTEMEe TPeOyIOT
BpEMEHU U PECYPCOB.

4. BajnaHc MeXay 6e30MacHOCThIO ¥ JOCTYII-
HOCThIO

HeobxomuMo HajiTu 6ajaHC MeXKAY YpPOBHEM
6e30ITacHOCTY ¥ ObecIieueHreM JOCTYIIa AJIsI CTY-
IEeHTOB U COTPYIHMKOB K yUYE€OHBIM U aJIMMUHU-
CTpaTUBHBIM pecypcaM. CIUIIKOM CTPOTMEe Mepbl
0e30ITaCHOCTY MOTYT 3aTPYAHUTH MOBCEIHEBHYIO
aKaIeMMYECKYIO ¥ afMUHUCTPATUBHYIO JesTelb-
HOCTb.

MepsI penieHus

Ina pelieHust 3TUX TPO6IEeM YHUBEPCUTET
TIpUMEHSIET P CTpaTernii:

e  PeryisapHoe OOHOBJIEHME M MOJEPHU-
sauus: [TocTosTHHOe OGHOBJIEHME TPOTPAMMHOIO
obecrieyeHUsT ¥ anmapaTHbIX KOMIIOHEHTOB IS
MpenoTBpalleHus] TeXHOJIOTMYECKOTo YCTapeBa-
HUS U YSI3BUMOCTEN.

e [IpoBeneHue peryasipHbIX ayoguUTOB: Pe-
TYJISIpHbBIE POBEPKY U ayUThI CUCTEMBI HA COOT-
BETCTBME 3aKOHOJATEIbHBIM U TEXHUUECKUM Tpe-
OOBaHUSM.

e OOyuenmne mojab3oBareneii: OpraHusa-
IMSI TPEHUHTOB U CEMUHAPOB JJISI COTPYAHMUKOB U
CTYJI€HTOB, YTOOBI OHM MOIJIU 3PHEKTUBHO MOJIb-
30BaTbhCs CUCTEMOI 6e3 HapymeHus] ITPOTOKOJIOB
6€e30ITaCHOCTM.

e TubGkag HacTpoiika mocTyma: Paspa-
60TKa MOJIUTUK TOCTYIa, KOTOPbIe 00ECIIeUNBAIOT
HeOOXOIVIMbIN YPOBEHb 6€30ITaCHOCTH, ITPU ITOM
He OTpaHMYMBAsT AOCTYN K HEOOXOOMMBIM pecyp-
caM.

PekoMeHAauuyU MO YJAYYIIEHUIO CUCTEMBI
CKvY[,

g obecrieueHUsT HAEKHOCTY ¥ aKTyaIbHO-
CTU CUCTEMBI KOHTPOJIS U YIIPABIEHMs TOCTYIIOM B
TOCYIApCTBEHHOM YHUBEPCUTETE, a TaKkKe IJist
YIIy4IlleHUs T0JIb30BaTeIbCKOTO OIbITa, MOKHO
MPeIJIOKUTD CJIEAYIONIEe pEKOMEeHIALINN :

1. HTerpauyusa ¢ MCKYCCTBEHHBIM MHTE/I-
JIEKTOM

Vicrionb30BaHMe MCKYCCTBEHHOTO MHTEJIEKTa
(UM) MmoxkeT 3HAUMTEIbHO MOBBICUTH 3DPeKTUB-
HocTb cuctembl CKY/I. UM MOXKeT ObITh MCII0/Ib30-
BaH [Ji1 aHaIM3a IIOBeleHUYeCKMX I1aTTEPHOB,
TpencKasaHus ¥ IPeIOTBPAIleHNUsT HeCaHKIVO-
HMPOBAHHBIX TOIBITOK AOCTYIIA, a TAKKe ISl aB-
TOMAaTHU3aIlMM CJIOKHBIX 3a[1a4 KOHTPOJIST 6e301ac-
HOCTK. Pacrio3zHaBaHue I MM KECTOB MOXKET
ObITb MHTETPMUPOBAHO [JISI YCKOPEHMS MPOIIeCcCOB
UIOeHTUOUKALNY U ayTeHTUQUKAINN.
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2. Pa3paboTKa MOOMIbHBIX ITPUJIOKEHMIA

Moo6wibHbIe TpuaokeHus st cucreMbl CKY]]
MOTYT TIPeJOCTaB/ISITh I0Jb30BATEN0 OGOJBIIYIO
IMOKOCTb U yoo6cTBO. C ITOMOIIBI0 TTIPUIIOKEHUS
T10JIb30BaTEIN MOTJIM ObI CAMOCTOSITETBHO YITPaB-
JIITh CBOMMM YYETHBIMMU TAHHBIMU, TIOJTy4aTh yBe-
IOMJIEHMSI O CTaTyce AOCTyIla M BpeMeHHO M3Me-
HSTb HACTPOIMKM MOCTYIIA, YTO OCOOEHHO aKTy-
aJbHO JIJISI TOCTEN YHUBEPCUTETA UM BPEMEHHbIX
COTPYIHUKOB.

3. ViaydureHue Mep IO 3alIMTe JaHHbBIX

YunuThiBasi BaXKHOCTb 3aIIUThI [M€PCOHATbHBIX
IaHHBIX, HEOOXOAMMO YCHMIUTDH MephI 0 UX obec-
revyeHuIo. BHegpeHVe pacIIMpeHHBIX METOMAOB
mmbpoBaHus U OByX(aKTOpHONM ayTeHTUDUKA-
MY TIOMOKET 3aIllUTUTh JAaHHbIE ITOTb30BATES
OT BHEITHMX UM BHYTpPeHHMX yrpo3. Kpome Toro,
cremyeT 00ecreunTh PeryasipHoe oOydyeHue Co-
TPYIHUKOB METOHAM 3aIINThl MHGOPMAaIIUMA.

4. PacuipeHue MHTErpanyum ¢ PyrumMu cu-
creMaMu

Wurerpauys CKY]I ¢ npyrumu cuctemamm 6es-
OMacHOCTY ¥ MHMPOPMAIMOHHBIMY CUCTEMaMU
VHUBEPCUTETA, TAKMMU KaK CUCTEMbI BUIEOHA-
6JTI0eHMsI, aBAPUITHOTO OTIOBEIeHMS U yIIpaBiie-
HUSI 3TaHUSIMM, MOXKET YIYUIIUTh 06I1yI0 3¢ dek-
TUBHOCTb YIIpaB/IeHNS] yueOHbIM 3aBefieHeM. DTO
TaKoke ITO3BOJMUT I€HTPAIM30BAHHO YIIPABISITH
6e30I1aCHOCTBIO HA Pa3HbBIX YPOBHSIX.

5. IllepuognuecKuii ayauUT U OT3BIBbI IOJIb-
30BaTe’ien

PerynspHble ayaUTbl CUCTEMBI M C60p OT3hIBOB
OT TI0JIb30BaTeJieil TIOMOTYT BBISIBUTh HE TOJBKO
TeXHUYeCKKe MPo6ieMbl, HO U acleKThl, CBSI3aH-
HbIEe C yIOOCTBOM MCIIOIb30BaHMsI. DTO MO3BOJIUT
OIepaTMBHO BHOCUTb M3MEHEHUS U ajanTaiuu B
cUCTeMy, yaydiiasi eé GyHKIMOHAIbHOCTD U YI0-
BJIETBOPEHHOCTbD I10JIb30BATEJIEN .

B 3akmioueHMM CTaTbU IOJUEPKUBAETCS BaK-
HOCTb HEIMPEpPbIBHOTO Pa3BUTUS U afalTally CU-
CTEMBI KOHTPOJIS ¥ YIIPaBJIEHUS TOCTYIIOM B yUe0-
HbIX 3aBeIeHMsX, TaKuMX KaK TroCyaapCTBEHHBIN
YHUBEpPCUTET. Peanmsaiiusi COBpeMEHHBIX TEXHO-
JIOTUIA ¥ METOIMK B YIIPaBJIEHUM TOCTYIIOM UTPAET
KITIOYEBYIO POJIb B ObecrieueHu 6e30IacHOCTU U
KOHGUAeHIMaIbHOCTY OaHHbIX. Cucrema CKVY[I

He TOJIbKO yKperuvisieT ¢Gu3uveckyio 1 uHbopma-
IIMOHHYIO 06€30I1acCHOCTh, HO U CIIOCOOCTBYET CO-
3maHui0 Oojiee yIpaBjIsieMOil M IpencKasyeMoit
06pa3oBaTeIbHOI Cpebl.

IMocTOSTHHBIE M3MEHEHUST B TEXHOJOTUYECKOM
naHamadTe U MOBBINIEHNE YPOBHS yTPO3 TPeOYIOT
OT yueOHBIX 3aBelieHMii ITMOKOCTM B ITOAXOMdax K
6e30MacHOCTM ¥ TOTOBHOCTM K OBICTPOi amarmTa-
MY HOBBIX pelleHuit. PerynsipHble 06GHOBIEHMS
cuctembl CKY]I, MHTerpanusi ¢ HOBBIMU TEXHOJIO-
TUSIMU U TIOCTOSTHHOE 00yJYeHMe ImepcoHasa u CTy-
IEHTOB SIBJISIIOTCSI HEOOXOAVMMBIMM KOMIIOHEH-
TaMu g nogmepskaHusi 3¢G@eKTMBHOCTU CU-
CTEMBI.

s obecrneueHus TOoro, uTodbl cucrtema CKY]I,
OCTaBa/Iach B aBaHTapje 3alluThl MHGOPMAIUH,
VHUBEPCUTETY CIeAyeT pacCMOTPETh BO3MOXKHO-
CTU IJIs1 JanbHeiiIleil MHTerpauuyu MCKYCCTBEH-
HOTO MHTeJIJIeKTa, YAYYIIeHUs MeTOmOB Imdpo-
BaHMS U paciuupeHus: GyHKUMOHAaIa MOOGMIbHBIX
MpUWIOKeHUi. Takke BaXKHO IOOLEpPXKUBATh aK-
TUBHOE B3aMIMOJEIICTBME C aKaJeMUIECKUM CO00-
IIeCTBOM U MHIYCTpUei 6e30macHOCTU ST 06-
MeHa 3HAaHUSIMM U JIYYIIUMY TPaKTUKaAMMU.

3aK/IIOUNTEbHBIN pasfesl MOgYepKUBAET 3Ha-
YMMOCTb CTPaTErMueckoro Moaxoma K yIpasiie-
HUIO JOCTYIIOM ¥ 3alllATe JAHHBIX B yUeOGHBIX 3a-
BEeIeHUSIX U MpejjaraeT IMyTH AJisd OaJbHeNIero
VIIyUIIeHMs] CUCTEeMbI, obecrieunBasi e€ COOTBET-
CTBYE COBpeMEHHbIM TpeboBaHMSIM 6€30IaCHOCTHU
Y TEXHOJIOTMYECKOTO Pa3SBUTHSI.
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POJIb PON-TEXHOJIOTUIA
B PA3BUTUU YCJIVT UHTEPHET-IIPOBAVIJIEPCTBA

AHHOmMauus. B smom uccnedoganuu oyeHusaemcst pacmyuas 3Ha4uUMocmes NACCUBHbIX ONMUUECKUX cemell
(PON) 8 pa3ssusarowetics cipepe unmeprem-yciye, nposodumcsi cpasHumenvHuili aHaaus PON ¢ dpyzumu ceme-
8bIMU mexHosioeusmu, makumu kak Ethernet u xDSL. Hcnonw3ys memodosiozuueckuii nooxoo, eKauawwuli
cmpykmypHblli aHanus apxumekmypst PON u cpasHerue npou3sooumenbHOCMU pasauyHslx munog cemeii, 3mo
uccedosaHue 8uis18UNI0 NPEBOCXOOHYI0 MACUMABUPYeMOCms U IKOHOMUUecKyt 3¢ pexkmusrocms PON. OcHogHble
pe3ynbmamol hoduepkusarm cnocooHocms PON noddepxcusams mpe608aHus K 8bICOKOU NPONYCKHOL CnOCOOHO-
CMU ¢ MUHUMAIbHBIM AKMUBHBIM 000pY008aHUEM U CHUMCEHUEM IKCNIIYyamayuoHHbIX pacxodos, 4mo cnocoo-
cmaeyem eHeOpeHUI0 WUPOKONOJI0CHO20 NOOJKI0UeHUs,, 0c00eHHO 8 ycayeax Triple Play. B 3aknioueHuu ymeepioa-
emcsi, umo, HeCMOMps Ha Npucyujue 02paHuUeHus, maxue Kaxk o6ujas noao0ca NPonyCcKaHus U 3amyxadue CuzHad,
naccusnas apxumekmypa PON npednazaem sigHble npeumywjecmea ¢ mouku 3peHus CHUMEeHUs 3ampam Ha uH-
ppacmpykmypy u npocmomel macuimaoduposarus cemu. HosusHa amoti pabomot 3aKaouaemcs 60 8CecnopoHHeti
oyeHke 8o3moxcHocmeli PON u ee nomeHyuana 011 yoosnemeaopeHust 6ydywux nompe6Hocmeti 8 o6ecneueHuu 8bl-
COKOCKOpOCMHO020 MHmepHema.

Knroueewle cnosa: PON, naccustsie onmuueckue cemu, Ethernet, wiupoxkononoctoe coedutetue, ycyeu Triple
Play, macuimabupyemocms cemu, IKOHOMUUECKAs IPGeKmusHOCMb, 8bICOKASL NPONYCKHASL CHOCOOHOCMb, Ccemesas

apxumexkmypa, meaekKoOMMYHUKAYUOHHAS UHGpacmpykmypa.

BBepenue

TexHOMOTMM IACCUBHBIX OINTUYECKUX CeTeN
(PON) urpaioT Bce 6ojiee BasKHYIO POJIb B Pas3BU-
TUU TPeNOCTaBIeHNsI MHTEPHET-YCIyT, NOoAAep-
SKMBast GbICTPOE paclIpeHue U yaydilleHye Mpo-
KOTIOJIOCHOT'O TOCTYTIA K CeTU. BHepeHMe riepeo-
BbIX TexHonoruit PON mwimocTpupyet cTpemieHue
OTpac/u K 60iee BLICOKOI ITPOITYCKHOI CITOCOOHO-
CTU U 3PpdeKTUBHOCTH.

ITo coctrostnuio Ha 2023 ron peiHOK PON mepe-
SKMBaeT 3HAUMTEbHbIN POCT, KOTOPHI, MO MPO-
rHO3aM, BbIpacTeT ¢ 13,76 mupg gosutapos CIIA no
35,59 muipg, momutapos CIIA k 2030 romy, 4TO CBU-
JleTeJIbCTBYeT O PaCTyllell poau TEXHOJOTUU B
pPasAMYHBIX perMoHax U MPWIOXKEHUSX [6]. ITOT
poCT 06YC/IOB/IEH PACTYIIMM CIIPOCOM Ha BBICOKO-
CKOPOCTHbIe U HaJleXXHble MHTEePHEeT-YCJIYyTU, TIe
TexHoJ0rUM PON 06ecreunBaloT SKOHOMMIUYECKN
s dexTuBHbBIE pelieHus 61arogapst BbICOKOI CKO-
pOCTU TepenauyM AAHHBIX U YMeHbIIIEHHOW 3a-
IlepKKe.

B Asuarcko-TnxOoOKeaHCKOM permoHe, OCO-
6enHo B Kurtae, ugumu u AmnoHMM, TexXHOJOIUA
PON 3aHMMalT ILieHTpaJibHOE MeCTO B

MHULMATUBaX MO pasBuUTHUio 1mMudposoit mHbppa-
CTPYKTYpPbI, aKTUBHO MOAAepXKMBAaeMbIX TOCymap-
CTBEHHOJ ITOJIUTUKONM, HAalpaBJI€HHO! Ha ITOBBI-
IieHye MPOHUKHOBeHUs MHTepHeTa U CeTeBbIX
Bo3MoykHOCTeli (Fortune Business Insights). 3tot
pEeTMOHAJIbHBIN TOMYOK OTpakaeTcss B CeBepHOII
Awmepuxre u EBporie, rae MHBECTULIUM B OIITOBO-
JIokHO 110 oma (FTTH) u cBsSi3aHHbBIE C HUM TEXHO-
JIOTUU MPOJIO/KAIOT PACTH, UeMy JTOTIOTHUTETbHO
CITIOCOOCTBYIOT TOCyJapCTBEHHOE (UHAHCUPOBA-
HMe ¥ CTpaTerndyeckoe IyIaHMpoBaHue [6].

Bonee Toro, 6ynyiiee PON opyeHTHpPOBAaHO Ha
MOAIEPKKY GoJiee MIMPOKOTO CIIEKTpa MPUIOKe-
HMI1, BBIXOOSIINX 338 PaMKU IIMPOKOIIOJIOCHO
CBSI3M B XXWIbIX AoMax. Takue MHHOBAI[MM, Kak
25GS-PON, co31a10T OCHOBY JAJIsS HOOIEPIKKYU pac-
IIMPEeHHBIX BAPMAHTOB UCIOIb30BaHMS, TAKMUX KaK
TpaHcropT 5G ¥ KOpropaTUBHbIE YCIYTH, TTpe/IJia-
ras yBeJlMueHMe ITPOIYCKHOM CITOCOOHOCTM Ha
250% 10 cpaBHEHUIO C TEKYIIMMU perreHussMu 10
I'6ut/c u obecrieunBasi HaCTOSIIIYI0 CMMMETPUY-
HYIO CKOPOCTH O6CTYsKMBaHMSI [7].

B nesnom, TexHonorus PON He TONBKO JI€XUT B
OCHOBE TeKylMX TMpeajioKeHUl UHTepHeT-
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MPOBAJilepOB, HO TaKKe MMeeT pellaliee 3Hayue-
Hue s GopmupoBaHus Oymyiiero jaHamadgTa
IJ100a/IbHOJ IM(PPOBOI CBSI3M, ITPYU STOM IOCTOSIH-
Hble JOCTVSKEHMsI HaIlpaBjeHbl Ha OasbHeiilnee
TIOBbIIIEHME TIPOU3BOIUTENBHOCTU, €MKOCTU U
s derTUBHOCTU CEeTH.

MaTepuaibl M METOAbI

Texuonorust PON, KOTOPYI0 MOXHO pacuimd-
poBaTh Kak Passive optical network, sBisercs

UNI X

s __|ONUJ

-

L

v

(4]

@

0

=

o

: -—— -
[+¥]

= : S——— S
X

o e — N
o o
: |
—

(=}

o

O

o

ONU

ODN

CeTb pgocTtyna

TEXHOJIOTMEN, OCHOBAaHHOI Ha MCIIOIb30BaHUU
MaCCUBHBIX ONTUYECKUX CeTelt, barogapsi KOTo-
pBIM OHa U ITOy4YMJia CBOE Ha3BaHMe. [Ipu co3ga-
HUM OAHHBIX CeTell MCMOJIb3yeTCsl APeBOBUAHAS
BOJIOKOHHAsT KabeJibHasi apXUTeKTypa. BakHO OT-
MeTUTh, UTO TexHonoruss PON mmeeT nmaccuBHOe
OITMYEeCKOe pa3BeTBeHMe Ha y37ax [4].

SNI

TpaHcnopTHan ceTb

Puc. 1. basosas apxumexkmypa u komnoHeHmst PON [1]

[aHHYI0 TEXHOJOTMIO MOXHO Ha3BaTh 3KOHO-
MMYHO, TaK KaK OHA MOKeT 06eCIIeYnThb MIMPOKO-
TOJIOCHYI0 Tepefavy pasiMuHbIX TPUIOXKEHMUIA.
PON mnpepnaraer Heo6X0OMMYyI0 TMOKOCTh B pac-
HIIMPEHUN CeTU U yBeTUUeHUM TPOITyCKHON CIo-
COOHOCTH, amanTUPYSIChb K TEKYIIUM M OyIyIIM
TpeboBaHMSIM TOJib30BaTeseil. TexHonorus PON

VMeeT MHOXXeCTBO IMpeMMYIIeCTB: BbICOKAs IIJIOT-
HOCTb a6OHEHTCKUX IIOpTOB, MMHMMAJ/JIbHOE MC-
IMOJIb30BaHMEe aKTUBHOI'O O60py,LIOBaHI/IH, HU3KNe
SKCIITyaTallMOHHbI€ pacXoabl, BO3MOXHOCTb MH-
Terpaumum C KabeIbHbIM TeJleBuaeHmnemM, OTJIMIHasa
MaCI.LITa6I/IIJYEMOCTb " COKpallleHHas KabenbHasg

MHPpaCTPyKTypa.
ONT

FPajgeTeuTenk

:

ONT

ONT

Puc. 2. IIpumep naccueHolii onmuueckotl cemu [3]

IOns ompenenenus poau PON-TexHO/MOTUIA B
Pa3sBUTUM YCIYT MHTEPHET-IPOBaimepcTBa ObLIN

MCITO/Ib30BaHbl TaKMe MeTO/Ibl, KaK aHa/IU3 CTPYK-
Typbl PON-TexHOMOTMM, CpaBHEHME C APYTUMU
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TeXHOJIOTUSIMM, TakumMu Kak Ethernet, a Taxke
cpaBHeHMe Tpex BuaoB PON.

PesynbTaThl M 06CYKAECHUS

Hcrnonb3oBaHMe TOCTOSIHHO COBEPIIEHCTBYIO-
mmxcst TexHosnoruit XDSL siBasieTcss caMbIM ITIPO-
CTBIM M HEZOPOTMM CII0COO0M YBEJIMUYEHUS MIPO-
ITyCKHOJ CITOCOOHOCTM CYIIECTBYIOIIEeH Kabesb-
HOJI CMCTeMbl Ha OCHOBEe MeJHbIX BUTBIX map. Of-
HAKO AOCTVDKeHME CKOPOCTH Tiepefaun TaHHBIX 10
JIeCSITKOB MerabuT B CEKYHIY Ha CYIIeCTBYIOIINX
KabeJIbHbIX CMCTEMAaX C Y4eTOM OOJIbIINUX PAaCCTOSI-
HUii IIpencTasisieT coboii CI0KHOE U TOpOroe pe-
1IeHune.

AnbTepHaTMBHOE TPaAMUIIMOHHOE pellleHue —
TMOpUIHbIE  BOJOKOHHO-KOAaKCHaJbHbIE  CETU
(HFC). MogxmoueHne MHOXeCTBA KabeTbHbIX MO-
IeMOB K OJHOMY KOaKCUaJIbHOMY CerMeHTYy CHU-
>KaeT CpelHMe 3aTpaThl HA MOCTPOEHME CeTeBOM
MHGPACTPYKTYPbl HA OJHOTO abOHEHTa, UTO Je-
JlaeT Takue pelieHus npuBieKaTeJTbHbIMMU.

BecripoBogHble ceTM AOCTyNa TakXke MOTYT
OBITH IMOJIE3HBI B CAYYasix, KOTAA MCIIOIb30BaHMe
KabeabHbIX MHOPACTPYKTYP BbI3BIBAET TEXHUYE-
ckue TpygHocTU. OQHAKO IJ151 BCEX TPeX Mmepeunc-
JIEeHHBIX HallpaB/ieHU} yBeJuuyeHMe MPOMYCKHO
CITOCOOHOCTM CETU COIPSIKEHO C CepPbe3HBIMU
CJIOKHOCTSIMM, KOTOpble OTCYTCTBYIOT MpU MUC-
M0JIb30BaHMY OIITOBOJIOKOHHOM CpeJibl Iiepefadn.

EOVHCTBEHHBI CcrIoco6 06ecrieuynTh CII0C00-
HOCTb CeTU TOAJEepKUBAaTh HOBbIEe MPUIOXKEHMUSI,
Tpeb6yioliye Bce GOJbIel CKOPOCTHU Tiepeaun, —
9TO TPOKIAJIKa OMNTUYECKOro Kabens. Ceromus
MPOKJIAAKa OINTUYECKOTO Kabess CTAaHOBUTCS
HeOoOXOIMMOCTbIO [IJII CO3MAHMsI CeTei, CIoco6-
HBIX CITPaBJISITHCS C PACTYIIIMM TPeOOBaHUSIMU K
CKOpPOCTU TlepeJauy JaHHbIX.

Xapakrepuctuku cetut PON:

e  CTPYKTypa CeTu B BUIe JepeBa C nepena-
4eil 110 OAHOMY BOJIOKHY Ha JBYX JIJINHAX BOJH B
MIPOTUBOIIOJIOXKHBIE CTOPOHBI;

e TacCUBHBbIe OMNTHUYECKME pPa3BeTBUTEIU
YCTaHOBJIEHbI Ha IPOMEXYTOUYHBIX y3J/IaX JepeBa;

e 1mpumeHeHue meroma TDMA (BpeMeHHOe
pasnaeneHye MHOKECTBEHHOTO JIOCTYIIA);

e TMOIKIIOUEHME 10 32 aBOHEeHTCKUX
ycrpoiictB (ONT) K ofHOMY BOJIOKHY, BeAyLIEMY
OT LeHTpanbHoro y3na (OLT (onTuueckuii nuHen-
HbIIT TepMuHanN)) [4].

['maBHbIl npuHLIMI apxuTeKTypbl PON 3aKkiio-
YaeTcs B UCIMOAb30BAaHMUM OOHOTO MpUeMO-Iiepe-
nmatoirero moxysis B OLT gns nepegaun JaHHBIX OT
MHOXXecTBa aboHeHTOB ONT 1 nipuema uHdpopma-
My oT HUX. KomnuecTBO NOAK/IIOYaEeMBIX K Of-
HoMmy Moxyiaio OLT abGOHEeHTCKMX YCTPOWICTB

MOXXeT ObITh 3HAUMTENbHBIM, B 3aBUCUMOCTU OT
MOIIIHOCTY ¥ CKOPOCTU IIpMeMo-Tiepealiei ar-
rnapaTypbl.

TexHOMOTUM TIOCTPOEHUSI OMTUYECKUX CeTeit
MOTYT OBITb Pa3JIMUYHBIMM: <«KOJbILIO», <«TOYKa-
TOUKa», «JepeBO C aKTUBHBIMU y3JIaMU», «I€PEBO
C TTAaCCUBHBIMU y3JIaMU». AHAIM3 TEXHOJIOTUM TTac-
CUBHBIX ONTUUYECKUX CeTel TMO3BOJISIET CHe/aTh
BBIBOJI 0 mpeumyInecTBax PON, Tak Kak 0GHOBIEe-
HMEe CeTV BO3MOXHO 6e3 Heo6XOAMMOCTH TOII0J-
HUTEJIBHOr0 060pyI0oBaHMs. DTOT ITOAX0M, obecIie-
YMBaeT I'MOKOCTh U 3(PHEKTUBHOCTh CeTH, ITO3BO-
JISIS JIETKO MOJKITIOYATh HOBBIX aOOHEHTOB U MPO-
BOOUTb OOCHYKMBaHMe 6e3 BAMSHUSA Ha paboTy
OCTaJIbHBIX Yy3JI0B. Takoil MOAXO0A, CHMXKaeT 3a-
TpaThl HA MOAEPHMU3ALMIO U [e/aeT CETh MeEHee
ySI3BMMO¥ U 60Jj1ee yI0OHOI B 9KCIUTyaTaIUN.

Ha Texkymuiuii MOMEHT OOHMMM U3 Haubosee
MEepCIeKTUBHBIX TEeXHOJOTUI SIBJISIIOTCS  JBe:
Ethernet u PON. ITosToMy rpo6sieMa BeIGOpa TEX-
HOJIOTMM JIJI TOCTPOEHMsT JOCTyIla K CeTU oCTa-
eTcsl akTyanbHOM. Heo6xoamMmo MmoaxoauThb K Co-
3JaHUI0 CeTU JOCTyla BHMMATeNbHO U KOM-
TJIEKCHO, YYUTBIBAS €T0 CJIOKHOCTD U 3aTPaThl.

NcnonbsoBanne PON-TexHOIOrMi MOXeT OKa-
3pIBaTh 3HAUYMTEJIbHOE BIMSIHME Ha Ou3HEC U
YCJIYTU MHTEpHET-IPOBaiilepoB uepe3 Takue UH-
CTPYMEHTHI KaK MPUOBLIb, CIIPOC U IIPEIJIOKEHME.
Buenpenyue PON-ceTeil MO3BOJISIET YIYYIIUTD Ka-
YyeCTBO M HAJeXKHOCTb CBSI3U, CHU3UTH Olepalu-
OHHbBIE PACXO/bl, YTO B LIEJIOM CIIOCOOCTBYET yBe-
JIMYEHWIO TPUOBLIM KOoMITaHuU. OTHUM U3 KITIoue-
BbIX (hakKTOPOB BussHUs PON-TexHomoruii Ha ¢u-
HaHCOBYIO COCTABJISTIONTYIO OM3HeCa SIBJISIETCS CHU-
>KeHMe 3aTpaT Ha 06C/TyKMBaHMe U TOIAEPKKY ce-
Teil. bnarogaps UCIO/Jb30BaHMIO ONTUYECKMX Ka-
6eneit B PON-ceTsax ymaeTcst 3HAUUTEIbHO COKpa-
TUTb 3KCIUIyaTal[MiOHHbIE PACXO/Ibl 10 CPABHEHUIO
C TPaAUIIMOHHBIMY MeIHBIMU CETSIMU. DTO MO3BO-
JISIeT KOMITaHUSIM COKpallaTh U3AEPKKM U TTOBBI-
IIaTh OOIIYI0 peHTabebHOCTh OM3Heca.

[TpoBaiimepsl, 6Gaaromapsi PON-TeXHOJOTMSIM
MOTYT IIPeAJIOKUTH 60Jiee KaUeCTBEHHbBIE M BBICO-
KOCKOPOCTHBIE YCJIYTU CBSI3U, UTO IPUBOJUT K YBe-
JINYEHUIO CITPOCa CO CTOPOHBI KIMeHTOB. [1o/ib30-
BaTe/lM LIEHSIT CTaOWIbHOe M GBICTpOe coedyHe-
HMe, Y, YUUTBIBASI POCT MHTEpHEeT-TpaduKa U mo-
MyJISPHOCTb CTPUMMHTOBBIX CE€pPBUCOB, KOMIIa-
Huu, npennarawinye PON-pemnieHus, MOTYT TIpU-
BJIeUb OOJIbIlIee UKCI0 aOoHeHTOB. Ho BHeIpeHue
PON-TexHOJIOTUIT COTPSDKEHO M C OmpefesieH-
HbIMM puckamu. Hampumep, He06X0AMMO YUUTHI-
BaTh 3aTPaThl HA pa3BepThIBAHME CETU U 060PYIO-
BaHMe, a TaKke BO3MOXHbIe TexHUUecKue
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Mpo06JIEMBI UM HEOOXOAMMOCTb OOHOBJIEHUST CU-
cTeM. ITO, B [I€JIOM, MOKET HETaTUBHO ITOBIUSTh
Ha o6Omee GMHAHCOBOE COCTOSIHME, TIOITOMY
Ba)KHO YUMUTHIBATH BCIO AOCTYITHYIO MHMOPMAIINIO.
OcHOBHbIE pacxojbl IIpU TPOKJIAIKE OITOBO-
JIOKOHHOJ CeTH JI0 IoMa CBSI3aHbI C MHPPaACTPyK-
TYPO, TAKOM KaK CTPOUTENIbCTBO ITOMeIleHU ISt
o6opynoBaHUS U YKIaaKa Kabems. 3ameHa ycra-
peBIero 060pyaoBaHMSI MOXKET CTaTh TOPOTOCTO-
sieli IJIsk orlepaTopa CBsI3M, OJJHAKO M3MeHeHue
MHPPACTPYKTYPBI CETU IMOTPEOYET 3HAUNTETbHBIX
3atpart. [To cTaTUCTUKE, HOTPEOHOCTY aOOHEHTOB
B IIPOIMYCKHOIM CITOCOGHOCTY KaHajga pacTyT
ObIcTpo. CeromgHs IOCTABIIVKM MHTEpPHET-YCIyT
npeaarailoT ckopoctu o 100 m6/c Ojish YaCTHBIX
nun u 0o 1 Tout/c 3a pybeskom. [TocTpoeHe OITo-
BOJIOKOHHO# ceTu TpebyeT BBICOKMX CTaHAAPTOB
BbIOOpa TOMOJIOTMM U TexHoyorunu. CeTu Ha Oc-
HoBe Ethernet 0OBIYHO MCITONB3YIOT TOIOJIOTUM
«3Be3/la» WIN «KOJIbI[O», B TO BpeMs KaK CeTu Ha
ocHOBe PON CTposITCS IO TOMOJIOTUM «JI€PEBO».
Ethernet-ceTu BBITECHUIM TEXHOJIOTUM BPOJIE
Token Ring 6maromapsi 6bICTPOMY pasBUTUIO U
CHVKEHUIO CTOMMOCTM aKTUBHOTO 000PYHOBaHMS

Ha onHoro aboHeHTa. Ethernet-cetu u Ethernet-
KOMMYTAaIMs CTalIM MPUOBUIbHBIMM Ha PBIHKE
KOPIIOPAaTUBHBIX CeTeli, YTO MPUBEJIO K CHMKEHUIO
LleH, MOSIBJIEHMIO TOTOBBIX MPOAYKTOB U YyCKOpe-
HMIO BHeJpeHMS] HOBBIX peleHuit. [Jaxke Ha
HavyaJbHbIX 3TAIax pasBUTHS, pelleHus, obecrie-
YMBaKLMe YCTOMUMBOCTb K IMOBPEXIEHUSIM Ka-
6eJis1, ObUTM BeCbMa PEHTAOEIbHBI.

HenmocTaTky KOJbIEBOM apXUTEKTYPbl BKIIIO-
YyalT pasjeneHye T0JIOChl MPOIyCKaHUs BHYTPU
KaXXA0ro KOblia JOCTYIa U CHUKEeHUEe MPOMYCK-
HOJ CIIOCOOHOCTM TP TTOAKIIOUEHMM HOBBIX a60-
HEHTOB, YTO 3aTPyAHSIET MacIITabupoBaHue CeTH.
ApxuTeKTypa «3Be3fa» MpexriosaraeT Hajiudue
BbIJIeJIEHHbIX OITOBOJIOKOHHBIX JIMHUIT OT KaX-
JIOT0 OKOHEYHOT'0 YCTPOJiCTBa a60HEHTA K KOMMY-
TaTopy. B cetut PON 1ucIonp3yoTcs pa3BeTBUTENN
(Splitters), c TOMOIIbI0 KOTOPBIX ONTTOBOJIOKOHHAS
JIVHUSL TeJTATCS MEKAY abOHEHTaMU C OIlpeesieH-
HbIM KO3 duieHToM. MakCcMMalbHOE KOJMYe-
CTBO aOOHEHTOB 3aBMCUT OT KOHKPETHOM TeXHO-
sorun PON u mosket gocturath 7o 1000. Apxutek-
typa FTTH Ha 6a3e EPON cTpouTcs ¢ 1CI0/1b30Ba-
HueM mpoTtokosa Ethernet [2].

XapakTepucTUKH EPON GPON
(GEPON)

CkopocTb nepenaqu, | 622/155 1000/1000 1244/1244

npsMoii/o0partHslit norok, Mout/c 622/622 2488/1244
2488/2488

ba3oBbIii NPOTOKOJI ATM Ethernet SDH(GFP)

JInHelHbIH KoJ NRZ 8B10B NRZ

MakcuMaibHOE Yuciio aDOHEHTOB 32 32(64) 32(64)

MakcumanbHblil paIuyc CeTH, KM 20 10(20) 20

Jlnimna  BonHbl,  mpsiMoii/o6patHeiii | 1490/1310 1490/1310 1490/1310

MOTOK (BHUJIE0), HM (1550) (1550) (1550)

Puc. 3. CpasHumenvHoie xapakmepucmuku mpex eudoe PON [5]

KinroueBsle npeumyiiecTBa apxutekTypbl PON.
OCHOBHBIMM OOCTOMHCTBaMM apxuUTeKTypbl PON
SIBJISIIOTCSI:

1. CHuXeHHOe TMOTpeO6/IeHNe OMTOBOJIOKOH-
HOTO Kabesst. IIpy MOMOIIY UCIIOTb30BAHUIO OII-
TUYECKUX pa3BeTBUTeJeN, IMacCUBHbIE OIMTHUYe-
CKMe ceTy TpeOYIoT 3HAaUMUTENbHO MeHbIllee KOJU-
yeCcTBO KW OT ycrpoiictBa Optical Line
Termination (OLT) mo ycrpoiictBa Optical
Network Termination (ONT), ycTraHaBIMBaeMbIX Y
noab3oBateneii. Takke BO3MOKHA MPOK/IaAKa OIl-
TUYECKOTO KabeJsl TI0 BO3AYXY, XOTSI U C Oompene-
JIeHHbIMM oTpaHndyeHusimu. OgHaKO B OTCYTCTBUE
CYIIEeCTBYIONIEH MHPPACTPYKTYphl MM IIPU pas-
BEePThIBAHMM CETU B HOBBIX paiiOHAX SKOHOMMSI Ha
Kabese He3HAUUTEIbHA, TMOCKOJbKY YBeJlMUeHUe
3aTparT Ha Kabesb ¢ 60IbIINM YMCIOM KU He MO-
SKeT CPaBHUTHCSI CO CTOMMOCTBIO PBIThS TPaHIIe

¥ HeoO6XOAMMOCTBIO MCIIOb30BaHUS UYKUX VH-
¢pacrpykryp [4].

2. Tomnomorus cetn PON. TexHonorus PON
MIeaqbHO MOIXOOUT MJIS MPeNOCTaBIeHUS YCITIyT
Triple Play. Tonnonorus cetu PON aHanornyuHa To-
MOJIOTUU KabeTbHOI CeTH, YTO MO3BOJISIET OIepa-
TOpaM KabeabHOTO TeJIeBUIEHUSI GbICTPO MOJEP-
HU3UPOBATh CYIIECTBYIOUIYE CETU U Pa3BEPHYThb
YCJIYTY IIMPOKOTIONOCHOTO OCTyIa B VHTepHer,
BbIOpaB PON. B 3T0i1 MHPpacTpyKType TeneBue-
HIEe MOXET TepeaBaThCs M0 OTHENbHOI IIuHe
BOJIHBI, UTO CITOCOOCTBYET JIETKOMY IIPeI0CTaBIIe-
Huto youyr Triple Play [5].

3. BHegpeHme HOBBIX YCJIYT 6e3 HeoOXOmu-
MOCTM OGHOBJIEHMSI 0O00PYIOBAHUS Ha JIMHUU CTa-
HOBUTCSI BO3MOYKHBIM 671ar0/1apsi UCTI0Tb30BaHNIO
IPYTO¥, OTEIbHO IJIMHBI BOJTHBI /ISl IIepefaduu
IaHHBIX STUX YCIIYT.
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IMpu omucanum apxuTekTypbl PON, Heo6xo-
IMMO YIOeIUTh BHMMaHMe TeM IpobiemMam, C KO-
TOPBIMM CTAJIKUBAIOTCS IIPOBAiiIepsl Ipu pabore:

e Tlonoca mpomyckaHusi KaHayna cetu PON
SBJIsIeTCs 061l /11 aBOHEeHTOB, MOIKIIOUEHHbIX
K ogHOMY epeBy. C yBeuMueHMeM 4MCia OAKIIIO-
YEeHHBIX aOOHEHTOB YMEHbINAETCS IPOITYCKHAs
CITOCOOHOCTh Ha KaXkgoro mu3 Hux. OJHAKO Mpo-
ITyCKHasl CIIOCOGHOCTDH OINTUYECKOTO Kabess BbI-
COKa, U ee mpeJiesibl A0 CUX TIOP He U3yUeHbl, 10-
3TOMY TPYAHO CKa3aTb O BaKHOCTU JAHHOI Mpo-
6JIEMBI.

e IIpoGnema 3amuThl TpaduKa, Tak Kak B
PON ceTsix MCITOb3yeTcs 0611ast cpefa mepegaun
IaHHBIX, YTO TpeOyeT mM(pPoBaHMSI HUCXOISIIIETO
TOTOKa, BJAMSIIOIIEr0 Ha TMPOU3BOAUTENbHOCTh U
CTOMMOCTb 060PYIOBaHMSI.

e OrpaHnueHue MAaKCMMaJIbHOTO KOJMYe-
CTBa BeTBJeHMi Ha ogHoi auHuu PON 13-3a na-
IeHUsI YPOBHSI CUTHa/Ia C KaXAbIM BeTBJIEHMEM.
[TaccuBHBIE ONTHUYECKME pPa3BeTBUTENU He Iepe-
JarT MHGOPMAIMIO O HEITOAaaKaX, YCAOKHSIS IM0-
MUCK U yCTpaHeHUe HeuclpaBHoOCTel. OgQHAKO 3Ta
mpo6jieMa pelaeTcs ¢ TOMOIIBIO IPYTUX BO3MOXK-
HOCTel ONTUYeCKOol CeTu, TakMX Kak yrpaBjaeHue
ONU uepes OLT. AHanusupysl ypOBHU CUTHAJIOB Y
aGOHEHTOB M 3Has CTPYKTYPY CETH, MOKHO JIETKO
OIpeeNINTh MEeCTO BO3HUKHOBEHMSI ITPOOJIEMBI.

3aKiaoueHne

Vicxopnst 3 mM3ydeHHOV MHOOpMALM, MOKHO
3aK/II0YNTh, 4TO y TexHoimoruu PON, cumraro-
ieiicss MHOTOOOeNIaloNeil cpeau CrenyuaaucToB,
€CTh HEeKOTOpble MpobiaeMbl. HeKoTopble U3 HUX,
TaKMe, KaK OTpaHMYEHHas ITPOMYCKHAsI CII0COO-
HOCTb KaHaJla U TOWUCK OLIMOOK, YCTPAHSIOTCS B
HOBBIX Bepcusix. OjHaKO Aaske MPU MPOEKTUPOBa-
HUU CETU C U3OBITOUHOI HAAEKHOCTbIO, TOTOB-
HOCTb CETU K YBEJIMUMBAIOIIEMYCS UMCITy a6OHEH-
TOB U UX TPeOOBAHMSIM He TapaHTUPOBaHA.

C y4eToM Bcex BbINIENEPEUNCIEHHBIX (DAKTO-
pOB, MMOHSITHO, UTO y TexHosoruit Ethernet 1 PON
B OIITOBOJIOKOHHBIX CETSIX €CTh CBOM HEJIOCTATKU,
M 3aJauM UX ONTUMM3AIMUM aKTyaJabHbl. OTHAKO
npeumyiectsa apxutektypbl PON oueBUHbBI, Ta-
K1e Kak OTCYTCTBME aKTMBHBIX y3JI0B, 9KOHOMMUS
BOJIOKHA, YT0OCTBO MOIK/IIOUEHMSI HOBBIX a60OHEH-
TOB ¥ O6CIyKMBaHME ceTu. [IpeBOBUIHAS apXu-
TekTypa PON ¢ macCMBHBIMM OITUUYECKUMMU Y3-
JlaMM TIpe[cTaBjsieTcsl Hauboyiee 5KOHOMWYHOI
JIJISI IIMPOKOTIOJIOCHO TTepeaun JaHHbIX.

BaxkHO Takoke OTMETUTD, UTO apxuTeKkTypa PON
1o3BoJIsieT 3(GEKTUBHO YBEIMUMBATD Y3JIbI CETU
M TIPOMYCKHYIO CIIOCOOHOCTb B 3aBUCUMOCTU OT
nmoTpebHoOCTeli aboOHEHTOB. PekoMeHAyeTcsT He

OTPaHMYMBATHCS BIGOPOM OFHOJ U3 TEXHOJIOTUIA
PON Ha cTraguu mpOeKTUPOBAHUSI CeTel CBSI3M,
TaK Kak KaXaasi MMeeT CBOM IIpenmMyIlecTBa 1 He-
IOCTaTKM, HO B HACTOsIlee Bpems MpeanodyTu-
TeNbHOM KaxkeTcs: TexHonorusd GPON m3-3a nyu-
1Ieit TpopaboTaHHOCTY M BO3MOXKHOCTH TIOJTyde-
HUSI GONMBIIMX CKOpocCTeit B Oymymem (mo 10
réur/c).
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THE ROLE OF PON TECHNOLOGIES
IN THE DEVELOPMENT OF INTERNET SERVICES

Abstract. This study evaluates the increasing significance of Passive Optical Networks (PON) in the burgeoning
field of internet services, providing a comparative analysis of PON against other networking technologies such as
Ethernet and xDSL. Employing a methodological approach that encompasses structural analysis of PON architec-
ture and performance comparison among various network types, this research identifies the superior scalability and
cost-efficiency of PON. Key findings highlight PON's ability to support high bandwidth requirements with minimal
active equipment and reduced operational costs, enhancing the adoption of broadband connectivity especially in
Triple Play services. The conclusion posits that despite inherent limitations like shared bandwidth and signal at-
tenuation, PON's passive architecture offers distinct advantages in terms of infrastructure cost reduction and ease
of network scalability. The novelty of this work lies in its comprehensive assessment of PON's capabilities and its
potential to meet future demands in high-speed internet provisioning.

Keywords: PON, passive optical networks, Ethernet, broadband connectivity, Triple Play services, network
scalability, cost-efficiency, high bandwidth, network architecture, telecommunications infrastructure.
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METOJWYECKAS PABPABOTKA ITPOTPAMMBI «KOMITBIOTEPHBII O®KC»

AHHomauus. Memoduueckas paspabomka npozpammsl «KomneiomepHsili ouc» copmuposana ¢ yuemom
ObicmpO pa36uUBarUIe20CsI NPOCMPAHCMBA OQUCHBIX pedakmopos, pacnpocmpaHeHH020 UCNOIb308AHUSL NPO-
2PAMMHO020 0becheueHuUs: MeKCMoB8blX pedaKkmopos, SKIUAOWULl 3HAHUS 8 CMeXCHbIX 001acmsx 011 NOJHOZ0
0C80€eHUS U hozpyxceHUst 8 daHHyo cepy. Taxoli nodxod no3gonsiem Hauboee NOJIHO NOTYUUMb npedcmasJieHue o
3HAUUMOCMU OUCHBIX pedaKmopos 8 cospemeHHoM mupe. Llenvto memoduueckoil pazpabomku s6semcs co30a-
Hue Yca08uUll 019 noiyueHUs 3HaHull, ymeHuUll, HA8bIKO8 8 001cmU pedaKmMuposaHus Mekcmosoli U 8U3yaibHol
UH(opmauuu 05 danvHeliuiezo TUUHOCMHO20 PA3sumus U NPoGeccuoHANIbHO20 camoonpedeeHusl.

Kniouegsle cnosa: npozpammuoe obecneuerue, opucHole NPUIOHCEHUs, paboma ¢ OKyMeHmamu, 3J1eKmpoH-
Hble mabauysl, npeseHmavuu, snekmponuas nouma, Microsoft Office.

COBpeMEHHaH uHbopMaTU3alus  0OIIeCcTBa
TpebyeT oT crienuanucta B obiaactu VKT Bia-
IeHVe TeXHOJOTUIMM 00pabOTKIM TEKCTOBO U BU-
3yasbHOI MHDOpMaIUn.

OducHbIe TPOrpaMMBbl — 3TO OCOOBIN BUI, ITPO-
IrPaMMHOTO obecIrieueHusI, KOTOPBIi IpegHa3Ha-
yaeTcs IJ1s1 paboThI C JOKYMEHTaMM.

Iy yCIenHoro (pyHKIMOHMPOBAHMS B 0OIIe-
CTBe HY)XHO YME€Tb MCIIOJIb30BaTh IIOJIyuyaeMble
3HAHMS, YMEeHUS ¥ HaBbIKM IJIS1 PelleHNST BasKHbIX
3a7a4 B M3MEHSIOMMXCS YCJIOBUSIX, a IJIT 3TOTO
HaxOJIUTh, COIOCTAB/ISTh, MHTEPIPETUPOBATD,
aHaMM3UPOBaTh (AaKThl, CMOTPETDb Ha OJTHU U T€ Ke
SIBJIEHUSI C Pa3HbIX CTOPOH, OCMBICMBATDh MHMOP-
Mall}Io, YTOOBI JIeJIaTh MPaBUIbHbBIN BBIOOD, ITIPU-
HMMAaThb KOHCTPYKTMBHbBIE penienns. Copepskanme
JIOMOJIHMUTEIbHOM ob1Iepa3BMUBaIOLIEit mnpo-
TPaMMbI CTPOUTCS IO OCHOBHBIM HaITpaBJIEHUSIM
(OYHKLIMOHAIBHOM TPAaMOTHOCTM: UUTATEIbCKOIA,
MaTeMaTUYeCKOi, €eCTeCTBeHHO-HayuyHou, ¢u-
HAHCOBOJ1, a Takke [J106a/IbHOI KOMIIETEHTHOCTHU
¥ KpeaTMBHOMY MbIleHuto. [lokazaTenem chop-
MMUPOBAHHOCTY (DYHKIMOHAIBHOM TPaMOTHOCTMU
SIBJISIETCSI  CTIOCOOHOCTh OGYYaIoIIerocsl MpuMe-
HSTb 3HAHUS B KM3HEHHBIX CUTYaLMSIX, TepeHo-
CUTDb TIOJyYEHHbIE 3HAHMS HA IMPUMEHeHVe UX B
HOBBIX HECTAaHIAPTHBIX CUTYALIMUSIX, IJISI YKperie-
HUI UX MTO3ULIUY B OYOyIIEM.

CoBpeMeHHOe 06pa30BaHMe HEPEPHIBHO CBSI-
3aHO c TaKUMU MTOHSTUSIMUA, KakK

MHbOpMAaIMOHHAs  cpena, WH(GOPMaIMOHHAs
KyJIbTypa, WHOOpPMAaIMOHHAS T'PaMOTHOCTb. B
npoiecce Hudposusauu 1 HudpoBoii TpaHcdop-
Maluy oOpa30BaHMSI Ha TEPBbIN IJIAH BBHIXOAUT
TEeCHO CBsI3aHHas C 11 POBOJi TPAMOTHOCTDIO TeX-
HOJIOTMYEeCcKasl TPaMOTHOCTh — CIIOCOOHOCTh MC-
I0JIb30BaTh, TIOHMMATh ¥ OLIEHUBATDb TEXHOJIOTUM.
TexHoMIOTMYECKOe 0Opa30BaHME CETOIHS BBICTY-
MaeT BaXKHBIM KOMIIOHEHTOM, ITOCKOJIbKY [aeT
06yJalonmyMcss BO3MOXHOCTh IIPMMEHSITh Ha
MpaKTUKe 3HAHMSI, OCBAaMBaTh HOBbIE IMPOrpPaMM-
Hble TIPOIYKTHI.

[Iporpamma paccuuTaHa Ha yqJaumxcs OT 9 go
11 ner, MpoOSABASIONIMII MHTEpPeC K MporpaMMam
O0QUCHBIX PeJaKTOPOB, He MMEIIINI MU UMelo-
Iyt 6a3oBble 3HAHUS pabOThl B OPUCHBIX pefaK-
TOpax.

[TporpaMma paccumuTaHa Ha 1 rofi, o61ee KO-
YeCcTBO 4acoB — 72.

Pe3syinbTaTsl OCBOEHUS

Ob6yuatowjue (npedmembsle):

e  pacIMpeHbI ITpeICTaBIEHNS O BO3MOXKHO-
CTSIX KOMITBIOTEpA, 06JIACTSIX ero MpPUMEeHEeHMS;

e chopmupoBaHbl cUCTeMbl 0a30BBIX 3HA-
HUIT ¥ HaBBIKOB IJiT PabOThI ¢ OPUCHBIMU IIPO-
rpaMMamiu;

e  pacmupeHa 6asa O OpUEHTAlUM yda-
IYXCSI B MUPE COBPEMeHHBIX Mpodeccuii, Mo3Ha-
KOMUTDb Ha TPAKTUKE C JOeSTeJbHOCTbI0 OyXras-
Tepa, 6aHKOBCKMX pabOTHUKOB.
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Paszsusaioujue (Memanpeomemmole):

e  pasBUThl MHTEJUIEKTYaJbHbIE CIIOCOGHO-
CTU U TI03HABATeIbHbI MHTEpeC KOJIbHUKOB;

e  Pa3BUT Xy[OXECTBEHHbIN BKYC, TPyA0Bas
U TBOpYeCKasi akKTUBHOCTD;

e  chopMHMPOBaHbI HABBIKY CO3HATENBHOTO U
palMOHAIbHOTO MCII0b30BaHMsI KOMIIbIOTEpa B
CBO€J IOBCeTHEBHOI, yueOHOI, a 3aTeM mpodec-
CUOHAJIbHOI 1eTeIbHOCTH.

Bocnumamenstble (MUUHOCMHbLE):

e chopMHMpoBaH TBOPUYECKUIT TTOIXOM K IO-
CTaBJIEHHOJ 3a7aue;

e chopMupoBaHbl YCTAHOBKM Ha TTO3UTUB-
HYIO COIIMAIbHYIO JIesITeJIbHOCTD B MH(pOpMaIMOH-
HOM OOIIecTBe, HA HEOOIYCTMMOCTb HeiiCTBUIA,
HapylIaMx MpaBoBble U 3TUUYECKMe HOPMBI pa-
60T5I ¢ MHGOpMaLMeiT;

e  BOCIMTAHA CIIOCOGHOCTH K CAMOOIIEHKE Ha
OCHOBE KPUTePHS YCIIEITHOCTU IeSITeTbHOCTH;

e  pasBUT MHTEpeC B CTOPOHY BbIOOpa MH-
(hopMalMOHHO-TEXHOJIOTUYECKOT0o Ipoduis ooy-
YyeHus.

@opMBbI OPraHU3anMy U IIPOBeIeHMsI 00pa-
30BaTeJIbHOTO Ipolecca

Opzanusayusi:

e  (poHTaTBHAS — CO BCEI IPYIIIOIL;

e  MHOMBUIyaJdbHas — CaMOCTOSITe/IbHAs pa-
60Ta yuyallerocs HaJl ITPOEKTOM IIOJ PYKOBO[I-
CTBOM U C KOHCYyJ/IbTallyeii rejarora;

e TpyNIOBas — eCIM Haj OOHUM IPOEKTOM
paboTalT HECKOJIbKO UeT0BEK.

IposedeHue:

e  TpaaMUIMOHHbLIE;

e  BCTpeua;

e  3alIMTa MPOEKTOB;

e  urpa;

e  KOHKYDC;

e  JIeKIuS;

e  MacTep-Kjacc;

e  IIpe3eHTalys;

e  TBOpUeCKasi MacTepcKasi.

Copep>kaHue 3aHATUIN

1. Tema «TexHuka 6e3omnacHoCcTU. BBegeHue,
3HaKOMCTBO».

Teopus: TeXHUKA 6€30ITaCHOCTY B KOMITbIOTE]-
HOM KJIacce.

Ipakmuka: TIPOXOXIeHMe BBOJHOIO OMpOCa,
3HAKOMCTBO [1].

Dopmot konHmpoas: Ompoc.

2. Tema «BBoj TekcTa. Pabora B Word. ®opma-
TUPOBAaHME TEKCTa».

Teopus: TIOJIOKEeHME TeKCTa Ha paboueit cTpa-
Huile. [opssure KiIaBuily, UX Ha3HaueHue. [leyaTh
TeKCTa. Pa6ora d abs3alem 17t ero

XapaKTepucTukamu. Buapl BbIpaBHMBaHUI TeK-
cta. OCHOBHbIE MOHSITUS Y MPUHIUIIBI PabOThI B
rporpamMmme.

Ipakmuxa: co3gaHue pabOThI B IIporpaMme
Word ¢ npuMeHeHneM 3HaHMI, TEKCTOB, paccKa-
30B [1, 2].

@opmol KOHMpoJis: IIpOeKT.

3. Tema «BcraBka Tabauipl. PucyHku u Tab-
muibl. CoxpaHeHMe U evaTb JOKYMEeHTa».

Teopus: 3HaKOMCTBO C KOHCTPYKTOPOM Tab-
siutl. Ta6auibl ¥ pacCMOTpeHMe UX CBOMCTB. O0b-
eqVHeHe CTPOK, CTOIO1OB. PUTYPHI U X KOHDU-
rypanuu. PUCYHOK, ero mojoskeHue Ha paboueit
crpanute. Iopsmok pucyHka. [lo6aBaeHue u yaa-
neHue sddekrta y pucyHkoB. CoxpaHeHHUe AOKY-
meHTa Ha [IK. XapaKTepuUCTUKM MeyaTu OOKY-
MeHTa.

Tpakmuka: co3maHue TaGIUIBI B MpOrpaMme
Word. M3meHeHMe oTOOpaskeHMsI TpaHUI] Tab-
Juipl. VisMeHeHMe 1iBeTa rpaHul] Tabiauipl. Pa-
60Ta co CTpOKaMu U CToJI6IIaMMu. 3arioTHeHYE Tab-
JLpl ¢ maHHbiMU. PaboTa ¢ purypamu us pasmena
«BCTaBKa». 'pymnmupoBka ¢uryp. BcraBka pucyH-
KOB, M3MeHeHMe 3(pheKToB pucyHKa. BctaBka rpa-
(dbuueckux o6beKTOB B Tabauiy. CoxpaHeHue [0-
KyMeHTa I0 Ha3HaueHHOMY myTu. [leyaTh AOKY-
MeHTa C M3MeHeHMeM HacTpoek mevaru [1, 6].

@opmbl KOHMpoJisi: IIpOeKT.

4. Tema «3HAKOMCTBO U pabora B Power
Point».

Teopus: OCHOBHbIE TIOHSITUSI M TIPUHLIUIIBI pa-
60TBI B IIpOrpaMMe, CO3IaHue CJIaiiI0B ITpe3eHTa-
uuu. VisMeHeHMe MOOKEeHUSI M CBOMCTB TEKCTa B
npeseHTanuu. TexHUUYeckue TpeOGOBaHMUS K Ipe-
3eHTanuu. OpMeHTaUMs ciaaiga. BcTraBka TEKCTOB
Y BU3YaJbHBIX U ayJMOBU3YaJIbHBIX 371EMEHTOB B
npesedTanuo. OdopmieHue pausaitHa ciaiiga,
aHMMaIuM TeKcTa. 3HAKOMCTBO C AyarpaMmamu
[3, 4].

IIpakmuxa: opucHasg mporpamma Power Point.
Cospmaune ciaiima, JobasiieHue cnaiiga. MsmeHe-
HMe IOmusaliHa ciainoB. JlobaB/ieHMe TeKkcTa Ha
cnaitn. VsMeHeHMe TapaMeTpoB TeKCTa Ha
cnaiige. Co3maHue aHMMAalMM OJIs TEKCTa U IIpe-
3eHTanuu. Jlo6aBiaeHne BU3YaIbHON U ayouUOBU-
3yasbHOI MHpopMaiuu. CosmaHue MpOAyKTa IO
3aJIaHHOJ TeMe.

Dopmol koHmpons: IIpoekT.

5. Tema «VITOTOBBIN IIPOEKT».

Teopus: 060611eHe U3YUEHHOTO MaTepuaa.

Ipakmuka: co3gaHue paboT C IpUMeHEeHMeM
MTOJTyYeHHBIX HABBIKOB [4, 5].

Dopmol koHmpons: IIpoekr.
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MeToanuecKkue ¥ OIleHOUHbI€ MaTepyUaIbl

Memoduueckue mamepuaisl

Dopmbl U Memodsl OpzaHu3auuu yue6Ho-80CnuU-
mamenbHO20 npoyecca:

e  KJIACCHO-ypOYHas cucTreMa OGYUYeHMS C
YIIOPOM Ha IPaKTUYECKME 3aHSITUS;

e  3JIeMEHThI IIPOEKTHO-UCCIeI0BaATEIbCKO
JIesITeIbHOCTH

e  IIpOBeAeHMeE SKCIIEPUMEHTOB;

e  COpEBHOBATEJIbHBIE 3JIEMEHTHI.

Cucmema KOHMPONS pe3ynbmamugHOCmu: Co-
37aHye TBOPUYECKOTO MPOEKTa B 3aBepIlieHle KaXK-
JI0Ji TeMBI.

OueHnoutble Mamepuansl:

e  kapThl «OlLIeHKa pe3yJbTaTUBHOCTY 00pa-
30BaTeILHOIO IIPoLiecca» — IO UTOraM TeM;

e Kkapra «OlLieHKa pe3yJIbTaTUBHOCTM BbI-
IIOJIHEeHMsI COBCTBEHHOTO MIPOEKTa» — OAMH pa3 B
rog,.

®opmbl pUKcauM pe3yabTaToB

dopMa MTOrOBOrO KOHTPOJS — 3KCIIepPTHAs
OLIeHKA IeJaroroM pesylIbTaTUBHOCTM KaXKIOro
yualerocst 1o MTOraM OCBOEHMSI BCeX TeM IIpo-
rpaMmbl. [IpeseHTauyst ¥ 3aIIUTa COOCTBEHHOIO
npoekTa. ITo uToram samonHseTcs MHGOpMaLy-
OHHas KapTa «/Torosast OLIEHKa pPe3yIbTaTUBHO-
CTY 06Pa30BaTEILHOTO IIPOLECCcar.

Tabnuiia

Ne damunms, uMms 1

31415 6 | 7 | ..| .. ... | Utor

O1eHKa MPOU3BOAUTCS I10 5-6a/IbHOI LIKaIe,
rme:

. «5» — oTIMuHO;

e  «4» —Xopouio;

° «3» — IIOCPEeACTBEHHO;

° «2» — IJIOXO.
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METHODICAL DEVELOPMENT OF THE COMPUTER OFFICE PROGRAM

Abstract. The methodological development of the Computer Office program is formed taking into account the
rapidly developing space of office editors, the widespread use of text editor software, including knowledge in related
fields for full development and immersion in this area. This approach allows you to get the most complete idea of
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HMAIXMETOB Pycnan IuHapoBuy
CTyneHT, YPUMCKIUIT yHUBEepCUTET HayKu U TexHoJioruit, Poccus, 1. Ydba

HayuHolii pykosodumesns — KaHoudam u3uko-mamemamuyeckux Hayx
Ipokyduna Enena HsaHosHa

UHCTPYMEHTBI CETEBOT'O AHAJIU3A PEI'VJISLIUU TEHOB
U BU3VAJIU3ALINU CETEN U ITYTEN

AnHomauus. Cemesoii aHanu3 pezynsyuu 2eH08 6711emcst MOUHbIM N00X000M O1st U3yueHUsl CIOHCHbIX OUO-
Jloeuueckux cucmem. [[ns nposedeHust makozo aHaiu3a papabomaHo HecKobK0 NPoepamMMHbIX NAKeMOo8, 8KJIi0-
uas Cytoscape, Ingenuity Pathway Analysis (IPA), GeneMANIA u STRING. Cytoscape — amo Gecniamuoe u om-
Kpblmoe npozpammHoe obecneueHue ¢ WUPOKUMU 803MOXCHOCMAMU O AHANU3A U 8U3Yanu3ayuu 6u0102uteckux
cemeti. IPA npednazaem docmyn K o6WuUpHOIl 6ase daHHblx OUoJI02UHecKUX nymeli u 83aumodeticmeuti, ynpouias
amanu3s cemeti U 8vlsigneHuUe HO8bix Ouonozuueckux ceszeii. GeneMANIA u STRING maxce npedocmasnsitom QyHk-
yuu 015 aHanu3a u usyanusayuu cemeti, 0ononHss eo3moxHocmu Cytoscape u IPA.

Knrouessie cnoea: cemesoti aHanus, pezyssauyus 2eHos, 6uosiozuueckue cemu, aHaius cemeii.

BBepenue

OpHuM u3 caMmbIx nonyyasipHbix [10 g cere-
BOTO aHaju3a Peryasiuyu TeHOB SBJSIeTCs
Cytoscape. DTo 6GecIUlaTHOE M OTKPBITOE IIPO-
rpaMMHOe obecIieueHye, KOTOpoe MpegoCTaBIIsIeT
HIMPOKME BO3MOKHOCTY ISl aHA/IM3a U BU3Ya/IU-
3auuu 6uonornuyeckux cereit. Cytoscape mosBo-
JISeT CO3[aBaTh CJIOKHbIE Tpacdbl B3aUMOIENi-
CTBUI MeXIy TeHaMu, 6eJIkaMy, MeTaboIUTaMu U
IPYTUMM OMOJOTUYECKUMIU 00bekTamMu. Takke B
Cytoscape JOCTYITHBI pa3/iMyHble TIJIaTUHbI U pac-
IIMpPEeHMsI, KOTOpbie T03BOJISIIOT MPOBOAUTH pas-
HOOOpa3Hble aHaIM3bl CeTeli, BKIUas ITOMCK
TojceTelt, aHaJIu3 MOAY/IbHONM CTPYKTYPHI, IIpeI-
ckasaHye GYHKIMII TeHOB ¥ MHOTO€e JIPYTOe.

Eme opnmm mnonynasapHeiM IIO 1g ceTeBoro
aHa/jM3a peryasiuu TeHOB sBiasieTcss Ingenuity
Pathway Analysis (IPA). IPA mpegocTaBisieT mo-
CTYII K OTPOMHOJ} 06ase MaHHBIX OGMOJOTUYECKUX
MyTel U ceTell B3auMOJEMCTBUIA, UTO MO3BOJISIET
UCCIeA0BaTeNsIM ObICTPO U 3GGEKTUBHO aHAIU-
3MPOBATh FeHHbIE CETH, UCCAEA0BATh UX QYHKIIN-
OHAJIbHBIE CBOJCTBA M HAXOOUTh HOBbIE GMOJIOTH-
Yyeckye B3aMMOJIeiCTBUS.

Kpome Toro, /i ceTeBOro aHaiu3a perysiimumn
reHOB UCnoJb3yloTcs Takue [10, kak GeneMANIA,
STRING u gpyrue. Bce 3Tu mporpammsbl Npeno-
CTaBJSIOT IIMPOKME BO3MOKHOCTY [IJISI aHaau3a U
BU3ya/IM3aluy OMOJIOTUUECKUX CeTel, UTO AenaeT
MUX BaXXHBIMU MHCTPYMEHTaMM [AJIs1 UCC/IeqOBaHMS
TeHHbIX B3aMMOIEeiCTBUIA.

Cytoscape

Cytoscape SIBIsIeTCS OMHUM M3 Haubosiee Momy-
JISPHBIX MHCTPYMEHTOB [/ BU3yalIn3aluy U aHa-
732 MOJIEKYJISIPHBIX B3aMMOAENCTBUIT U 61OI0-
rmyeckux myreii. OH IMMPOKO UCIIOIb3YeTCsI B 00-
JIACTV CUCTEMHOV OMOJIOTUM IJISI U3YUEeHUS ceTe-
BbIX B3aMMOJENCTBUI Ha Pa3IUYHBIX YPOBHSX,
BKJTIOUAs] TeHETUYECKUE, IIPOTEOMHbBIE U METab0-
JIOMHbIe TaHHbIe. BOT 0CHOBHbIE XapaKTepPUCTUKU
u byukiuu Cytoscape:

1. Bwusyanmmsanus cereii: Cytoscape mo3BO-
JISIeT CO3/1aBaTh CJIOKHbIE IpadmyecKue IpeICcTaB-
JIeHUs CeTell, Iie y3JIbl IPEeACTABIISIOT MOJIEKYJIbI
(HarpumMep, TeHbl, 6eJIki, MeTaboInThI), a pédbpa —
MX B3aUMOJENCTBUSI WA  (PYHKIMOHATbHbIE
cBs3u. [lonb3oBaTe M MOTYT HacTpamMBaTh BHeEI-
HUI BUJT CETH, U3MEHSIS 1IBETa, pa3sMepbl U (DOPMBI
Y3710B U pEBep, UTOObI BbIIETUTD BasKHBIE aCITEKTHI
JIaHHBIX.

2. WHrerpauus paHHbx: Cytoscape ymeeTt
MHTETPUPOBATh PA3HOOOpA3HbIE TUIIbI JAHHBIX,
TaKye KakK 3KCIIPeCCUsi TeHOB, Pe3Y/IbTaThl IBYXTHU-
OpPUOHOIO CKPVMHMHTIA, OaHHbIe YUII-
CeKBEHMpOBaHMS U MHoroe apyroe. Ilosb3o0Ba-
TeJI MOTYT 3arpykatb cBou fanHble B Cytoscape
M UICTIONB30BaTh UX JJIs1 aHHOTalMM CeTeil U OJis
B3BELIMBAHMUS CBS3€EN.

3.  AHanmuTHueckue MHCTPYMEHTHI:
Cytoscape npefocTaBisieT IIMPOKKUI CIEKTP aHa-
JIUTUYECKUX MHCTPYMEHTOB JJIS1 M3y4YeHUsl ceTe-
BbIX CTPYKTYP M MATTEPHOB. JTO BKIIOUAET B CeOs
BBIUMC/IEHME  TONOJIOTMYECKUX  ITapaMeTpOB
(HampuMep, CTeINeHb Y3JI0B, KO3(PGhUIIMEHTbI
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K/IacTepusalum), BbISIBJIEHME MOMYyJIeil U Co00-
IIECTB B CeTSX, GYHKIMOHAIbHBIN aHamu3 o6ora-
IeHMs U TOUCK ITyTei, CBSI3bIBAIOUIUX OIpe[e-
JIEHHBIE Y3JIbl.

Cytoscape B/ISIETCS MOITHBIM MHCTPYMEHTOM
IISL icCieioBaTeel, 3aHMMAaIOIIUXCS U3YUeHeM
CJIOKHBIX ceTeli B 61ojoruy. Ero rm6KoCTb, MHO-
5KeCTBO (PYHKIMIA 1 aKTMBHOE COOOIIECTBO MOJIb-
30BaTejIell AenalT ero He3aMeHMMBIM WHCTPY-
MEHTOM B apCeHajie COBpeMeHHOro 6uouHdopma-
THUKA.

Ingenuity Pathway Analysis (IPA)

Ingenuity Pathway Analysis (IPA) saBnsiercs
KOMMEpYECKMM ITPOTrPaMMHBIM OOecIeyeHneM,
paspaboTanHbiM KoMmmaHueit QIAGEN mis KoM-
IJIEKCHOTO aHalu3a HAHHBIX, CBSI3AHHBIX C Te-
Hamu, 6elkaMy ¥ MeTaboNIUTaMy B KOHTEKCTE
OMOJIOTMYECKUX TIyTeii M CeTeBBbIX B3aUMOeli-
ctBuii. IPA mMpPOKO UCTIONB3yeTCs B UCCIeA0Ba-
HUSIX TI0 CHCTEMHOI OMOJIOTMM, TPaHCKPUIITO-
MMKe, IIPOTEOMUKE U MeTaboJIOMUKE JIJIST MHTEP-
npetanyuu 6OMbLIMX 06HEMOB 3KCIIEPUMEHTAalb-
HbIX JaHHbIX. OCHOBHbIE (PYHKIMM ¥ BO3MOSKHO-
ctu IPA BKIIOYAIOT:

1. UWnrerpammsi paHHbiX: IPA mo3Bomnser
T0JIb30BATENISIM 3arpykaThb SKCIIEPUMEHTATbHbIE
IaHHbIe, TaKye Kak AuddepeHinanbHas SKCIpec-
CHUs TeHOB, JaHHbIe IO 6ejlkaM M MeTaboJuTaM,
pesyiabTaTbl YUII-CeKBEHMpPOBAHUS U Opyrue.
IMporpaMMa aBTOMAaTUYECKM CBSI3bIBAET 3TU IaH-
Hble ¢ MH(pOpMalLMei, comepsKaleiics B ee 06up-
HoJt 6a3e 3HAHMIA.

2. basa snanwuii: IPA cogepkxut ofHy U3 ca-
MBbIX OBGIIMPHBIX ¥ aKTyaaM3MpPOBAaHHbBIX 0a3 3Ha-
HMI1 B 06;1aCTY MOJIEKYJIIPHOV 6110JI0TUM, KOTOpast
BKJIIOUAeT MHAOOpMaLMIO O reHax, Oe/Kax, XMMU-
YeCKMUX BeIIeCTBax, OMOJIOTMYeCKUX MYyTsIX, 3a60-
JIEBAHUSX U (PYHKUMUAX, COOPAHHYIO M3 HAYYHOI
JIUTEpaTypbl. OTa 6a3a JAaHHBIX PETYISIPHO OOHOB-
JIIETCSI, YTO ITO3BOJISIET ITPOBOAUTDL aHAIM3 HA OC-
HOBeE IOC/IeTHUX HAYUYHBIX OTKPBITHIA.

3. Awamms myreii u cereii: [PA criocobeH aB-
TOMATUYECKM TeHEPUPOBATh OMOTOTMYECKIME TTYTH
M CeTH, OCHOBBIBAsICh HA 3aTPYKEHHBIX TaHHBIX.
IMporpamma uaeHTUOUIMPYET Haubomee 3HAUM-
MbIe OVOJIOTMYECKUE ITyTU U QYHKIMN, CBSI3aHHbIE
C O9KCIIEpMMEHTATbHBIM HaObopOM HAHHBIX, U
MIpeoCTaB/IseT IUIIOTe3bl O MOTEHIIMATbHBIX pe-
TYJIITOPHBIX 3¢ (deKTax 1 B3aUMOIEACTBHUSIX.

4. O6oramieHne (QYHKIMOHATbHBIM aHAN-
30M: IPA mpoBoguT aHaaM3 06OTalleHMs, YTOOBI
OTIpele/NTh, Kakue 61omornueckue GyHKumm, 3a-
Oos1eBaHMS ¥ IIYTU Hambojee CBsI3aHbl C HAGOPOM
IaHHBIX. ITO ITOMOTaeT MCCAeAoBaTeIsIM MOHSTh
MOTeHIIMaTbHbIe MeXaHM3MBbl, JieKall[ie B OCHOBE
Ha6II0TaeMbIX 9KCIIePUMEHTAIbHbIX M3MEHEHMIA.

IPA gBnsieTCsT MOIHBIM MHCTPYMEHTOM [JIs1
MCCIeIoBaTeNeil, KOTOPbIM TpebyeTcsl TIIyboKoe
MOHMMAaHMe MOJIEKYJISIPHBIX MeXaHMU3MOB, JiexKa-
IIMX B OCHOBE OMOJIOTMYECKMUX MaHHBIX. OITHAKO
CTOUT OTMEeTUTb, uTo IPA gBasercs nnatHbiM 10,
U ero UCII0Tb30BaHMe TpebyeT IUIeH3UM, UYTO MO-
SKET OBITh IMPEIMSITCTBMEM MJIsI HEKOTOPBIX MCCIIe-
JloBaTesieil 1 y4eOHbBIX 3aBeleHIIA.

GeneMANIA

GeneMANIA (Gene Multiple Association
Network Integration Algorithm) - 3T0 mporpamm-
Hoe obecrieyeHue 1 BeO-CcepBUC, NpeaHa3HAUYEH-
HBIi IJISI TeHepaluy TUIoTe3 0 (PYHKIUM TeHOB,
aHaJM3a TeHHbIX CITMCKOB U IpeAcKa3anms QyHK-
i HeM3YYEeHHBIX T€HOB Ha OCHOBE JIOCTYITHBIX
reHeTMYeCKuX B3aMMOJEICTBUI U CeTeBbIX IaH-
HbIX. OH MHTEerpuUpyeT pasinuHble TUIIbI JaHHbIX,
BKJII0YAs KO3KCIpeccuio, (pusmuueckue B3auMO-
IeicTBUS OeJKOB, TeHeTHYeCcKue B3auMOneii-
CTBUSI, COBMECTHOE HAXOX[eHMe B MYTSIX U Mpe/-
CKa3aHMSI OPTOJIOTUMA.

Bor HekoTopble KiIiOueBble OCOOEHHOCTU W
dyukunm GeneMANIA:

1. O6mmpHas 6a3a gaHHbIX: GeneMANIA nc-
OJIb3yeT OOJBINO0I HAGOP MyOJANUHO JTOCTYITHBIX
IaHHBIX O B3aMMOIENICTBUSIX MeXAYy reHaMu U
O6eJIkaMM U3 Pas3IMYHbIX MCTOUYHMKOB, BKIIIOUAS
3KCIepMMeHTabHble JTaHHbIe U TIpefCcKa3aHHbIe
B3aMMOJENCTBUS. DTO [IO3BOJISIET [10JIb30BATENSM
MOYYMUTH BCECTOPOHHMI aHaAIM3 MOTEHIIMATbHBIX
GbyHKUMI M B3aMMOZECTBUI CBOero Habopa re-
HOB.

2. VIHTYyUTMBHO TIOHSTHBIII  MHTepderic:
GeneMANIA mnpepyaraetT NmpoCTOM U ITOHSITHBIN
BeO-uHTepdeiic, KOTOphIii MMO3BOJSET I0JIb30Ba-
TeJSIM JIETKO 3arpykaTh CBOM CIIMCKM T€HOB U
OBICTPO MOIYYATh pe3ynbTaThl. [I01b30BaTE M MO-
TYT BbIOMPATh OPraHM3M IS aHaIM3a M HaCTpau-
BaTb TUIIbI JAHHBIX /15T BKIIIOUEHMS B CETEBYIO MO-
JleJib.

3. Busyammsaums ceTeit: IIOC/e aHaausa
GeneMANIA mnipenocTaBisieT UHTEPAKTUBHYIO BU-
3yanms3aluio CeTH, Ie y3Jbl IPeICTaB/SIOT TeHblI,
a pébpa — pasauuHble TUIIBI B3aMMOIEICTBUI
MeXay HUMU. Busyanmusaiiys 1mo3BosiseT M0jb30-
BaTeJIIM MCC/IeOBaTh CETh U UAEHTUDUIINPOBATH
MOTEeHIMaTbHO BaskHbIe TeHbI U MOJICETH.

GeneMANIA sBisieTCcsl LIeHHBIM MHCTPYMEH-
TOM JIJ151 6M0JIOTOB U 6M10MH(POPMATUKOB, KOTOPbIE
CTPEMSTCS TOHSTh (YHKIMOHAIbHbIE B3aMMO-
IeiCTBUSI BHYTPYU CBOMX HAOOpPOB T€HOB U IpeJ-
CKa3aTh QYHKIVYM HEM3YUEHHBIX TE€HOB.

STRING

STRING (Search Tool for the Retrieval of
Interacting Genes/Proteins) — 9To oHaiiH-pecypc
" IIporpaMMHOe obecIieueHne, pegHasHaueHHOe
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IUIsT aHaIM3a OeJTKOBBIX B3aMMOJIECTBUIA, QPyHK-
LIMi1 TeHOB U IpeACKa3aHusl CeTeBbIX B3aMOM e -
CTBUI MeXIy reHaMu U 6eykamyu. OHO MHTErpu-
pyeT pasjiMyHble MCTOUHUKU JAHHBIX, TaKue Kak
SKCIIepUMeHTaJIbHbIe JaHHbIe, Oa3bl JAHHBIX, V-
TepaTypHble WMCTOYHUKM U BBIUUCIUTETbHbBIE
TpecKasaHus, OJisl IMPeaoCTaBIeHNs OOGIIMPHOI
MHGOpPMAILIMM O B3aMMOIENCTBUSIX U (PYHKIMSIX
[€HOB ¥ O€JIKOB.

BoT HekoTOpbIe KIIOUYEBBIE OCOOEHHOCTU U
¢dynkuum STRING:

1. MWurerpauus manubix: STRING o6bemu-
HSIeT pa3HOoOOpa3Hble UCTOUYHMUKM MHGPOPMALIUK O
B3aMMOJENCTBUSIX MeXOy OelkaMy M TeHaMu,
BK/IIOUast (U3MYECKUe B3aMMOJIENCTBUSI, KOSKC-
Mpeccuio, COBMECTHOE yuacTue B MyTSX, JIuTepa-
TypHble CBSI3M U IIpe[cKa3aHHble B3auMO[Ieli-
CTBUS. DTO MO3BOJISIET IMOTYYUTh BCECTOPOHHMUIA
0630p O TMOTEeHIMATbHBIX (GYHKIMIX M B3aUMO-
IeCTBUSIX MEXIY TeHaMU U 6eIKaMIu.

2. Bumsyammszauus ceteit: STRING mpenmo-
CTaBJsseT BO3MOXKHOCTb BM3yaaM3allMi CETEeBbIX
B3aMMOJENCTBUII MeXOy reHamMu ¥ OelKaMu B
Bupe rpada, rae y3/bl MPeacTaB/IsSIOT TeHbl WU
0esIKM, a CBSI3Y MEXKAY HUMM OTOOPAKarOT TUITbI
B3aMMOJENCTBUI. JTO IO3BOJISIET MCCaemoBaTe-
JIIM BU3YQJIbHO aHAIM3MUPOBATb U TIOHMMATh
CJIOKHbIE CeTeBbIe B3aMMOIEMCTBUS.

3. Avamm3 ¢yurumii u nyreit: STRING
npenocTasisieT MHGOpMaIio 0 PYHKIIMUSIX F€HOB
1 6GeJIKOB, BKJIIOUasl GMOJIOrMUYecKue ITyTH, MPO-
1IecChl ¥ MOJIEKY/ISIpHbIe (PYHKIINMM, CBSI3aHHbIE C

KaKIbIM T€HOM MM OeJIKOM. DTO IT03BOJISIET MC-
CJIeIOBATe/ISIM IIOHATh OMOJIOTMYECKMEe KOHTEK-
CTBI, B KOTOPBIX IIPOUCXOIST B3aMMOIEIICTBUSI.

STRING sBisseTcss MOILIHBIM WMHCTPYMEHTOM
Ui MccieloBaTesieif, KOTOpble WMHTEpPecyrTCs
aHa/IM30M OeJIKOBBbIX B3aMMOIeCTBUI, QYHKIMIA
TeHOB ¥ CeTEeBbIX B3aMMOEICTBUIA.

3aKkIoueHne

Takum o6pasom, I10 1151 ceTeBOro aHajamsa pe-
Ty T€HOB UTPaeT BasKHYIO POJib B OMOMHGOP-
MaTuKe, IPeIoCTaB/IsIs MCC/IeNoBaTeIsIM MOIITHbIE
MHCTPYMEHTBI JIJIsT aHa/IN3a CJIOKHBIX OMoIornye-
CKUX CeTell M uX Bu3yanmsauuu. baarogapsi stomy
I1O ydyeHbIE MOTYT JIy4llle TOHMMATh MEXaHU3MbI
peryasnyuy TeHOB M UX BAMSHME Ha Ouonorude-
CKMe TIPOIeCcChl, YTO OTKPbIBA€T HOBbIE BO3MOXK-
HOCTMU [IJIS1 Pa3BUTUSI MeIULIVIHbBI, OMOTEeXHOJIOTUN
U IpyTUX 0bacTeit 61Monorum.
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TOOLS FOR NETWORK ANALYSIS OF GENE REGULATION AND
VISUALIZATION OF NETWORKS AND PATHWAYS

Abstract. Network analysis of gene regulation is a powerful approach for studying complex biological systems.
Several software packages have been developed to perform such analysis, including Cytoscape, Ingenuity Pathway
Analysis (IPA), GeneMANIA and STRING. Cytoscape is free and open-source software with extensive capabilities
for analyzing and visualizing biological networks. The iPad offers access to an extensive database of biological
pathways and interactions, making it easier to analyze networks and identify new biological connections. Gene-
MANIA and STRING also provide functions for network analysis and visualization, complementing the capabilities

of Cytoscape and iPad.
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CETEBOI1 AHAJIV3 B PEI'YJISALIVU TEHOB:
OIIPEAEJIEHUE, TUIIbI U IIPUMEHEHUE

AnHomauus. Cemesoli anaiu3z npedcmassisiem co6oii MOwHslii n00X00 K U3YUEHUI) CTONCHbIX 83auMoleli-
Cmeuti, Jexaujux 8 0CHoge pezyaayuu 2eHos. JaHHslli 0030p obecheuusaem 8cecmopoHHULl 0030p cemesozo aHd-
JIU3a, 8KII0UAS e20 onpedeieHle, PA3IUUHble MUNBL 2eHHbIX CeMeli U UX NpuMeHeHuUe 8 buono2uu u meduyure. Ilo-
HUMaHUe 2eHHbIX cemeli umeem pewarnujee 3HaueHue 0Jis pAcKpsimus MeXaHu3mMos 3a00aeeaHuli u paspabomxu

mepanesmuuecKux emeuwamesibCme.

Knroueeste cnoea: cemeesoti aHanus, Memaboauueckue cemu, K1emouHblil UUKJl, 2EHHblE Cemu.

BBepenue

B Mupe, rae Kaxkmast MOJIEKYIa M KaXKIblit 610-
JIOTMYeCKMUii TMpoliecCc B3aMMOCBSI3aHbl, CETEeBO
aHaaMU3 Peryasiiiy TeHOB BBICTYINaeT KaK KU K
TIOHMMAaHMUIO 3TUX CJIOKHBIX OTHOILIeHuI [1]. CeTe-
BOJ @aHA/IM3 — 3TO HE MPOCTO TeXHUYECKast IVCIIV-
IUINHA; 3TO MCKYCCTBO, MO3BOJSIONIEE YYEHBIM
pPacKpbIiBaTh TaliHbl >KM3HU HA MOJIEKYISIPHOM
YpOBHEe, Mpe[cKas3biBaTh Ouosornuyeckue GyHK-
LIV U pa3pabaThIBaTh HOBbIE CTPATEIUM JIEUEHUS
3a6071eBaHMIA.

YTo TaKkoe ceTeBoi aHaIn3?

CeTeBoi1 aHaNMMU3 — 3TO METO/,, KOTOPBIN ITO3BO-
JiseT MCCaeNoBaTh M BU3YaaM3UPOBATh B3auMMO-
JIeCTBUSI MEXKIY PasIMUHbIMM OMOJIOTMUECKUMU
3/IeMeHTaMM, TaKMMM KaK reHbl, 6eJIku U MeTabo-
JIUTBI. DTU B3aMMOIEICTBUSI YaCTO IIpeACTaBiIsi-
I0TCSI B BUJIE CeTeN, TIe Y3/bl COOTBETCTBYIOT MO-
JIeKyJiaM, a CBSI3U — MX B3aMMO/Ie/iCTBUSIM.

3HayeHMe CeTeBOro aHajan3a B 6M0JIOrMm

CeTeBoi1 aHaIM3 B OMOJIOTUM — STO HE IIPOCTO
emé omHa abCTpakTHAsT KOHIEMUMS; 3TO GyHIa-
MEHTAJIbHbIVI MHCTPYMEHT, KOTOPBIVi OTKpbIBAeT
HOBbI€ TOPU3OHTHI B MOHUMAHUM XKUBBIX CUCTEM.
OH M03BOJISIET YUYEHBIM YBUIETD HE TOJBKO U30JIM-
pPOBaHHbIE YTV B3aMMOJEIICTBUS MEXTY O6MOJI0-
IMYeCcKUMU MOJIEKYIaMU, HO U CJIO’KHbIE CETU CBSI-
3eit, GopMupyloliie OCHOBY KM3HeAesTeTbHOCTI
OpraHu3MOB.

I'eHbI U UX POJIb B JXUBBIX OpraHM3Max

TFeHbl comepskaT MHCTPYKLMM, HEOOXOAVMbIE
IJIS1 CMHTe3a 0eJIKOB, KOTOpbie, B CBOIO ouepe[b,
BBIMOJIHAIOT GOJIBIIMHCTBO KPUTUUECKM BasKHBIX
dyukunit B kierke. Ot permkaiuy JTHK no nepe-
BapMBaHMS MU, OT PETYJISIINM MeTabon3Ma 10

OTK/IMKa Ha BHeITHME CTUMYJIbI — BCE 3TO 3aBUCUT
OT OeJIKOB, KOOMPYEMbIX TeHaMM. ['eHbl — 3TO He
IIPOCTO ITaCCUBHbIE XPAHUTEIN MHPOPMALIVN ; OHU
aKTMBHbIE YUaCTHUKM KM3HEHHOTO Mpoiiecca, pe-
arupymoume U amanTUpyrmecs: K M3MeHeHUsIM
BHYTpeHHel U BHelllHeli Cpe/ibl.

Kaxk rensl peryaupyrnorcs?

Perynsiiyisi TeHOB — 3TO MOpPOILECC, KOTOPBIN
TO3BOJISIET KJIETKE KOHTPOJIMPOBATh OO0BEM U
BpeMs IMPOU3BOACTBA Pa3IMUHbIX O€JIKOB. DTO I0-
CTUTAeTCs yepes pa3HooOpasHble MeXaHU3MBbI: OT
MpSIMOTO B3aumogeiicTBus 6eykoB ¢ JIHK mo 6osee
CJIOKHBIX CeTell Iiepenady CUTHAI0B, KOTOpbIe MO-
T'yT BK/IIOYaTb MHOKECTBO pPa3/MUHBIX MOJIEKYII.
Perysnsimst MoXKeT TPOUCXOAUTH HA Pa3HbIX YPOB-
HSIX, OT STUTeHEeTUYeCKUX M3MEHEHUIl B CTPYK-
Type XpoMaTuHa 40 MOCTTPAHC/ISIIMOHHBIX MOIM-
dbukannit 6eKoB.

BakHOCTh NOHMMAaHUSI T€HHOM peryiasiumn

[loHuMaHMe TOrO, KaK TeHbl PeryJIupyroTcs,
MMeeT OTPOMHOE 3HaueHue [IJis Bceil 6MoIorum u
MenuiMHbl. Hanmpumep, 60JbIIMHCTBO 3a00/1€Ba-
HUIi CBSI3aHbI C HAPYIIEHUSIMU B PETYJISIIINY TeHOB.
Pak, nuaber, cepIeuHo-COCYAMCThIE U Heltpoaere-
HepaTUBHbIE 3a00JIeBaHMSI — BCE OHM MOTYT ObITh
BbI3BaHbI AedeKkTaMy B KOHTPOJIE 3a SKCITpeccueit
reHoB. CeTeBOi1 aHaaM3 TOMOraeT PacKpbITh 3TU
CJIO>KHBbIE B3aMMOCBSI3U U MOXKET IIPUBECTU K pa3-
paboTKe HOBBIX TepalleBTUUECKMX CTPaTeruii,
HaIpaBJIeHHbIX Ha KOPPEKLNIO AMCHYHKIMOHAb-
HBIX TeHHBIX CeTeil.

TakuMm 06pasoM, CeTeBOJ aHaIU3 SIBJSIETCS
MOIIHBIM MHCTPYMEHTOM B PyKaxX OMOJIOTOB U Me-
IMKOB, TIO3BOJISTIONIMM TTyOKe TOHSTb M JIydIle
KOHTPOJIMPOBATH JKM3HEHHO BasKHbBIE IIPOIIECCHI
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CeTu B peryasiiyi reHOB

CeTu B perynsiiiuy TeHOB — 3TO CJIOXKHbIE B3au-
MOJECTBUSI MeXKAYy TeHamMu, OelkaMy, MaIbIMyu
MOJIEKYJIaMU U [aXKe He KOOUPYIOIIMMU y4acT-
kamu [JHK, KoTOpble BMecTe ompefnensiioT QpyHK-
LIMOHMPOBaHMe KJIeTKM U OpraHu3Ma B 11eJIOM. DTHU
CeT MOXHO TpPeACTaBUThb KaK OUHAMUYECKYIO
KapTy, Ha KOTOPOJ ITyTU CUTHAJIbHBIX ¥ MeTab0J1-
YeCKMX TPOIeCCOB MepervieTalTcs, CO34aBas
CJIOKHYIO0 CUCTEMY PeryJsiiuu.

OmnpeneneHne reHHbIX ceTel

T'eHHbIE CETU MTPENCTAB/ISIOT COO0 KapThl B3a-
MMOMENCTBUI, KOTOPbIe TOKA3bIBAIOT, KAK T€HbI U
MPOAYKThl MX 3Kcopeccuu (Takue Kak PHK u
0eJIKM) B3aMMOIEICTBYIOT APYT C IPYTOM [IJIST pe-
TYJISIUMU KJIETOUHBIX (QYHKIMIA. DTU CETU MOTYT
OBITb TMHETHBIMU UM CETEBBIMMU, THE OJNH KOM-
TIOHEeHT MOKeT BJMSITb Ha MHOXECTBO MYyTeN U
MPOI1IeCCOB.

Tursl reHHbIX ceTell

CyliecTByeT HeCKOJIbKO TUIIOB FeHHbIX CeTel,
BKJIIOUASI PETYJISITOPHBIE CETU, CETU OEIOK-6eIKO-
BBIX B3aMMOIENCTBUII U MeTaboanmyeckyue CeTu.
PerynsTopHble CeTH BKIIOUYAIOT B CeOS B3aMMO-
nmeiictBus mexxmy ITHK, PHK u 6eikaMu, KOTOpbIe
KOHTPOJIMPYIOT SKCIpeccuio reHoB. CeTu Geok-
Oe/JIKOBBIX B3aMMOMENMCTBUII ITOKa3bIBAIOT, KakK
6eJIKM B3aMMOZENCTBYIOT APYT C APYTOM JJISl BbI-
TTOJTHEHMSI Pa3/IMYHbBIX KIETOUYHbIX QYHKIMIT. Me-
TaboMMUecKue CeTM OTPaxkaloT IyTH Mpeodpaso-
BaHMsS CyOCTPATOB B MPOOYKThI, KOTOPhIe HEOOXO-
IVUMBL OJ1s1 TIOOJep>KaHUSI >KU3HeOesTeIbHOCTU
KJIETKU.

IIpuMepsbI reHHBIX CeTeli B IeliCTBUN

[IpumepoM reHHOV CEeTU MOKET CJTY>KUThb CETb,
KOHTPOJIMUPYIOIIAsl KIeTOUHBIN UK/, TAe pa3iny-
HbIe IreHbl U 6eJIKM paboTarT BMeCTe [JIs1 obecrie-
YeHMs] TPaBUJIBHOTO [AefleHusT KieTku. Jpyroi
MIpUMep — 3TO CETH, peTyIUPYIOIIYe Pa3BUTHE OP-
raHuM3Ma OT OJHOKJIETOYHOW CTaAuu IO TOJHO-
IIEHHOTO MHOTOKJIETOUHOTO CYIlleCcTBa C pasjiny-
HBIMM TKAHSIMU U OpraHaMMu.

l'eHHbIE CETU CIOKHBI M MHOTOTPAaHHbBI, HO UX
TMOHMMaHKe MMeeT KPUTUYEeCKOoe 3HaueHue Ijisi
OMOJIOTVM ¥ MEIUIIMHBI, IOCKOIbKY OHU JIeSKaT B
OCHOBe BCeX XXM3HeHHbIX IpoleccoB. CeTeBoii
aHaaM3 MpeAoCTaBIIsIeT MOITHbII MHCTPYMEHT IJ1s1
MUCCIIeOBAHMS STUX CeTel, OTKPbIBAsi HOBbIE BO3-
MOYXHOCTM IS IOHVIMAaHMSI U JieueHus 3a060j1eBa-
HU [2].

MeToabl ceTeBoro aHajusa B 6umonmHdopma-
THKe

JKcrepuMeHTaJbHble METOMbl CeTEeBOr0 aHa-
JM3a BKIIOYAIOT B Ce0S pasiuuHble TeXHUKM,

TaKye KakK MEeTOIbI MacC-CIIEKTPOMETPUM, XPOMa-
TorpaduM, MeTOIObl M3YYeHUS B3aMMOIEVCTBUI
0eJIKOB ¥ TeHeTUUYeCKMue SKCIepMMeHThl. Macc-
CIIEKTPOMETPUST UCIIONb3YeTCs NIJIsT aHammu3a Oe-
KOBBIX B3aMMO/I€ICTBII U TOMCKA 6€TKOBBIX KOM-
TJ1eKCOB. Xpomartorpadusi MO3BOJISIET pasaessaTh U
aHAIM3MPOBAaTh KOMIIOHEHTBI CMecei, BKIIYast
MeTaboIUThI ¥ 6eJIKM. MeTo bl M3yUeHMs B3auMO-
IeiiCTBUIT GeIKOB, TaKMe KaK JABYTMOPUIHbIE CU-
creMbl, GepMeHTaTVBHbIE METOAbI U METOMbI KO-
SKCIIpeccuy, TO3BOJSIIOT  UAEHTUOUIIMPOBATD
GeJIKOBbIE B3aMMOIECTBMS B KiIeTKax. [eHeTuue-
CKMe SKCIIePUMEHTbI, TAKMe KaK METOIbI KAPTUPO-
BaHMS TeHeTUYEeCKUX B3aMMOMEICTBIUIA 1 TeHeTU -
yeckue 3KpaHMPOBAHMSI, UCIIONb3YIOTCS IJIsT U3Y-
YeHMSI TeHEeTUUECKUX CEeTEl U PeryasSTOPHBIX ITy-
Tei.

KoMIibIoTepHBIE METOIbI aHA/IM3a BKIIOYAIOT B
cebsI pasIMyUHbIe TIOIXOIbI, TAKME KaK METOIbI Ma-
IIMHHOTO O0YUYeHMSsI, aJITOPUTMBbI I'padoB U CTATH-
CTUYECKMe MeTOoabl. MeTombl MAlIMHHOTO 00yJe-
HMSI, TaKMe KaK MeTObl KIaccuduKaium, KiaacTe-
pu3aluyu U perpeccum, MUCIOAb3YIOTCS i aHa-
Ju3a 6GOMbIINMX OOBEMOB JAHHBIX M BBISBIEHUS
1a6JIOHOB B MOJIEKY/ISIDHBIX CETSIX. AJITOPUTMBI
rpadoB IO3BOJISIIOT MOJE/IUPOBATh M aHAIU3UPO-
BaTh CJIOKHBIE MOJIEKYJISIPHbIE B3aMOIECTBUS B
Buze rpadoBbix CTPyKTyp. CTaTUCTUUYeCKue me-
TOJbI TIPUMEHSIIOTCS JJIS1 OLIeHKM CTeIeHU 3HauM-
MOCTM B3aMMOJENCTBUII M BbISIBIeHUS audde-
pPEeHUMAIbHOM SKCIIPECCUN TeHOB [3].

3aKaoueHue

B 3akioueHue, ceTeBO aHA/IN3 PETYISILIUU Te-
HOB IIpeCTaB/IsIeT CO60i BaskKHbI i MHCTPYMEHT B
6moMHGpOpPMaTHUKE, ITO3BOJISTIOIINI pacim@poBaTh
CJIOKHBIE OMOJIOTMYECKME CUCTEMBI U YIYUIINTH
MMOHMMaHMe MOJIEKY/ISIPHBIX OCHOB Oojie3Heil u
paspabOTKM HOBBIX JieKapcTB. MbI paccMoOTpenn
SKCIIepUMeHTabHble ¥ KOMITbIOTEPHbIE METOJIbI,
KOTOpbI€ UCIOJIb3YIOTCS IJIs1 aHaIM3a 6Moyiornye-
CKMX CETell, a TaKKe MOAXO0Ibl K MHTerpalum JaH-
HbIX, KOTOpbIE CITOCOOCTBYIOT CO3daHMI0 6Gosee
TIOJTHBIX OMOJIOTMUECKUX MO/Ie/Iei.

[TpuMeHeHMe CeTeBOIrO aHa/IM3a B UCCIeI0Ba-
HUM 6ojie3Helt, pa3paboTKe JeKapCTB U IMepcoHa-
JIU3VPOBAHHONM MeAuIIMHEe OTKPhIBAET HOBBIE IO-
PU3OHTHI IJjIs1 TIOHMMAaHUS U JieueHus 3aboseBa-
Huit. Tem He MeHee, CYIIECTBYIOT 3HaUNTEIbHbIE
CJIOKHOCTY U BBI3OBBI, CBSI3aHHBIE CO CJIOSKHOCTBIO
OMOJIOTMYECKUX CUCTEM U OIPaHUYEHUSIMU CYIIe-
CTBYIOIIMX METOMOB.
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NETWORK ANALYSIS IN GENE REGULATION:
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Abstract. Network analysis is a powerful approach to studying the complex interactions underlying gene regu-
lation. This review provides a comprehensive overview of network analysis, including its definition, various types of
gene networks and their applications in biology and medicine. Understanding gene networks is crucial for uncover-
ing disease mechanisms and developing therapeutic interventions.

Keywords: network analysis, metabolic networks, cell cycle, gene networks.
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HMAIXMETOB Pycnan IuHapoBuy
CTyneHT, YPUMCKIUIT yHUBEepCUTET HayKu U TexHoJioruit, Poccus, . Ydba

HayuHolii pykosodumesns — KaHoudam u3uko-mamemamuyeckux Hayx
Ipokyduna Enena HsaHosHa

CETEBOI AHAJIV3 PETVJISIIMY TEHOB: METO/IbI 1 IIPUMEHEHUE

AHHomauuﬂ. HocmpoeHue 2EHHbIX pecYIiMOPHbIX cemeti cmasuo MOUWHbIM UHCMPYMEHIMOM 011 NOHUMAHUSs
pezyiiauuu 3Kecnpeccuu 2eHos. COGPEM@HHble Memodsl N0380JI1H0M UCCNE008AMETISIM C030a8aMb 2eHHblE peeyns-
MOpHble cemu, UHmezpupys daHHble 00 JKCnpeccuu 2eHos, omudeckue JdaHHvle U IKCnepumeHmaibHole nodxodel.
Cemesoli aHanu3 amux OaHHbIX BbiSBTIEM pezyisamopHbole 83aumodeticmsust Memay 2eHamu, ManJlﬂMu u KJjwue-
8blMU y3/1aMU. OH maxxce npeackasbteaem HO8ble 83aUMOC8s13U U daem uesocmHoe npeacmaeﬂer-lue 0 MOJIEKYJIAD -

HbIX 83AUMO0elicCmausX.

Kntouessie cnoea: 2€HbL, cemesolti aHanau3, e3aumocessu, Memoabl, pezyniayus 2eHos.

BBepenue

[ToHuMaHMe CIOKHOM CeTM PEry/siuu TeHOB
HEOoOXO0AVMO IJIS IIOHMMAaHMS CJIOKHOCTM 6110J10-
rmueckux cucteM. CeTeBOii aHaAU3 IIPemOCTaB-
JIIeT MOITHBIN MHCTPYMEHT [IJIS1 BbISIBJIEHMS B3au-
MOCBsI3eli MeXmy reHamy, (akropamm TpaH-
CKPUIIIIUU W PETYISITOPHBIMM 3JI€EMEHTaMM, I103-
BOJISIST MCCJIEIOBATEISIM BBISIB/ISITH KITIOUEBbIE pe-
TYJIATOPbI M IPOTHO3MPOBATh B3aMMOZENCTBYE
reroB. Co3maBasi CETU PETY/ISILMY TeHOB, YIEHbIe
MOTYT TOJTYYUTD IPEICTaB/IIeHEe O TOM, KaK Te€HbI
KOOPAVHUPYIOTCS APYT C IPYTOM M YIIPABIISIIOT
KJIETOYHBIMM IIPOI[eCCaMM B OTBET Ha PasinyHbIe
CTUMYJIBI U YCIOBMUSL.

OTU CeTU IAIOT BCECTOPOHHEe MpeACcTaBeHe
0 MOJIEKYJISIPHBIX MexXaHM3MaX, JeXKallux B OC-
HOBe OMOJIOTMYECKUX TPOIIeCCOB U 3ab0IeBaHMiA,
CIIOCOOCTBYSI pa3paboTKe HOBBIX TepareBTHhYe-
CKMX CTpaTeruii ¥ MOAXOMOB K IepCOHAIU3UPO-
BaHHOV MenuiiuHe. CeTeBO} aHAIMU3 UTpaeT pe-
IIAIOIIYIO POJIb B YIVIYOGIEHMY HAIIIero MOHMMAaHMUS
(YHKIMIT KIETOK ¥ maToreHesa 3a0607eBaHuit, UTO
B KOHEUHOM MTOT€e ITPUHOCUT IT0JIb3Y MallYieHTaM.

MeToapl MOCTPOEHMSI T€HHBIX PeryjasTop-
HBIX ceTel

OIMH 13 METOAOB ITOCTPOEHNSI TEHHBIX PEryIsi-
TOPHBIX CeTel 3aK/TI0YAeTCs B MCTIOb30BaHNUY BbI-
COKOTIPOM3BOJIUTENIbHBIX METOMIOB CEKBEHMPOBa-
HUSI IS TIONTYYeHYsT JAHHBIX 00 YPOBHSIX 9KCIIpec-
CUM T€HOB. 3aTeM 3Ta MHGOpMAaIMSI MOXKET ObITh
MPOaHaIM3MPOBAHA C UCITOIb30BAHMEM BBIUMCIIN-
TEJIbHBIX aJTOPUTMOB IUTST BBISIBJIEHUS

MMOTEeHILMANbHBIX PErYISTOPHBIX B3aMMOAENCTBUIA
MeX]y reHaMMu.

HOpyroit momxop TIpeAriojaraeT MWHTETpaLyio
Pa3/IMYHbBIX TUIIOB «OMMUYECKUX» MAHHBIX, TAKUX
KaK TpaHCKPUIITOMMKA, ITPOTEOMMKA U STIUTEHO-
MUKa, JJ151 [TOJTy4eHus 60s1ee 1eJIOCTHOTO ITOHMMa-
HUSI PeTyasalyuy reHoB. DKCIlepuMeHTalbHbie Me-
TOIbI, TaKMe KaK MMMYHONpeLUIUTALIUSI XpoMa-
tuHa (ChIP) ¢ nmocnenylomum ceKBeHUPOBaHUEM,
TaKke MOTYT ObITh MCIT0/Ib30BaHbI [IJIS1 HEIIOCPe -
CTBEHHOTO BBISIBJIEHUSI B3aMMOMEICTBUI MeKIY
(dakTopamMy TpPaHCKPUMIIIMM ¥ TeHAMU-MUIIe-
HaMU. KOMOMHUPYS 9T pa3TMUHbIe TOIXOMIbI, UC-
CJIemoBaTeNM MOTYT CO3/1aBaTh MTOAPOOHbBIE U TOU-
HbIe CEeTU PETYJISILUY TeHOB, KOTOpbIe JAl0T Mpef -
CTaBJeHMEe O CJIOXHBIX MeXaHU3Max, JeXalluxX B
OCHOBe 3KcIipeccuy reHoB. CeTeBOVi aHATNU3 SIBJISI-
eTCsl LIeHHbIM MHCTPYMEHTOM, KOTOpPBIVi UTrpaeT
B&KHYIO POJIb B BBISICHEHUM CJIOKHBIX MeXaHMU3-
MOB peryJsiiuy reHoB. biaromapsi mocTpoeHUIo
CJIOKHBIX ceTelt, pe/ICTaB/SIONINX CIOKHbIE B3a-
MMOJIEICTBUS MeXAYy reHamu, GeakamMu U Ipy-
MMM GMOIOTUYECKMMY MOJIEKY/IAMY, YUeHbIe MO-
TYT TOJIYUUTh O0jiee INIyOOKOe TpefCTaBIeHNe O
TOM, KaK 3TU 3JIeMeHTbI B3aMOZEeCTBYIOT, peTy-
JIUPYS SKCIIPECCUIO TeHOB.

Takoit moaxon II03BOJISIET MccaedoBaTe/lsIM
BBISIBJISITH BaXKHEJAIIIME PETY/ISITOPHBIE Y3JIbI B CETU
" 0OHAPYKMBaTh QYHKIVOHAIbHBIE MOIYJIN, KO-
TOpble KOOPAMHUPYIOT OIpejaesieHHble GMOIOrH-
yeckue Impolieccbl. Kpome TOro, ceteBoii aHaau3
MO3BOJISIET IIPOTHO3UPOBATb HOBBIE PETY/ISITOP-
Hble B3aMMOCBSI3YM, OOecreunBasi OCHOBY [IJisI
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M3Y4YeHUS CJIOKHBIX PErysiTOPHBIX LieTei U [oy-
YeHMsI 11eJIOCTHOTO MpeACTaBaeHs] O MOJIEKYIISIp-
HbIX B3aMMOJEICTBUSIX.

Ucrionb30BaHMe ceTeBOro aHaln3a B UCCIIeN0-
BaHMSX peryJsiiuy reHoB IIOMOraeT yYeHbIM I10-
HSITh TIPOLIECCHI, JieXKall[ie B OCHOBE KIEeTOUHBIX
GYHKUMI, U CIIOCOGCTBYET HallleMy BCECTOPOH-
HeMy ITOHMMAaHMI0 MOJIEKY/ISIpHOIT 61omoruu. Ofi-
HOJ M3 OCHOBHBIX IPO6GJIEM IIpM aHaIM3e ceTeit
PEryJsLuy TeHOB SIBJISIETCS CIOKHOCTb GMOJIOTH-
YeCKUX CUCTEM. ITU CeTM YacTO ObIBAIOT OOJIb-
HIIMMMU U CJIOKHBIMMU, YTO 3aTPYAHSIET TOUHOE MO-
JleMpoOBaHMe BCeX B3aMMOIENCTBUM MEXIy re-
HaMu U perynsaTopHbeiMu dakropamu [1]. Kpome
TOTO, Ka4eCTBO U [OOCTYITHOCTh [JAHHBIX MOTYT
OBITh OIPAaHMUYMBAIOIMMY (PaKTOpPaMM, TOCKOIbKY
9KCMEepPUMEHTA/IbHbIE METOIbl M3MEpPEHMUST 3SKC-
Tpeccuy TeHOB U GeJIKOBBIX B3aMMOIECTBUIT He
BCer/a AT NOJHbIE UM TOUHBIE Pe3Y/IbTAThI.

Ipyroit TIpo6ieMoit SIB/ISeTCS AMHaMMUUYeCcKast
MPUPOLA 3TUX CeTeN, KOTOPasi MOXKeT U3MEHSIThCS
B OTBET Ha BHEIIHME pa3fpaskuTenu Ui B Ipo-
mmecce pasBuTus. B pesysbTaTe CeTeBOI aHaIU3
peryianuy reHoB TpebyeT THIATEIbHON MHTEp-
MpeTanyun 1 BaIUAAIMM, YTOOBI TTOTYUYUTh TOCTO-
BepHOe TIpe[iCTaB/IeHNe O CJIOXKHBIX OMoyiornye-
CKUX ITpoLieccax.

IlepcriekTMBBI CeTeBOro aHaau3a perysi-
MY TeHOB Ha Ooyayiiee

OIHUM U3 TepCIIeKTUBHBIX HaIlpaB/eHuit Oy-
OVIIMX MCCIeIOBaHMii B 00JIaCTM CETEBOro aHa-
JI3a peTyJISILVU TeHOB SIBJISIeTCS MHTerpaluus pas-
JIMYHBIX TUIIOB JaHHBIX OMics [IJ1s1 CO3maHusI 6o/ee
TIOJIHBIX Y TOYHBIX PEryJSTOPHBIX ceTeli [2]. OTOoT
TIOAXO[, TIpeArionaraeT oobeguHeHne uHbOpMa-
MY 13 HAaBOPOB TeHOMHBIX, TPAHCKPUIITOMHBIX,
TIPOTEOMHBIX ¥ MeTabOJIOMHBIX AAHHBIX, UTOObI
TIOJIYYUTH OOJIee TOJTHOE TIPeICTAaB/IeHNe O CIIOXK-
HbBIX B3aMMOZECTBUSIX MEXIy reHaMU U UX pery-
JISTOPaMM.

Pa3paboTKa mepeoBbIX BHIYMCIUTEIbHBIX Me-
TOOOB ¥ QJITOPUTMOB MAIIMHHOTO OOyUYeHMS
TaKKe ChIrpaeT BAKHYKI POJIb B 3TOM IpOIecce,
TO3BOJISIST UCC/IEA0BATEINSIM BbISIBJISITH HOBBIE pe-
TYJIITOPHbIE B3aMMOZENCTBUS U OOGHAPYKMUBATH
HOBbIE€ 3aKOHOMEPHOCTHU B 3TUX ceTsXx [3]. Kpome

TOTO, MHTETpalus MPOCTPAHCTBEHHBIX ¥ BpEMEH-
HBIX JAHHBIX ITO3BOJIUT HOMYUUTD MIPeCTaBIeHME
0 IMHAMMYECKOi IIPUPOIe PEryIsSIiM TeHOB U T0-
MOSKET OOBSICHUTDb, KaK 3TU CETU U3MEHSIIOTCS B
OTBET Ha pasiuMuHbie (QakToOpbl OKpyXKaloIiei
Cpeppl.

OTU HOCTVMKEHMS TMTOTEHIIMATBHO MOTYT 3HAUMN-
TEJbHO PAaCIIMPUTh HAllle MOHMMAaHME CIOKHBIX
MEXaHM3MOB, JIEKalIMX B OCHOBE PETY/ISILIVU Te-
HOB, UTO MOXKET IIPMBECTM K BBISIBJIEHUIO HOBBIX
TepaneBTUYECKUX MUIIEHEe sl IeUeHUs IUPOo-
KOTO CITeKTpa 3a60JIeBaHMIA.

3akaoueHue

PerynatopHble ceTU reHOB MOTYT ObITb IIOCTPO-
€Hbl C WCIIOJb30BaHMEM Ppa3IMYHbIX METOOB,
BKJ/IIOYAsT BBICOKOTIPOM3BOAUTEbHOE CEKBEHMPO-
BaHMe, MHTETPaLMIO PasINUHBIX TUIIOB JaHHBIX
omics, UMMYHOIIPeLUIIUTALNI0 XpOMaTKHA U ce-
TeBOI aHaM3. DTU MMOAXOMAbI HANlpaBIeHbl Ha BbI-
SIBJIEHME PErylsITOPHBIX B3aMMOMOENCTBUI MEXIY
reHaMu, obecIieueHye I[eJIOCTHOTO ITOHMMAaHMUS
peryasuy reHOB U MPOTHO3MPOBaHMe HOBBIX pe-
TYJISITOPHBIX B3aMIMOCBSI3€iA.

OnoHaKo CIOXKHOCTb OMOJOTMYECKUX CUCTEM,
OTpaHMYEHMSI B OTHOLIEHMM KauecTBa M JOCTYII-
HOCTM JAHHBIX, a TaKKe TMHAMMYHBINA XapaKkTep
ceTeit co3maioT Mpo6ieMsbl. [T pelieHust STUX
Mpo6J1eM pa3pabaThIBAIOTCS IIEPEOBbIe BhIUMCIIN-
TeJIbHbIE METOIbI, AJITOPUTMbI MalIMHHOTO 06yYe-
HUSI ¥ MHTErpalus MpOCTPAaHCTBEHHbIX ¥ BpeMeH-
HbIX JAaHHBIX. ITU AOCTMKEHUS MOTYT IIPUBECTU K
6osee TTyOOKOMY TTOHMMAHUIO PETY/ISIINY TEHOB,
YTO TO3BOJIUT OMPEIEUTh HOBBIE TeparieBTHUe-
CKVie MUIIIEHY [J1sI JIeUeHUS pas3IMIHbIX 3a001eBa-
HUIA.
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NETWORK ANALYSIS OF GENE REGULATION:
METHODS AND APPLICATIONS

Abstract. The construction of gene regulatory networks has become a powerful tool for understanding the reg-
ulation of gene expression. Modern methods allow researchers to create gene regulatory networks by integrating
gene expression data, ohmic data, and experimental approaches. Network analysis of this data reveals regulatory
interactions between genes, modules, and key nodes. It also predicts new relationships and provides a holistic view
of molecular interactions.
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