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Ha o6moxke nsobpaxen JJasud Pukapdo (1772-1823), aHrmit-
CKMII 3KOHOMMCT, KIaCCUK HOMMTUYECKO 3KOHOMMY, IOCTIENOBa-
Telb U OfHOBPEMEHHO ONMMOHeHT Affama CMuta. Pukapyio BbLABMI
3aKOHOMEPHYIO B YCTIOBMAX CBOOOJHOI KOHKYPEHIIMY TeHIEHIINIO
HOPMBI IPUOBLTH K IOHIDKEHNIO, Pa3paboTal 3aKOHIEHHYIO TEOPUIO
0 opMax seMenbHOIT peHTbI; pasBy uaen Agama CMUTA O TOM, 4TO
CTOMMOCTb TOBAPOB OIPENE/IATCS KOIMIECTBOM TPY/Q, HEOOXOM-
MOTO /ISl ¥IX IPOM3BOJICTBA, 11 Pa3paboTas TeOPUIO pacipeseieHs,
O0BACHAIIIYIO, KaK 9Ta CTOMMOCTD PACIIPEe/AeT S MEXKY pasnd-
HBIMIY KJIaCCaMM OOILECTBA.

HlaBup, Puxappo BBIPOC B OPTOHOKCA/IbHOI MYZIEVICKOI ceMbe B
JloHioHe 1 y>Ke K YeThIPHAJLATH TOfjaM HOTYYII TPAIULIMOHHOE €B-
peiickoe o6pasoBanne: usydan Topy, TanmMys, IpeKpacHo 3HaI Ma-
TeMaTuKy, pasbupancs B azax Oyxraarepun. Ero tajants! mpurogu-
JIVCh B CeMelTHOM Ou3Hece: oTell, AGpaxaM Pykappo, ObU1 ycnenHbIm
OMp>KeBBIM MakK/IepoM. B koHTOpe oTua IoHbIi [laByp BBIIOMHAT
CIIOKHBIE (PMHAHCOBbIE TIOPYYEHNUs U YKe B IIECTHA/LIATD JIET TPO-
JIEMOHCTPYPOBAJI IPEKPACHYIO JIENIOBYIO XBATKY.

K coBepIieHHONETIIO OH CKOIVIT IOCTATOYHO CBA3€H, OIIbITa 1 Ka-
IITAJI, YTOOBI XKUTD CAMOCTOATEIBHO U COlepYKaTh sKeHy, [Ipuctry
YUnKMHCOH, 13-3a 6paKa ¢ KOTOPOIl OH OTKA3aJICS OT TPATUIVIOHHOTO
Myfjau3Ma I Ha JO/T1e TOfbI IPepBaT OTHOLIEHN C POMUTENAMM.

K 38 rogam Puxappo crai offHOII U3 CaMbIX BIMATENbHBIX QUTYD
JIOHJOHCKOTO (DIHAHCOBOTO MMpa — €ro COCTOSHIE COCTABTIAIO
6omee MmwmoHa ¢yuToB crepauuros. [Ipu atom JlaBupy yramocs
COXPAHWUTDb PEIyTALUI0 0e3yIpeYyHO YeCTHOTO KOMMEpPCAaHTa: OH
BCET7Ia CTefioBan OMP)KeBOIT STUKe ¥ He YIaCTBOBAT B CJENMKAX, KO-
TOpbIe MOITIM TIPUHECTY BpeJ] SKOHOMUKE CTPAHBL.

B To xe BpeMa mHTepec Puxappo mepeuren OT HpakKTMKU K
teopyut. OH 3aHsNCS ITYOOKUM U3YYeHNeM Pas/IMIHbIX HayK: Mare-
MaTUKY, XUMUH ¥ (PUSVKI, TEOTIOTHH ¥ MIHEPAIOTIN, TUTEPaTy b
u ke Teonorun. Ho 0CHOBHOIT €ro nHTepec CKOHIEHTPUPOBAICA
Ha TeOpMH IIONMUTUYIECKOI SKOHOMMKY — BCIIE]] 3a TPY/aMy IPYTOro
K/accuKa 9Toit Hayky, Afama CMuTa.

B 1809 ropy BbILIIM IepBble MOMUTIKOHOMMYeCKUe Tpyabl [a-
Buza Pukappo: cratest B Morning Chronicle n namdrer «Boicoxast
IleHa Ha 30/I0TO KaK JOKAa3aTelbCTBO 00eCIieHeHNsT KPeAUTHBIX O1-
netoy». IlyOmuKanmm NOMy4MIM IIMPOKON OOILieCTBEHHBI pe-
30HAHC, YIPOYMIN aBTOPUTET aBTOPA ¥ MO3BONMIN €My CTaTbh He-

ITacHBIM yuacTHrKoM KomuTera 1o 3010ToMy obectedenmnio. B 1815
TOJLY BBILIIO «JCCe O BIMAHIY HUBKOI LIEHBI HA 3€PHO Ha IPUOBLUID
¢ Kanmurana», B 1816-m — «IIpemioxkeHns B m0/Ib3y SKOHOMUYHOTO
¥ YCTOIMMBOTO JIeHeXXHOro oOpallleHns», a B Hadane 1817 roma —
TIaBHbI TPYH Pukappo: «O mpuHIMITaX NOMIUTIIeCKOi SKOHOMUM I
Ha7I0r006710XKeHMs1». B 970t paboTe OH PasBII ONOXKEHNS TeOPHH
Apama CMuTa, MOKa3bIBasd, 4YTO CTOMMOCTb TOBAPOB, OCHOBHOI CO-
CTaBJIAIOIIEI KOTOPOII AB/IACTCA TPYL, pab0dero, TeXKUT B OCHOBE J10-
XOJIOB Pa3NMYHBIX K/IACCOB 001I[eCTBa.

I[TapannenbHo Puxappo BbICTpamBan IOMUTUYECKYIO Kapbepy C
Le7bI0 peann3alliy CBOMX TeopeTHdecKMx ujeil Ha npaktuke. OH
IPUMKHY/ K HApPTUI YMEPEHHBIX MNOEPanoB, CTal KPYIHBIM JIeH -
noprom, a B 1819 roxy mpuoGpen Mecto B majnate oOIH OpuTaH-
CKOTO TTap/IaMeHTa.

Ha nporspkeHun Bcell MOMUTHYECKOI Kapbepbl OH IOCTIEN0Ba-
TEJIbHO OTCTaMBaIl MONOXKEHNsI SKOHOMMYECKOTO nrbepanama, He-
BMeLIATe/bCTBA TOCYAPCTBA B 9KOHOMIKY, BBICTYIAN 3a CBOOOXY
HpeATpUHIMATEIbCTBA M TOPTOB/IY, YMEHbIIeHNe TOCYAapCTBEH-
HOTO JO/ITa, yIydlieHyie GaHKOBCKO CHCTEMbI U IPOTUB «X/I€OHBIX
3aKOHOB».

Boxpyr Puxapmo cmoxmcs Kpy»koK, B KOTOPBI BXOJVIN €T0 T10-
cnefosarenu: JxeiiMmc Munb, [Ixxon Pamceit Mak-Kynnox, Snyapn
Yacr n Tomac ie KBuncu. Pukapno nopmepxusan gpyxeckne 0THO-
meHus ¢ TomacoM ManbTycoM, ¢ KOTOPBIM NOCTOSHHO TIO/EMU3H-
posai, u JKanom batucrom Caem. B 1821 ropy ocHoBain nepsblii B
AHIIMY KITy6 TIOMUTIHYECKOI 9KOHOMIIHL.

Ymep B Bospacte 51 ropa B [locTepype oT yIHo MHGEKIIL

B nacrosmee Bpems [lasup Puxapno napany ¢ Azamom CyMutom
CYMTAETCA OHUM U3 OTLI0B-OCHOBaTesIell COBpeMEeHHOI 9KOHOMIYe-
CKOJT HayKu. Y Hero 06pa3oBaoch MHOKECTBO IIOC/IETOBATENIelt: CO-
IMA/IMCTI-PUKAPANAHIIDL, TKOPXKANCTLL BhiBeleHHAsA UM Teopus
TPYAOBOI CTOMMOCTM JCIIO/Ib30BAHA Il OOOCHOBAHMS Tiepepac-
HpefieneHnst 6OraTCTBa COLMAMICTAMM, CAMBIM M3BECTHBIM U3 KO-
TOpBIX 6bUT Mapkc. A Teopys CpaBHUTEbHBIX IPEUMYLIECTB CTaja
OCbI0 BCEMIPHOTO 9KOHOMIYECKOTO TMOpPsANKa ¥ BXOUT B I7IaBHbIE
MUPOBBIe YIEOHVKI 10 SKOHOMIIKE.

Hngopmayuio cobpana omeemcmeenHolii pedaxmop
Examepuna Ocanuna
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Mathematics 1

MATEMATHNKA

Kom6uHaTtopuka u 6uHom HbloToHa

Annamypagosa MepmxeH KemuHeeBHa, npenogaBatesb
TypKMEHCKNI rocyAapCTBEHHbIN yHUBEpCuTET UMeHn MaxTymkynu (r. Awxabag, TypkmeHucTaH)

szM6MHaT0pMKa — paspen MaTeMaTVKJ, NOCBAIEHHBII pe-
EHIIIO 33/1a4, CBSI3AHHBIX C BHIOOPOM VI PACIIONIOXKEHVIEM JTe-
MEHTOB HEKOTOPOTO MHOXKECTBA B COOTBETCTBHI C 33/JAHHBIMM ITpa-
Buamy. Kaxoe Takoe TpaBuio ompefersieT HEKOTOPYI0 BBIOOPKY
13 97IEMEHTOB UCXOJJHOTO MHOXECTBA, KOTOPas Ha3bIBACTCSI KOMOM-
HAaTOPHOI KoHuryparueit. IIpocreiimmu mpuvepamn KOMOMHa-
TOPHBIX KOH(UIYPALIIT SIB/IOTCS [IEPECTAHOBKIL, COYETAHIS I Pas-
MeILIEHVISL.

OcHoBHbIe KOMOVHATOPHbBIE TOHATUS U BBIYMCIUTENBHBIE pe-
3y/IbTaThl HOSABIINCH B ipeBHeM Mupe. Knaccudeckas safjaqa KoM-
OVMHATOPUKIL: «CKOTIBKO €CTh CII0COOO0B M3B/IeYb M 971eMeHTOB 13 N
BO3MOYXHBIX» YIIOMIUHAETCA elI€ B CyTpax ApesHeit Vinpym. Vinmnii-
CKVie MAaTEeMATVKIL, BUVIMO, TIEPBBIMI OTKPBUIY OYHOMIA/IbHBIE KO-
s uiyenTs! 1 ux cBA3b ¢ 6uHomoM HoloToHa. Bo II Bexe mo H.3.
VIHIVIIIIBI 3HAJIM, YTO CYMMa BCeX GMHOMMATbHBIX K09 PUIMEHTOB
CTeIleHN N paBHa 2",

Kombunatopuka — 910 pasjen MaTeMaTHKI, KOTOPBIIT H3yYaeT
CIIOCOOBI IIOfCYeTa KOMMIECTBA KOMOVMHALIIT I IEPECTAHOBOK 3J1e-
MEHTOB. ITOT pasfie/l MATEMATHKI YIMeeT MHOYKECTBO IIPUJIOKEHIT
B Pa3/IMYHBIX 0O/MACTSX, TAKMX KaK TEOPUsI BEPOSTHOCTEN, CTaTH-
CTUKa, KpunTorpadus u Apyrue.

TumraHble 3a5aun KOMOMHATOPYKIA:

1. ompenemuTh KOMMYECTBO KOMOMHATOPHBIX KOH(UTYpaImil,
COOTBETCTBYIOIIVX 3aJAHHBIM IPABIJIAM (B 4aCTHOCTH, ZOKA3aTh
VTV OTIPOBEPTHYTb UX CYIECTBOBAHIE);

2. HQIITV IPAKTIYECKN IIPUTOFHBII aITOPUTM VX TIOTTHOTO I10-
CTPOCHNS;

3. OmpenenuTh CBOMCTBA 3aJAHHOTO K/Iacca KOMOMHATOPHBIX
KOHGUIypaLmit.

OfHO 13 OCHOBHBIX MOHSTHII KOMOMHATOPUKI — 9TO IIepe-
CTAaHOBKM. IlepecTaHOBKOI HA3bIBAETCS YIOPSOYEHHAs BBI-
0OpKa 2/1eMEHTOB M3 MHOXKecTBa. Hampumep, ecr y Hac ectb
MHOXecTBO {A, B, C}, To mepecTaHOBKaMM 3TOT0O MHOXeCTBa
6yzyt ABC, ACB, BAC, BCA, CAB u CBA. KonndectBo mepe-

CTaHOBOK JI/L1 MHOXKECTBA U3 11 9JIeMEHTOB paBHO n!, rae! — ¢ak-
TOpHAJL

Eime onHO Ba>kKHOE MOHATIE KOMOMHATOPYKM — 9TO COYETAHMA.
CoueTaHyeM 13 n 97eMeHTOB 10 K HasblBaeTcs BBIOOpKa k are-
MEHTOB I3 MHOXKECTBA U3 N 97leMeHTOB Oe3 ydeTa mopsiaka. Ha-
IpUMep, eC/I Y Hac eCThb MHOXecTBO {A, B, C}, To coueTanmamu
13 3TOro MHOecTsa 1o 2 6ynyT AB, AC n BC. Komiruectso co-
YeTaHMJI MOYKHO BBIYMCIINTD C HOMOIIBI0 (POPMY/IBI COYeTaHMI:
C(n, k) =n!/ (kI* (n-k)!).

PasmelieHnss — 9TO yIOpsIOYeHHble BBIOOPKM 97IEMEHTOB 13
MHOXKeCTBa. PasMelrieHne 13 n 97IeMEHTOB 110 K HasbIBaeTCs yIo-
psifoYeHHas BBIOOPKA K 9/1eMeHTOB 113 MHOKeCTBA 113 11 /EMEHTOB.
KomgecTBO pasmeleHnii MOXXHO BBIYMCIUTD C IOMOLIBIO ¢op-
My7bl pasmerenuit: A(n, k) = n!/ (n-k)!.

BuHOMManbHbII k09(h(UINEHT — 9TO YUCIO CHOCOO0B BbI-
6pathb k anmemeHTOB U3 N 3MEMeHTOB Oe3 yueTa mopsaka. buHOMM-
QTBHBII K09pduimeHT 0603HaIaeTCs

C(n, k) u Bpramcgercs ¢ moMompio Gpopmynbl 6uHoMa Hblo-
toHa: C(n, k) =n!/ (k! * (n-k)!).

[pyanun [Iupuxie — 9TO NPUHII, YTBEPKAAIOLIMIL, YTO
ec/mit n+1 06beKTOB PacIpefe/MTh MO N AMMKAM, TO KaK MUHUMYM
B OJJHOM sIIIMKe OYfeT He MeHee IBYX 00beKTOB.

Bunom HeioroHa — 310 opMyrna it pacdeTa OMHOMUATBHBIX
koad¢uimentos. Popmyna 6uaoma HpioTona nmeet Bup;: (a+b)An =
= C(n,0)*a”rn*b"0 + C(n,1)*ar(n-1)*bA1 +... + C(n, n)*ar0*bAn.
Ora QopMyna 1m03BONAET OBICTPO BBIYUCIATH CTEIEHM OMHOMA
(a+b)An s moObIX 3HAYEHMIT a, b 11 .

[Tpumenenus 6uHoma HpioTOHa BKIIOYAIOT BBIYMCICHNE BEPO-
ATHOCTeI! B TEOPUM BEPOSITHOCTE, PacueT OMHOMMA/IbHBIX pacIipe-
Jie/IeHNIT B CTAaTHUCTHKe, @ TakKe VICIIONb30BaHMe B KpuTorpaduu
IVL CO3MaHNA 3alM(POBAHHBIX COOOIEHIL.

®opmyra 6uHoMa HploToHa TaK>Ke UCIONB3YeTCst B KOMOMHATO-
PMKe JUI HAXOK/IeHMSA KONMYecTBa CocoboB BHIOPATh K aneMeHTOB
13 1 37EMEHTOB 6e3 yueTa Mops/Ka.
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Eme ofHO BakKHOE TOHATHME KOMOMHATOPUKU — 3TO MY/IBTH-
MHOXECTBO. MY/IbTUMHOXXECTBO — 3TO pACIIMpeHNe MOHATHUA
MHOXXECTBA, I7je 97eMEHTBI MOIYT IIOBTOPSATHCA. Hamprmep, Myib-
TUMHOXKECTBOM U3 Tpex 3/eMeHTOB {A, A, B} 6yner ABATbCA MHO-
XKECTBO, Tfje 97IeMEHT A BCTpedaeTcst ABa Pasa.

KomidecTBo IepecTaHOBOK C IOBTOPEHMSMY MOXKHO BBIYIC-
JIUTB C TIOMOIIIbI0 (POPMYIIbI IIEPECTAHOBOK C TMOBTOpeHyAMM: n! /
(k1! * k2! *... * km!), rme n — oO1iee KOIMYECTBO IE€MEHTOB, K1,
k2,..., km — KO/m4ecTBO HOBTOPSIIOLINXCS 9MIEMEHTOB.

KomidectBo coueTanuit ¢ MOBTOPEHMUSIMIL MOYKHO BBIYMCIUTD
¢ omo1pio GopMyIbl codeTanmii ¢ mopropernamu: C(n+k-1, k) =
(n+k-1)!'/ (k! * (n-1)!), roe n — oOIee KOMMYECTBO 3/IEMEHTOB, K —
KO/MYECTBO BHIOMPAEMBIX 5/IEMEHTOB.

[Tpumepsr:

1. CKOTIBKO CYILIeCTBYeT Pas/INYHbIX CIOCO60B BHIOPATh 3 Ipef-
MeTa U3 7 IpeMeToB?

Pemrerne: Vicronbaysa GpopMyny codeTaHmit, MBI MOYKeM HallTH
KO/IMYECTBO CII0COO0B BBIOPATh 3 IIpeaiMeTa 13 7 IPeMETOB:

C(7,3) =711 (3! *(7-3)) =35

Ortset: CyecTByeT 35 pas/MyYHbIX CIOCOO0B BHIOPATH 3 mpef-
MeTa U3 7 IPEefMETOB.

JIureparypa:

2. CKOJIBKO CYIECTBYET Pas/IMYHbIX IEPECTAHOBOK OYKB B CTOBE
«MATEMATUKA»?

Peuterne: Vcnonbayst popMymny st epecTaHOBOK, MbI MOXKEM
HAJIT! KOJIMYeCTBO PA3/IMYHBIX IIePeCTaHOBOK OYKB B croBe «MA-
TEMATVIKA»:

P(9,2,2,2,1,1,1) =91 / (21 * 20* 21* 11+ 11+ 11) = 45360

Orset: CyuiecTByeT 45360 pasiMyHBIX NEPECTAHOBOK OYKB
B cose « MATEMATHKA».

3. Haitanre koabduiiyteHt mpy x4 B pasio>xeHNN BbIPAXKEHIS
(x+2)76.

Pemerne: Vicrons3ysa gopmyny 6msOMa HbroToHa, MBI MOXKeM
HajiTy K03 GULVIEHT TPy X4 B PasNO>KeHUN BBIpKeHNA (X+2)1\6:

C(6,4) * xM4*2/2 =15* x4 * 4 = 60x/4

Otser: Koadduument npu x4 B pasmoKeHMM BBIPaKEHN
(x+2)76 pasen 60.

KomOuHaTtopuka mmeer MMPOKOe HPMMEHEHME B Pas/IMYHBIX
007aCTAX, TAaKMX KaK Teopys BepOATHOCTEN, CTaTUCTUKA, KPUIITO-
rpadis, KOMIbIOTepHas Hayka, SKOHOMUKa 1 ipyrue. Bee atn 06-
7IaCTU TPEOYIOT TOYHOTO pacyeTa BEPOATHOCTEI! M KOMNYECTBA BO3-
MO>XHBIX BAapUAHTOB, YTO JiefaeT KOMOMHATOPMKY HEOTbEMIEeMONT
YaCThI0 MaTeMATHKI I ee TIPUTIOKEHMUIL.

1.  Babenko, K.J1. OcnoBbl uncnensoro anamsa / K.J. babenko.— M.: InaBHas pefakuys Gpusnko-MaTeMaTHecKoil TUTepaTyphbl

nsparenpcra «Haykar, 1986.— 744 c.

2. baxymmHckumii, A. OneMeHTbI BbICIIE)T MaTeMaTHKI U YUCIEHHBIX MeToRoB / A. baxymmHcknii, B. Bracos.— M.: IIpocserenne,

2014.— 336¢.

3. Bocc, B. lexunn o matemaruke. Tom 1. Ananus. Yue6Hoe mocobue / B. Bocc.— M.: JIubpokom, 2016.— 216 c.
Bopo6bes, H. H. Teopus papnos / H. H. Bopo6beB.— M.: I'taBHas pepakuys GU3MKO-MaTeMaTI4eCKoll TUTepaTypbl U3[aTeNIbCTBa

«Hayxka», 1986.— 408 c.

Cymecraoaanue N eAUHCTBEHHOCTb pelleHnA B MaTeMdTUKe

WnamaHoB baiipambeppn baitpammblpagoBuy, npenogasateib;
IbipnbleBa ['yn6ubu TupKelwoBHa, NpenoaaBaTens
TypKMeHCKUi rocyfapcTBeHHbIit yHuBepcuTeT umeHu Maxtymkynu (r. Awxabag, TypkMeHucTaH)

CymeCTBOBaﬂme U eAMHCTBEHHOCTD pelleHNs B MaTeMaTlKe —
3TO BaKHbIE ITOHATHSA, KOTOPbIE MCIIONb3YIOTCA B Pas/IMYHbIX
0071aCTAX MaTEMATUKH, BK/TI0Yasi anre6py, reOMeTPHIO, TOIOMOTHIO,
muddepeHnnaTbHble ypaBHEHNA U Apyrye. B JaHHOI CTaTbhe MbI
PaccMOTPMM 3T MOHATHA Y IPUBEEM TPYL IIPYMEPA C PEIIEHNEM.

CyecTBOBaHME pelleHNs 03HA4aeT, YTO YpaBHEHNE WM CH-
CTeMa YpaBHEHMII MMeeT XOTsA Obl OFHO pelueHue. JTO CBA3AHO
C TeM, YTO HEKOTOPbIE YPaBHEHN)A MOTYT He MMeTb PelleHMs, Ha-
npyuMep, ypaBHeHue XA 2= —1 He IMeeT pelleHNs B Ie/ICTBUTENbHBIX
upictax. C APyroil CTOPOHBI, eC/Ii YpaBHEHUe UMeeT GeCKOHeIHOe
KONIMYECTBO PEIIEHNII, TO TOBOPAT, YTO OHO VIMEET MHOXKECTBO pe-
IeHNIT.

EnvHCTBEHHOCTD pellleHNs O3HAYyaeT, YTO ypaBHEHNe MY CHU-
cTeMa ypaBHEHMI MMeeT TONbKO OffHO pemeHue. Ecnu ypaBHeHMe
uMeeT 60/Iee OFHOTO PeLleHysl, TO TOBOPSIT, YTO OHO MMeeT MHOXe-

cTBO pentennit. Hanpumep, ypaBHeHMe XxA2=4 nMeeT [Ba PelIeH:
X=2 U x=-2.

Cy1ecTBOBaHNUE U €IMHCTBEHHOCTD PellleHNs B anrebpe

Cy1iecTBoBaHMe 1 eMHCTBEHHOCTD PEIIEHNs — 3TO K/TI0YeBble
HOHATHSA B anreOpe, KOTOPble MO3BOJIIIOT OIPEIENTUTD, UMEeT /i
ypaBHEHNe UM CUCTeMa YpaBHEHNII pellene, U €C/IN J1a, TO ABJIA-
eTCsI U OHO eVHCTBEeHHBIM. PaccMoTpuM mpumep i 6onee 1o-
IpOOHOTO OO'bACHEHNA STUX TIOHATHIL.

ITpumep:

Pemnth ypaBHenue xA2-4x + 3 = 0.

Pemenne:

[lna Havaya, ucHonb3ysa GOpMyTy IMCKPUMIHAHTA, HAXOMMM
ero sHauenue: D = bA2-4ac = (-4)A2-4(1)(3) = 4.

Tax xax D > 0, ypaBHeHMe uMeeT ABa KOpH: X1 = (4 + V4)2=3
nx2=(4—\4)/2=1.
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[IpoBepyM, 4TO HaliieHHble KOPHU SB/LIIOTCA PeLIeHMsIMU
ypaBHeHMs:

x172-4x14+3=3-12+3=-6+3=-3#0,

X2MA2-4x2+3=1-4+3=0.

Taxum 06pa3oM, TOTLKO OfVIH 13 HAJiJeHHBIX KOPHeIl ABIAeTCA
peuiennemM YpaBHeHI/IH, a JIPYI‘OI?I — HET.

B maHHOM IIpyIMepe MbI BIAJIM, 4TO YPaBHEHNE MMeET pelleHIe,
HO OHO He SBJIAeTCS eIMHCTBEHHBIM. JTO CBSI3aHO C TeM, YTO ypPaB-
HEHME ABNAETCA KBaIpaTHBIM, I HO3TOMY MOXXET IMETD [IBa KOPHAI.

OpHaKo, eC/Iit MBI PACCMOTPYM /IMHEITHOE YpaBHEHe BI/A axX +
b =0, To oHO OyzeT MMeTh TONBKO OFHO peleHye X = —b/a. 1o cBA-
3aHO C TeM, YTO IMHEITHOe YpaBHeHe IPefCTABIISIET COO0I IPAMYIO
JIVHMIO Ha KOOPAVMHATHO ITIOCKOCTH, KOTOPas IepecekaeT ochb ab-
CLIVICC B OffHOIT TOUKe.

Taxum 06pasoM, CylIecTBOBaHE I €MHCTBEHHOCTD PELIeHsI SIB-
JTATCA BXKXHBIMU IIOHATUAMU B anreﬁpe, KOTOPBIE ITIO3BOJIAIOT OIIpE-
JIETUTD, KAKOJ METOJ, PELIEHNS HY)KHO MCII0/Ib30BATh /A JAHHO 3-
JTa4M VI TAapaHTUPOBATD IIPABUIBHOCTD MOTy4YE€HHOT'O OTBETA.

Cy1iecTBOBaHME U €IMHCTBEHHOCTD PELIeHNs ABAITCA KO-
4eBBIMIM MOHATHAMU B Teopun AuddepeHImanpHblX ypaBHEeHUIL.
OHM omperienAIoT, CyLIecTBYeT M pelleHue A JaHHOTO ypaB-
HEHVA U ABIACTCA IL OHO €AVHCTBCHHDBIM.

Paccmotpum npumep muddepeHImanbHOro ypaBHeHA:

y =2x

Il TOro 4TOOBI pPelUTD ITO ypaBHEeHe, HeOOXOFUMO IIPOVH-
TerpupoBarhb 0be cTopoHsl. Takum 06pasoM, TOIyInM:

y=x/2+C,

rie C — IpOM3BO/IbHAS IOCTOSIHHAS.

Taxum o6pasom, MbI TOMy4n/I O6LIee pelrenye AudpepeHIn-
A/IbHOTO ypaBHeHI/IH. O,[[HaKO, ‘{TO6bI y6eIU/ITbCH B TOM, 4YTO 3TO pe-
LIeHJie eYHCTBEHHOE, He0OXOIMMO BBIIIOTTHUTD IIPOBEPKY.

7151 5TOrO PacCMOTPUM HaYanbHOE YCIOBHE:

y(0) =1.

[ToncraBuMm ero B 0611jee pelieHe:

1=072+C,

C=1

Taxum 06pa3oM, Mbl HOMY4MIN YacTHOe pelteHne fyddepeH-
LIMaTbHOTO YPaBHEHIS:

y=x"2+1.

Terepp HeOOXOMMMO IIPOBEPUTh, YTO ITO peIIEHUE ENUH-
cTBeHHOe. [I/Is 9TOr0 PacCMOTPUM APYroe HadarbHOe YCIOBIe:

y(1) =3.

IToncTaBuM ero B o611ee peleHe:

3=1"2+C,

C=2.

Taxum 06pa3oM, Mbl HOMYIIIN APYTOe YACTHOE PellieHe Aug-
(epeHIMaNIbHOrO YpaBHEHNIA:

y=xA2+2.

JIureparypa:

Takum 00pasoM, Mbl BUfIIM, YTO pellieHNe He ABIACTCSA eUH-
CTBEHHBIM. JTO CBA3aHO C TeM, YTO fjaHHOe AuddepeHIambHOE
ypaBHeHIe He AB/IAETCA NMHEIHBIM M MMeeT MHOKECTBO PeIleHNIt.

OpnHaKo, ec/m MBI PACCMOTPUM JIMHEITHOE FuddepeHinaTpHoe
ypaBHeHMVe BUAa y + ay = b, To oHO 6yfieT NMeTb eMHCTBEHHOE pe-
IIeHye. JTO CBS3aHO C TeM, YTO MMHeitHoe HuddepeHunanbHOe
ypaBHEHMe TIPeACTaBAET cOOO0N IPAMYIO TMHNIO Ha rpaduke, KO-
TOpas TlepeceKaeT OCb OPAMHAT B OJHOI TOUKe.

Takum 06pasoM, CyIeCTBOBAHIE I eYHCTBEHHOCTD PeLIeHs
ABJIAIOTCA BKHBIMY IIOHATUAMYU B Teopun AuddepeHImatbHbIX
YpaBHEHUII, KOTOpble TO3BOMAIOT ONPENENNUTh, KaKOil METOR, pe-
IIeHNA HY>KHO MCTIONb30BaTh /1A JaHHOM 3afla4yl ¥ TapaHTUPOBATh
IPaBUIbHOCTD IOTYYEHHOTO OTBETA.

ITpumep 1. Paccmorpum ypaBHeHme x/A2+3x-4=0. [lna toro
4TOOBI OIpEENUTDb CYLIECTBOBAHME 1 eVHCTBEHHOCTD PelIeHNs,
MBI MOXKEM BOCIIOTIb30BaTbcsA (GOpMy/IoN mUCKpUMuHaHTa. yic-
KPMMIHAHT ypaBHeH)A paBeH D=bA2-4ac=3/2-4*1*(-4)=25. Tak
kak D>0, To ypaBHeHue nMeeT Ba peleHus. UTo6bl HailTH 3TI pe-
IITEHNsT, MBI MOKEM MCIIONIb30BaTh (OPMY/TY KOPHEil ypaBHEHUS:
x=(-b+VD)/2a=(-3+5)/2=1,-4. Taxum 06pa3oM, ypaBHeHMe iMeeT
IBa pelleHns: x=1 nx=-4.

ITpumep 2. PaccMOTpyM CHCTEMY ypaBHEHUIA:

X+y=3

2x-3y=7

Jlnst TOro 4TOOBI ONpENeNUTh CYLIeCTBOBAHUE U EMHCTBEH-
HOCTb pellleH)sl, Mbl MOKeM BOCIIONIb30BaThcsl MeTofoM Kpamepa.
[l1st 9TOr0 HeOOXOZMMO BBIYUCTUTD OIPENETUTEb MATPULIBI CU-
CTEMBI ¥ OIIPENIEUTENN MaTPUL, HOMYYEHHbIX 13 MaTPHIIbI CHCTEMBI
IIyTeM 3aMEeHBI COOTBETCTBYIOIIVX CTONOLOB Ha CTOMOEL] CBOOOIHBIX
wieHoB. OIpefe/TeNb MATPULIbL CUCTeMBI paBeH D=1*(-3)-2*1= -5.
Omnpepenureny MaTpull, IOMTYYeHHBIX 13 MaTPUIIbI CUCTEMBI Iy TeM
3aMeHbl COOTBETCTBYIONIMX CTONMOLOB Ha CTOMOEL CBOOOAHBIX
4IeHoB, paBHbl D1=3*(-3)-7*1= -16 u D2=1*7-2*3=1. Tax kak
D=0, To cucTemMa nMeeT eMHCTBEHHOE pelleHye. [t Toro 4To6s!
HAIITII 9TO PeLIeHNe, MbI MOXeM UCII0Nb30BaTh GpopMynsl Kpamepa:
x=D1/D=(-16)/(-5)=3.2 u y=D2/D=1/(-5)= -0.2. Taxum o6pasom,
CHCTEMA MMeEET eAMHCTBEHHOE peruenye: Xx=3.2 n y= -0.2.

[Ipumep 3. PaccMoTpum ypaBHeHue sin(x)=x. [l Toro 4ro6s1
ONPpeMeNUTh CYLIECTBOBAHME M €NVHCTBEHHOCTb PeLIeHMs, MBI
MO>XeM BOCIIO/Ib30BAThCs rpadukoM PyHKumn y=sin(x)-x. [paduk
9TOil PYHKIUY IepeceKaeT OCh X B ABYX TOYKAX, IIPUOMM3UTEIBHO
paBHbIx 0.74 u 2.86. Takum o6pasom, ypaBHeHMe JMeeT [Ba pe-
menys: x~0.74 u x=2.86.

B 3axmo4yeHny MOKHO CKasaTb, YTO IOHATMA CYLIECTBOBAHMA
Y eIMHCTBEHHOCTH pelleH A AB/IA0TCA BaKHBIMM B MaTeMaTHKe M UC-
TIOIB3YIOTCS B PASTUIHBIX 00/ACTsX. Pelnterne ypaBHeHmit 1 cucrem
ypaBHeHMIT MO>KeT OBITb HaJifieHO C MIOMOIIBI0 PA3IITYHBIX METOJOB,
TaKyXx Kak Metop Kpamepa, popMyna AMCKpUMIHAHTA U [iPyTHe.

1.  Dbabenxo, K.J1. OcHosbl uncnenHoro aHam3sa / K. V. babenko.— M.: ['taBHas pegaxiya QpU3NKO-MaTeMaTN4ecKOll TUTepaTyphl

nspatenpcra «Haykar, 1986.— 744 c.

2. DBakymmHckuit, A. 97eMeHTBI BbICIIe) MaTeMaTUKY U YMCTIeHHbIX MeTofioB / A. bakymmnckuii, B. Bmacos.— M.: IIpocselenne,

2014.— 336 c.

3. Bocc, B. Jlekunn o matemaruxe. Tom 1. Anamms. Yae6Hoe mocobue / B. Bocc.— M.: Jlubpoxom, 2016.— 216 c.
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OcHoBHble NOHATMA npeaenoB yHKLMA

WnamaHos baitpambepan baitpammbipagoBsuy, npenoaasatens
TypKMEHCKNI rocyAapCTBEHHbIN yHUBEpCUTET UMeHn MaxTymkynu (r. Awxabag, TypkmeHuCcTaH)

pemenbl GyHKUMIT — 9TO TeMa, KOTOpas fABnAeTcA (yHAa-

MEHTA/IbHOJ B MAaTeMATUKE M LIMPOKO MCIIO/Ib3YETCA B Pas-
nu4HbIX 06macTax. [Ipemenn — 910 3HaYeH e, K KOTOPOMY CTPEMUTCS
yHKIMSA, KOT/Ia ee apTyMeHTBI IPUOMIDKAIOTCS K OIpee/IeHHOMY
3Ha4YeHMI0. B 3T0l1 cTarbe Mbl pacCCMOTPUM OCHOBHbBIE KOHLEIIINI
U CBOJICTBA IpeenoB (YHKIMIL, @ TakoKe IIPeiCTaBUM HECKOIBKO
TIPYMEPOB C PEIIeHNEM.

OCHOBHbIe NOHATUA

Paccmorpum ¢yHkuuio f(x), 3a7aHHYI0 Ha HEKOTOPOM MHOXKe-
CTBe 4nces. MBI MOXKeM PacCMaTpuBaTh Hpefel GYHKIMN B TOUKe
a, ecmy apryMeHTsl ¢ynkimu f(x) mpubmokarotcsa k a. OyHKuus
MOJKeT CTPEMUTLCS K OIPefieNIeHHOMY 3HaUeHMIO MY ObITh Heorpa-
HI4eHHOIT. Mbl MO>XeM ompefienutb npegen Gyukiyn f(x) B Touke a
C TIOMOLLIBIO OTIPefjeTIeHNs TIPeiena.

Ipenen pyrkipm f(x) B TOUKe a OmpeeseTcs: CAEAYOMIUM 00-
PasoM: e 1 MoO0ro Yncya & > 0 CyLIecTBYeT Yo J > 0, Takoe 4To
IV1st BCEX X, IOBIETBOPSIOLIVX YCIOBIO 0 < [X-a| < d, BBIIONHEHO Hepa-
BeHCTBO |f(x)-L| < & To roBopsT, uTo IIpenen pyHKimm f(x) mpu X, cTpe-
MSILIEMCS K 4, paBeH L, uro samicpiBaercs kak lim f(x) = L npu x -> a.

B stom ompepmenenyu L HasbBaeTCst Mpefe/IbHbIM 3HAYEHNMEM
¢ynkuun f(x) B Touke a. Ecnu npegen GpyHKimm He cyiecTByet, T0
TOBOPSIT, YTO OH PACXOIMTCSL.

JIpyrumu 0CHOBHBIMI OHSTHUSMIA, CBSI3AHHBIMY C GYHKIMSAMIL,
ABJIAIOTCA HEIPEePhIBHOCTD, IPOM3BOAHAA U MHTerpan. PyHKuus
f(x) HempepbIBHA B TOUKe &, ecyy mpefen f(X) mpu X -> a cy1ecTByeT
u paset f(a). OyHKUNA HelpepbIBHA Ha MHTEPBAJIe, €C/IM OHA HeTIpe-
PBIBHA B KQXXJ0if TOUKE 9TOTO MHTEPBAIA.

[TpousBopHas ¢ynkiym f(x) B ToUKe a OIpenensaeTcs Cleny-
tom o6pasom: {7 (a) = lim (f(x)-f(a))/(x-a) mpu x ->a, ecrmu aToT
npefienn cyuiectyeT. [IponsBopiHas ABMAETCS MepOil M3MeHEeHWs
GYHKIMY 1 MOXKeT OBITb MCIIONMb30BAHA /IS HAXOXKIEHNA 9KCTPe-
MYMOB (YHKIIIL.

Uurerpan ¢pyukuun f(x) Ha naTepBae [a, b] onpenensercs kak
wiowaas nox rpapuxoM ¢ynkuym f(x) Ha 9TOM MHTEpBaje. ITO
MOXHO HAlITV C TIOMOIIBIO OTpefieNieHHoro nHTerpana: | [a, b]f(x)
dxX, KOTOpBIT BBEIYMCIIACTCA CYMMUPOBAHMEM GECKOHEYHOTO KON -
4eCTBA MaTIEHbKIX IIOLIAMOK 1107 rpacduikoM dynkumn f(x).

Onpeaeneuue npegena
Ilnsa Toro, ytobbl onpepnemTh mpenen ¢ynkiuu f(x) B Touke

a, JUCIOIb3yeTcst ompefenenne mpefena. OnpeneeHne penena
r1acut, 4To npefen yukimu f(x) B Touke a paBHstetcs L, ecn mst

mo6oro 4ncna £>0 cymectsyeT uncno >0 Takoe, 9TO WA BCEX X,
yHoBeTBOpsoOIMX ycnosuo 0<|x-a|<d, Boimonnsercs |f(x)-L|<e.
Jpyrumy ClIoBaMy, 9TO O3HAYAeT, YTO ecay Mbl XOTUM HAiTH
npenen GpyHKuyy f(x) B TOUKe a, MbI JODKHbI HATY YHCTO L, Takoe
9TO, €C/IV MbI IPUO/IMBUMCS K TOUKE a JOCTATOYHO GU3KO, TO 3HA-
veHna ynkuym f(x) 6ynyT gocraTouHo 613Ky K umcry L.

BakHO OTMETHTb, YTO ONpeJeNieHNe TpefieNia TOKa3bIBAET
TOJIBKO CYLECTBOBAHME IIPeeNa, HO He [aéT HUKAKUX TapaHTuil,
YTO Ipefen AeCTBUTENBHO CyilecTByeT. [Inst Toro, 4robnl yoe-
JTBCA B CYILECTBOBAHNM TIPEfieNa, HEOOXOMMO UCTIONB30BAT /10~
TIOTTHUTE IbHbIE METOJIBI AHATM3a (PYHKIMIA 1 MX CBOJICTB.

Kpome Toro, onpepenenue mpefiena MO3BOMAET BBIABUTD HEKO-
TOpbIE 0COOEHHOCTH (DYHKIMIA, HATIPUMED, Pa3PbIBBI MM TIOHOCA.
Ec/u mpepen GyHKIMM B TOUKe a He CYLIECTBYET, 5T0 MOYKET O3Ha-
YaTh Ha/lMYMe PaspbiBa WM [IOTIICA B ITOI TOUKE.

Onperenetne mpesena ABIAETCA OCHOBOIOMATAOLMM IIOHS-
TMEM MaTEMATIYECKOTO aHA/N3A U MCIIONb3YETCA B PASINYHBIX 06-
JIACTAX, OT TEOPUM BEPOATHOCTEN 10 PUBMKNM 1 SKOHOMUKIL.

CBoiicTBa npepenos

[JlaBaiiTe pacCMOTPUM OCHOBHbIE CBOJICTBA IPEIENOB (DYHKIIMIL:

EnuacTBEeHHOCTD

IIpepen GyHKUMM B TOUKE @, €C/IN OH CYILECTBYET, OIpefeeH
€[IMIHCTBEHHBIM 06pa3oM. DTO 03HAYAET, YTO €C/IN CYIIECTBYIOT ABA
npezena f(x), g(x) B TOUKe a, TO OHY PaBHBI MEX/Y COOOIL.

ApudmeTuyeckue onepayum

CyMMa, pasHOCTb, IPOM3BeeHNe 1 YacTHOe (PYHKIMII ¢ Ipefie-
JIaMIL B TOYKE A CaMI MIMEIOT TIpefieibl B 3TON TOUKe. Jpyrumu co-
BaMI, eCTII CYLIeCTBYIOT Ipefensl f(x) 1 g(x), To CyIecTByIOT mpe-
mensl f(x)+g(x), f(x)-g(x), f(x)*g(x) n f(x)/g(x), kpome Toro, ecnu
npefen g(X) He paBeH HYIIIO.

Teopema 0 AByX MUINI[IOHEPAX

Ecrm pBe dynximy, f(x) u g(X), MMEIOT Ipefebl IPK X, CTpeMsi-
mMcs K a, u £(x) MeHbIne um paBHa g(X) LA BceX X, KpoMe, BO3-
MO>XKHO HEKOTOPBIX 3HAYEHMIT B OKPECTHOCTH TOYKY 4, TO IIpefieNt
f(x) He mpeBoCxOmMT Ipemena g(x).

CpaBHeHue copepaHna
Ecrmn f(x) umeet mpepen mpi X, cTpeMsIeMcs K a, 1 g(X) Haxo-

murca mMexay f(x) u h(x) B okpecTHOCTM TOYKM a, TO €Cu Cylie-
ctBytoT mpenensl f(x) 1 h(x), To cymectyer mpenen g(x).
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Iepexoy K IIpefienny B HepaBeHCTBe

Ecmn f(x) mocturaer MakcuMyMa wi MUHMMYMa IIPU X, CTPeMsA-
IeMcs K a, U eC/H Y g(X) CyILIecTByeT IIpefierl B TOUKe a, TO TIpefien
f(x) Taxoke paBeH MAKCUMYMY MM MUHIMYMY QYHKLVN.

Mpumepsl

PaccMoTpyM HecKo/IbKO IIpMMepOB pellleHyA 3a1ad Ha IpefieNbl
byHKIuIL

pumep 1. Haitném npenen dynxumm f(x) = 2x — 1 mpn x, crpemst-
memcs K 3. PerreHne: Mbl TO/DKHBI HaliTV 3HaYeHVIEM L, TaKVIM, 9TO I
mo6oro £>0 cymectsyet 0>0 Takoe, 4To ecm 0<[x-3|<d, 1o |f(x)-L|<e.

[laBaiiTe BOCIIONb3yeMcs ONpefeneHneM npefena: |2x-1-L|<e/2.

Orcropa nomyvaem: L-¢/2<2x-1<L+¢/2

Hemum  Bce  Tpu
(L-8/2)/2<x-1/2<(L+¢/2)/2.

Tenepp 3aMeHMM X Ha 3 + /2 M YIpOCTMM BBIpaXKeHMe:
(L-£/2)/2<2.50-0.5<(L+¢/2)/2.

Tak Kax MBI MOXKeM BBIOpaTh Mo6oe €, TO MBI MOXKeM BbIOPaTh
/2, a 3areM 0=¢/5, 4T06b1 mOyauTh: (L-6/2)/2<6<2.40<L+¢/2.

Ortciona crenyert, uto L=5. Takum 06pa3oM, Mbl JOKa3anu, 4T0

YacT¥  HepaBeHCTBa  Ha 2

npegern ¢yukumn {(x) Ipu X, CTpeMsAmEeMcs K 3, paBeH 5.
[Ipumep 2. Haitpném npenen pyHkimy g(x) = xA2 -

JIureparypa:

3X + 2 0py X, CTPEeMALIEMCA K 2.

Pemenne: CHavana Haitném, e GyHkuus g(x) pasHa 0: g(x) =
xA2-3x+2=

(x-1) (x-2)

Taxum o6pasom, ¢yHKIMA g(X) MMeeT KOpeHb B TOYKe X=1
u x=2. BosbMeM npegen GpyHKuMM g(X) OpH X, CTpeMALIeMCA K 2.

Tak KaK HaM HY)KHO U3y4aThb OKPECTHOCTY TOYKM 2, MBI MOXKEM
BBIGPATh J TaK, YTOOBI OBNETBOPATD YCIOBHIO 0<|X-2|<d.

Torza MBI MOXXeM 3aMEHUTb BCe 3HaUeHs GyHKIMM g(X) Ha UX
npepensl B Touke 2: lim(x->2) (xA2-3x + 2) = lim(x->2) (x-1)(x-2) =
(2-1)(2-2) = 0.

Taxum 06pasom, MbI fOKa3ayu, 4To Ipefen GyHKImY g(X) Ipu X,
cTpeMALLeMcA K 2, paseH 0.

3aknoyeHune

I[Ipepensl GyHKIMI — 3TO BaXKHasA M LUIMPOKO NCIIONb3yeMas
TeMa B MaTeMaTyKe U ipyrux obmacTax. Onpenenenue mpefena ;-
TA€TCA KMI04YeBbIM TOHATIEM, U €TO CBOJICTBA MO3BOMAIOT pellaTh
pasnuuHble 3afayn. PerieHre mpuMepoB MOKasbIBaeT, Kak MOYKHO
HCIIO/Ib30BATD OIpefe/IeHNe U CBOJCTBA MPeenoB (QYHKUMIT s
HAXOXK/IEHVIsT 3HAYEHMIT TIPUOMVDKAIONINXCS K OIpefie/IeHHBIM 3Ha-
YEeHVISIM.

1.  Babenko, K.J1. OcnoBr! uncrentoro anamsa / K. V. babenko.— M.: InaBHas pegakuus $pusnko-MaTeMaTiHIecKoil TUTepaTypht

nsparenpcra «Haykar, 1986.— 744 c.

2. DbaxymmHCckmit, A. OeMeHTbI BBICIIE!T MaTEMATVKI U YMCIEHHBIX MeToRoB / A. baxymmHcknii, B. Bracos.— M.: IIpocsemenne,

2014.— 336 c.

3. DBocc, B. Jlekuyu o matemaruxe. Tom 1. Anamms. Yae6Hoe mocobue / B. Bocc.— M.: Jlu6poxom, 2016.— 216 c.
Bopob6bes, H. H. Teopust psapos / H.H. Bopo6bses.— M.: [aBHast pefakuus $pusuko-MaTeMaTndecKoit MMTepaTypbl U3HaTeMbCTBA

«Hayxka», 1986.— 408 c.
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NHOOPMAIIMOHHBIE TEXHO/IOI'NU

MeToauKa BHeapeHNA UH(OPMALMOHHOI CUCTEMbI YNpaBJieHuUsA
NPoeKTaMu ANA INEKTPOCETEBbIX OPraHM3aLMiA

banakuHa Mapus HukonaeBHa, CTyLeHT MarncTparypbl
HauvoHanbHbIi nccnepoBatenbckuii TexHonornyeckuit yHusepeutet «MUCKCy» (r. Mocksa)

B cmamve asmop paspabamviéaem cneyuanusuposaHHyio Memoouxy eHeopeHUs UHHOPMayUOHHOLL CUCeMbL YNPABNEHUS NPOeKMAaMU

8 destmenibHOCHb aneKmpocemeswix OpZ(lHMSElL;Mﬂ.

Knroueswvie cnosa: ynpasnexue npoeKkmamu, UH8eCMUUUOHHA ae}’[me/'leOCWIb, IHepeemuKa, sneKmpocermesvie 0peaHu3ayul, L[H¢OpM€l-

UUOHHAs cucmema ynpasnenus npoexmamu, CYIL

HOpMAIMOHHAA ~ CUCTeMa  YIPaBleHUs  [POEKTaMu

(MCYII) — at0 cucteMa, IpefHasHadeHHAs A7 BefeHNUs IIPo-
eKTHOII JIeATe/IbHOCT, KOHTPOJLA MCTIONIHeH A IIPOEKTOB, OpraHu-
3aL[Uy B3aMMOJEIICTBMA YYAaCTHUKOB IIPOEKTOB, XPAaHEHNUA HOKY-
MeHTalNM 10 IpoekTam [1].

Ha rtexympmil MOMeHT BpeMeHV HeT OOLIeNpVHATBIX yHUBEp-
calbHBIX MeTopuk BHempenus VICYII, oHum 06bIMHO paspadarbl-
BAIOTCA BeJyUIMMY IPOU3BOJMUTENAMM COOTBETCTBYIOLIETO IIPO-
IPaMMHOTO OGeCIeYeHUsI C yIeTOM MX OCOOEHHOCTEl, a TaKxke
cbepbl IpuMeHeHNSL.

B pmanuoit paboTe paccMOTpEeHBI OCOOEHHOCTH AEATETBHOCTH
37IeKTPOCETeBBIX OPraHN3aLIT, 06ecre N BAIOIIVX CBA3b PA3/INYHbIX
SHEPTOCHCTEM, PACIpelieleHHbIX TepPUTOPUAIbHO. [leATenbHOCTD
TaKMX KOMIIAHMI1 HalpaB/leHa Ha CTaOMIM3ALNI0 3MEKTPOCHAO-
KeHUS, TUKBUJALMIO SHeprofeuimra, obecredeHne PacTyIero
EePCIEKTUBHOTO MOTPEOUTENBCKOrO CIPOca Ha 3/IeKTPOSHEPINUIO,
IIOBBIIIEH)Ee KOHKYPEHTOCIOCOOHOCTH, CHYDKEHNUE 3KCIITyaTally-
OHHBIX 3aTpar. Bce 3T0 IpUBOANT K HEOOXOMMOCTY CTPOUTENILCTBA
JOTIONHUTETIbHBIX 00BEKTOB NEKTPOCETEBOrO X0O3ANCTBA, @ TAKXKe
PEKOHCTPYKINM, MOJIEPHMU3ALINY U MOIU(UKAIINY Y>Ke MMEIOIINXCA
00beKTOB. [[/Is1 BBIMOMHEHNS STUX MEPONPUATHUIL SNeKTPOCETeBbIe
opraHmsaryy GOpMUPYIOT HHBECTULIMOHHYIO IPOTPAMMY, 0COOEH-
HOCTSMI pea/In3alyy IIPOeKTOB B KOTOPOIT ABIAITCA [2]:

1. Kpyr 3anHTepecoBaHHBIX CTOPOH.

2. Vlcrounvky ¢puHAHCUPOBAHVIA MHBECTHUIVOHHBIX IIPOEKTOB.

3. Tumsl peanu3yeMbIX MHBECTUIMOHHBIX IPOEKTOB.

4. BpeMeHHble ¥ KauyeCTBEHHBIE ACIEKTHI MHBECTHUIMOHHBIX
IIPOEKTOB.

5. IIporeccsl yrpas/ieHns MHBECTUIMOHHBIMY TPOEKTAMIA.

6. OpraHMsannoHHasA CTPYKTypa YIIpaBleHNA MHBECTHUIVIOH-
HBIMJ IPOEKTAMIL.

[Tocme mpoBefieHMs MCCAENOBAHMA OOMACTY MPUMEHEHUA
VICYTI B fieATelbHOCTU 37EKTPOCETEBbIX OPraHM3AIil ObUT BBI-

TIOJIHEH CPAaBHUTE/IbHBIN aHA/MN3 M3BECTHBIX METOZONIOTHII BHeE-
JIPEHMA TOTOBBIX MH(OPMALMOHHBIX CHCTEM TaKVX KOMITAHUIL, KaK:
Microsoft, Oracle u SAP. Vicxozs 13 ONy4eHHBIX Pe3yIbTaTOB Obla
chopMymmpoBaHa CIelaIM31POBaHHAS METONNKA, COSMHSIONIAsT
B cebe 6a3oBble 9eMeHTHI (00MIMe ITATIBI + HPENMYIIEeCTBa), II0-
JTydeHHbIE B Pe3y/IbTaTe CPABHEHIIA, @ TAK)Ke METONO/MOIUIO YIIPaB-
JIeHMs1 TI0 KOHTPOIbHBIM TOYKaM [3].

3a OCHOBY B METOJIMKe B3ATa CTPYKTYpa YIPaBIeHYeCKOI fies-
TeNIbHOCTH, COCTOAIIASA U3 CIENYIOLMX 3/MeMEeHTOB: COLMA/IbHBIN
CyObeKT (MHAUBIT, IPEAIPUATHE, TPYIIIA), 3aIIAHNPOBAHHBII pe-
3y/braT (Leb) ¥ uMeromyecs ycnoBus (pecypenl). B crpemienyn
K 3aJJaHHOMY Pe3y/IbTaTy COLVIA/IbHBII CYObEKT OKa3bIBaeT BO3iel-
cTBMe Ha cpefy. [Ipy TakoM TofiXozie BBIZIE/AIOT KaK MUHVIMYM [iBe
POMu: YIPAB/AKOLINIL ¥ YIIPAB/IAEMbIA. YIIPaB/IAILUINIA BBIIONTHAET
TIOCTIENIOBATENIbHYIO CEPMIO 3a/ja4, HALle/IeHHBIX Ha JOCTIDKEHNe 3a-
I/IAaHMPOBAHHOTO De3y/bTaTa. YIPAB/IAEMbIl — 3TO MHTEpecy-
IOLLVIA IIPAB/LAOIIET0 00BEKT Cpefibl, BO3/EIICTBIE Ha KOTOPBIIL I0-
3BOJIUT JJOCTHYD 3aIUIAHJPOBAHHBIX pe3ynbraros [4]. B metonuxe
IpefTIoaraeTcs, YTO YIPaB/IAKIINI Ha IIPOEKTe MBICIAT B pas-
pese pesy/IbTaToB (KOHTPOJIBHBIX TOUEK), & YIIPAB/IAEMBIIl B paspese
IPEfCTOSAIINX Tepes, HUM paboT J/Is ZOCTIDKEHNUS MOCTABIeHHBIX
Ppesy/IbTaToB yIIpasraomiero (puc. 1).

Apanrarma metopnuky BHenperus VICYII B gesATenbHOCTD 9/1ek-
TPOCETEBbIX OPTaHM3aLVIl TIOfjpa3yMeBaeT CIefyolee:

1. Oran «[logroroska mpoexTa» (puc. 2)

Oyukimn Ynpassmouero coseta (YC): KOHTPOIb peamsalum
IPOEeKTa BHEAPEHIA; YTBEePK/eHe I3MEHeHNI KTI0UeBbIX [Tapame-
TPOB IIPOEKTa BHEMPEHILA; YTBEPXKAEHMe Pe3y/IbTaToB IIPOEKTa BHe-
IpEHILT; YTBep)KieHNe CIIMCKA MIJIOTHBIX M TUPKMPYeMbIX (Mac-
ITa0MpyeMbIX) IPOEKTOB; yTBEPKeHe M3MeHeHmIT B coctaBe OC;
paccMoTpeHMe U IPUHATHUE PEIleHNI 110 BO3HUKAIIINM B IIPOEKTe
BHefIpeHNUs Tpo6remMam BHe yposHA momHoMoumit OC; yvactue
B OTYETHBIX COBEIAHILAX I10 IIPOEKTY BHEPEHILA.
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Jran 1
«MogroToeKa
npoexTan

= HT1.1.
Mpoesgexo
ofcnenoeaHHe.

= HT1.2.
ChopmyposaHa

TexHuueckoe 3adaHWe Ha BHegpenune MCYTI
+

Pabouar rpynna

KT0.1. MpOEKTHPOEAHWE HAYATO

KTD.2. MpoexTHROEaHnE
JABEPUIEHD

= KT1.1. OnpegensHe
PYHHLHOHANDHDIE M
HE@YHHULHOHENEHDE
TpeboEaHHA

= KT1.2. NocTposHo
cxembl BuzHec-
npouyeccos, bazwm
AEHHBIX W CHCTEMHON
SPXHTEKTYDBI

3tan 2

«[poeKTMPOBaHKUED

»

3tan 3 «PazpaboTka
¥ TecTMpoBaHWe»

= HT1.1. MpoeegsHbl
PEIEENTHEAHHE 1
HECTROHKE DCHOEHOH
CHITEMEI M CUCTEME
NOAAERHEN.

= HT1.Z. MpoeegsHo
TECTHPOEHHE.

= KT1.1. MposeasHo
oby4sHne
nontIosaTEARN.

= KT1.2. Peanuaoean
BBOJ NPOSKTOE B
cucTemy (nuacTol).

= KT1.3. Mcnpasnerm
namy4eHHbIE
IAMEHEHKA (npw
PERPUPEYR

3Tan 4 «OnbITHaA
IKCMAYyATALMA R

3ran 5
«lpombilnelHan
IKcnAyaTaLMa»

= KTL.1. NpoesgeHo
oby4eHME

nonbIoBaTEASH
{roymine: ).
= KTL.2 PeanuzoBaH
280 NPOSKTOE B
cHCTEMY
(macwraiuposanne).
= HTL1.3. HonpaeneHol

AoyHEHHEIE
zameqaHna (npw
Hanak-ue).

KTO.* — KT gaHHOorM ypoBHA NOLPAsyMEBANT GUECELMID ABYN 43T. HAYANO0 M OKOHUZHME COOTBETCTEYIOWLETD ITana (CTPaTerMueckii ypoBeH:s)
KT1.*¥ — KT paHHoMo YpoOBHA NOAPAsYMEBAICT NAAHWPOEAHME NPOMERYTOUHBIX DEIYNETATOE, COECNEYMBAIWMY AOCTMHEHWE PE3YNLTATA COOTEETCTEYIOWEND

3TaNa (TAKTHWYECKUIA YPOBEHE)

KT2.* (duHarcsl) — KT gaHHOro yposHA NOAPasyMEBSHT GHUECALMIC OEHEHHbIX NOCTYINEHUE NPY DEANM3ALIMK NPOEKTE (BBAHCH! + MNaTEHM)

Puc. 1. KoHTponbHble TOUKM NpOeKTa

Jtan «I lonroTORKA TpOekTaN

»*  NeTogonorvyeckan ocHOEd

Hanwse

METOACNHYECHD
ocrons( 7} o Paspafiorna
METOAOAONSECROR
ocHoEw| T

w«* CrpykTypa PaBouel rpynne

a1

Mipoent
AETOMATHIALMK

*  OnepauMoHHBN COSET (I3MECTHTENH OHPEKTOPOE W
PYKOBOQMTENM CPEAHEND 3EEHE OPraHHIBLMK)

*  ¥NpasnRKoWKEA COBST (NpegcTaEHTENM TON-MEHEOHMEHTE

OPraHMzawHH)

*  Hyp=eTOp NPOEXTE OO CTOPOHBI SEK334MKE,

*  PYKOBOOWTENL NPOSKTSE CO CTOPOHD SBHAI4YHKES,

* Cexperapb PaBousl rpynnel BHeADEHMA

Oynkuyn Oneparmonsoro cosera (OC): mpunsTIe pabounx
pelleHNiT IO NIPOEKTy BHepeHus; obecredeHue NPOeKTa BHe-
IpeHust HeoOXOAMMBIMU pecypcaMi I FOCTIDKEHMS MOCTaB-
JIEHHBIX Pe3y/IbTaTOB; obecredeHne BbIIIONTHEHNS CPOKOB 1 Kade-
CTBa PabOT yYACTHUKOB IIPOEKTA BHEAPEHIsT; 0OecredeH e yIacTus
B IIIIOTHBIX 1 THPKUPYEMBIX (MACIITAGMPYeMBIX) IPOEKTOB MO
PSAYNKOB; 0OCYXXEHYe 1 COI/IACOBAHIIE JOKYMEHTOB, paspabarsl-
BAaeMBIX B PaMKax TUPXUPYeMbIX (MaclITabupyeMbIX) IPOEKTOB;

Puc. 2. 3tan «MoparotoBka npoekra»

y4acTye B OTYETHDIX COBEILIAHNAX 110 IIPOEKTY BHEAPEHNIA,

Yy4acTye B OIIEPAaTVBHBIX COBEIAHMAX 110 ITPOEKTY.

IMatwos MOZETs peaTHsANHE YIPAETSHEE HHEEC THITHOHHEME

THN NpoeKTa
Bug npoexTa

HKypaTop npoexTa

ARMHHWCTRATOR

NpoexTa

SaMHTEepeCOBaHHEIE

CTOPOHE

A OEYMEHTALMA

(puc. 4)

MpoYeccE yNPaBREHHA

PYEOEOOQMTENL NPOEKTa

NpoeKTAME E SIERTPOCETEE0H OpraHHsaIHe:
HanpagAeHHe

HanWTankHoe C
TaMa

Mpl. MHHUMHPOEIHHE
Mp2. MN3HAPCEIHHE
Mp3. NpoeKTHRDEEHHE
Mp4. PEaNKa3uHA
Mp5. 33EEpWeHHe

rpadueM, NCO «u T.0.

MHPDICTRYRTYPHEIN, TEXHONOrHYSCHHEA W T.N.
CTPOMTEABCTE0 PECNPEgeNHMTENDHEIX CETEH,
CTPOMTEALCTED MHMEHEEHEIX CETEH M T.M.

TENLLTEOD, TENHHYECHARA AHMPeHLHA W

CTESTCTEEHHBIN HE3HIHSETCR M3 YHONE TON-MEHeHep0s
COCTEETCTEYHIWEND H3NPIEABHHA

OTESTCTERHHEIN HEIHEHEETCR W HHCAE PYKOB0AHTEN
CPegHENT SEEH3 COOTASTCTEYHIWETD HANPABNEHHMA
OTESTCTERHHBIN HEIHZHEETCA W3 HHMCE COTRYAHHKDE,
HEXO@AWMKCA B NPAMOM NOS4HHEHHA PYROEOGHTENR
CPEgHEND SEEH3 COOTASTCTEYHIWETD HANPABNEHMA
TON-MEHEAMMEHT OPraHKIILHH M T.N.

DOPMUPYEMER B X008 DERNHMIIUMK. AOrCEOPH, NAZH-

OTYETHEA NPH Z2KPDITHK NpoekTa: KC2, RC3 W T.n.

2. Oranbl «[IpoextupoBanue» u «Paspaborka u TecTmpo-
BaHue» (puc. 3).

Hasrame «ITpoexTnpoBaHme» peKOMEHIYeTCsA UCIIONb30BATh
CTIeyIOLIYIO LIeTIeBYI0 MOfeNb O13Hec-Ipolecca «YIpaBieHne
MHBECTUI[HOHHON [eATeNbHOCTBIO NpeAnpuaTs» (Tabmmia
1), mepedeHb 3aMHTEPECOBAHHBIX NI (TA0MNIA 2) U TUIIOBYIO
OpraHM3alMOHHYI0 CTPYKTYPy 97€KTPOCETeBONl KOMIIAaHUY

3. Oranbl «OnbITHAA 9KCIUTyaTanys» U «[IpoMbliieHHas Kc-
myaranys» (puc. 5).
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Jtan «I IpoeETHpOBAHIEY

«*  OnpegensHie GyHELHOHANBHEK H

HedyHEUMOHANbHBIX TpeGoBaHWA no FURPS+

w  LlEneBblie MOAENM: BH3HEC-NPOLECT

aYNPAENEHME MHBECTHUMOHHOH
AEATENLHOCTHID NPEANPHATHAE W CTRYKTYPa
8a3bl gaHHbIX

Jran «PazpaboTEa H TeCTHPOBAHAER

w»* [IpoEeaeHHE TECTHPOBAHMWA:
*  OYHHUWOHANEHOE [HaNPaBNeHo Ha NPoEEpKY GYHRLMOHANBHOCTH
HMCYT, KOpPEKTHOCTH BRINOAHEHHWA 33084).

* TecTWpOBaHHME NPOMIE00MTENBHOCTH (HENPABNEHO HA NPOBEPEY
COOTBETCTEMA NAPaMeTpam, 3aA8HHM Ha 3Tane NpoeKTMROEaHHA
[ypoBHM HarpyskW Ha MCYTI]).

= MoaynbHoe TECTHPOEEHHE [HaNPasAeHo Ha NpoBepry AederToE 1
owubok nocne oGHOBASHWA OOHOTD WK HECKOVIBKHY CUCTEMHBIX
MOogyne).

= TecTMpOBaHHME MHTEMDELMM C BHYTPEHHHMW M BHEWHWMM CHCTEMMM

Puc. 3. 3tanbl «lpoekTupoBaHue» u «Pa3paboTka u TeCTUpOBaHME

Ta6nv|u,a 1. XapaKTepMCTVIKa 6M3HeC-I1pOU,ECC3 ((yl'lpaBJ'IEHMe VIHBECTVII.IMOHHOﬁ AEATEJIbHOCTbIO NPpeaAnpUATUA»

®Daza Mpoueccel

CopepiaHue

1. NpeablHBeCTULN-

Mp1. WHnumnnpoBaHue
OHHasn P umnp

(hopMMpoBaHME MHBECTULMOHHOTO 3aMmbica (MAEK): onpefensoTcs Leu
W OXXUMZAeMble pe3ynbTaThl NPOEKTa, NaHUMPyEMOe MeCTO peann3aLmum npo-
€KTa, BO3MOXHble XapaKTePUCTUKM 0ObEKTA CTPOUTENLCTBA, HOPMUPYETCS
npefcTaBieHne 06 y4acTHUKAX U MHBECTOPAX NPOEKTa;

npeLnpoeKTHble Pa3paboTku U BU3HEC-NIaHNpPOBaHWe: NogpasymeBaeT
06paboTKy NosyyeHHO! uaen ¢ nocnegywmm hopMmMpoBaHUeM KoH-
Lenuumn NpoeKTa, OLEHKN ero CTOMMOCTH, onpefeneHun 6roaxerta, hopmu-
pOBaHWUM MnaHa NoTpebHOCTH B PUHAHCMPOBAHWM W NIaHA NPUBIEYEHUM
(bUHaHCUpPOBaHUs [0Y€Hb BaXKHbl UCTOYHUKM PUHAHCMPOBAHNUA]);

Lanee pa3pabaTbiBaeTCs KOMMIEKT AOKYMEHTOB, 0XBaThiBakOLWMe HUHAH-
COBbIE, TEXHONIOTUYECKIE, OPraHU3aLMOHHbIEe, BPEMEHHbIE, COLMANbHbIE,
TEXHONOTNYeCKWe U T.M. acneKTbl A1 aHanu3a LenecoobpasHoCTH peanu-
3aLMu NpoeKTa;

nocsie yTBepXAEHUs JOKYMEHTALUU NPUCTYNAIOT K OU3HEC-NNAHUPOBAHUIO
(onuchIBaOT MApKETUHIOBYIO, NPOU3BOACTBEHHYIO, OPraHM3aLuoHHyI0, hu-
HAHCOBYIO U Jpyrue COCTaBAAIOLLME NPOEKT], @ TaKKe pa3pabaTbiBaloT oc-
HOBHble METOAbI U CXEMbl PUHAHCUMPOBAHUS, ONPEAENSIOT NepeyeHs 3a-
WHTEPECOBAHHbIX CTOPOH, NPOBOAAT AETaNbHbIA aHANU3 BCEBO3MOXHBbIX
BapMaHTOB MECTOMOJIOKEHNSA U KOHUIypaLLMM 3eMesIbHbIX Y4acTKOB).

2. NHBecTMLMOHHaS Mp2. NMnanuposaHue

onpegensieTcs nepeyeHb u 06bem paboT, HEOOXOAUMbIN A peann3aLmu
NpoeKTa B KpaTyaiilume CPOKM 1 C YCTAHOBNEHHbIM BIOAKETOM.

Mp3. MpoekTposaHue

BbINONIHEHME NPOEKTHO-U3bICKATENbCKMX PABOT (MPOEKTHO-CMETHAS [OKY-
MeHTaLusa pa3pabaTbiBaeTCs Ha OCHOBAHWUM COMNACOBAHHOTO W YTBEPXKAEH-
HOTO 3aflaHus Ha NPOEKTUPOBAHUE U COAEPHKMUT apXUTEKTYPHbIE, DYHKLNO-
HaNIbHO-TEXHOJIOTNYECKIME, KOHCTPYKTUBHbIE U MHIKEHEPHO-TEXHUYECKHUE
peleHns ons 06beKTa CTPOUTENbCTBA);

paspaboTaHHyto NPOEKTHO-CMETHYIO AOKYMEHTALMIO COracoBbIBAIOT C 3a-
Ka3uMKOM, a TaKXKe C OpraHaMi apxuTeKTypbl U FPafoCTPOUTENLCTBA, FOCY-
[ApCTBEHHOrO KOHTPOIS U HAA30pa U LPYTUMK.

Np4. Peanu3auua

OCyLLECTBASETCS 3aK/II0UYEHNE AOTOBOPOB CO BCEMU HEOOXOAUMbBIMU 1A
OCyLLECTBNEHUA NPOEKTA y4aCTHUKaMK;

BbINOJIHEHUE CTPOUTENbHO-MOHTAXHbIX PaboT,

OCylecTB/ieHMe NPOBEPKN U NPUEMKN OTYETHOI JOKYMEHTALWUY;

chaya obbekTa B 3KCnAyaTaLmio.

TaKKe HyXHO OTMETUTb, YTO Ha BCEM 3Tane peann3alnm ocyLiecTaseTcs
MOHUTOPUHT XOf,A peasn3alnn MHBECTULMOHHOTO NPOEKTa.

®3. OnepaunoHHas Mp5. 3aBeplwenne

3KCMyaTauus obbekTa;
MOHWUTOPUHT 3KOHOMUYECKMX NOKa3aTenei.
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Ta6m4ua 2. Xapau‘repucmxa 3aMHTEepPeCOoBAHHbIX CTOPOH

YyacTHUK OnucaHue
Whsectop Peanusyet hbMHaHCUpPOBaHME NPOEKTA 3a CYeT Cob-
CTBEHHbIX U1K NPpUBNEYEHHBLIX CPEACTB
OTBeyaeT 3a onpeaeneHue Leneil NPOEKTa, UCTOY-
3aKasuuk HUKOB (DMHAHCUPOBAHUS, 3aK/lOYEHME [JOTOBOPOB,

ynpasiaeHue d)VIHchaMI/I M OTYETHOCTbLIO.

M3bICKATENN, UHXEHEPDI

[eHepanbHblil NPOEKTUPOBLYMK, TPOEKTUPOBLLMKM, TEXHONOTH,

OTBeyaeT 3a pa3palboTKy NPOEKTHO-CMETHOI LOKY-
MEHTaLMM C ONpeaeseHneM apxXUTeKTYpHbIX, PYHK-
LMOHaNbHO-TEXHONOTNYECKUX, KOHCTPYKTUBHBbIX
1 MHXEHEPHO-TEXHUYECKUX PelleHnit Ans obbekTa

[eHepanbHbIN NOAPARUNK

BbiNoAHAET CTPOUTENbHO-MOHTAXHbIE PaboThI C OT-
BETCTBEHHOCTbIO 3@ BECb KOMMIEKC MPOEKTHbIX
pabot

Moppsagunk

BbINOAHAET CTPOUTENBbHO-MOHTaXHble paboThl No
LOroBOpY noapspaa

MocTaBuwuKku 060pya0BaHN

A

OcyluecTBAAOT NOCTaBKM (M3roToBNEHME U NO-
CTaBKM) 0060pYAOBaHUS NPOEKTa

Jlnuexsunap

OcyliecTsnseT nepeaayv npas 1 3HaHWA Ha UC-
Nob30BaHNe TEXHONOTMU Peanun3aLmn CTponTeb-
cTBa 06beKTa

MocTaBLWMKM MATepUabHBIX PECYpCoB

OTBeYaloT 3a NOCTaBKY BCEX HEOOXOAMMBIX [1/1f1 Bbl-
MONIHEHUA CTPOUTENILHO-MOHTAXHbIX PAabOT MaTe-
p1anoB 1 pecypcos

banku, hoHabl

OcyLiecTBAsIOT KPeAMTOBaHNe/3aeMHOe hUHAHCH-
pOBaHUs NPOeKTa

OpraHbl Bnactv

O6ecneynBatoT NpaBoBoE PerynnpoBaHue, a TaKKe
Ha[,30p 3a XO[0M peann3aLnum NpoekTa

MpeaocTaBnsioT KOHCANTUHIOBbIE YCAYIM HA pas-

‘ Fr———
|
f T f | | ( 1
VpeKLMA N0
| AP EKUMA N0 KAMMTAABHOMY A Oupekuya no
TexHUUBCKER AUPEKLMA [MPeKLUA 110 PERANIELIAH yoryT 8Ky OO 5
| cTRonTensCrEy R e 30M13cH acTH
& 1 | |
e B Y = =
‘ | ‘ i ‘ | Jenaprament no
- . | -
Ynpaenerne MTO MHGOPMALHOHHO K
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- —s Ynpaenerve
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[ B et MABHUP OBEH A, OTHRTHOCTY U
N—  Aenap p U L KOHTPOAA peannsaLMn
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Puc. 4. TUNOBas OpraHM3auMOHHasA CTPYKTYPA 3/1€KTPOCETEBOM KOMNaHNUH
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Fran «ONETHAS SECILTY ATAIHD
OCHOEH0H 33AE4EN STaNa REARSTCA IPEMOTHOS CNPSASNEHWE NPOSXTOR, EXOEALPD

E BOHY MMACTHPOESHMA.

ONpEgenHTs o
MHEBECTHUHOHHD

p
E 8 MM X 80I8p
big B Y

Bran « [poMEIIIIeHHEAE SKCILTY ATAIHD)

CCHOBKOH 233426 3TaNa ABNRETCA O0Y-EHHE BCEX COTPYHMKOS OpraHMEaLA,
YHECTEYHOLLY 8 DEAAMIELMM MHESCTHIMOHHDD NPOSKTOS B KOMNEHMK. LLNR STOr0
NPEANArEETCA BHCTROMTD TREXCTYNEH-ETYID CHITEMY NOANOTOS KMH:

VYpoaete®
CHETEMHAN POAE  TEXHHMECKAN N0A0SPH

HAAMMHHCTEATON ¥ IIARIEHAS NPOERTON
npa&HTan

OraercroenMacTs Anigent 8 oyeenm

Symrpn HOYT

CHETEMHAA PEAE  YENSLIHAA fEanM a1 AN
WM enegmen

METaAAABIIMECKAN DEHOSA
NPOEKTS, BSAMMANERETENE € NPOSKTHON YIEAEAEHAN,
SAMHTE PRGOS AMH I i ACYT
CTOPOHAME, NOATOTOERS 1

NPESOCTARAE HIE

aTuSTHACTI N npaskTy

npaskTan

CMETEMHAN PONE  WONEX NODEXTS B UENOM, Metaganormeckan oonosa

wHyparap ETRATE M EERDE ARaeKTREn YRganenns,

npaenTae [BYRCEOACTED MpQeHTEM, dpriigii MO w svixarinsman
[ mwfis Banp ., RoHTpONS npoexToR

OTHIENLLAREN K NPOERTY AOTUETEL, BHAyANEHBIE NAHENM).

*ONPEASNRETCA HONOAA W2 PEYNLTATOE 3TaNa @ MOArOTOEKS MPOEKTES

Puc. 5. 3Tanbl «OnbITHaA 3KcnyaTauua» 1 «MpombllNeHHas IKCNAyaTaLua».

JIureparypa:

JudopmarmonHas cucreMa ynpasnenns npoekramu.— URL: https://citto.ru/directions/ws58{8x.
2. Orambl peamy3anyy MHBECTUIMOHHO-cTpouTenpHoro mpoekra.— URL: https://pres.ru/inzhiniring/ehtapy-realizacii-investi-

cionno-stroitelnogo-proekta/.

3. Crparernst npopsisa. Yacts 5 Ha myTu k 6esorxarHoit rpancdopmaruu kommnasuy. — URL: https://blog.bitobe.ru/article/strategi-

ya-proryva-chast-5/.

4. Poit O.M. Teopus ynpasnenus: Yue6Hoe noco6ue.— ITnrep, 2008.— C. 5-25.

rocyAapCTBEHHaﬂ o6pa3OBaTeanan 3KOCUCTEMA: 0COOEHHOCTH co3dHuA

N6parumosa HagusiT PamMu30BHa, CTyAEHT MarucTpaTypbl
Poccuiickas akapemus HapOJHOTO X03ANCTBA M rOCyAAPCTBEHHOM Cnyx6bl npu MpesuperTe Poccuiickoit ®epepauum (r. Mocksa)

quBepTaﬂ HpOMbIIIIeHHas peBoymonys, onucanHas K. [lIBabom,
He TOJIbKO M3MeHseT CIoco0 MPOM3BOACTBA, HO TAKXKe IpH-
BOJINT K CMeHe 00pasa MBbIIITIEHNS U IleHHOCTHbIX TpeoOpasoBaHuil.
VIHHOBAIIOHHbIE TeXHOomoruy, Takie Kak 0T, Al, 6onbinye faHHble,
pobororextuka, VR, AR, OmoxueitH, o6madHble BBIYMCTCHIS
u 3D-1evath, MEHAIOT MUP, U KaK PE3y/IbTaT, BOSHMKAET HeoOXom1-
MOCTB TIepexofia K 9KOHOMIKe 3HaHmit 1 mHbopmanmn. st obecre-
YeHMs 9TOTO Nepexofa HeoOXomMo GOpMIpPOBaHe HOBOIT COBpe-
MEHHOII KOHIIENIMI PasBUTHs 00pasoBaHis, OpUEHTUPOBAHHOI Ha
IIOAITOTOBKY CIIELIMAIACTOB, CIOCOOHBIX pabOTaTh Ha BHICOKOTEXHO-
JIOTMYHBIX PHIHKAX C MHHOBALJVIOHHBIMY TEXHOMOIVSIMU B YCTIOBUAX
MHOT'03a/IaYHOCTY ¥ BBICOKOI [UMHAMMKI M3MEHEHUS BCeil COLM-
aJIbHOIT SKOHOMITIECKOI CUCTEMBI [4, ¢. 3-4].

B aroit cBsisu dopMupoBaHue KadeCTBEHHOTO HOBOTO Yeso-
BEYECKOr0 KaluUTana, OPMEHTMPOBAHHOTO Ha HeNpepbhiBHOE 00-
ydeHue U BOCHpUATHE 3HAHMA MHGPOPMALNM, ABIAETCA BaKHBIM
9meMeHTOM. [/151 6BICTPOro 1 KaueCTBEHHOTO 00y4YeH s iofieli, He-
00X0MMO co3aHMe GoJTee TeCHOII CBA3Y MEX/Y 00pasoBaTeIbHOI
1 TPYROBO cucteMamiu. [ 9THX 1iefielt, IpUMEHeHMe 9KOCUCTEM-
HOTO ITOAXOJa MOXKET OBITH TTOIE3HBIM.

HecMoTps Ha akTyalabHOCTb TeMbl, OHa He IOTy4YMIa HO/DKHOTO
OCBelLeHVIsA B HAyYHOM MIpe. XOTsI, HCCOMHEHHO, CYILIeCTBYIOT yYeHble
¥ TIPAKTUKY B 00/acTy 06pasoBaHis, KOTOPbIE 3aHUMAIOTCS U3yde-

HIEM 11 Pa3paboTKoil el Ha TeMy 06Pa30BATENBHOI SKOCUCTEMBL.
[xopmx Cbeppa, aBTOp KOHLENIMY «O0OyYeHMS B 9KOCHUCTEME»,
Arnexcanpp I11BoBapoB, aBTOP KOHIEMINK «00y4eHNe B IKOCUCTEME
3HaHuit», Burammuit Cycnos u Haranba JlykaleBnd 3aHMMAIOTCA JC-
ClIejoBaHMeM MH(OPMALMOHHBIX TEXHONOTMI M paspaboTKoil 06-
pasoBaTe/NbHOI 9KOCHCTEMbI, BeAyIMil HayuHblit coTpysHuk PAH,
Anexcaupp Kysweros, usydaer 1ydpoeie 06pa3oBaTe/bHble IIIAT-
¢opmbl, Karepuna Kasumupuyk, aBTop cTarelt, MOCBAIIEHHBIX 00pa-
30BaTE/IbHOI 9KOCUCTEMe I MHOTHe fipyrue [8, c. 1-3].

OpHOJt 13 I7IABHBIX IIPMYMH HEOCTATOYHOCTY M3YYEHNUS TEMbI
eMIMHOI 00pa3OBaTeNbHON 9KOCUCTEMBI SIBICTCA €€ CIOXHOCTb
¥ MHOTOTPAaHHOCTb. [103TOMY IpeficTaB/IsteTcst HEOOXONUMBIM CIie-
HMAIbHO 0OPATUTh BHUMAHME HA IOSB/LIIONINECS IIyTH PAasBUTI
06pa3oBaTenbHOI IKOCUCTEMBI, IPOOIEMBI 1 0COOEHHOCTH, € KOTO-
PBIMY MOXET CTOTIKHYTbCS TOCYAAPCTBO, IIPU CO3TAHUU CBOEIt 06-
Pa30BaTeNbHOI IKOCUCTEMBI.

TepmuH «dKoCKCTeMa» ObUT MPELTOXKEH 3KOMOTOM APTypOM
Tencmn B 1935 1. SxocucTeMa IpefCTaBsieT Co00it CUCTeMY, KO-
TOpast 0ObeANHsIET KUBbIE OPrAHM3MBL I AKIIEHTUPYeT BHUMAHIE
Ha B3aJMIMOCBA3Y MEX/Y YYaCTHMKAMI SKOCHCTEMBI J OKPY KAIOIIleit
UX Cpefolt, TPV 3TOM OHU B3aMMOJIEIICTBYIOT APYT C APYTOM U CO-
BMECTHO Pa3BMBAIOTCSA,  TAKKE BMECTE TIPHUCIIOCAONMBAIOTCS K 13-
MeHeHsIM BHELIHe cpefpl [6, ¢. 1-6].
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KocmcTeMa, KaK MOHMMaHIe, BbIXOJisIee 3a PaMKI OMOTIOTH-
4eCKOr0 KOHTEKCTa, ObITa BBeleHa B 000pOT IOC/e IyOmmKalmu
. Mypa B Harvard Business Review B 1993 roxy o HoBoM dopmare
KoHKypeHtuy. OH TPeiIoXII Ompefenenue uppoBoil IKOCK-
CTeMBbI KaK COBOKYIIHOCTY CepBIICOB, KaK COOCTBEHHBIX, TaK I IIApT-
HepCKuX, 00beMHEHHbIX BOKPYT OfJHOJ KOMIIAHMM C LIe/IBI0 CO-
37jaHA 0OaBIeHHOI! LIGHHOCTH I BCEX ee YYaCTHUKOB [].

Ha ocHoBe 9TOro moxozia MO>KHO OIpefienuTh HudpoByio obpa-
30BaTeIBHYI0 9KOCUCTEMY KaK CeTeBYI0 MHPPACTPYKTYPY, 00benu-
HAIL[YIO Pa3TMYHble [M(POBbIE THCTPYMEHTH B PAMKAX €JUHOI
TEXHOJIOTMYecKoil (0OpasoBarenbHOI) M1atrdOpMbl, KOTOpas pe-
TYIUPYeTCs ORHON OpraHy3alyiell, yIUTbIBas MHTEPEeChl BCeX KOM-
TIAHMIA, M CO3MaeT YCIOBYA [ Hanbonee 3peKTUBHOTO B3aMMO-
JIeJICTBISA BCEX 3aMHTEPECOBAHHBIX CTOPOH. ITO TaK)Ke MO3BOJIAET
OKasbIBaTh IEPCOHA/IN3NPOBAHHbIE 00PA30BATENbHBIE YCIYTH, YU~
TBIBASI HOTPEOHOCTI 0Oy IAIOINXCSL.

Ha ceropuamuuit fenb B Poccun cymecTByeT HECKOIBKO KOM-
TIaHWIA, IPeICTAB/IAIOLINX LieJIble 5KOCUCTeMbI B pa3HBIX MacIITabax,
BK/IIOYasi IPOYKTBI M CTPYKTYpBI B oraitH ¢popmare. Hexoropsie
U3 KPYIHBIX 00pasoBaTeNbHBIX dKOCKUCTeM B Poccuu BKTIOYAIOT
«Iupexc», «MTC», «Coep» Mail.ru Group, Skyeng u «Heromnoruto
rpymm». CpefHMMM MOXHO cumTath «Arzamas», «[loctHayky»
u «Jlextopuym», a MuHM-9KocucTeMamu — Getcourse [11, c. 3-5].

OpHako ClefyeT OTMETHUTD, YTO BBILIEYIIOMAHYTbIE KOMIIAHIN
ABJIAIOTCA KOMMEPYECKMMM 9KOCHCTEMaMH, ITMABHON LeMblo KO-
TOPBIX SAB/IACTCS TOTydeHMe NpUOBIIY, AaXke eCy 4acTb 06paso-
BATE/IbHOTO KOHTEHTA IIPefOCTaB/IsAeTCs bectutaTHO. TeM He MeHee,
MMEHHO KOMMepyecKye KOMIIAHUM OObIYHO OBICTpee pearnpyroT Ha
noTpeOHOCTI TPYRoBOro poiHka. CormacHo oTdery Smart Ranking,
cymMapHas BbIpydka Tom-100 kpymuerimmx EdTech-xommanmit
Poccun o ntoram 2022 ropa cocTaBusa 0kono 87 Mpg pyo., 4To Ha
14 mnpg py6. 6ormbiue, yeM B 2021 rogy, u Ha 65 Miapg py6. 6ornbiie,
geM B 2020 roxy [9, c. 4].

HecmoTpst Ha yCremHsll mpyuMep Co3faHus 6msHecoM obpa-
30BaTe/IbHBIX 3KOCKUCTEM, TOCYAAapCTBeHHAs 00pa3oBaTe/IbHAs CY-
CTeMa HallelieHa Ha CO3[jaHMe efVHOTO Lie/IeHaIpaBleHHOro IIpo-
1lecca BOCITUTAHMA U 00y4eHNs, KOTOPHII ABMAETCS 001IeCTBEHHO
3HAYMMBIM O71aTOM 1 OCYIECTBIIACTCA B MHTEpecax deroBeka, 00-
IeCTBA M TOCYAApCTBa. BayKHOCTD He KOMMEPYECKOIT, a COLMANTbHOM
el TOCYAApCTBEHHOI 06pa3oBaTeIbHOI CUCTeMbl IO YepKIBa-
eTcs JaKe MCKIIOYeHNeM TepMMHA «00pa3oBaTe/lbHas YCIyra» U3
3akoHopaTenbcTBa PO B nrone 2022 ropa.

B 3akoHofjaTenbCTBE TOKA OTCYTCTBYET YETKMUIl TEPMUH «3KO-
CUCTeMa» B KOHTEKCTe 00pa3oBaTe/IbHOTO MPOLIeCca, OFHAKO HEKO-
TOpbIe PETMOHBI Y)Ke BK/IIOYAIOT €T0 B CBOM 3aKOHOJATE/IbHbIE AKThL.
Hanpumep, koHIenuus «06pa3oBaTeNbHOI 9KOCHCTEMBbI» YIIOMIHA-
eTcs B 3akoHe Mockosckoit obmactu ot 30.11.2018 Ne 87/2018-03
«O6 obpasoBanuy B MOCKOBCKOIT 00/1aCTI», KOTOPAS IIPeIIoNaraeT
VHTETPAIINI0 00Pa30BaTeNIbHBIX PECYPCOB U YCIIYT, HAIIPAB/ICHHbIX Ha
pasButHe 06pasoBaHus B peruoxe. B sakone KpacHogapckoro kpas
ot 03.07.2019 Ne 2016 Ne 781 «O6 o6pasoBanmu B KpacHomapckom
Kpae» TepMIH «9KOCHCTeMa 00pa3oBaHIA» He OIpelie/AeTCs ABHO,
OJIHAKO TOBOPHUTCS O TOM, UTO IIOf, «MHTETPHPOBAHHBIMI 06pa3o-
BATeJIbHBIMI 9KOCHCTEMAMI» TIOHMMAIOTCS KOMIUTEKCBI 00pa3oBa-
TE/TbHBIX YYPEXKIeHNI, 06be/[ HEHHBIX HA OCHOBE COBPEMEHHDIX JH-
(bopMaIOHHBIX TEXHOMOTMIT B €AMHYI0 MHGPACTPYKTYpY [5, ¢. 1-7].

OpHako, OTCYTCTBME COOTBETCTBYIOLIETO TEPMUHA He SB/IA-
eTcsl IIoKasarereM 0esIeliCTBIA TOCYIapCTBa B 0671aCTI 9KOCUCTEM.
[na perympoBaHyA 1 NOGNEPKKM PasBUTHA eAUHON LU(POBOI
cperibl, 61T co3ana obmaynas mwiatdopma «loctex», mpegHasHa-
4eHHas 1A (efiepabHbIX Y PETVIOHAIbHBIX OPTaHOB BJIACTH, C II0-
MOLIIBI0 KOTOPOII MOXHO OBICTPO U 9 PEeKTUBHO CO3/}aBaTh IOCy-
iApCTBEHHbIe MHOPMAIIOHHbIE CUCTEMBI 1 IM(POBbIE CEPBUCHL.
«[ocTex» peanusyeT JOMEHHBI NOAXOJ, K IIPOEKTHPOBAHMIO IIM-
(bpOBBIX CEPBICOB TOCYAAPCTBA, YUMTBIBAS MEXBEIOMCTBEHHOE
B3aMMOJIEVICTBIe, TEXHIYECKIe BO3MOXHOCTM U (GopMupyeT Ha-
IeXHYIo 1 6esonacHyo apxutekTypy UT-cucrem gomena [1, c. 4].

B naHHOM cry4ae, JOMeH IIpeCTaBIAeT cO00I1 0671aCTb AeATeNb-
HOCTV TOCY/JAPCTBEHHDBIX OPTaHOB M IOPUMYECKUX /UL, KOTOpas
IPUHAIEKNUT OJHOI OTPAC/IM SKOHOMUKMU U COLMANMBbHOIN cepbl
U uMeeT o6umx norpeburenest. OFMH U3 FOMEHOB, KOTOPBIIT MOA-
[IepXKUBAETCS JAHHBIM CEPBICOM, SIB/ISIETCS 0OpasoBaHe.

MpuHo6pHayKy, HaIpuMep, yXe HEePeHOCUT CBOIO paboTy Ha
TeXHONOTMYeCKyIo maTdopmy «locTex», 0 4eM 3asBIIa 3aMMUHU-
CTpa HayKu  BbicuIero o6pasoBanns [lapbsa KupbsaHosa B cepenyae
dbesparst 2023 roga [2, c. 3-6].

Ho HecMOTps Ha Takoil BaKHbI LIal, OMHASA KapTHHA TOTO,
KaK JIO/DKHO BBII/LIETh 00OpasoBaHme GyAyliero, y rocygapcrsa
TI0Ka OTCYTCTBYeT. B Hal[OHAIbHBIX LIe/LAX Pa3BUTIA 00pa3oBaHIA
CUJIBI HAaIIpaBJIeHBbI Ha TEXHIYECKOe OCHAIleHNe 00pa3oBaTe/IbHbIX
YIPEeXeHWI /I CO3FAHNMS eAMHOI [udpoBoit 06pasoBaTeTbHON
Cpefibl, HO HeT KOHEYHOTO BUJIeHbs1 00Pa30BaTe/IbHOI 9KOCUCTEMBL.
A UMeHHO JONTOCpPOYHOe IIAHNpPOBaHNUe, paccynTaHHOe Ha 20, 30
W gaxe 50 e Briepes; IOMOXET He TOMbKO G0ortee SICHO IBUTAThCS
K IIe/IVL, HO VI CO3JaBaTh CBOY MUPOBBIE TPEH/Ib 00pa3oBaHIs, CTaB
KPYIIHBIM MI'POKOM Ha MYPOBOM 00pa30BaTe/IbHOM PhIHKE.

OpHaxo Tpy pa3paboTKe MHHOBAL[VOHHBIX pelIeHNil He Cre-
IiyeT 3a0bIBaTh, YTO KOCKCTEMA IIPEACTABIALT COOOIl He TOMBKO
CO3JIaHIe HOBOTO, HO ¥ MHTErPALMIO IPOLIIOTO OIIbITa, 0COOEHHO
KOIJ]a pedb IJeT 0 FOCyAapCTBeHHOI akocucteMe. Obpasosanme 2.0
u 3.0 CTaJIKMBAIOTCA ¢ KOHPIUKTOM B 06pasoBanyy 4.0, KOTOpPBIIL
HPOSIB/IAETCS B Pa3/INIHBIX 9/IeMEHTAX 9KOCHUCTEMBI, TAKIX KaK TeX-
HOJIOTVIY, YCTTYTH, CTAaHAAPThI M HOPMATUBBL DTOT KOH(IMKT OTpa-
KaeT He TO/IbKO TeXHMYECKME aCTEKThI, HO TaK)Ke HaCTIeICTBEHHbIE
LIEHHOCTI 1 CMBICTIBI, KOTOPbIE BCTPANBAIOTCA B CTPYKTYPY 06paso-
BaTeIbHOTO B3aVIMOZIEIICTBYIA HA IPOTSDKEHNY BCell XKU3HUL B cBsA3n
C 9TUM, 00pa3oBaTe/IbHbIe SKOCUCTEMBI MMEIOT Pa3Hble Lie/ 1 3a-
Jlady IIpY BCTYIUIEHNY B KOHKYPEHLVIO IPYT ¢ ApyroM. Tpammim-
OHHOe of0pasoBaHye (CTapas 9KOCUCTeMa) CTaBUT Iepefs coboii
3ajlayy MOJIepHM3ALNY, TOTAA Kak HoBoe obOpasosanme XXI Beka
(HOBast 9KOCUCTEMA) CTPEMUTCS K 3aBOEBAHII0 06PA30BATE/IBHOTO
npocrpancTsa [10, c. 4-5].

Opnako axocucreMa 00pasoBaHMA PA3BUBAETCA HE TONBKO
B paMKax IIPOIIOTO J1 HACTOAIIETO, HO 1 B PA3HbIX HAIIPAB/ICHMNAX.
B sTOM KOHTeKCTe, Mepapxudeckas MOJieNb yIPABAeHNs YCTYIaeT
MeCTO CMEIIAHHO MOJIeNH, OODBEeAMHSIONEll M VepapXudecKie,
U ceTeBble YepThl. B ceTeBoii Momenu KaXKIblil yJaCTHUK BBICTY-
MaeT B Ka4eCTBe TOUKM NIPMHATHA PelleHnit 1 ucrnonanTens. [lpu-
MepaMIL TaKUX CUCTEM SB/LAIOTCS MO «XONMOKPAaTUI» U «Ouplo-
30BBIX OpTaHM3aLNil», a TakKe POPMAThl «CETEBOI IeMOKPATII»
U «OTKPBITOTO IIPaBUTENbCTBA». KpoMe Toro, IoMuMo BepTHKab-
HOT0 00'befIVHEHNA 1 YIIPAB/IeH s 06pa3oBaTeIbHOI 9KOCKCTEMOIL,
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HeOOXONVMO YPeryIupoBaTh ¥ MHTETPALMIO HA TOPU30HTATBHOM
YPOBHe, TaK YTOOBI TOCYAAPCTBEHHBIE 11 YaCTHbIE 00pa3oBaTe/IbHbIE
OpraHM3aLUM VMETN OXMHAKOBBIE PUCKM M FUBUAEHABL IKOCH-
CTeMa [JO/DKHA OBITh OTKPBITA J/II BCEX YIACTHIKOB, 6€3 BO3MOX-
HOCTJ 3aXBaTa OHJM UTPOKOM BCero phIHKa. [ocymapcTBo ocyie-
CTBJIIET KOHTPOJIb, YTOGBI HI OffHA KOMIIAHS HE MOITIA 3aXBATUTb
BeCh PBIHOK, YTO IIOfYepKIMBAET BAKHOCTD yYacTUs TOCYAApCTBa
B 06pa3oBaTenbHOI 9KocucTeMe [7, c. 1-7].

TopusoHTa/IbHOE PeryNnpoBaHyie 1 PasBUTIe 06Pa30oBaTENbHOI
9KOCHCTEMBI UTPAIOT K/IIOYEBYI POIb B obecriedenn ee addek-
TUBHOTO (yHKIMOHNpoBaHNA. O6pasoBaTeNbHasA SKOCUCTEMA, KAK
u mobas [pyras 9KOCUCTeMa, OTPaHIdeHa IPOCTPAHCTBOM U Bpe-
MeHeM. OHa MOXXeT ObITb Mera-, Makpo-, Me30- U MUKPO3KOCH-
CTeMOIl B 3aBVMCHMOCTH OT YPOBHS JIOKa/IM3aLMyi IPOCTPAHCTBA.
B opHOM IpoCTpaHCTBE MOTYT OZHOBPEMEHHO (DYHKIOHMPOBATh
HECKOJIBKO 9KOCUCTEM 00pA30BaHISI PA3HBIX YPOBHEIL. D/IeMEHTbI
OJIHOIT 9KOCHICTEMBI MOTYT TAK)Ke OBITH 97EMEHTAMI APYTOIT 3KOCH -
CTeMBI, 4TO B pe3y/ibTate 00ecIednBaeT yCTOYMBOE pa3BUTHE 9KO-
HOMUKM [3, c. 4].

OpHAKO COTPYEHMYECTBO BCeX O0OPa3OBaTeNbHBIX  yupe-
XXTeHuIt Ha TeppuTopuy Poccyn MoxkeT ObITb JOCTUTHYTO TOIBKO
IpY YCTIOBUM MX OOBEAMHEHNs Ha MHPPACTPYKTYPHOM, 3aKOHO-
[IaTeNbHOM, MH(OPMAIIMOHHOM, METOJOMOTMIECKOM U Ka[POBOM
YPOBHsIX, YTO O06ECIEYUT COIIACOBAHHOCTb HENCTBUIT IPU CO-
3[AHMI TOCYHAPCTBEHHOI 00pa30BaTe/IbHOI IKOCUCTEMBL. TO BO3-
MOKHO TOJIBKO Yepe3 pa3paboTKy eZnHOi HOPMATHBHO-IIPABOBO

JIureparypa:

0a3bl, apXUTEKTYPbl SKOCUCTEMBI 1 TOMIEPKKY CO CTOPOHBI TO-
CyHapcTBa Kak I TOCYHApCTBEHHBIX, TAK U YaCTHBIX 06pa3oBa-
Te/IbHBIX OPTaHU3aALMIL.

IlogBoOps UTOL, MOXHO CKa3aTh, YTO IOPOXK/ICHHAA NHHOBAIIN-
OHHBIMY TeXHOJIOTYAMI, HOBas 9KOHOMMYECKas PealbHOCTBIO Me-
HseT BCe KM3HEHHBble LVKIBI 4enoBeka. OCOOEHHO 9TO Kacaercs
TaKOJ1 MaCIITabHOI M BaXKHOI YaCT )KU3HY UeNoBeKa Kak 06paso-
BaTe/bHOII cucTeMbl. CII0)KHOCTBIO CO3IaHMA TOCYAPCTBEHHOIT 00-
Pa30BaTeIbHOI IKOCUCTEMBI ABTIAETCS TO, YTO CCTEMBI HACTOMBKO
Oo/pIIast 11 BKIIOYAET B Ce0s TaKOe MHOTOXXEHCTBO CMEKHBIX CII-
cTeMbl (9KOHOMIYECKYI0, TPYHOBYI0, LM(POBYIO, CTPOUTENBHYIO
¥ T.Ji) Y1 HOZICUCTEM, YTO JI TOTO, YTOOBI CO3[1aTh apXUTEKTYPY 06-
PasoBaTENbHOI SKOCUCTEMBI, HEOOXOIMMO Ha TOCYHAPCTBEHHOM
ypOBHE Yy4ecTb Bce YPOBHIM, Cepbl M KOMIIOHEHTBI 06pasoBa-
TEe/IbHOI CUCTEMBI, TIPEBPATUB UX B eAMHOE KOM(OpPTHOE IIpo-
CTPAHCTBO KaK I TPAXAH U TOCYLAPCTBA, TaK U A/ OM3Heca.
Bepnb rocyapcTBo He MOXKET CO3J]aTh 9KOCUCTEMY CaMOCTOATE/IBHO,
BO-IIEPBBIX, 3TO He BHITOJHO SKOHOMIYECKH, BO-BTOPBIX, KOMMep-
YecKie OPraHM3aIN YoKe BBICTPOUIIN YCIIeIHble 06pasoBaTe/bHble
9KOCHUCTEMBI, B-TPETIX, [/ 3aLIUTHI KOHCTUTYLVIOHHBIX IIPaB de-
JI0BeKa U TPXKAAHIHA TOCYAAPCTBO He MOYKET MOHOIIO/IM3UPOBATh
Bce 00pasoBaTe/IbHOE IPOCTPAHCTBO WM IO3BOINTD CAEMATD 3TO
KOMY — TO I3 KOMMepYecKux KoMIanuit. [loatomy BaxxHo, 4TOOBI,
ONMpasCh Ha ITIaBHBIT 3aKoH cTpansl, Koncturyuuio PO, rocynap-
CTBO CO3/]aBa/Io HOPMATHMBHYIO 023y J/IA TOCYAapCTBEHHOI 06paso-
BaTe/TbHOI 9KOCHCTEMBL
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McKyCCTBEHHBIN MHTENNEKT B 6€CNMNOTHOM ynpaBieHuu
aBTOTPAHCMOPTHBIMU CPEACTBAMMU: €ro METoAbl M Npo6aembl

Kannuna CeTnaHa EBreHbeBHa, JOKTOP Negaroruyeckux Hayk, npodeccop;

banabaes Muxaun MuxaiinoBuy, CTyieHT MarucTpaTypbl
3abaiikanbCKkuil rocyAapcTBeHHbIN yHUBepeuTeT (r. Yuta)

Cmamos paccmampusaem npumerenue uckyccmeennozo unmennexma (MM) 6 becnunomuoix asmomparcnopmuolx cpedcmsax (AC),
06vacHAs, Kak VIV moxem coenamv #u3Hv modeii 6esonacueii u npouje. B cmamve 06cymoaromcs npobnembvl, C6A3aHHbIE ¢ UCHIONbI0BAHUEM
WM 8 asmompancnopmuvlx cpedcmeax, maxue Kax 6e30nacHochiv, MpyoHocHs paspadomiu, nosedeHuti 8 IKCHIPeHHbIX CUMYauusx Ha 0o-
Po2ax 00u4e20 NONL30BAHUS U NPO6EMbL AOANIMAYUL K PASTUUHBIM CUIMYAUUAM.

Kniouesvie cosa: uckyccmeeHHvlil uHmennieKm, asmompancnopmmble cpeocmed, 110U, Menoobl, Hpobsembl, paspabomxa.

chsn C OTPOMHBIM POCTOM M300PETATENBCKOI EeATEMBHOCTI
¥ HAy9HBIX JOCTVDKEHIIIT MBI HAXOZJVIMCSI Ha 9TAIle PEIAOIero
C/IBUTA B TIPUMEHEHUN TEXHOJIOTHIL, CBA3AHHBIX C OECTIMIOTHBIMM
ABTOTPAHCIIOPTHBIMIU aBTOMOOWIAMI. ABTOHOMHBI/I aBTOMOO/Ib,
UV AaBTOMOOW/Ib 63 BOIUTEIS, I OeCIMIOTHDII aBTOMOOWIb —
3TO IMPOCTO ABTOMOOW/Ib, KOTOPBIT MOXeET YIPABIATh Oe3 KaKo-
ro-1m60 BMEIIATebCTBA YeTIoBeKa. TO GyIeT OrpOMHBIM M3MeHe-
HIIEM B MIIPe aBTOMOO/IBHOII IPOMBILIIEHHOCTH. K aBTOHOMHOMY
TPAaHCIIOPTHOMY CPECTBY MOAK/IIOYEHO MHOYKECTBO BHEIIHNX JaT-
4yKoB. C IOMOLIBIO 3TUX BHEUIHMX JATYMKOB JI KOMIIBIOTEPHOTO
QITOPMTMA MALMHHOTO 00yYeH s, OH, IPUHUMAET pelteHue [3].

BecrimoTHble aBTOMOOGMIN MMEIOT pas/MdYHble IpenMylile-
CTBA 110 CPABHEHMIO C ABTOMOOIIAMI, YIIPaB/LIEMbIMI YeTIOBEKOM,
TaKye KaK MeHblllee KOIMYECTBO HOPOXKHO-TPAHCIIOPTHBIX TIPOYC-
HIECTBUIA, pasyMHOe NpUHATHE pemeHnit u T.1. CaMblil I7TaBHbI
BOIIPOC B TOM, II04eMY OeCUIOTHbIe aBTOMOOWIN [0 CHUX IIOp He
Ho6mmuch ycrexa. OTBET 3aK/M0YAETCS B HETOCTATKAX, TAKMX KaK
YIPO3bl KHOEPIPeCTyIMHOCTH WM c60si MPOrpaMMHOTO obecrie-
YeHIs, 4 TAKXKe B PaboTe C yIpaB/IsieMbIMI aBTOMOOW/IAMY Ha J0-
pore. VIX rmaBHas Lenb — CHavyama IPEORONEeTb ITU IPOOIEMbI
U HaJIT!U peLIeHNe.

enblo aHHOI CTATbhy ABJSIETCS 00CYXKAEHNME OCTIEFHUX TeH-
IEHIINIT M CTIOXKHBIX CUTYaLMit B aBTOHOMHBIX aBTOMOOM/ISAX. B Heil
TPEICTABIeHbl KPaTKMe CTATUCTIYECKIEe JaHHBIE O LIMPOKO WIC-
II0/Ib3yeMbIX aBTOMOOIWLAX, a TAaKKe KpaTKas MCTOPYA CaMOfOCTa-
TOYHBIX aBTOMOOIIEIL.

BosMoskHOCTM ~ GECTTMIOTHBIX ~ aBTOMOOMIIENt
OTPOMHDbIe MHBECTHUIIMI U BHUMaHNe. B JomonHe e K pa3Mbliiiie-
HISIM O TEXHOJIOTMYECKMX BO3MOXKHOCTSIX U TPaHMIIAX, HAM TaKKe

IPUBJIEKIN

HeOoOXONMMO, MOMBITATBCS HANTYM U TPOAHATU3MPOBATD, KAKUM
Oynet Oynylee, OCHOBAaHHOE HA MCIIONIb30BAHNIN OECIIMIOTHBIX aB-
TOMOOWIIENl. BecmIoTHBIe TPaHCIIOPTHbIE CPefCTBA UCIOIb3YIOT
PasMYHble TEXHOTOTMY A/ SKOJIOTMYeCKY 6e30IacHol 9KCIUTya-
tauym. OHy ocHamieHb! cucteMoit GPS-crexenns [2], koTopas no-
MOraeT B HaBUTALINIL.

Vicnionp3oBaHue pas/INIHbIX BIJIOB JATIUKOB U PYIUX 060py-
JIOBAHMIT [I03BOTISIET M36eXaTh CTOMKHOBEHNIT. C IIOMOIIBIO TAKIX
TEXHOJIOIMIA, KaK JONOTHEHHAsl PeaIbHOCTb, TPAHCIIOPTHBIE CPef-
CTBA IIOKA3bIBAIOT MH(MOPMAI[VIO BOSUTEIAM PasHBIMU CIIOCOOAMIL.
DyHKIMA BUAEO B pealbHOM BPEMeHM UTPaeT BaXXKHYIO POib B Oec-
MIIOTHBIX TPAHCIOPTHBIX cpefcTBax Amst apyryx TC, a mpemsr-
CTBUIL, JIOZiEIt U PYTUX 0OBEKTOB, OIpEeNeHIs IPAHNL] I MHO-
XKEeCTBa JIpyrMX (YHKUMIL, KOTOpble OO0/IerdaoT aBTOMOOWIIIO
pabory. BecrmioTHble TPAaHCIOPTHBIE CPEACTBA COBMECTHO JC-
TIONb3YIOT PasNIYHbIe TUIIBI JATYMKOB JUIA IPUHATHA pellieHns 06
yIIpaBIeHNM aBTOMOOWIEM, OMTHOCTBIO OCHOBBIBAACh HA PETYIIN-
POBKAx COCTOSIHIISA, BKIIIOYAS PY/IeBOe YIPAB/IeHNe WM UCIONb30-
BaHIe TATY B CIy4ae KpaitHeil Heobxopmmocty. OfHako obHapy-
JKeHIe 00BEKTOB B KaJPOBOM IIEPEMEIEHNN BIIE0 3aTPYAHEHO,
a 3ajIep>KKa B MVJUIMCEKYH/Ibl MOXET IIPUBECTY K CTOTKHOBEHIIO.
Yrobbl GecrumoTHBI aBTOMOOMID MOT 3¢deKTUBHO mepeMe-
IIaThCs, HeOOXOMMMO HCIIONb30BATh TeXHOMIOTUN U3 Pa3HBIX 06/1a-
CTell.

B Poccum B pesymbrare JOPOXKHO-TPAHCHOPTHBIX ITPOMCIIE-
CTBUIT TIorubaeT OOJbIIe JIOfEN, YeM B pe3y/IbraTe TeppOPUCTU-
YeCKMX aTaK, BHefjpeHMe OeCIIOTHBIX TPAHCIOPTHBIX CPEJICTB
MOXET JlayKe CHM3MUTDb KOMMYECTBO HECYACTHBIX CTy4aeB B TOJ IO
BceMy Mupy. OCHOBHBIMIM 9/IeMeHTaMU, HeOOXOAMMBIMYL I pa-
0O0TBI GECIIMIOTHOTO aBTOMOOWIIS, SIB/SIIOTCS KaMephl, CEHCOpHbIE
CXeMBI, TaKMe KaK pajap-jasep, 1 MHOTHe Apyrue. BecrmmorHbie
ABTOMOOGWIN VICIIONB3YIOT STH KOMIIOHEHTBI /IS MHTEPIIPETALN
OKPY)KHOCTV B TEYEHUN BPEMEHM, [IsI paspabOTKY BUPTYalbHBIX
KapT. 9ro ucnombsosanue AV-MOJIYJIS, meperpyxenHon cu-
CTeMBbI 00y4eHNMs ¥ MCKYCCTBEHHOTO MHTeIeKTa. CaMbIM HepBbIM
IIArOM B HAIMpABCHMM peaMsaliiil 3TOr0 SB/IACTCA OOHapy-
xeHne 00bextoB. OOHApy>KeHNe 00DBEKTa B OCHOBHOM JEIMTCS
Ha jBa 9ramna. [lepsblit 13 Hux — Kmaccudukanus dororpaduii,
a Bropoit — nokam3anys pororpaduit. Tun dororpadun onpene-
JIA€T TUII YCTPOJICTB, HailJICHHBIX Ha CHUMKE, B TO JKe BpeMs JIOKa-
musanus dotorpadum obecrednBaeT MOYTH HONIMHHYI 00/aCcTh
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3TUX YCTPOVICTB HA CHMMKAX (B OrPaHMYMBAIOIINX PaMKax). 37iech
VICTIO/IB3YIOT HEelPOHHBIE CeTH.

ABTOHOMHBIIT aBTOMOOMTD MOKET paboTarh 6e3 Kakoro-m6o
KOHTPOJIS1 CO CTOPOHBI Ye/I0BEKa I MOXKET BOCIIPHHIMATD OKPYKa-
IOII[YI0 0OCTAHOBKY. BecIIOTHBIE TPAHCIIOPTHOE CPELCTBO BpeMsl
OT BpeMeHV HA3bIBAKT CAMOYIIPAB/IAEMbIM TPAHCIOPTHBIM Cpef-
CTBOM, MM aBToMo6uIeM 6e3 BopuTens. OHM UCIOMb3YeT code-
TaHMe J[ATUMKOB, MCIIOJTHUTEIbHBIX MEXaHM3MOB, MAIIMHHOIO
00y4eHNs CTPYKTYpaM, CIOKHBIX ¥ MOLIHBIX aJITOPUTMOB Is
BBIIIO/IHEHNST [IPOTPAMMHBIX IIPOTPAMM I MEPEMEIEHIST MEXLY
IyHKTaM! HasHadeHys1 6e3 ydacTus deroBeKa-omeparopa. «lar-
YVKY COOMPAIOT JAHHBIE 00 OKPYIKAIOIIEI CPefie B PeXIIMe peasib-
HOTO BpeMeHH, TaKlie KaK reorpaudeckiie KOOPAMHATEI, CKOPOCTh
¥ TPAeKTOPUsI ABVDKEHIS aBTOMOOWIIA, €r0 YCKOPEHYe U TPAaHNIIbL,
Ha KOTOPbIe aBTOMOOM/Ib MOXKET HAaTKHYThCsI» [4]. ABTOMOOM/IbHAS
HAaBUTALVSI OCYIECTB/IAETCS C [IOMOII[BIO0 HABUTALIVIOHHOTO YCTPOIi-
CTBA, OCHAIIEHHOTO ITI00A/IBHON CHCTEMOI MO3ULMOHMPOBAHNS
(gps) u reorpadudeckoii MHPOPMALVOHHOI MAIIHOIL, YTO II03BO-
nseT cobupaTh MHYOPMALMIO O PErMoHe, BKII0Yas IMPOTY U JOI-
TOTY.

HeocropoxxHoe 1 OIacHOe BOXK/EHNE MOXKET HAIPsMYIo II0-
B/IMSATH HA 0E30IIACHOCTD MACCAXIPOB U CTYYAIHBIX IIPOXOXKIX,
JIOJSIM, €CTECTBEHHO, TPeOYeTCs NMOATBEpPXKEHNE 0e30IacHOCTH
GeCIMIOTHBIX TPAHCIIOPTHBIX CHCTEM.

Tem He MeHee, CyIIeCTBYeT HECKOMBKO (GAKTOPOB OCIMTOTHBIX
aBTOMOOWIIEl, KOTOPbIe CO3MAIOT CUTYALH ¢ GONMbIINMY TpeboBa-
HUSIMIL, U PSIl TAKUX CUTYaLuit 06YC/IOB/IeH BHY TPEHHEN IPUPOROIt
MCKYCCTBEHHOTO MHTE/IEKTa. DTOT 3Tl CO3HAeT 0COOble TPY-
HOCTH i1 Pa3paboTKy, ONPOOOBAHNS ¥ BHEJPEHNS TEXHOMOTMI
MICKYCCTBEHHOTO MHTemIeKTa B 6ecrmnorHble TC. [Tpo6memsr 3a-
KIIIOYAIOTCA B criemyromeM [1]:

~  CIIOXXHOCTDb KOHCTPYKI[IIT, KOTOPbIE MCIIONb3YITCS LSt bec-
MIIOTHBIX TPAHCIOPTHBIX CPEICTB, CTAHOBATCA BCe Oo/ee CIOX-
HBIMI ¥ HYXJAIOTCA B 3Q(eKTMBHOM TeCTUPOBAHMNU. JTO Tpe-
OyeT [IMTENbHON MPOBEPKM B HECKONBKO 3TamoB. OOmmpHble
QITOPUTMBI VICKYCCTBEHHOTO VMHTE/UIEKTA MOTPEOIAIOT [OIO/HI-
TE/bHYI0 3/IEKTPOIHEPTHIO, OCOOEHHO 3TO AKTYalbHO JIA SJeK-
Tpopurareneil. HecuacTHble CIIy4an Ipu MCIONb30BAHNU aBTOMO-
611711 YaCTO IPOVCXOMIAT 13-3a TOTO, UTO CPefja MOJIE/IMPOBAHI He
I0XO0Ka Ha YC/IOBYIS PEaIbHOTO MUPA;

—  CTOMMOCTb, IIPOM3BOAMTENN OECIMTOTHBIX ABTOMOOVIIEN
HOTPATI/IN 3HAYNTEIbHBIE CPEACTBA HA CO3[jaHME ITUX aBTOMO-
6unert. Hammpumep, Google sannatua oxomno 80 000 zomapos 3a av-
MOJIY/Ib, KOTOPBIIT HETOCTYIIeH OOBIYHOMY YeTIOBEKY;

- OTCYTCTBUE PeryIMpOBAHN i CTAHAAPTOB — He CYIeCTBYeT
KaKNX-M60 YeTKUX IIPaBWI, KACAIMUXCA OeCHIIOTHBIX aBTO-
Mo6WIIelt, KOTOpble OYAYT peryIupoBaTh COBEPLICHHO HOBbIE CYI-
tyarym ¢ 6ecrtorHbiMy TC. 3aKOHOJATENAM U PEry/IMpYIOLUM
OpraHaM OCTAeTCs TONBKO PEIINTb, KTO HeceT OTBETCTBEHHOCT,

JIureparypa:

KOIZ]a aBTOHOMHOE TPAHCIIOPTHOE CPENCTBO IOMAJAeT B aBapuIo.
HoBas anoxa 6pocaet cepbesHblit BbI30B CTaH/[APTU3ALINIL;

— OTCYTCTBME BEPbI MO/Ib30BaTE/NA, aBTOIIPOM3BOAUTENN MC-
IBITBIBAIOT TPYAHOCTH C MOTyYeHVeM COITIACUA Hob3oBaTes. Jo-
TOBHOCTb }'IIO)ICI‘/JI BEPUTH, B I/[CKYCCTBCHHI)HZ VIHTE/I/IEKT PaCTET
COBEPIIEHHO MENIEHHO. Hepe,[[OBbIM MONb30BATEIIAAM HY)KEH aBTO-
MOOMIIb, KOTOPBII ObIN GBI LeIeyCTPEMICHHBIM, HEIPUHY K/ICHHBIM
1 6e30MacHBIM;

— [JaHHbIE, METOJbl MCKYCCTBEHHOIO WMHTEIVIEKTA [TOJDKHBI
B3aI/IMOH€I‘/'[CTBOBaTI) C HECKO/IDKMMM TATYVKaMI 1 aHAIN3NPOBATDh
(baKThl B peXVMe peabHOrO BpeMeHM. JTO CBA3aHO ¢ obecrede-
HueM 6e30I1acHOCTY BO BpeMs e3/ibl Ha aBToMo6ute. [I1 co3fanus
CHMYTIATOPOB 1 VX MICTIONb30BaHMA TpebyeTcs paHTacTuyeckoe Ko-
NM4ecTBO MHpOpMaLM 1 3HaHMIL. [TopakaTh YenoBedecKoMy I0-
BEfICHIIO OYeHb TPYAHO. 3a/jauya aBTOHOMHOTO BOXK/IEHMA B LIeOM
CTaHOBUTCA YPEe3BBIYAITHO CTIOXKHOI 13-32 OTPOMHOr0 00beMa COO0T-
BeTcTByloLelt HpopMaryy. ColyanbHas AuIeMMa: ABTOHOMHbIE
TpaHCIOPTHBIE CPENCTBA NTPEIHA3HAYEHDI [I/IA YMEHbIICHNA Y1CIa
JIOPOXKHO-TPAHCIIOPTHBIX HMPOUCIIECTBHUI, OTHAKO BpeMs OT Bpe-
MeHU UM CTIefiyeT BBIOUPATh 13 IBYX 3071 HAe3XKaTh Ha IElIeX0l0B
TN 5KePTBOBATb COOOI I CBOUM MACCAKMUPOM Pajiyt CIIaceHNs Iie-
urexoz0B. Heobxoammo pa3paboTarh aaropuTMbl UCKYCCTBEHHOTO
VHTEIUTEKTa TaKJM 00pa3oM, YTOOBI 9TO IOMOIJIO €My CIPABUTBCA
CaTon COIMAIbHO 3aTPYJHUTE/TbHBIM BbI60pOM.

VlcKycCTBEHHBII MHTEIEKT IPOHUKAET B aBTOMOOUIBHYIO ITPO-
MBILITIEHHOCTD. BefyIiie aBTONpOM3BOANTEN MCIONb3YIOT TeXHO-
JIOTUIO MCKYCCTBEHHOI'O MHTE/N/IEKTA B cBOEI OEATECTbHOCTU — OT
YIyqIIeHUs IU3aliHa JO IPOJaKU aBTOMOOMISL. ABTOMOGWIN TIPO-
N3BOAATCA IO BCEMY MIDY, U Ka)KHI)H‘/'[ IPpOM3BOONTEND HAXOAUTCA
B CYUIPHOM IIPOTMBOCTOAHNM JPYT C APYIOM B CTPEMJIEHNN CO3[JaTh
OT/INYHBIN aBTOMOOWIb. becnunoTHble iBUTaTEeN — 9TO OGyAyliee
YMHBIX TPaHCIIOPTHBIX CPEJCTB, KOTOpPbIe, KK MOXKHO OXIJATh,
6yﬂyT 9KO/IOTMYHbIMH, 3AIUINCHHBIMI OT aBapm?[ 1 Ty4qIIMHA I'o-
POICKMMNI aBTOMO6I/UIHMI/I. HeKOTOpre 13 HUX HEYCTAaHHO TpY-
JIATCA HaJl CO3[JaHUeM CBOEI0 COOCTBEHHOTO aBTOHOMHOIO TPaHC-
HIOPTHOTO CpeicTBa ¢ HynA. V3-3a MHOTOUYMC/IEHHBIX IIPOOTIEM,
CBS3aHHBIX C MICTIONIb30BAHMEM MCKYCCTBEHHOTO MHTEIIIEKTa B Oec-
MIIOTHBIX aBTOMOOW/IAX, TPaHMIBI [IA IIMPOKOTO BHETpPEeHNUs
ocraiorca. B OmpkaitmeM GyAylieM MCKYCCTBEHHBI MHTE/IEKT
[IO3BOIUT OECIMIOTHHIM TPaHCIIOPTHBIM CPENCTBAM CTaTb II0-
IIy/IAPHBIMIL. Texnonmorn4eckme KOMIIAHNI HAaXOAATCA HA IEPENHEM
ITaHEe, JMCIIONb3YA CBOJ OIBIT B 0071aCTI MICKYCCTBEHHOI'O MHTET-
JIeKTa [ 3aBOEBAHNA TTOSUIINY THUfiEPa ABTOMOOMIBHOTO PhIHKA.
becrmnotable TC cTamn LeHTPOM COBPEMEHHBIX TPaHCIIOPTHBIX
UCCIeNOBaHMI (3AIUINAs TaKue TeMbl, KAK aBTOMATU3AL[Us, CU-
CTEMBI aBTOMO6I/UII)HOI‘O 3peHna n I/ICKYCCTBEHHI)Iﬁ I/IHTEHHGKT)
¥ UTPpaeT BOXXHYIO POJIb B CyAbOe NepeBo3ok. CTpemieHue k 6ecru-
JIOTHOJT aBTOMOOM/IbHOIT 9pe ¥ TOTPeOHOCTD B Hell OMU3KM K HPO-
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Pa3pa6oTka u uccnegoBaHue METOAA BbIABNIEHUA AHOMANNIA
B BULEONOTOKE Ha 0CHOBE aHa/IM3a KOHTEKCTA CLieHbI

KycaknHa [lapbsa CepreeBHa, CTygeHT
Camapcknit HaLMOHaNbHbIA MCCNEefOBaTENbCKMIA YHUBEPCUTET UMeHN akafemnka C. 1. Koponéea

B cmamoe asmop onucoiéaem smanvi n0020mosKy 0aHHbIX U HPUBOOU Pe3yTIbMambl, 00CHUZHY Mble 8 PAMKAX NPOBOOUMO20 UM UCCTIE00-
BaHUA MemO0a BbIA6/IEHUA AHOMATIUTL 6 6U0LONOMOKE HA OCHOBE AHANU3A KOHIMEKCINA CLeHbl C UCNONb308AHUEM HELIPOHHBIX cemei.

Kniouegvie cnosa: anomanust, nouck aHoManuii, aHoManuy 6u0eop:0a, peKyppeHmHas HetipoHHAs Cemb, HOCTIe008AMeNbHOCMb Kadpos,
C6EPMOUHAS HelipOHHAS cemmb, N0020M06KA OAHHDIX.

Kaxnmi{ Ye/l0BeK B COBPEMEHHBIX PeanisX BBIHY)KJEH paboTath ¢ 60/mbIIM 06bEMOM BCEBO3MOKHBIX TaHHBIX. Bombiias ux 4actb
HPUBBIYHA U CTAHAAPTU3UPOBAHA, & IIPOLiece e€ 06pabOoTKI I AHA/IM3A He BBISbIBAET 3aTpyAHeHMit. OFHAKO, HEPEKI CTydan BO3HMUK-
HOBEHISI HEIIPVBBIYHOTO pe3y/IbTaTa, 9K3eMIULIPa, KOTOPBIL CYIBHO OTIMYaeTcs oT ofllero Habopa faHHbIX. Takue HecTaHJapTHbIE pe-
3y/IbTAaThI MOTYT IIPEMICTAB/LATD OCOOBIIT IHTEPEC B 3aBYICUMOCTI OT 00J1acTell ¥ YCTIOBMIL, B KOTOPBIX OHY OBV IOy 4eHBL, ¥ Tpe6OBaTh Obl-
CTpPOTO pearnpoBaHMA.

[Touck aHOManUM Ype3BbIYAITHO TPYZOEMKILI IIPOLIECC, @ B COYETAHNN CO CTPEMUTENBHBIII POCTOM 06beMOB MH(OPMALNY, @ TAKKe
BCEBO3MOXKHBIX CIIOCOOOB € TIPeCTaBIeHNsI HEBO3MOXKEeH 0e3 TpuMeHeHNMs IPOrpaMMHBIX perteHnit. Takme mporpaMMsl 00s3aHbI
OBITH THOKIMIL, CIIOCOOHBIMI JIETKO HOACTPONTHCS IO} M3MEHSIOIVIECsT AAHHbIE U PacTyIiie TpeboBaHs1, 06/1agaTh BBICOKOI IPOM3-
BOJJUITENIBHOCTBIO VI TOYHOCTBI0. ONITVMA/IbHBIM MHCTPYMEHTOM LA PellieHVs IOCTaB/IeHHBIX 3aia4 ABJIAI0TCA HeIPOHHbIC CETH, OHI
rubKue: M3MeHeHVe 00yJarolell BHIOOPKI IIPYBOJUT K ITOMYYEHNMIO HOBBIX PE3Y/IbTaTOB (CaM alrOPUTM IIPY 9TOM MOXKET OCTaBaThCs
IPEXHNM) U CIIOCOOHBI K JOOOYYEHNIO C /b0 OBBIIIEHNS TOYHOCTH MIV MHTEPIIPeTaLMI TOTOBOTO PeIieHNs 10, He0OXOMble
samgaun [1].

Mertop, omychIBaeMblit B JAHHOIT paboTe, AB/ISETCS BAPMAHTOM MCIIONIb30BAHYIS HEIIPOHHBIX CeTel /ISt BBISIB/IEHSI aHOMAIINIT B BUE0-
noroke. CrieryipuKoIl BBISIB/IEHVISI AHOMA/INM B BIfIEOpsifie, OYeT CIyXKUTb CBASHOCTb KK/OTO Kajipa C IIPEAbIAYILIIMI 11 TTOCTEYIOLIMMIL,
TO eCTb KOHTeKCT Bupeo [2]. CBASHOCTD KafjpoB OyneT 0becIednBaThCsl IPMHIMIIOM CKOIb3AIIEr0 OKHA: BBIOMPAIOTCA IepBble NI KaipOB
(310 TIepBDIIT HabOP (peitMOB), 3aTeM IPOU3BOFMUTCA CABUT Ha 1 KaJp K KOHIIY BUIEOPS/A, TOTAA BO BTOPOM Habope (GpeiiMOB OKaXyTCA
Kafipbl CO BTOPOTO 10 N+1, omeparyst HOBTOPSIETCS A0 TeX IHOp, HOKa He OyfieT JOCTUTHYT KOHIA BUfieopsiia. BbIABIATh TakuMm 06pasom
TIPEICTOUT KOZNIEKMUBHbIe AHOMATINH, OIIpefeisieMble KOMYEeCTBOM: HeOOXOAMMO MOSIB/IEHIE Lie/IOil ITOC/IeTOBATEbHOCTY CBA3HBIX 9K-
3eMIIIIPOB, HETIOXOXKVX HA CTAHJAPTHBIE JAHHBIE I HEKMM YC/IOBUEM: OT/IMYHOCTD TAKMX Kaf[pOB OT CTAHAAPTHBIX, IPU COOMIONEHUN IBYX
9TUX YCTIOBUIL, Kafpbl BIfie0 OYAYT sAB/ATHCS aHOMAIbHBIMY [ 3]. TToxox1M HaGOPOM XapaKTepyUCTUK MOTYT 00/aAaTh Kafgpsl, IPECTABII-
I0lIe CMeHY PaKypca I CLIeHbI, YTOOBI 136eXKaTh OLIMO0YHOr0 OTHECEHVA TaK/X 00beKTOB K aHOMA/IbHBIM, HeOOXOZMIMO 00Y4NUTb Hell-
POHHYIO CeTh OTHOCUTb HaOOPBI KaJipoB K TPeM KJIaccaM: «<HOpMa» — Bce KaJpbl CTaHAPTHBL, 00beKThl, PaCIIO3HaHHBIE BO (peiiMe, MaJIo
OT/IMYAIOTCA IPYT OT APYTa, «aHOMaINsI» — (peiiMbl, CofeprKaliye oS/ UAYLIMe Kapbl (KOMIEKTHBHAs aHOMA/IVA ), 00paMIeHHbIe HOp-
Ma/IbHBIMY Kagpamu (00beKThI, paclio3HaHHbIE HA HOAPS MAYLINX Kapax CUIbHO OTIMYAIOTCS OT 00bEKTOB Ha 0OPAM/ISIOLINX) I «CMeHa
CLIeHbI» — (peiiM COepXXUT 2 Habopa HOPMATIBbHBIX KaipoB (sl 1 §2) ¢ 4eTKOI IPaHMIEN MeXY HUMIH, PaClO3HAHHbIe 00beKTHI s1 11 s2
CIJIBHO OT/INYAIOTCSA APYT OT APYTa.

Mertop BbLAB/IEHVA aHOMAINIT [Ty TeM Kaccuukanyy GppeiiMoB MOKHO pa30yUTDb Ha CTIeAYIONI/e STaIIbL:

1. IloxroroBka Habopa BUIeO /I 00y4eHNus, (BUeO HO/DKHBI ObITh IOFOOPAHBI TAKMM 00pa3oM, YTOOBI X MOXKHO OBUIO pasfenuThb Ha
2 xmacca: Busieopss 6e3 cMeHbI paKypca — HOPMaIbHOE BUZEO, BUECOPSIT CO CMEHOI paKypCoB/IIaHOB);

2. Kapgpuposanue Habopa Bie0;

3. VckyccTBeHHOE CO3[jaHIe TPEThEro KIacca — BUJE0 C aHOMAIMelt, ITyTeM 3aMeHbl (11 J06aB/IeHNsT) KaApOB UCXOHOTO BUJIEO Ka-
JipaMu 13 APYTOro BUMICOPSNa;

4. Tlomydyenue ommcanns (Kakye 0ObEeKTBI M B KAKOM KOTIYECTBE YHANIOCh PAacIIO3HATh Ha KKZOM U3 (periMOB) KaJpypOBaHHOIO
BUJI€0 IIpY IIOMOLLY IIPef00YIeHHOI CBepTOYHOI! HelipoHHoit cett YOLOVS;

5. CocraByieHye CTOBapst BCEX PaCIIO3HAHHBIX 00EKTOB, ITyTeM IIPUCBOEHNST HOMepa KaXXAOMY O0BEKTY, B 3aBUCKMOCTI OT YaCTOTBI
BCTPeYaeMOCTH B BUeOpsife (deM dalie 00beKT BCTPeYaeTcs, TeM MeHble HoMep);
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6. KopupoBaHue kajoro Kajipa IIpy IIOMOILM JAHHOTO C10Baps (0OMBIIICH MHOOOPA3HA: yKa3aB MAKCHMaTbHOE YMCIIO 00BEKTOB,
pacrio3HaBaHue KOTOPBIX Ha Kajipe BbI3bIBAET MHTEPEC, €C/IV OOHAPYKEHHBIX 00BEKTOB OKaXKeTCst GOMblile, OHY OYAYT IPOMTHOPUPOBAHBI,
a eCJIN MeHblIIe, TO VX IO3NUIMM 3aIOTHATCA Hy/LAMN);

7. Pa30uBKa 3aKOZMPOBAHHBIX Ka/IpOB Ha (ppeiiMbl (IPYIIIIBI UIIHOI N IO IPUHINITY «CKOMb3ALIET0 OKHAY);

8. CospaHue peKyppeHTHOIT HeitpoHHoIT cetu (Keras), mpuHuMaromel Ha BXOJ IPYIIIBI 13 GpeiiMoB;

9. Tlomyunth pe3ynbraT Aid KOXKHOI TAKOIl IPYIIIBI (BEPOATHOCTD IIPYHAIEKHOCTI K ONHOMY U3 3 K/IACCOB: «<HOPMa», «aHOMAJIS»,
«CMEHa CIIEHbI» ).

Pe3y/nbTaThl HEKOTOPBIX ITATIOB PabOTHI IPUBENECHBI HIDKe:

Orar 4: B KadeCTBe OFJHOTO 13 PE3y/IbTATOB PabOTHI HEIIPOHHOII CeTHt OBIIO MONY4eHO M300paskeH e, Ha KOTOPOM COfeP)Ka/INCh NMEHO-
BAHHbIE PAMKII, OTPAHIMYMBAIOLIIE KAK/bII PACIIO3HAHHBII 00BEKT, COIJIACHO HAOOPY BO3MOXKHBIX /ISl PACIIO3HABAHIS 00BEKTOB (TAKOI
Hab0p, MHOXECTBO KJIACCOB, OIPefIe/LAeTCs BBIOOPKOIL, MICIIONb3yeMOit LA perobydenys cetn), mpumep paborsl YOLOVS ¢ moprotosieH-
HBIMYI JAHHBIMY TIPEfICTaB/IeH Ha PUCYHKaX 1, 2.
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Puc. 2. pumep peTeKTMpOBaHUA 06BLEKTOB B BUAEOPAAE

Oran 5: MONY4NUB OMUCaHNe KOXXOT0 Kajipa ¥ MHOKECTBO 0OHAPY)KEHHBIX KIaCCOB B BUICOPSI/IE, COCTABIACTCA «CTIOBAapb» Ha OCHOBE
B3aMIMHO-OJJHO3HAYHOTO COOTBETCTBIA MEXKLY K/IACCOM M YMC/IOM C YYeTOM YacTOTBI BCTPeYaeMOCTH Klacca (IIpJcBaiBaHyie HAMEHBIIETO
HOMepa Hanbo/1ee YacTo BCTPEUAIOLIeMYCs Ha BIfIE0 KIIACCY), IPUMeEP CreHepPIPOBAHHOIO CI0BAPSI [IPEACTAB/IEH B Tabme 1.

Tabnuua 1. Cnoapb

06beKT Homep
cow 1
dog 2
elephant 3
zebra 4
horse 5
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Iran 6: 3alaiuM M — MAKCUMa/IbHOE YU C/I0 O6’beKTOB, paciio3HaBaHME KOTOPbIX Ha KaJp€ BbI3bIBA€T MHTEPEC. ,H)'IH nnpumepa, 0To6pa—
JKEHHOTI'O B Ta6m/[ue 2, m =10, TIO3NIMM HEJOCTAIOLI X 00bEKTOB Ha Kazipe, € paclio3HaHO MEHDIIIE, Y€M 1M, 3aII0/THEHDI HYTAMM.

Tabnuua 2. OnucaHue Kagpos

OnucaHue Kaapa YucneHHaa uHTepnpetaumsa
COW, COW, COW, COW [0000001111]
dog, cow, dog [0000000212]
elephant [0000000003]
zebra, cow, cow, cow, cow, dog, horse, cow, cow, elephant [4111125113]

Oran 8: chopMIpOBaHHbIE IOCIIOBATEIBHOCTI KafpoB ((ppeiiMbl) C/Iy>KaT BXOJHBIMI JaHHBIMIL [/ LIOCTICJOBATeIbHOJ MOJIEMIN pe-
KyppeHTHOII HeitporHoIT cetnt Keras. B mogrorosenHoit Boibopke comepyxarca 200 GppeiiMoB, IpUHAIOKAINX KIAcCy «aHOMag», 198
¢peiiMOB, IpUHAIOKAINX KIacCy «HOpMa», 216 dperiMa Kiracca «CMeHa CLieHbl»; u3 Hux 80% obpasyroT obydartontyio u 20% Bamipaim-
OHHYI0 BBIOOPKIL. B KauecTBe TeH30pa BHIXOZHBIX 3HAYEHIT MCIIONIB3YeTCst ABYMEPHBIIT MaccuB k X 3, rie K — 41cio moydeHHbIX MeTOfOM
CKOJIb)KEHMS OKOH, I7ie KaXK/[blll MAacCHB JJIHON 3 COCTOMT U3 OJHON eIMHMIbI U ABYX Hy/eil. EnyHuIIa Ha KaXK[0J1 KOHKPETHOJ HO3ULINI
O3Ha4aeT IPMHA/JIEXHOCTb JTAaHHOTO CPe3a KafIpoB K OJHOMY KOHKPETHOMY K/Iaccy.

Oran 9: rpaduxy GyHKUMI IOTEpb:

YHUCJIO NpeJcKa3aHui
loss = — Z y; *logy,,
i=1

-~ .
e V;, ¥, — bakrudeckoe 1 IpOrHo3upyeMoe pacipeneie e BepOsTHOCTEN /I BCeX KIACCOB B 3afjate,

Y TOYHOCTH PabOTBL:
TP

accuracy = —
AP’

e TP, AP — uncno nipaBuyibHbIX 1 0611ee YC/I0 IPOTHO30B, IOCTPOEHHON MOJE/I IPUBEEHbI Ha pc. 3, 4.
JleTa/IbHBble pe3y/IbTaThI IPEfICKA3aHIIT OTPaXkeHbI B Tab/iLie 3, 13 KOTOPOIT 1eTKO MOKHO HatiTvt sHaverus 1 P, AP, uctionbsyembie mist
pacuera QyHKIMM TOYHOCTH

TP=49+30+39,AP=TP+13+3+2+0+3+1.

MoTepwu nNpu oby4eHun n npoeepke
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TpeHWpoBo4YHasa U NPoBepoYHad TOYHOCTb
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Puc. 4. Tpadhmkm dyHKUMII TOYHOCTH
Tabauua 3. Matpuua own6ok
«HOpMa» «CMEeHa CLeHbI» «aHOMaNUA»
«HOpMa» 49 13 3
«CMEHa CLEeHbl» 2 30 0
«aHomanua» 3 1 39

BbIBOABL: B XOJie BBIIOMHEHNA PAbOTHI YA/IOCh ZOCTUYb TOYHOCTHU KIACCU(UKALNM CPe30B KafpoBs Bbiire 80%, Ipy 9TOM TOYHOCTb
OIIpefieNieHNs1 aHOMaIbHOro (perimMa gocturaer 90%, 4TO AOKasbiBaeT 3QPeKTUBHOCTD Pa3pabOTaHHOTO METONA BbIAB/ICHNS aHOMAIHIL
B BUJIEOIIOTOKE Ha OCHOBE aHa/IN3a KOHTEKCTA CIIEHDL.

Jlureparypa:

1. Nasr, A. A. A Learnable Anomaly Detection System using Attributional Rules /, A. A. Nasr, M.Z. Abdulmaged // International
Journal of Computer Network and Information Security.— 2016.— Vol. 8(11).

2. Nayak, R. A comprehensive review on deep learning-based methods for video anomaly detection [Texct] / R. Nayak, Pati C, S. Das. //
Image and Vision Computing.— 2021.— Vol.106(6).— P. 104078.

3. V. Chandola, Anomaly detection: A survey [Texct] / A. Banerjee, V. Kumar // ACM Computing Surveys.— 2009.— Vol. 41(3).—
P.1-58.

Pa3paboTka nporpaMmMHOro Moayna piA NPOBeAEHNA OLLEHKU TAXKECTN NOPAKEHUA NIErKUX
npu COVID-19 no paHHbIM KOMNBIOTEPHOI TOMOTpaum

Muwaruna Banepus KOpbeBHa, CTyfeHT
Camapckuit HaLMOHanbHbIA MCCNEefOBATENbCKMUI YHUBEPCUTET UMeHM akafemuka C. 1. Koponésa

B cmamve asmop demoHcmpupyem pesynvmamol, 00CmueHymvle 6 HPOSOOUMOM UM UCCIE0068aAHUY, CBAZAHHBIM C PA3PAbOMKOLL anzo-
pumma, peuiarouezo 3a0a4y oveHusaHus cmenenu nopaxenus neekux npu COVID-19 no 0anHbiM KOMNbIOMEPHOT MOMOZPAPUL ¢ UCHOTb30-
8aHUEM HETIPOHHDLX cemeli.
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Knrouesvie cnosa: ananus MeaubguHCKux u3o6paﬁceﬁuﬁ, CeManmu4eckas ceemeHmayus, 6UPYCHas NHeBMOHUS, C6ePIOUHbLe HEQPOHHble

cemu, apxumexmypa U-Net, apxumexmypa SegNet.

BI/IpyCHa}I ITHEBMOHUA AB/IAETCA OFHUM U3 OCIOXXHEHUI, BO3-
HUKAOIUX Ipu KopoHaBupycHoil yHgexuym. [lanmemus
COVID-19, passepnysmasaca B 2020 rofy, mokasana, 4To Kade-
CTBO, CKOPOCTb J TOYHOCTb aBTOMATM3JMPOBAHHOIN JMATHOCTHUKI
BUPYCHOI1 ITHEBMOHMM HA CHMMKAX KOMIIBIOTEPHOII ToMOrpaduu
OCTaB/IA€T JKeNaTh JTy4IIEro, TaK KaK JlayKe ONbITHbIE CIIEIMAMCThI
B YCTIOBUAX KO/IOCCATbHOI HATPY3KM TIO/IBEPIKEHBI «9€TIOBEIECKOMY
daxropy».

IIpumeHsemble cerofiHs aBTOMATU3MPOBAHHbIE CHCTEMBI JiJa-
THOCTUKY IIaTOIOTYH, IIPERYCMAaTPUBAIOT IMATHOCTUPOBAHNE 13-
MEHEHMII JIETOYHOM TKaHM 110 TUITY «MaTOBOTO CTEKJ/Ia», YTO AB-
JIIETCS OT/IMYUTENIBHON OCOOEHHOCTBI0 BUPYCHOI IMHEBMOHNIL.
OnHako TaKye CYCTeMbI He BKTIOYAIOT AMATHOCTIKY OCTIOKHEHMIA,
BO3HMKAIOIVX TIPM TXKENbIX CTafUAX BUPYCHO ITHEBMOHMM,
U OKa3bIBAIOLIMX HEMA/IOBA)XHOE BIMAHNME HA OLEHKY TSKECTU
HOpaKEeHNUA CIIENMANMCTOM-PaMONIOroM. OTY TATONOTUU BO3-
HJKAIOT 4aCTO Ha MeCTe IOPa)KeHHbIX ITHEBMOHMEN TKaHE WK
CMEXHBIX K HIM, YTO IPUBOJIUT K HENPaBU/IbHOI MHTEPIIPETaLNN
JAHHBIX CuCTeMamy, He OOYYeHHBIMM K J[MATHOCTVPOBAHUIO
TakMx matonoruii. Kpome Toro, B 3TOM crydae CHelManucTaMm
NOTpeOyeTCsl yAeMUTb JONOTHUTENTbHOE BHMMAHMeE JIETOYHBIM
TKaHAM B 06/macTu mopaxkenusa. Hanpumep, oTnndurensHolt oco-
GEHHOCTBIO CPEHETSDKEION U TSDKENMOit GOPMBI THEBMOHMM SIBJISI-
€TCsA TeHJeHLMA TIOPAKEHHBIX TKaHel K KoHcompanym. [Ipumep
TaKOTO pOjia IaTONOTMYECKYX N3MEHEHMIT IIPOM/ITIOCTPUPOBAH Ha
puc. 1.

VIMeHHO MO3TOMY Ba)KHO CO3/]aBaThb ¥ BHEPATb B MEAMIMHY
Hanbosee TOYHbIE 1 9P (EKTUBHbIE ABTOMATU3UPOBAHHBIE CUCTEMbI
IMAarHOCTHUKY 3aboneBanuit. OHN He TONBKO OMOIYT BpadaM yOe-
JUTCA B IIPABUIBHOCTY CBOETO AMATHO3a, HO ¥ CMOTYT 3HAYMTE/TbHO
CHU3UTb HaTPY3KY Ha CIEINAIUCTOB, pab0Tas aBTOHOMHO.

PaspaboTaHHbII IPOrPaMMHBII MOJY/Ib, OIMCBIBACMBIIl B Ha-
crodleil pabore, IPeROCTABIACT BOSMOXHOCTb OCYIIECTBIICHIA
aHasM3a CHMMKA KOMIIbIOTEPHOIT TOMOTpaduy METKNX Ha IpefMeT
Ha/IM4uyA Ha HeM IPU3HAKOB BUPYCHOJ ITHEBMOHMM U TIOMy4eHIA
Pe3y/IbTaToB aHA/IN3a B BUJe CErMEHTAIMI 06/acTell MHTepeca Ipu
MX HA/IMYMM U [POLIEHTHOTO COOTHOIIEHISI OOIACTI MOpaXKeHNsI
K IUIOIAIM 7IeTKoro. IIpyMep cerMeHTalMOHHONM 4YacTu aHanIM3a
M300pakeHNs IpYUBeNeH Ha puc. 2.

VcrounnkoM o6yyaroumx JaHHBIX ObUT BbIOpaH pecype [1].
O6yuaromas BEIOOPKA COAEPKUT 9 TOMOB M300PaXKEHMIT 1 METOK
K K/accaM pasmepoM 630 Ha 630 mukcerteit B popmare NIFTL

[lis1 aHanmm3a M306paKeHNit, B TOM YMC/e MMEIIINX OMOMeTH-
IMHCKYK0 HAIPaBIeHHOCTDb, IIMPOKO IPUMEHSIOTCS aaTOPUTMBI
raybokoro obydyerns. Hambonbmix ycmexos B aToit obmacTi Jo-
crurmn cBetpounble HeiiponHsle cetu (CHC). Ilpemmymiectso
CBEPTOYHBIX apXUTEKTYpP COCTOMT B MEHbIIEH YyBCTBUTENIbHOCTH
TaKUX MOJE/Iel K ayTMEHTALNN M300pKeHMIT I B MEHbIIIEM ICTIe
HAaCTpayBaeMbIX IapaMeTpoB. B ganuoit pabote myust BeI6Opa apxu-
texTypsl CHC /11 pemenns 3agadm ceMaHTIIeCKOI CerMeHTalni
obmnacTeit nuTepeca 6bu1y paccMoTpeHsl Mopeny U-Net 1 SegNet.

Mogens U-Net 6bi1a paspadotana B 2015 rogy A/ 3agaqu I1y-
6oxoro MaumHHOro 3perns. Mogenb U-Net ucronbayercs s ce-
MaHTHYECKOIT CerMEeHTAIMy M300paKeHNiT 1 MOKeT OBITh ajall-
THPOBaHA /LI MEAUIIMHCKNX n3obpaxenmit. Apxurexrypa U-Net
OTHOCHUTCS K THITY QPXUTEKTYP KOfiep-IeKOfiep 1, COOTBETCTBEHHO,
COCTOMT M3 ABYX 4YacTell: CYXAIOIErocs Kofepa, CIYXKAIero i
BbIJIe/IeHNA TIPU3HAKOB, 1 PACIIMPSIONIETOCs JAeKOofepa, OCYyIecT-
BJIAIOIIETO TIPOEKIMI0 BEKTOpa MPU3HAKOB HA MCXOfHOE M300pa-
eHne. BIIOK Kofiepa COCTOUT U3 [ABYX CBEPTOYHBIX C/IOEB 11 CTIOS
nopssI6opky (max pooling), 6710k ekofepa — U3 CHMMeTPUIHBIX
KOJIepy BOCXOHNAIINX CBEPTOYHBIX C/IOEB I VX KOHKATEeHALNN C BbI-

Puc. 1. CHUMOK KOMNbIOTEPHON TOMOTpachum NErKMx C BbIpaXKeHHbIMU Y4aCcTKaMM1 NOPAXKEHMUA NO TUNY KMATOBOrO CTEKNA»
C TeHAeHuMen K KoHconupauum [1]
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Puc. 3. Apxutektypa U-Net [2]

XOJIOM COOTBETCTBYIOILETO C/I0SA TIOABBIOOPKY U3 KOfiepa. ApXUTEK-
Typa U-Net npeficraBieHa Ha puc. 3.

SegNet — 3T0 elle offHa ApXUTEKTypa M/IA CEeMAHTUYECKOI
cerMeHTaluy M300pakeHMif, KOTOpas ObUla IIpefCTaBIeHa
B 2015 romy. 9Ta apxXUTEKTypa Ha OCHOBE CBEPTOYHOI HEIIPOHHOM
CeTV U TaKXe MMeeT CTPYKTYpy Komep-aekopep. 1 o6paboTku
BXOJIHBIX JAHHbIX B JAHHOI apXMUTEKTyPe MCIIOMb3YITCS OTlepaluu
CBEPTKM ¥ YPOBHYU MaKCHMAIbHOTO 00beuHeHns (max pooling).
BBIXOZHOJ CHTHAJL, IOZTy4eHHBIII KOIepOM, IepefaeTcs B AeKofep
i1 KoppekTupoBaHuA. SegNet MCIONb3yeT Takye NPOITYCKHBIE
coepyHenus (skip-connections) Mexugy KomepoM M JIeKOLEPOM,
4TOOBI COXPAHATb (OPMY M HPOCTPAHCTBEHHYI MHGOPMAIINIO
0 BXOJHOM nsobpaxkeHun. Apxurekrypa SegNet mpeficTaBIeHa Ha
puc. 4.

JULst OLleHKM KadecTBa MOJeTIelt MCIoMb3oBanach Mepa JKakapa
(metpuka IoU), koTopas mpenctasisieT coboit KoapdurmeHT co-
BIIAZIEHNST MKy TPaHUIIAMM aHHOTMPOBAHHOI 06/IaCTH 11 TIpef-
CKa3aHHBIMIL TPAHNUIIAMI 00BEKTa.

B xauecTBe omrmMusaropa i1 00ydeHNs MOJeNeil CIONb30-
Ba/ach aflANITVBHAsA OLjeHKa MoMeHTa (Adam), KoTopas sAB/IAeTCA
MORU(UKaLVelT [PaJIeHTHOTO CIIyCcKa I codeTaet B cebe CBOIICTBA
ONTVMMM3ATOpA VMIY/IbCAa U CPEIHEKBAJPATHYHOTO PACIPOCTpa-
HeHust. OyHKIMeN OTeph B JAHHOI paboTe SIBIANACH KATeropy-
azbHasA Kpocc-aHTpors (categorical crossentropy).

B pesynbrate 06ydeHns Mofieneil yIanoch JOCTUTHYTb Pe3yib-
TaTOB TOYHOCTH, IPELCTABNIEHHbIX B TabmuLe 1.

Kak BUfHO M3 pesy/IbTaToB, MOREIM Ha OCHOBE 00X apxi-
TEKTYp CHpaBUINACD ¢ 3afadeil. Mopenb SegNet crpaBuiach ¢ 3a-
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Puc. 4. Apxutektypa SegNet [3]

Tabnuua 1. TouHocTb paboTbl HelpoceTeBbix Mogeneit U-Net n SegNet

TouHoCTb paboTbl HelpoceTeBoi mogenu (IoU)

ApxuTeKTypa HeipOHHOM CeTH

TpeHUpPOBOYHAsA BbIGOPKA

TecToBas BbI6OpPKa

U-Net

0,87

0,80

SegNet

0,90

0,86

JIa‘{eﬁ HEMHOT'O Ty4IIE, YTO MOXET OBITH 0OBSICHEHO OOMBIINM KO-
NTMYECTBOM ITAPAMETPOB CETH.

B cooTBeTCTBIM C IOMTyYeHHBIMI PE3Y/IbTaTaMI, B KauecTBe O710Ka,
OTBEYAIOLIETO 32 CETMEHTALMIO 06/IacTell MHTepeca B paspaboTaHHOM
IPOrpaMMHOM MOJY/Ie, GbI1a BhIOpaHa apxutekTypa SegNet.

715t cerMeHTALMM YKe JIETKMX Ha VICXO[JHOM M300pakeHN, 6b1a
BbIOpaHa apxurekTypa U-Net, Tak Kak OHa MMeeT COOTBETCTBY-
IOIIYIO HAIIPaBIeHHOCTD U TIOKa3bIBAeT XOPOLINE PE3yIbTaThl B 3a-
Jiayax OMHAPHOI CerMEHTALIIL

JIureparypa:

ITocme mpoBemeHMA CEMAHTMYECKON CETMEHTAINN HYXXHbBIX
obmacreil ¥ TONy4eHMs MAcKM JIETKMX, IIPOTPaMMHBIA MOJYIb
IPOU3BONUT KONMYECTBEHHYIO OLEHKY IOpaKeHHOI o06macTi,
OCHOBAHHYIO Ha IIONMKCENIbHOM IOficyeTe MOMyYeHHbIX MaCoK I0-
PaXKEHIIST U JIETKYX, BBIUVCIEHNI TAKIUM 0OPA3OM JIX IIPOLIEHTHOIO
COOTHOIIEHVA IPYT OTHOCUTENBHO ApyTa. PesymbTar cermeHTanym
obmacTell TOpakeHNs ¥ KOHCOMMAALNM TKaHell, a TakXKe paccuu-
TaHHBII POLEHT MOPaXKeHNUs COXPAaHAKTCA B Bufe daiina ¢op-
Mara png.

1. Jenssen, H.B. MedSeg Covid Dataset 2 / H.B. Jenssen.— Texcr: anexrpounbiii // figshare: [caiit].— URL: https://doi.org/10.6084/

m9.figshare.13521509.v2 (nara o6parenus: 08.05.2023).

2. Ronneberger, O. U-Net: convolutional networks for biomedical image segmentation / O. Ronneberger, P. Fischer, T. Brox.— Texcr:
HernocpefcTeeHHblit // Lecture Notes in Computer Science.— 2015.— Ne 9351.— C. 234-241.

3. Badrinarayanan, V.SegNet: a deep convolutional encoder-decoder architecture for image segmentation / V. Badrinarayanan,
A. Kendall, R. Cipolla.— Texcr: Henocpenctsennbi // IEEE Transactions on Pattern Analysis and Machine Intelligence.— 2017.—

Ne 39(12).— C. 2481-2495.

WHdopmaumoHHbIe TEXHONOTUM B IOTUCTUKE

MopoceHkosa Banepus BnaguMnposHa, CTyAeHT MarucTpaTypsl;

Manaxos Cepreit BanepbeBuy, kaHaMAAT TEXHUYECKUX HAYK, LOLEHT
ToBOMKCKMIA FOCYAAPCTBEHHBI YHUBEPCUTET TeNeKOMMYHUKALMIA u uHdopmatukm (r. Camapa)

B Oannoil cmamve pacckaspléaemcs o mom, Kax unPopMayuoHHble MexHONI02U 6IUSI0M HA NPOUECCHL IORUCIUKY, 6 HeM COCIOUm agh-
gexmusHocmb 00veUHEHUS T0ZUCTNUKY U COBPEMEHHDLX TNEXHONI02U, Kakue 3a0a4U PeUaiomcs U K KAKUM Pe3yabimamam smo 007xHo npu-

secmu.

Kntrouesvie cnosa: nozucmuxa, qu;OthlHuOHHble mexHonocuu, MHg}OthlHMOHHCl}I cucmema, yocucmuveckKas quﬁOpMdLguOHH&l}I cu-

cmema, UHPOPMAUUOHHDBIT HOMOK.
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Information technology in logistics

This article describes how information technologies affect logistics processes, what is the effectiveness of combining logistics and modern tech-

nologies, what tasks are being solved and what results it should lead to.

Keywords: logistics, information technology, information system, logistics information system, information flow.

Ha CeTONHSIIIHMIA IeHb TOTMCTUKA U MHGOPMALIMOHHBIE TEXHO-
JIOTMY TECHO CBfA3aHbl, 0COOEHHO, €C/II pedb 3aXOAUT 00 OII-
TUMM3ALI [IPOLIeCCOB Ha Ipeanpustui. KadecTBeHHast TIOTVICTHKA
SIBJISIETCSL OJHUM M3 KITI0YeBBIX (pAKTOPOB B YCIIEIIHOM Pa3BUTIN
KOMITaH!Y, @ TPEICTABUTD eé 6e3 IMepefjoBbIX MH(OPMALMOHHBIX
TEXHOJIOIMIT IIPAKTUYECKU HEBO3MOXHO.

Jloructuka — 9T0 HayKa O IUIAHMPOBAHMI, OpPTaHM3ALNI,
yIIpaBIeHNN, KOHTPOIE U PEryIMPOBAHNN ABIDKEHMH MaTepu-
QIBHBIX M VHQOPMALMOHHBIX MOTOKOB OT WX IEPBUYHOTO JC-
TOYHVKA [IO KOHEYHOro moTpeOutens. IIpumeHeHme JOTMCTUKY
03HaYaeT BhIOpaTh Haybosee 9P dEeKTUBHEII, 110 CPABHEHNIO C CY-
ILeCTBYIOIINM, BAPUAHT 0becredeH s IepeBO3KU TOBAPa, HY)KHOTO
KO/IMYECTBA U COOTBETCTBYIOLIETO KA4eCTBA C MUHVIMA/IbHBIMI 32-
TparaMi U M3JepKKaMi. B CBs3M ¢ 9TMM IOC/IeRHNE TOABI Cyliie-
CIBYET TEHJEHLVS, 0 KOTOPOIT KPYIIHbIE HPENIPUATHUSI M KOM-
[IQHNY, CBS3AHHBIE C TPAHCIOPTMPOBKOM TPY30B, BK/IAJBIBAIOT
OTPOMHBIE CPEICTBA B ONTMMU3ALMIO TIPOLIECCOB TOTUCTUKM, VU
noructusanuio.' [Ipy 9TOM CTOUT TOMHUTB, YTO JIOTUCTIKA CIIOCO0-
CTBYeT MOBBIIIEHNI0 9P HeKTUBHOCTU PAOOTbI KOMITAHUH TIPU CO-
GOrropieHNN TpeGOBaHMIT:

1. TlopmepskaHue CBs3M JIOTUCTHUKIY C KOPIIOPATVBHOII CTpaTe-
THelt;

2. CoBepIIeHCTBOBaHME OpraHM3ALMM JIBIDKEHUA MaTepu-
a/IbHBIX IIOTOKOB;

3. Tocrymnenue HeobxoauMolt HHGOPMALINH U COBPEMEHHAS
TEXHONMOTHsT 00pabOTKY;

4. 3ddexTuBHOE yIpaBIeHNEe TPYLOBBIMY PeCypcaMy;

5. HajaxuBaHue TeCHO B3aMMOCBSI3M C ApyrumMyu upmamn
B 0071aCTI BBIPAOOTKY CTpaTeruy;

6. Yuer mpuObLIM OT TOTUCTUKY B CHCTeMe (PUHAHCOBBIX TTOKa-
3areseis;

7. OmpeperieHne ONTIMA/IBHBIX YPOBHEN IOTVICTIIECKOr0 06-
CIIy)KVBAHIS;

8. TimarenpHast pa3paboTKa IOTMCTIIECKIX OIIEPALIVIL.

COOTBETCTBEHHO, JIOTMCTUKA oObecreunBaer (HOPMUPOBaHIE
Tpoljecca TOBApOABIDKEHMS, €ro 3(QeKTHBHOe (YHKINOHUPO-
BaHIIE [Ty TeM YCTAaHOBJIEHNs HeOOXOMMBIX CBSI3eil MEXXTY CTAAUAMY
¥ YIaCTHUKAMI JIOTHCTIYECKOTO TIPoLecca. YCIeX CaMoro IOTUCTH-
YeCKOTO IPOLIECCa 3aBUCUT OT TaKMX (AaKTOPOB KaK: CKOPOCTD JI0-
CTaBKM, YPOBEHb CEPBICA, OTIAXKEHHOCTb BHYTPEHHNX IIPOLIECCOB.
VIMeHHO 103TOMY B IPOILIECCaX MOCTPOEHMS TOTUCTIHYECKIX MOJie-
neit’ it (MHbOpPMALOHHbIE TEXHOMOTHN) UTPAIOT BAXKHYIO POTTb, CBSI-

1

2

mTabe BpeMeHH.
3

BaHUA CO6I)ITI/I$I, CBsI3aHHOT'O C ABHDKEHHUEM PECYypPCOB.

3aHHYIO C TIOBBIIIEHNEM Ka4eCTBa YKa3aHHBIX (JaKTOPOB U OIpefie-
JISIIOT OCHOBHBIE HAIIPAB/IEHVISI PA3BUTILS CEPBICHBIX YCIIYT.

Iox MHGOPMALMOHHBIMI TEXHOMOTVISIMU B JIOTHCTIKE IOHMMA-
€TCs1 KOMIUTEKC IIPOrPaMMHO-TEXHIIECKIX CUCTEM Vi METOJIOB IIPO-
U3BOJCTBA, Iepefaun, 00paboTky u notpebnenns MHGOpMAImIL
OHM I03BONAIOT:

popabaThBaTh a/IbTEPHATBHbIE CXEMBI IIAHIPOBAHILS;

HOBBICUTD CKOPOCTD PaboT;

- CHM3UTD IIOTEPI ¥ M3JIEPIXKKIL;

- ONTMMM3MPOBATH Vi ABTOMATH3UPOBAT JIOTVCTIIECKIIE IIPO-
1ecchl (OTCIeXBaHe TOBAPOLBIDKEHN Vi IIPOM3BOJCTBEHHBIX I10-
Kasarereit);

- OmepaTMBHO 00pabaThiBaTh MH(OPMALNIO O BHYTPEHHUX
pabouux mporeccax nperpusTIs;

- TpPUMEHATH «O6e30yMaXHbIe» TEXHOIOIMH, CPENU KOTOPBIX
1dpPoBOIT  IOKYMEHTOOOOPOT, 3MEKTPOHHBIE IUIATEXM, 9JIeK-
TPOHHAS TTOJIIVICH;

- obecreunBaTh IPy3 CUCTEMaMI MapKUPOBKIL.

[Ipu 5TOM peuraTcs Takye 3a1a4n Kak:

- IJIAHMPOBAHIIE [IEPEBO3OK;

- ABTOMATMYECKIIT TOAOOP TPAHCIOPTHBIX CPENICTB;

- KOHTPOJIb 3arPy3Ky TPAHCIIOPTa;

- IUIAaHMPOBAHME MAPLIPYTa;

- KOHTPOJIb BBITOJTHEHIS 3aKa3a;

- obecredenie CICTEMATHYECKOTO HOMy4eHNs TOUHbIX 1 Ha-
TNEXHBIX CBEIeHMI;

- orjeHKa 3 PeKTUBHOCTH BBIIIONHEHVIS [IEPEBO3OK.

K KakuM pesy/nbrataM MHTEIpaLys IOTUCTUKY U MHGOPMAILN-
OHHBIX TEXHOJIOII JOTDKHA IPUBORNUTD:

- 6orbllie CBOEBPEMEHHO [JOCTAB/IEHHBIX TOBAPOB;

-  MMHUMM3ALMS 3aTPaT U U3LEPXKEK, TO €CTh AeHeXXHas 9KO-
HOMILST;

- COTPYEHUKN (JMCIeTYepbl, BOAUTEMN) JO/DKHBL OYNYT fieli-
CTBOBATb COIVIACHO CICTEMe I BHICTPOEHHOMY IUIAHY (JOCTOBEPHOI
uH}poOpMaLyelt) 0 [OCTaBKe TOBAPOB, YTO MOBBICUT 3PdeKTUB-
HOCTb TPYZIOBOIT JeSATETbHOCTI;

- pacumpene GyHKINIT OpraHU3ALIOHHO-YIIPABTIEHIECKOTO
IPOU3BOJCTBY;

- obecriedenre BBDKVMBAEMOCTY B YCTOBUSAX COBPEMEHHOI
KOHKYPEHTHOIT 6OpBOBI.

V13 Bcero BbIIIENIEPEYICIEHHOTO CIIELYeT, YTO COBPEMEHHasI JIo-
TVCTUKA He CMOXKeT Pa3BUBAThCS U He GyIeT IPUHOCUTD Pe3y/IbTaThl

AO[‘I/ICTI/IBaLLI/IH — 9TO IpoLecC COBEPLUICHCTBOBAHUS YIIPABACHHSI 3a CYET MCIIOAb30BaHHA MEXaHU3MOB M MHCTPYMEHTOB AOTHCTHKH, HAaIIPAaBA€HHBIX Ha
ONTHMH3ALHUIO IIPOLECCOB U CHOCOGCTBY}OH_U/IX TIOBBIICHU IO Sfl)(l)eI(TI/IBHOCTI/I.
MaTepHaAbHLIﬁ IIOTOK — 3TO (l)I/l31/I‘l€CI(0€, PErAaMeHTHPOBAaHHOE ABMIKEHHE MATEPHUAABHO-TEXHHIECKHUX PECYPCOB, OCYIIECTBAIEMOE B pE€AABHOM Mac-

Aoructuyueckas MOAEABb — 3TO ynpoméHHoe IIPpEACTAaBACHHE IIPOLIeCCa ITIEPpEMELCHUA MaTepHaAbHOI‘O—I/IHCPOPMS.LLI/IOHHI)IX IIOTOKOB, C LIEAbIO IIPOTrHO3UPO-
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6e3 aKTMBHOTO UCIONB30BaHMsA MHQPOPMALMOHHBIX TEXHOOTHIL.
TpynHo mpencraButh (OpPMUpPOBaHME M OPraHM3ALNIO PAGOTHI
Lerneit mocTaBok' 6e3 MOCTOSHHOTO 06MeHa MH(bOpMaIiyeli 1 HeBO3-
MOXXHO 0becrednts TpeGyeMoe KIMEHTOM Ka4eCTBO IIEPEBO3KI TO-
Bapa 663 NPUMEHEHNA COBPEMEHHDIX TeXHOTIOI‘Mﬂ, HOC—)TOMY B CO-
BpPEMEHHBIX YCIOBUAX CIIENMATNCTDI BRIAETAIOT HECKOIBKO 6HOKOB
JOTUCTUKY, ¥ VH(OPMAIMOHHAS WUIPaeT KIOYeBYK pPOJb, IO-
CKOJIBKY MMEHHO MH(OPMAIMOHHAS JIOTUCTHKA SB/IETCS MHCTPY-
MEHTOM MHTETpaLVN OT[I€/IbHBIX 3BEHbEB LIEIN ITIOCTABOK B CHI/IHYIO
MH(OPMALMOHHYIO cucTeMy. VIHpopMalMoHHasA c1cTeMa — 3TO op-
TaHM30BaHHAA COBOKYHHOCTb B3aIMOCBA3AHHDBIX CPEACTB BBIYVIC-

JIUTETIBHON TEXHJKM, IPOrPaMMHOTO ObecriedeHys, paBui, Clie-
HapueB B3amMopeiicTBus. PabourmM 3BeHOM MH(MOPMALMOHHOM
CHCTEMbI MOXET OBIT aBTOMATH3MPOBAHHOE PaboUee MECTO MepCo-
HaJIa, NHQOPMALMOHHOE HOfjpasfie/ieHIe CYCTeMbl YIIPaB/IeHNsA Op-
TaHM3aLlVell YIN YIIPaB/IeHL{bl, 00'beAHEHHBIE OOLHOCTDIO BBIIIONI-
HsAeMbIX QyHKuMiL. TakKe CTOUT OTMETUTD OFMH Ba)KHBI TepMUH
noructuku. Jlorucrudeckas uupopmannonHas cucrema (JIVIC) —
MHTEPAKTHMBHAS CTPYKTYPA, BKIIYAIOIIAs IIEPCOHAT, 000pyIoBaHIe
U TEXHOJIOTVM, KOTOpble OODbeANHEHBl MHPOPMALIMOHHBIM [OTO-
KoM’ OYHKIVOHATIbHBIE BO3MOKHOCTY, OM3HEC-IPOLeCCH U OC-
HoBHbIe TTonmb3oBaten JIVIC npencrasieHsl Ha pucyHKe 1.
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Puc. 1. PyHKUMOHANbHbIE BO3MOXKHOCTH, GM3Hec-npouecchl u nonb3osatenu JIUC

Ha coBpemeHHOM 9Tare pasBUTHUs JIOTMCTUKY MHQOPMALMSI
ABJICTCSA HEOThEeM/IEMbIM IPOU3BONCTBEHHBIM (HaKTOPOM, a JH-
dopMaLOHHbIe HOTOKM 00eCIeYNBalOT COITIACOBAHHOE B3aM-
MOJIEVICTBIIE BCEX 9/IEMEHTOB CUCTEMBI, TaK YTO OT/EIbHbIE LIeIN
Ka>K/I011 TTOICHICTeMBI O[YMHAIOTCA obeit temu. Vcronb3opanue
MHGMOPMALMOHHBIX TEXHONOTHII TMO3BOMIMIO MOAHATH 3(hdeKTHB-
HOCTb YIpaBJIeHMsA MaTepuajbHBIMU MOTOKAMM Ha IMPMHIVIIN-
QIbHO HOBBII ypOBeHb. VIHQOPMAILMOHHBIMY CHCTEMaMy MOTYT
pelaTbcs pa3HOOOpasHble 3aadll, CBSA3aHHbIE C KOHTPOIEM MaTe-
PUa/IbHBIX OTOKOB, OTIEPATBHBIM yIIPaB/IeHIIeM Ha IPON3BOJICTBE
¥ T.71. DyHKIMY MHGOPMAIVIOHHOI CHCTEMBI IIPECTABIeHBI Ha PU-
CyHKe 2. basbl JaHHBIX XpaHAT BHEILIHMeE [JAHHbIE, KOTOpbIE COXPa-
HAIOT 3aABKI, IAPTUM TOBAPOB, A TAK)Ke BHYTPEHHIE JaHHbIe (IIpo-

4

onepanuy 1o obecriedeHuro HOTpeGI/ITeAﬂ KOHKPCTHOﬁ HpOAYKL[HCﬁ.

M3BOJICTBEHHBIE IpoLiecchl). brarogaps GyHKIMAM [IaHUPOBAHNS
MO>XHO YIIPAB/ISITh 3aIIACaMI, YINUTBIBAs OLPefe/IéHHbIe (PaKTOPbI;
IPOTHO3MPOBATH CIIPOC ¥ IPOAYMATD CTPATETNIO HA IPOU3BOJCTBE.
KommyHukanyonHast GyHKUms 06CTy>KMBAHWS [OKYIIATeNell 110-
3BOJIAET OTC/IOXMBATH COCTOSHIE 3aKa3a, Y3HABATD O JOCTYIIHOCTI
3a11acoB. C OMOILIbI0 KOOPAVHALOHHO (PYHKIIMI MOXHO COCTaB-
7ATh TpadyK MPOM3BOLCTBA; [UIAHUPOBATH COBIT 1 TIOTPEOHOCTH
B CBIPbe IV TOBAPAX.

DyHKIMS KOHTPO/ISE BKITIOYAET:

- KOHTPOJIb 32 YPOBHEM 00C/Ty)XKIBAHNS ITOKyIIATeNet;

- 9¢dexTBHOCTD PabOT COTPYSHIKOB;

- 3(dexTUBHOCTD PabOTHI IIEPeBO3UNKa;

- 3(QdEKTUBHOCTD CICTEMBI B LIETIOM.

Aoructuyueckas LEb IIPEACTABASAET coboit YIIOPSAAOYEHHOE MHOXXECTBO B3aMOCBA3aHHDIX SKOHOMHYECKHX Cy6’b€KTOB, OCYIECTBAAIOIINX AOTHCTHIECKHE

*  MuHpopMaInOHHBIH IOTOK — 9TO IIOTOK COOOLIEHHH, AAHHBIX B AOKYMEHTaAbHOI (6yMa)KHON U 9AEKTPOHHOMN) U APYroil popMe, KOTOPBII COMPOBOIKAAET

MaTepHaAbeIﬁ u CepBHCHbIﬁ IIOTOKH, U ABAACTCA SIAEMECHTOM AOTHCTHYECKOU CUCTEMBI.
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Puc. 2. DyHKUMM NOrNCTUYECKOI MH(OPMALMOHHON CUCTEMDI

[Ipy peanusaruy QYHKIMIA TOTUCTUKY HA MPERIPUATHU CO-
CTaB/ISIIOT HAIIPAB/IEHs TTPOTPAMMBI paboT:

- OIpeHeNATCA TeXHNYeCKUe CPEfiCTBA, KOTOpbIe OYAYT 1C-
TI0/Ib30BAHbI I/l BBIIIOJTHEHNsA IPOIPAMMHOTO 3a/JaHILs;

—  COCTaBNIAIOTCA OCHOBHBIE TPeOOBAHMA M ONPENENAeTC He-
00X0MMBIIT 06beM (MHAHCOBBIX U TPYZIOBBIX PECyPCOB;

- BbIOMpaeTcsi OpraHM3AIMOHHAsA (OopMa OCYILIECTBICHUA
IIPOrpaMMHbIX 3a/JaHNIL;

- COCTaBJIACTCS MOJIE/b BBIIIOJIHEHNA 9TAIIOB 1 PaboT;

- paspabarbIBaeTCs CHCTeMa KPUTEPUEB OLIEHKI 1 MOTVBALII
TEeICTBUIL,

— OpraHu3yercs KOHTPOJIb 32 XOJ0M PaborT.

Jloructuyeckas crucreMa 3¢@eKTUBHa TONBKO TOIZA, KOTAa
CO3[JAIOTCs YCIOBUS JyIsl MHTETPAliMi B TEKyIye MPOM3BOJ-
CTBEHHbIE ¥ KOMMepYecKue MpoLecchl ¢ GOpMIpPOBAHIEM MH-
dopmarmorHoro 6asuca, COOTBETCTBYIOIIETO JAHHOMY BUJY
HPOU3BOCTBA M IPOYMM XapaKTepUCTUKaM. B HacTosee Bpems
Ha TPAHCIOPTE BMECTO CONPOBOXKMAIOIINX TPY3 MHOTOYNC-
JIEHHBIX JOKYMEHTOB I10 KaHa/IaM CBSA3M C TPY30M IepefjaeTCst BCs
HeobOxoxmMast MHGOPMAIs, KOTOpas 0TOOPaXKaeT O KaXKAOit OT-
HpaB/IAEMOIl eMHNLE BCe XapaKTePUCTUKN U PeKBUSUTHL IIpu
TaKoil CMCTeMe Ha BCeX yJacTKaX MapuipyTa B moboe Bpems:A

JIureparypa:

MOXHO TOMYYNUTb MHAOPMAIMIO M Ha e€ OCHOBE NMPMHMUMATD
yIpasjeHdecKye peleHus. JlorncTudeckast cucreMa AaeT BO3-
MOYKHOCTb IPY300TIPABIUTEIIO IIOMY4YaTh FOCTYII K (hairam, Ko-
TOpBIE OTPKAIT COCTOSIHVE TPAHCIOPTHBIX YCIYT U 3arpysKy
TpaHcopTa. IIpy 9TOM CTOUT OTMETHUTb, YTO BO3MOXKEH aBTOMA-
TUYECKUIT JOKYMEHTAIbHbI 0OMEeH MEeXHy IPOM3BOAUTENAMY
TOBAPOB M KPYIHbIMM MarasMHaMM, BK/IIOYas OOMeH HaKIIafi-
HBIMI, ONTMMM3AIMI0 MApIIPyTa HA BCEX y4acTKaxX, MHPpopMa-
LVOHHYIO CBSI3b MEX/Y COTPYAHUKAMM, YTO B KOHEYHOM JTOTE
YIIPOIAaeT TPAHCIIOPTHPOBKY IPy3a U IPUBORUT K YIYUIIEHIIO
JIOTVICTIYECKYX TIPOLIECCOB.

B 3ax/oueHnM X0Tenoch Obl CKa3aTh, YTO JIOTUCTHKA ABIACTCA
OFIHMM U3 CaMbIX BaXHBIX OusHec-mporeccoB. Takum o6pasoM,
a¢dexTiBHO paboTaoIas MOTUCTYKA U BCE B3aMMOCBSI3aHHBIE
IPOLECCHl — OfHA W3 K/IIOYEBBIX COCTAB/IIIOMINX YCIEMIHOCTI
KOMITQHMI, CBSI3AHHBIX C Tpy301iepeBo3Kamit. V nmeHHo nHdpopMa-
IJIOHHbIE TEXHOTIOTH He IPOCTO HOBBIIIAIOT KAYECTBO JIOTUCTHKIA,
a ABJIAITCA HeOOXONVMMOI YaCThI0, PACIINPSA BO3SMOKHOCTH U T10-
TeHIMA/ KOMIaHNiT. BHepeHye TeXHOMOIIT 1 IPOrpaMM YBeIN-
4iBaeT peHTabeNbHOCTD ¥ CTaOMIBHOCTD KOMIIAHMIL, @ paboTa Haf
HOBBIMI TEXHO/IOTVSIMIL U UX YIIy9IIeHIe BbIBEET IOTMCTIIECKIe
IIPOLIECCHI HA HOBBIJ YPOBEHb.

OcHoBs!I Toructyki: yae6Hoe mocobue / A. B. Kupunnos.— Camapa: Vsgarenscrso Camapckoro yHnBepcuteta, 2021.— 88 ¢;

2. Mudopmanmonnsie Texxonornu B noructuke / Tyoun C.B., Boapuyk A.B. / — Kypc ekt [y BBICIINX TeXHIYECKHX y4eOHbIX

3aBefenmit. — Kues: «Mumnernym», 2009.— 60 c;

3. Illymaes, B. A. OcHoBbl noructuxu: yde6. mocobue / B. A. Ilfymaes.— M.: FOpupmaeckuit uncturyr MUNT, 2016.— 314 ¢;
JH]opMaILMOHHbIe CHCTEMBI M TEXHOIOTM B JIOTMCTHKE ¥ YIIPaB/IeHMI LeTLAMI II0CTaBOK: yueOHoe mocobue / B. A. Menseries,
A. C. Ipucsoxniok,— CII6: Yausepcurer ITMO, 2016.— 183 ¢;
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0co6eHHOCTH pa3paboTKM KOMNbIOTEPHOM UrPbI B XKaHPe KUHTEPAKTUBHOE KUHOY

lMpokonbeB AnekcaHap Wropesuy, cTyaeHT
Poccuitckas akapemus HapoJHOTO X03ANCTBA M TOCYAAPCTBEHHOM Cyx6bl npu Mpe3upeHTe Poccuiickoit ®epepauum (r. Mocksa)

Cmambs nocesuieHa paccmompeHuio 0cobeHHocmeii peanu3ayuu uep 6 xaupe «unmepakmusroe kuno». Ocobbiii akyeHm coenan Ha pas-

6ope Kn1H01esbIx OMAULULL 0 U2p OPY2UX HAHPOBLIX NPUHAOTIEHHOCHEL, A MAKHe 0eKOMNOZULUI0 IMUX OMIUHUTL.

Knroueswvie cnosa: UHMepaKmueHoe Kumo, cueﬂapua, nosecmeosatue, natiniativ.

Features of the development of a computer game in the genre of «interactive cinema»

Prokopiev Alexander Igorevich, student
Russian Academy of National Economy and Public Administration under the President of the Russian Federation (Moscow)

The article is devoted to the consideration of the features of the implementation of games in the genre of «interactive cinema». Special emphasis
is placed on the analysis of key differences from games of other genre accessories, as well as the decomposition of these differences.

Keywords: interactive cinema, script, narration, pipeline.

a CerOfHAIIHMIL JIeHb CYILIECTBYeT OOfblIoe pasHOOOpasue

JKaHPOBBIX IPMHAJJIEKHOCTEN I KOMIIbIOTEPHBIX UIP.
B KOHTeKCTe JaHHOI CTaTby, pacCMATPUBAETCA TAKON JKaHp, Kak
«VHTEPAKTUBHOE KIHOY.

B paspaboTke KOMIIbIOTEpHBIX UT'P TAK)Ke, KaK I B peamnsalun
MI060TO FPYTOro MPOrpaMMHOro 00ecIieyeH s, y4acTByeT MHOXe-
CTBO CIELMamiCTOB. IIpnuéM, Kak U3 TeXHIIEeCKOH 061acTi, TaK
u 13 MHOXecTBa fpyrux. CTaHfapTHasA MPAKTUKA IIPEeNIOaraet,
4TO paboTa BHYTpPY KOMIIAHWII, 3aHJIMAIOLINXCA pa3pabOoTKoil Urp,
pasfiendAeTcsa MeX/Y OTfielaMy, TAKMMM KaK:

reiiMan3aHepbl

HPOTPaMMUCTBI

XYIOXKHUKI

TECTUPOBLINKI

MapKeTOJIOTH

OyxranTepus

PYKOBOJICTBO

B 3aBUCHMMOCTH OT >KaHPOBOI MIPUHAIEKHOCTH, @ TAKXKe U OT
IPYTMX (paKTOPOB, KOMNYECTBO 1 PASHOBUFHOCTD OT/AE/NIOB BHYTPU
KOMIIAaHMII MEHAETCA. B KOHTeKCcTe UIp >KaHpa «MHTEPAKTUBHOE
KVMHO», K OIMCAHHBIM BBIIIIe OT/IEJIaM, TaK ke IpUOaBATCs, 1 Clie-
71aeTCsl 0COOEHHBII aKIIEHT Ha CIIeHaPHBII OTIeN, KOTOPBIIl B CBOIO
odepenb MOJEMNTCSA Ha CIELMaTICTOB B Gofee Y3KUX OOMACTAX,
TaKIX KaK, CIIeHApJICTOB 1 HAPPaTUBHbIX AM3aifHEPOB. 3aTeM, B 3a-
BICUMOCTH OT TEKYILIMX 3a/jad IIPOEKTa, CPEM CLIEHAPJCTOB, KTO-TO
MOJKET 3aHIMAThCS HATIVICAHMEM CIOXKETa, @ KTO-TO IPOPAbaThIBATH
urposoit nop. Taxoke 1 cpefy HAPPATUBHBIX JU3AIHEPOB, 3aaqn
MOTYT JIeTUTbCA, IPYMepaMy TAKUX 3aflad MOTYT CIY KUTb:

HaIVCaHye aioroB

HaMMCaHUe BHYTPUUTPOBLIX TEKCTOB

paboTy Hay| TOBECTBOBAHMEM Yepes JU3altH ypOBHelt

IPOpPabOTKY /I0pa OTAENBHO B3SITHIX CYLIHOCTEI! (IIepPCOHAXKEIT)

OcHOBOIT pa3paboTKM KOMITBIOTEPHBIX UTP KaK B JKaHpe «JH-
TepPAaKTMBHOTO KMHO», TaK U BO BCeX IPOYMX, AB/AETCA KOMAaHIHOE
B3anMofeiicTBye. CaMbIM Ba)KHBIM 3TAIlOM peanu3aluy IpogyKTa
B 9TOI1 cepe, ABIAETCA IPABUIbHOE TOCTPOEHIIE KOMMYHMKALINIL,

U maiiiiaiiHa paboThl HaJj IIPOEKTOM BHYTPU KOMAH[BI, OT/IENOB,
¥ OTJIE/IBHO B3ATBIX CIICLINA/IIICTOB.

[Tajinnaiin — 9TO TeXHONMOTMYECKUII IPOLeCC OMUCHIBAIOLNIA
paspaboTKy HpopyKra. VICXOmA M3 9TOro, HOJ KaXKADLI >KaHp
¥ Ipyrue 0COOEHHOCTH IIPOEKTa, OH OyfieT yHuKanbHbiM. Ecin ro-
BOPUTH O PaspaboTKe UIP B >KaHpEe «MHTEPAKTUBHOE KUHO», TO
60IBIIIOI! YIIOP, KaK 1 TOBOPUIOCH paHee, Oy/eT CAiefiaH MMEHHO Ha
CIIeHapHBIiT 0THeN. Benb MHTepaKTMBHOE KIHO — 3TO IIPEXKJie BCETO
VICTOPYSA, KOTOPYIO MIPa PaccKasbiBaeT UTPOKAM, € TeM OT/IIYMEM
OT KMHOJIEHT, YIMl MY/IbTUIUIUKALIN, 9TO ¥ UTPOKOB B HEKOTOPBIX
CUTYaIMSAX IPUCYTCTBYET BBIOOP, U €T0 UJITI03U, KOTOPAs COOT-
BETCTBEHHO MOXKET B/IVATD, & MOXKET 11 He BIMATD Ha CIOXKET.

[ToaTOMy K/IIOUeBOIT OCOOEHHOCTBIO TAKXKe SB/sETCs rpad-
cxemMa BBIOOPOB, KOTOpble B KOHEYHOM HTOre OO CBORSATCA
K OfHOI, WIM HeCKONbKuMM BepmyHaM. OdYeHb BaKHO NMETb
B KOMaHJie CIIeLJUa/IICTa, KOTOPBLI COBMECTHO C IPYTMMU WIEHAMU
KOMaH/Ibl CMOXXET peann3oBarhb Takywo cucreMy. OHa JJO/DKHa CO-
JiepXaTh KIIOYeBble TOUKM B BIJE BHIOOPOB, KOTOPBIE HOTEHIIN-
Q/IBHO MOTYT COBEpLINTb UTPOKIL, ¥ IIOCIENCTBIIL, K KOTOPBIM 9TH
BbIOOPEI mpyBefyT. OOBIYHO 3a/jaun TAKOTO POfjA BO3JIATAIOTCS Ha
CIIeHapUCTOB, VI 3TO HIOATBEPXKAET TEOPUIO O TOM, YTO OHY ABJIA-
0TCS BAXKHENIIVIM 3B€HOM B KOHTEKCTe JJAHHOI TeMBbL.

KimoueBbIMI 0CO6EHHOCTAMMU IIPU pa3paboTKe CIOKeTa SBILA-
eTcs mpopaboTka rpad-cxeMbl, CO3AaHNE NHTEPECHBIX, 3AIOMIHA-
IOLVXCs [IePCOHAXENT, CUIbHBIX [INA/IOTOB, YHUKA/IBHOTO CIOXKETa,
COJIepKalllero BHYTpM cebst He TPYBUA/IbHBIE KTIOUeBble MOMEHTBI,
CIIOCOOHDIE BHI3BATh SMOLY Y UTPOKOB (CM. puc. 1):

[ToMVIMO CI0)KeTHBIX MOMEHTOB, He MeHee BXXHYI0 POJIb UTpaeT
nosectBoBaHue. CosfaHMe MOBECTBOBAHMUA JENMUTCSA HE TONMBKO
MEX[y CHeLMamiCTaMi, HO M MeXJy OTHeTaMM, CLIeHapUCTBI pa-
0OTAlOT HaJl TeM, YTO U KaK TOBOPAT IEPCOHAXU. AHMMATOPBI 3a-
HUMAIOTCA TeM, KaKue SMOLVN IIPY 3TOM AeMOHCTPUPYIOT IIepco-
Haxu. [efiMau3aliHepsl, 3aHMMAIOTCA CO3TAHMEM BHYTPUUTPOBBIX
MeXaHMK, Yepes KOTOPbIe UTPOKY TaK XKe MOTYT CH/IbHee OKYHYThCH
B aTMocdepy nctopun. Ho KimoueBoil crennanbHOCTBIO, KOTOpas
BHOCUT HaOOMBILINIT BK/IAJl B CO3[jaHIe IOBECTBOBAHNS, SIB/LICTCA
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Puc. 1. Ctpyktypa Bbl6opoB B Urpe Detroit: Become Human

pexuccep, pabora ¢ BHYTPUMIPOBBIMM KaMepami, paKypcaMmi,
IPOETaMIL, CBETOM, TEHBIO, TOCTAaHOBKaMIL. Bcé 3To, Kak 1 B KMHO-
JIEHTAX, ABNAETCA BKHENIIMY 31eMeHTaMI TI0BECTBOBAHMA.

MoxHO mpyBecTy 60TbIIOE KOTMIECTBO IIPUMEPOB CPEMV KOM-
TBIOTEPHBIX UTP B IAHHOM >KaHPE, KOTOPbIe 3aBOEBaIN TIPU3HAHIE
WTPOKOB, O/1arofiapsi CUIbHOMY [IOBECTBOBAHNIO:

— Heavy Rain

— Detroit: Become Human

— Tales From The Borderlands

— The Walking Dead: The Game

3a BaXHOCTD TAKMX 9IEMEHTOB, KaK CIIEHAPUIT 1 TIOBECTBOBAHIIE
OTBeYaeT TOT (haKT, YTO KIH0YEBAS [ENIb UTP B XKAHPE «MTHTEPAKTUBHOE
KVMHO» TaKas >Ke, KaK U Y KMHOJIEHT VIV MY/IbTUIUIMKALIVN, SMOLIMIAL.
A MIMeHHO CHTbHAST MICTOPUS M €€ TTOfava SIB/IETCS [/IABHBIMM MHCTPY-
MEHTaMM JOCTIDKEHUS AMOLMIT Y UTPOKOB. VIMeHHO 6/1arofaps aMo-
ISIM UTPBI 3aTIOMUHAIOTCS JIOASM U CIIOCOOCTBYIOT X 06CYKACHIIO
B COLJMa/IbHBIX CeTsX. KaK MTOL, Mrpa CTAHOBUTCS MOIY/IAPHOIL.

[ToMIMO CI[eHAPHOTO, B PabOTe HAJl TPOEKTOM JIAHHOTO KaHpa
OYeHb YaCTO IPUCYTCTBYET OTHEN, 3aHMMAIOLIMIIC aHMMAILMel.
Benp moHsTHME «MHTEPAaKTMBHOE KMHO» COREPXXUT B cebe CTOBO
KIHO, a 3HAUUT, OO/IBLION AKLEHT TaK)XKe [EIAeTCs Ha TOM, YTOObI
BJIOXHYTb )XI3Hb B IIPOEKT OG/Iarofjapst ABVDKEHMIO, ABVDKEHIIO TIep-
COHAXeil ¥ OKpyXeHWs. VIMeHHO Gmarofaps aHMMAIuM Iepena-
€TCst 6OTIbIIas YacTh MMIHOCTY MepcoHaKelt. To, KaKie SMOINY OH
[EMOHCTPUPYET CBOEH MMUMUKON M KeCTUKY/ALMeil. AHMMAIs
BHOCHUT OOJIBIIION BK/IAZ B CO3/AHNE YHUKATBHbIX TIUYHOCTEN, BEfb
OOTBIIMHCTBO TPOEKTOB B [PYIMX >KAHPAX MUCIIONB3YIOT OfHO-
TUIIHBIN Ha6op aHMMAaIVIL, IPUYEM OY€HD YaCTO JaXKe He CO3MlaBasd
WX, 2 IPHOOpeTast y)ke FOTOBBIE I Pa3MeIEHHbIE Ha MAPKETIUIeIICaX.
VIMeHHO HabOp YHVMKA/TbHBIX aHMMALII, CHELMANbHO CO3[JAHHBIX
IULSL IIPOEKTA, MOTYT CIIOCOOCTBOBATb CUIBHOMY SMOLIMIOHAJIbHOMY
BIIEYAT/ICHNIO UTPOKA.

B paspaboTke urp, Kak M ObIIO CKa3aHO paHee, YUyBCTBYeET
00/IBIIOE KOMMYECTBO CIIELMANTICTOB, M XOPOLINMIT CIOXKeT, HapsAny
C IOBECTBOBAHMEM I AHMMALMAMY, MATOBEPOSTHO MPUBELYT
IPOEKT K [OCTAB/IEHHOI L/, €C/IN PYTIe 9/IeMEHTHI CTa0bl Mn
BOBCE OTCYTCTBYIOT, HATIPMeD, EC/IVL B UTPe He OYZeT 3ByKa.

Cpenyu ocobeHHOCTell Apyrux obnacTeil paspabOTKM MOXHO
BBIZIETUTD CIIefyiolee. BHyTpu rpadudeckoit cocTaIALel win
e OT/ieNa XyJI0)KHIKOB BaKHO COCPEOTOYNTCA Ha CO3JJAHNUN Ta-
KOTO OKpY)XEHUsI, KOTOpoe OyfieT MaKCHMMaJIbHO CIoCOOCTBOBATH
HOTPYKEHII0 UTPOKOB B aTMOC(epy nrpsl. VIMEHHO 1109TOMY B 3a-
BUCHMOCTI OT OI0fpKeTa, paspabOTUNKIL Jaie BCero MPUHMMAIT
pelueHye 60 B IOMb3Y KMHeMaTOrpaguyHoil rpadyki, 6o cTu-
NM30BAHHOIA, YTOOBI CKPBITh HETOCTATKU TPAQUKM ¥ COCPEROTO-
4MTh BHUMAHMeE UTPOKA Ha IPYTHX NeMeHTaX.

BHyTpy paboThl Haj 3BYKOM BaKHO JIETAIbHO NPOPAbOTATh
03ByYaHIe IIePCOHAXeIl, YTOOBI MepefaTh BCI IIyOMHY 1X IMd-
HOCTI V1 YBEIMUNUTD IIAHC Ha IPOSIB/IEHNE SMIIATHI [0 OTHOLICHNIO
K HUM. Befib MeHHO 6/1arofiapst iHTepeCHBIM IEPCOHAKAM HaM IH-
TepecHO HaO/MIofaTh 3a COOBITHAMM KOTOPbIE Pa3BOPAYNBAOTCS BO-
KPYT HUX. A B UTPaX JKaHpa «MHTePAKTUBHOE KIHO» OTPOMHAs OT-
BETCTBEHHOCTD 3a 9TO JIOKIUTCS Ha TI/IEYN 3BYKOBUKOB.

BHyTpM OCTa/IbHBIX OTAENOB paboTa HaJl MPOEKTOM B JAHHOM
JKaHpe TOJBEpPraeTcs MUHMMAIBHBIM V3MEHEHMsIM. VIMeHHO 1mo-
9TOMY B paMKax IajiliajiHa K/II04eBOI1 IIe/IbI0 IIPJ pa3paboTKe Urp
B JKaHpe MHTEPaKTUBHOE KIHO AB/IAETCA He TOTbKO HaNaIUTh KOM-
MYHMKALIO BHYTPU KOMAH/IBI, HO 1 BBIOPATH IIPAaBU/IbHBLI Hailll-
7aitH paboThI HAJI TPOEKTOM, B PAMKaX KOTOPOTO C/IeIaTh aKLEHT Ha
CLIEHAPHOM OTJieTIe, CIO)KETe, [IOBECTBOBAHMI, AHNMALINSX,  TAKXKe
ewé 1 Ha KOMIUIEKCHOIT paspaboTke. Beb, kpome TOro, 410 6bUI0
03BY4eHO paHee, pa3paboTKa UIP B XKAHPE «MHTEPAKTUBHOE KITHOY,
BO BCEM OCTaJIbHOM He CUIbHO OTIMYAETCS OT paspabOTKM KOM-
TIBIOTEPHBIX UTP B IPYTHX KaHPaX.
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JIureparypa:

1. Teitm [Iusaitu Kak cosgars urpy, B Kotopylo 6ymyt urpars Bce/ xeccu Illemt — Mocksa, 2021-631 c.
2. IlpoexTupoBaHme BUPTYaIbHBIX MUPOB. Teopys u MpakTyKa AusaitHa yposHeit/ Myxann Kagnkos — 2020-206 c.

anHl.l,MI'IbI peanunsauuun urp XaHpa «KMHTePaKTUBHOE KUHO»

Mpokonbes Anekcanpp Uropesuy, cTyfeHT
Poccuitckas akapemus HapofHOTO X03ANCTBA U TOCYAAPCTBEHHOM Cnyx6bl npu Mpe3upeHte Poccuiickoit ®epepauum (r. Mocksa)

B ceoeii pabome 51 pacckasviéaro 0 smanax pazpabomxu uzpul 8 Kaxpe «UHMePaKmusHoe KUHo», 00 OMAULUAX NPU Peanu3ayuu npoeKmos

8 Opy2UX Hanpax, a Mmaxxe o Ko4esbix MOMEHMAX, HA KOMOPble CHIOUM COenamb ynop 60 épems paspabomku. Most paboma HanpaeneHa

Ha mo, umobwl C(ﬁOpMMpOBLIWlb 3HAHUSA U NOHUMAHUe 1M020, KAK YCMpPOoeHa peanu3auus uep 6 3a0aHHOM Heanpe, u nony4ueHmHyto L[H{f)OpM(lHM}O

MOHCHO ObL10 NPUMEHAMb HA NPpaKmuxe.

Kntouegvie cnosa: unmepaxmusroe KUuHo, CueHaputl, 2eiiMOU3aiin, Happamus, NPOMomMunuposanue, KoH@ue.

Principles of implementation of games of the genre «interactive cinema»

Prokopiev Alexander Igorevich, student
Russian Academy of National Economy and Public Administration under the President of the Russian Federation (Moscow)

In my work, I talk about the stages of developing a game in the genre of «Interactive Cinemar, about the differences in the implementation of

projects in other genres, as well as key points that should be emphasized during development. My work is aimed at forming knowledge and under-
standing of how the implementation of games in a given genre works, and the information obtained could be applied in practice.
Keywords: interactive cinema, the script, game design, narrative, prototyping, config.

BeepeHue

TeiimyeB, Kak TaKOBOI, SIB/ISIETCA OTHOCUTEIBHO HOBBIM Ha-
HpaB/IeHNeM, KOTOpOe Celfdac aKTUBHO Pa3BUBAETCS y)Ke Ha IPO-
TSDKEHNV MHOTUIX JIeT, IIPYBJIEKAsl B CBOI0 MHAYCTPUIO BCe Gorblire
K/IVEHTOB, JIeHeT, CIIELMaIICTOB, HO IIPY 9TOM B 9TOII cepe He Cy-
1IIeCTBYeT YHUBEPCA/IbHBIX IPABU/T HAIPUMED /I TOTO YTOOBI Balll
IIPOEKT, Ballld UTPa CTa/Ia YCIENIHOI.

MHor¥ue CIeluamICTbl TPYAATCA Hafj ONbITKAMH YIOPSIOIUTD
BCIO MMEIIYIOCS MH(OPMALMIO U CJIOBHO MeH/ieneeB BBIBECTH
3aBeTHYI0 TaO/uIy, KOTOpas MOMOXeT paspaborurkaM. OpHako
yCIlexa OHM B 9TOM TaK II0Ka 11 He ZOCTUIJIN, I BEPOSITHEE BCETO, He
CMOTYT CJIEIaTh ellie I0IT0e BPeMs.

JKaHp WMHTepaKTUBHOTO KMHO eIé CuibHee OOfeNeH BHIMA-
HIeM, HO UCTOPII KOTOPbIE BEPIINT UTPOK 3TO HOBAS BeXa MHTEPAK-
TUBHbIX PA3B/IeYeHNMIT, KOTOPAs MMEET OrPOMHbIE [IEPCIIEKTHBL, AaXKe
GOl YeM Y COBPeMEHHOI KMHOMHIYCTPUM, LIOTOMY KaK CyTh
B HTEPAKTUBHOCTH, KOTOPAsI IPUAET Ha 3aMeHy OOBIYHBIM (yIbMaM.

JIMeHHO MOITOMY BaXKHO YIOPANOYNTb MHPOPMALMIO B 9TOI
067acTit, FaObl IPUHECTY TONB3Y OYAYLIeMy IIPOEKTOB, pa3padarsl-
BAEMBIX B 9TOJ )KaHPOBOII IIPUHAIEKHOCTI.

CueHapwmi

B cmoBocoveranum «VHTEPAKTUBHOE KMHO» [aXXe €CTb CJIOBO,
OTHOCAIIEECA 3TOT XXaHp UT'P K CBOVM KOJI/IETaM II0 LI€XY.

Jlna HanmcaHmsA CLeHapys UIP JKaHpa «MHTEPAKTMBHOE KMHO»
NPUMEHAKTCA HECTaHJAPTHbIE METO/IbI, UCTIONB3YIOIMECS B UTPOBOI
WHJYCTPUY, CLEHAPUCTHI Yallje UCIONb3YIOT OMBIT CBOMX KOJJIET U3
KUHOMHJYCTPUM, ¥ PACIUCBHIBAKT CLIEHAPUIT B CBOEM IPOEKTE IIO-
[OGHO TOMY, KaK KITHO CLieHaPUCTBI MY T CLeHApMit i huyibMa.

Fenmpu3anH/HappaTue

Kak HM cTpaHHO, I TaKOro Crennuyeckoro xaHpa Tpeby-
eTcs OOTIblle BHIMAHIIS MIMEHHO HAPPATHBHBIX [M3aITHEPOB, Befb
VIMEHHO OHJ) OTBEYAIOT 3a TO, HACKO/BKO CV/IBHO MTPOKM IIOTPY-
34TCA B aTMOC(EpPY IPOEKTa, BOJAYT /I B TAK >KETTAHHOE COCTOSIHIE
TIOTOKA, M/TM HET

TeitMamsariHepbl 3a/1eiiICTBOBaHbl B MEHbLIEN Mepe, IIOTOMY KaK
B TIOJ0OHBIX UTPaxX 0OBIYHO He TAKOIT OOIIMPHBIIL CIIICOK MEXaHNK,
KOTOpBIe Tpe6oBa/I OBl TIATEIBHOI IPOPAOOTKI,  MHOTYIE 13 HIX
BIIOJIHE CTaHJJapTHBIE, HAIIpyMep, X0Ab0a 1u Oer

Tem He MeHee, IMEHHO B IIPOEKTAX C TaKOil creludIKOil Hau-
Ooree BaXHBI YHUKA/TbHBIE MU [/ MEXaHMUK, IOTOMY 4TO 3a4a-
CTYIO B UTPaX )KaHPA «MHTEPAKTUBHOE KMHO» UCTIOMb3YeTCs Iy U3
CTaHJAPTHBIX MEXAHVK 1 HeCKOIbKO YHUKA/IbHBIX, KOTOPbIe MOXHO
BCTPETHUTD B TOTIOBOJIOMKAX VM\IM/IN KaT CLieHaX, HO JIMEHHO 9TH Me-
XaHVKI TOAYEpPKUBAIT YHUKATbHOCTD, SKCIEPUMEHTANTbHOCTD
BCETO IIPOEKTa, IIOTOMY YTO Ha HMX JeNaeTcss OONMBIION aKIEHT,
¥ MMEHHO 3a CYeT HUX UTPY BBIZIENAIOT Ha (OHE BCEX OCTA/MbHBIX
UTP JAHHOTO JKaHpa.
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Puc. 2. leMOHCTPaLMA HEIMHEMHOCTH CIOKETa B UrPax XKaHPa K MHTEPAKTUBHOE KUHO»

MpototunupoBanue

[IpoToTnnupoBHie HEOOXOAMMO MPEXAe BCEro i TOTO,
4TOODBI IIPOBEPUTD, BBIIIOTHSAET /I BOXHENIINIT 7IEMEHT IIPOeKTa
B 3a/JaHHOM >XKaHpe, IIOCTaBJIEHHbIE IIEPE HUM LIE/N, II03TOMY CO-
3[jaéTCs IPOTOTHUIIL, KOTOPBII TECTUPYETCH, U Ha OCHOBE aHajM3a 06-
PpaTHOII CBA3Y, BHOCATCA U3MEHEHM S, NOIIOTHEHM I, IOTHOCTDIO Me-
HAETCsT KOHLIEIILVIS, WM BOOOILe OTMEHETCS BeCh IPOEKT.

CambIM K7MaccM4ecKMM U TIONYIAPHBIM TeXHMYECKMM Cpef-
CTBOM B 3TOII 0671aCTH OBUT U O CUX HOP OCTAETCS MUCTOK OyMaru
U KapaHJall, WM KaK aHa/JIOr CaMblii NOIY/IAPHbIA B MUpPE TeK-
cToBblit pemakTop Microsoft Word.

OpHako B BeK MHPOPMALVOHHBIX TeXHOIOIWI! OABIINCH O0TTee
CIelLMaTM3MPOBaHHBIE aHATIOTH, TaKe KaK, Harpyumep, Articy Draft
i AXMA Story Maker. 9to mporpaMMHBIe CpefiCTBa, IpeIHasHa-
YeHHBIE /L Pa3pabOTKM MHTEPAKTUBHBIX MICTOPUIL.
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Articy Draft — 370 mepBblit podeccnoHaNbHbI MHCTPYMEHT
ULt pa3paboTKy UTP B KOMMepPUecKux cTyausx. Articy draft momo-
raeT Co3JlaBaTh, OPTaHM30BbIBATD 1 IIEPefjaBaTh UTPOBOE BUJIEHIE.

AXMA Story Maker — miaTdopma 11 HAIVICaHVA MHTepaK-
TUBHOI TUTePATypbl M TEKCTOBLIX UTP, padpabaTbiBaeMasi poccuii-
ckoit kommanueit AKCMA Codr.

OpHako ecny 6paTh B pacyéT He TONBKO CLEHAPHYIO YaCTh, 0-
TOMY KaK CO3/jaHIe UTP KaHpa «MHTePaKTUBHOE KMHO» — 3TO IpO-
1iecc 00beMHEHNsI MHOXKECTBA 97IEMEHTOB B e[[IIHOE 1e7I0e, TO B Ka-
4eCTBe MPOTPAMMHBIX CPEICTB MOXKHO TAK)Ke YKa3aThb Pas/MuHble
UrpoBble JBIDKKY, Takye kak: Unity, Unreal Engine, CryEngine
1 OTPOMHOE MHOXKECTBO JIPYTMX, Belb CYIECTBYeT HEMalo KOM-
IaHWI, KOTOPbIE CO3JAIOT CBOM COOCTBEHHBIE [BIDKKM IOJ KOH-
KPETHO IIOCTABJIEHHDIE IIETIN.

Co3paHue KOHTEHTA

CosJaHiue KOHTEHTa I UTP B )KAHPE «MHTEPAKTUBHOE KIHO»
B GO/IBIIMHCTBE CBOEM HUYEM He OT/IMYAeTCs OT paspaboTKuL yis
[PYIUX KaHPOB.

V13 BaXHBIX Belljeif, KOTOPBIM CTOUT YAETUTH 0C000€e BHUMAHIIE,
3TO yPOBEHb IPaQUKIL, TOTOMY KaK LIe/IbI0 UIP JAHHOTO XKAHPA SIB-
JISIETCST TIOTPY3UTh UTPOKA B aTMOC(epPy UIPBL, U B JAHHOI 3ajade
JIO/DKHBI yYaCTBOBATb BCE 3/IEMEHTbI MTPBI, B TOM YVCIIE U rpadmKa.

MHorne KOMIAHMM ¥3-3a CKPOMHOrO OHpKeTa Hpuberant
K PasIMYHOrO POfia XUTPOCTSIM, HAIpUMep, UCIOMb3YIT CIIEl-
aJIbHBle IIeJIepbl WM PUCYIOT TEKCTYPbI J/I MOJieTIell BPYIHYIO,
4TOOBI IIPUAATH IIPOEKTY CTUIM3OBAHHBII BUA. A HEKOTOPBIE, KaK
MOTYT 3aTEMHSIOT IPOCTPAHCTBO, TOTOMY KaK IaBHO MI3BECTHO, YTO
TEMHOTA, OT/INYHO CIPAB/IIETCS C IVTOXMM Ka4eCTBOM 3fi-rpadpukis,
TaK B cepuyt GuIbMOB «BracTe/mH Kojely CO3faTeNt pUMeHIIN

3TOT IPMEM, YTOOBI 3aMACKMPOBATb HUSKUIT yPOBEHD KauyecTBa fpa-
koHa CMayra.

Co3paHue MexaHuK

B mmaHe MeXaHMK peanusalnysA HPOeKTa B 3aJlaHHOM JKaHpe
CHJIBHO YIIPOIaeT paboTy, Tak KaK GOMBIINHCTBO UTpP TOFOOHOrO
TUIIA UCIIONb3YIOT PANL CTAHJAPTHBIX MEXaHMK, TAKNX KaK:

— yIpaBJieHJe KaMepoli

— xoznbba

— ber

— CHCTeMa MHTePAKTMBHOIO B3aMMOEIICTBIA € 00beKTaMu

— cucTeMa AMajoros

— qte

Ha ppiHKe MOXKHO [jaxKe HailTH CIIELMaIbHO NIpeJHA3HAYeHHOE
IpOrpaMMHOe oOecIedeHIe, KOTOPOe YKe COREP>KIUT B cebe BCe BBI-
IIenepeYycrIeHHble MEXaHUKH.

IToaToMy OCHOBHOII YIIOp B TIJlaHe MeXaHMK JielaeTcs Ha MO-
fepHuU3aLyy 6a30BbIX MEXaHMK J CO3[JAHNUM YHIKATbHBIX, KOTOPBIX
OOBIYHO He OYeHb MHOTO, HO OHU IIO3BOJLIOT UTPE BBIACTUTBCS Ha
(oHe OCTANIbHBIX IPOEKTOB B XXAHPE «MHTEPAKTUBHOE KIHO.

KoHdpur

Hanee Heo6X0MMO 0O'bEMIMHITD BCE 3TEMEHTEI B OXHY OO/IBLIYIO
CHCTEMY, CO3/JAHHbIIT KOHTEHT 1 MEXaHUKI HACTPANBATCS TOJ T~
pOBBIe 3a1aun, U B CIelyuKe NHTEPAKTUBHOIO KIHO €CTh CBOU
XUTPOCTI

CaMoit 60JIBLIION M CTIOXKHOII PabOTON AB/LAETCA HACTPOIIKA KaT
ClleH, paboTa ¢ KaMepaMit ¥ VX [TapaMeTpamy, YIIpaB/IeHue BCeMyt
9/IeMeHTaMI 3a/1elICTBOBAHHBIMM IIPY CO3JAHNM KaT CLiEHBI Yepe3

Puc. 3. ipakon Cmayr u3 unbma «BnactenuH Konewy»



30 | NHdopmaumMoHHbIE TEXHOIOTUM

«Monopoii yuéHbiiiy « N2 19 (466) - Mait 2023 r.

Puc. 4. Co3paHue aHUMaLMit ANA UTP KAHPA KMHTEPAKTUBHOE KUHO»

timeline, mycTh 3TO U BXOAUT B 9TaIl HACTPOMKY IPOEKTA, 3TO OT-
JieNbHas IIONHOLIeHHAA paboTa.

[ToMuMO 3TOrO, TakXKe HEOOXOAMMO IepeHeCTH BCe AMATOTH U3
MHCTPYMEHTapHs I IPOTOTUIMPOBAHNUA B UTPOBON IBIDKOK KaK
B Kar CIeHbl, TaK I B CCTEMbI IMAJ/IOTa, C KOTOPBIMY CMOYKET B3aM-
MOJIEJICTBOBATb UTPOK.

3aknioueHune

PaspaboTKa UTphI B JKaHpPe «MHTEPAKTUBHOE KIHO» XOTb U He
KapMHA/IbHO, HO OT/INYAETCS OT Pa3pabOTKM UTP B APYTHUX XKAHPAX,

JIureparypa

9TO OYEBUHO, OJHAKO BAKHO 3HATH ¥ IIOHVMATh B KAKVX VIMEHHO
aCIeKTax CYIeCTBYIOT 9TH Pas/IMdis.

OcHOBHas pasHUIIA KACaeTCsl IMEHHO CIXKeTa 1 KOH(UTIa, 1Mo-
TOMY KaK VIMEHHO B 9TUX TeMaX pealy3ariyisi IPOeKTOB OT/IiYa-
eTCsl MAKCUMAJIbHO KaK MeTOJO/IOTHEl, TaK M TPYLO3aTpaTaMiL,
Befib He 3psi, HAIIPIMep, TOBOPSIT, YTO 1 CeKyH/a aHUMALINI CTOUT
3 9acoB paboTHI aHMMATOpA. A Ha 9Tare KOH(NUTa B UTPax 3TOr0
JKaHpa HauVHAeTCA OrpOMHas paboTa aHMMaTOpa, OonblIas
¥ JO/rast.

[ToaTOMy IIpM CO3JAHMM MHTEPAKTUBHOTO KMHO HAmMOOMbLINIL
YIIOp M3HAYATIBHO JIe/IAeTCst Ha CLIEHAPUCTOB 1 aHUMATOPOB.

1.  Vrposble BHIOOPBI 1 MX 3HAUMMOCTb B MHTEPAKTUBHOM KMHO [DMeKTPOHHBIA pecypc]//Pexxum moctyma: https://zen.yandex.ru/
media/id/59d7{8873dceb799d633£764/igrovye-vybory-i-ih-znachimost-v-interaktivnom-kino-5d14c63£a1099200b0adf837

2. MHeHue: TIOCTIe[CTBIS BBIOOPA B «MHTEPAKTIBHOM KIHO» HepeoteHeHsl — O¢ron Ha DTF [OnextporHsIit pecypc]/Anexcanpp
Murtstes//Pesxxum pocryma: https://dtf.ru/flood/14876-mnenie-posledstviya-vybora-v-interaktivnom-kino-pereoceneny

3. Kak Hammcatb 1Boif guanor — Ha npumepe TapantiHo, Paitta 1 MakgoHs! [DnexTpoHHBI pecypc]//Pesxum foctyma: https://

render.ru/ru/XYZ/post/19984

Teitm Tnsaiin Kax cosparhb urpy, B Kotopyto 6ynyT urpars Bee/ Ixeccn Illemn — Mocksa, 2021-631 c.
5. IIpoexTnpoBaHue BUPTYyaabHBIX MUpPOB. Teopus 1 mpakTuKa Ausaita yposreit/ Muxann Kagnkos — 2020-206 c.
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TEXHUYECKUWE HAYKU

MeToabl pacyeTa 0CTaTOYHOro pecypca CUNOBbIX TPAHCOPMATOPOB

A6aypaxmaHos [lnac TeMupbynaToBuy, CTyAeHT MarucTpatyphl
TalwKeHTCKUA YHUBEPCUTET HAOPMALMOHHbIX TEXHONOMMI UMeHn Myxammaza anb-Xopasmu (Y36ekucraH)

B cmamve onucvi8aomcs pasnuutvie Memoobi OUeHKY MParcHopmMamopos, 8KIUAs NPOCMOLi anzopum, 836euieHHoe cpedHee, 100x00
XyOuie20 CrLy4as, HeluUHelIHbll MAmeMamuHeckuii n00x00, BepOAMHOCINL OMKA3A, MAUAUHHOE 00YHeHIe, UX HPEUMYU4ECHIBA U UCHONb308AHUE
0717 oueHKU NapKa 060py008anus u GyHKUUOHATLHOCIIY NAHENU MOHUMOPUHEA.

Kntouesvie cnosa: unoexc cocmosinus mpancpopmamopos (Transformer Assessment Index — TAI), pescumot omxasa, menoodvi oveHKU,
npocmotl aneopumm, 83seuieHHoe cpedtee, n00X00 Xyouieeo cay4as, HeUHeTIHbI MAMeMAmu4eckuil nooxo0, 8epOAMHOCID 0MKA3d, Ma-
wiuHHOe 00yHeHue, OueHKa napka 060py008anus, PyHKUUOHATLHOCb NAHENU MOHUMOPUHEA.

YILIeCTBYeT HECKO/IBKO CIIOCOO0B IpeICTaB/IeH)A KOHEYHOTO pe3y/IbTaTa MHEKC COCTOAHMA TpaHchopmaropos (Transformer Assess-
ment Index — TAI). MHorue monbp3oBaTenyt OXKUAAIOT, YTO UX MH/EKC OCTATOYHOTO pecypca OyHeT BBIIABATh eAMHCTBEHHOE YUCIIO,
4TOOBI JIETKO PAHXKMPOBATh TPaHCHOPMATOPbI BHYTPHU MHEKCA. [Ipyrite OMb30BaTe/MI IPEAIOYNTAIOT BHIBOJ, B BIJE IPOCTOTO 1{BETa, KO-
TOPBIIT IOKA3bIBAET 001Ijee COCTOsIHME KAXKHOro TpaHcdopmaropa. I]BeToBas KOLMpOBKa O3BOJIAET OBICTPO OLIEHMBATD COCTOSIHIE [TApKa
TPaHCOPMATOPOB 11 MCIIONIb30BATb (PYHKI[MOHA ITaHe/ N yIpas/eHus. Pesynbrarom pa6oTsl TAI MOXeT OBITH I YHCIIO, U LIBET; BOSMOXKHO,
4IICTI0, KOTOPOE TIPEfICTAB/IAET «CpefiHee COCTOSAHME» TpaHCHOpMaTOpa I 1{BET, KOTOPBIIT yKasbIBaeT Ha XY/LINIT BAPMAHT OLICHKY OTKa3a.
B rabmuue 1 omycaHbl MeTOABI pacyeTa MHIEKC COCTOAHNA TpaHCHOPMaTOpoB 6ajiia it TpaHcdopMaropa.

Tabnuua 1. MeToabl OLEHKHU, UX NPEUMYLLECTBA U HEAOCTATKU

Metop Mpenmywecrea HepocTaTkm
MeTop cyMMupoBaHUA OLEHOK AN1A KAXKAOr0 KOHKPETHOro MpocToi anroput™, Npo3payHblii, HepocTtaTtoyHo To4Han
pexxuma oTKasa: BO3MOXHO f00aBfeHNe B3BeWN- | OLeHKa COCTOAHNA. MoxeT
N BaHWA NpUBECTU K HE06OCHO-
TAI = Z Semi BaHHOW ONTUMUCTUYHOW
i=1 OLEHKe COCTOAHMA TPaHC-

SFM — 370 oueHKa 18 KOHKPETHOro pexuma oTkasa. lpo- dopmatopa.
CTOi HABOP NUHENHBIX MU HENUHERHBIX OLLEHOK 06bIYHO [0~
6aBnsieTcA B MaTpULY OLEHOK. TaKKe MOXeT ObITb NpuMe-
HEeHa B3BellWBaAHUE, KaK ON1CAHO B MeTofe #2

Metop cpeaHeB3BeLIEHHOrO 3HAYEHMA: Mpo3payHocTb. B3sewnsanue no- Kak yka3aHo BbllLe, B3Be-
N_ Wensi © Sengi 3BOJIAET BbIAENINTb HEKOTOPbIE pe- liMBaHue pexnmos oT-
TAl = i=1 FMi FMi
- N Wons: UMbl OTKasa Ka3a MOXXeT 3aMaCcKMpoBaTtb
i=1 FMi

ApYTHe peXxuMmbl 0TKa3a.
SFM — 370 oLeHKa 4151 KOHKPETHOTO peXuma 0TKasa

WFM — 3710 BecoBoi K03thdULNEHT AN KaXKLOro pexumma
0TKasa
N — o6uiee KONNYEeCTBO PEKMMOB OTKa3a

06bI4HO B MATpULY OLEHOK A06aBAAIOT NPOCTOi Habop Nu-
HEWHbIX MW HEeNMHENHbIX OLeHOK. BecoBbie KoahduLUMeHTbI
NPUMEHAIOTCA K PEXMMAM 0TKa3a, KOTOpble Nojib30BaTesib
XOYET NOJYEPKHYTH
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B 3TOM nopxofe ncnonb3yeTca CUCTEMA CHUCIEHUSA C OCHO-
BaHMEM i, KOTOpPOe PaBHO UM NPEBbLILIAET KOJIMYECTBO pe-
XUMOB 0TKa3a, BKJItoYeHHbIx B TAL.

X — 3T0 KO/IMYECTBO PEXMMOB 0TKa3a A Kak/oil KaTe-
ropuu.
k — KONMYEeCTBO KaTeropuii, BKIIOYEHHBIX B OLEHKY PeXMUMa
oTKasa.
N — 3T0 CYETYUK B AaHHOI hopmyne

Metop Mpenmyuecrea HepocTatku
MeTop HennHenHOro MaTeMaTMYeCKoro noaxoaa: Mepepaya 6onee NNOXnX pesynb- bonee cnoxHas cucrema
k=1 TaTOB OLiEHKM OTKa30B He OyAeT | OLEeHKW MOXeT faTb Gonee
TAI = Z X 1" MaCKMpOBaTbLCA CNOXHble ANA UHTepnpe-
n=0

Tauum pesynbtathl. Ecau

TaKXe UCMOoNb3YITCA Be-

coBble KO3t ULMeHThI, No-

TpebyeTtcsa HeboblAs MO-

andukaums hopmynbl gns

NpefoTBPALLEHNS MACKN-
POBKU

MeToa BepoATHOCTU OTKa30B

BepoATHOCTb 0TKa3a A1 KAX/AOT0 PEXMMA OTKa3a MOXKET ObITh
OLieHeHa Ha 0CHOBE JaHHbIX Pe3y/bTaToB UCMbITAHWI U ApYroil

n

TAI=1- 1_[ (1 — est. PoFsy;)
i=1

nHbopMaLmn 06 oLeHKe. 3aTeM MOXHO paccyuTath oUeHKy (6asn).

Nupekc TAI MmoxXeT 6bITb MaclITa-
GupoBaH Npu Heo6XoANMOCTH
MopnyepknBaeT eAUHCTBEHHbI
PaHHUI peXxum 0TKasa v npa-

BM/IbHO COYETAeT HECKONbKO MeHee

paHHWX PEXMMOB OTKa3a Ans 06-

Lwero cpaBHeHus. Xopowo pabo-

TaeT, Npu YCIO0BUM, YTO BEPOAT-

HOCTb UAM OLeHKa ANA KaXaoro
pexunma 0TKa3a HaxoAATCA Ha

OJHO WKane, Aaxe ecin 370 He

HaCTOALAA BEPOATHOCTb

06bIYHO BO3MOKHO TOJIbKO
0YeHb rpy6o OLEHUTH Be-
POATHOCTb KaX[0ro oTKasa.
JTOT MeToj, MOXeT co3aa-
BaTb JIOXHOE BneyatneHne
TOYHOCTU

Metop Hamxyawero cnyyas (Worst case approach)

TAI = worst(SFM)
SFM — 370 oueHKa Ana KOHKPETHOTO pexuma oTkasza. Takxe
BO3MOXHO YKa3aTb KOJIMYECTBO PEXMMOB 0TKa3a, KOTOpble
ObINK OLeHEHbI HauxyaWwum 6annom. Hanpumep, oueHka
MOXeT 6bITb NpefcTaBneHa B Buge: bann = KpacHblit 3
(TpaHcdopmaTop UMeeT 3 pexxuma 0TKasa, KoTopble Oblu
oLeHeHbl Kak «KpacHelii»)

MpocToi anroput™, npo3payeH
MoxHo ,06aBNATL BECOBbIE KO-
hUUMEHTBI NPU HEOBXOAUMOCTH.

B3BelwmBaHue pexxuMoB oT-
Ka3a BO3MOXHO TOJIbKO
B C/ly4ae, €CIM YUCTIO0 pe-
KMUMOB 0TKA3a, OLEHEHHbIX
C UCMOJIb30BAHNEM Xy[-
Wero cyyas, BKIYEHO
B OLLEHKY.

TubpuaHbIN MeToq,
Moaxon HauxypLWero ciyyas MOXET UCMOJb30BaTbCA CO-
BMECTHO C OAHUM U3 YUCIEHHBIX METOAOB OLLEHKM, ONK-
CaHHbIX BbiWwe. Hanpumep, npoctas cyMMUpoOBaHHAs OLeHKa
MOJKeT OblTb 0ObeAMHEHA C OLEHKOM HAaUXyALWero cayyas.
OueHKK ByayT UMETb CeayoLmnil BUL:
Tx 1 =64 KpacHsbiin
Tx 2 = 64 OpaHxeBbii
flcHo, uTo Tx 1 HYXK[AeTCA B CPOYHOM BHUMAHUMU, XOTH €ro
yncnoBas OLEeHKA Takas xe, Kak y Tx 2.

KombuHMpyeT ABa NpoCTbIX Me-
TOAA OLEHKM: YnCnoBoit 6ann faet
npefcTasneHne 06 obuem co-
CTOAHMM TpaHchopmMaTopa, a Hau-
XYALWKIA cyvyan nogyepKkuBaeT
CaMylo OMacHyI0 HeNCNpaBHOCTb
TpaHcdopmaropa.

TpaHcdopmaTop ¢ efuH-

CTBEHHbIM NPOABUHYTHIM pe-

KMMOM OTKa3a He MOXeT

ObITb OTNIMYEH OT TpaHchop-

MaTopa C HeCKONIbKUMU Npo-

ABUHYTHIMU PEXUMAMU OT-
Kasa

MawuHHoe ob6y4enune (Machine learning):

[aHHbI MHAEKC He ncnonb3yeT 3apaHee 3agaHHylo hopmyny
ANs pacyeTa OLEHOYHOro 6anna, a BMECTo 3TOro NpuMeHseT
COBPEMEHHble MEeTO/ibl aHaNM3a LaHHbIX, B KOTOPbIX anro-
PUTMbl MALWMHHOTO 00yYeHUs, TaKue KaK HEMPOHHbIE CeTy

TaKkoW nopxoj, No3BONIIET aBTOMATUYECKM BbISBNATh
CNIOXKHbIE 3aBUCUMOCTU U 0COOEHHOCTU B LlAaHHbIX, KOTOpbIE
MOTYT BbITb HE3aMETHbI 111 YENOBEYECKOr0 BOCMPUATHS.
370 no3BonseT cenaTb oLeHKy 60iee TOYHOI 1 YCTONYMBOIA
K U3MEHEHUAM B JaHHbIX.

TV TEXHUKM MoryTt HaWTN HOBbIE
CBA3U MeX Ay NoKa3laTtenamu co-
CTOAHNA U BUOAMU OTKa30B, YTO
NOTEHLUWAJIbHO MOXET yNy4LlunTb
Ka4yeCTBO MHAEKCa

CnoxxHble anropuTMmbl Tpe-
OyloTcs AN NPUMEHEHNSA
METO/10B MalIUHHOrO 06-
yueHus. Heobxopumsl
Gonblune 06beMbl JaHHbIX,
BK/10YAA AaHHble 0 COOsX.
Pe3ynbTaThl [OMKHbI ObITh
NPOBEPEHbI HA NPaBUJIb-
HOCTb «00OYyUYeHUs» MaLLNHbI.
Mpo3payHoCTb METO0B
OLLEHKM B 3TOM C/ly4ae OT-

CyTCTBYET.
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B crarbe omucan mHpekc oueHku TpaHcopmaropos (TAI),
KOTOpBIII [03BOJIAET OLIEHUTb COCTOAHME JM BEPOATHOCTb OTKAa3a
TPaHCPOPMATOPOB HA OCHOBE FAHHBIX O MX 9KCIUTYATAL[UI I TeCTH-
poBanym. [l pacdera oneHkn TAI 1CIonb3yoTcs pasmmIHble Me-
TOZBI, BK/IIOYAS JIVHEHbIe 1 HeTMHEIHbIe TIOfIXO/IbI, B3BEIIeHHbIe
CYMMBI I MaTeMaTudecKye Mojien. Kpome Toro, isl TIOBbIIIEHN
TOYHOCTY ¥ HAJIKHOCTH OLIEHKM MOXKHO IPUMEHATh METOJIbl Ma-
LIMHHOTO 00y YeHNs.

JIureparypa:

B saBucumocty oT TpebGoBaHMil Momb3oBarenell, oneHka TAI
MOXKET IIPEfiCTaBIATbCA B PAsNUYHBIX (OpMarax, BKIIOUAs efMH-
CTBEHHOE YMCJIO, LIBETOBOI KOJI, KOMMYECTBO HEUCIPaBHOCTEN
KXJIOT0 TUIA ¥ T.Ji. ITO IIO3BOJIAET JIETKO M OBICTPO OLCHUBATH
COCTOsAHME BCEro MapKa TpaHcOpMaTOpoB U IPUHVMATH Ollepa-
TUBHbIE PEIIeHVIA 10 UX 3aMeHe, PeMOHTY WIN 00CTy>KMBAaHMUIO.

B nenom, TAI sBnsercst 9deKTHBHBIM MHCTPYMEHTOM [/
yIIpaBIeHUs ¥ MOAePXKaHNsA TPaHCHOPMATOPOB B XOPOILIEM CO-
CTOSIHMM Y1 CHYDKEHMSA PYICKOB HEOXKM/TAHHBIX OTKa30B.

. CIGRE, Technical Brochure 735 — Transformer Post-Mortem Analysis, 2018.
2. CIGRE, «Technical Brochure 445 — Guide for Transformer Maintenance,» 2011.
3. V.Peralta and M. Bouzeghoub, «A framework for analysis of data freshness,» in International Workshop on Information Quality in

Information Systems, 2004

MpuUMeHeHNe apKTUYECKUX IUILIANHMKOB ANIA OKPALIMBAHUA TKAHeN

Bsauyecnasosa KapuHa ButanbeBHa, CTyaeHT
CeBepHblit (ApkTiyeckuit) hepepanbHblit yHuBepcutet umenu M. B. JlomoHocoBa (r. ApxaHresnbck)

B cmamve asmop onucvlgaem Kpacumenu, IKcmpazupyemole u3 JUUATIHUKO8 075 OKPAUUBAHUS mxaet. HBEW[ denaem uenose4ecKyo

HU3HD OoTIee acmemuyHoti, NOCKOZIbKY OH ABAEMCA OOHUM U3 OCHOBHBIX dTIEMEHINOB. Kpacumeﬂu us pacmel-tuit, HUBOMHBLX U MUHEPATIO8 UC-

NOTb308AIUCH 8 KAYECTNBE UCOYHUKO8 7S oKpamuearus MeKCMUNbHOL 0CHOBDL C bpesnux 8pemen. OoHako numatiHuxu o6pa3ymm epynny

€80€00pA3HDIX NPUPOOHDIX KpaCumesell, OKPAWUBAIOU4UX 6 KPACHDLLL U KOPUUHEBAMbIL UBema.
Kniouesvie cnosa: numaiinuky, HamypanvHble KpAcUment, 6MopuHole Memadonumbvl, Xumusm peaxuyuti, okpauusaHue.

Hmmaﬁmmxm — MoOOIBITHbIE PACTEHMS, COCTOSIIIIE 13 IPHOOB
U BOJOPOCTIeil, KOTOpble YacTO HAINIOMMHAIOT MATHA KPacKu,
OTC/IauBalOIelics OT KaMHell wm Aepesa. OHK VICTIONB3YIOTCS IS
CO3JAHISI YHNBEPCAIbHBIX Kpacureneit yxe 6omee 4000 net. JIu-
MAMHVKA SBJISIOTCS OJHUM V3 KOMIIOHEHTOB 6I/IOTbI 3eMHI/I, X BbI-
[AC/AI0T B OTHEC/IPHYIO I'PYIIITY, N3YyIaeMYIO0 HayKOI‘/‘[ — IUXEHOJIOTHE.
B HacTosIee BpeMsA HACUUTBIBAETCA TPUMepHO 17,5-20 ThIC. BUFIOB
MUIIATHUKOB. B MX 41C/I0 BXOAAT TaK)Ke TPYIIIBI OPraHU3MOB, 001-
Taroumx B Apktuke [1].

TpalH/[IH/IOHHI)IM IPpUMEHEHNIEM JIMIIANTHUKOB SIBJISETCS UX WC-
MIO7Ib30BaHNE B Ka4eCTBe HATypa/lbHBIX KpacuTenei. JInmaiHukn
JMEIOT 6M0T6XHOHOI‘I/I‘{€CKI/II‘/II NOTEHLMAI I TPOMU3BOJAT MHOXE-
CTBO BTOPMYHBIX MeTaOO/MNTOB. BropuyHble MeTabOMUTDI INLIIAN-
HMKOB BCTYHAIOT B PAf XMMMUYECKUX peakluil B IPUCYTCTBUU

C]ﬁH1407 + HQO — 208H504

pacTBOpuTeNeil ¢ 00pasoBaHMeM OKpPAIIEHHBIX COEMMHEHWIT, JC-
TIO/Ib3yEMBIX [ OKPALIMBAHMs BOTIOKOH.

Cpemy pasHOOOpasHOI TIPYNIBI BTOPUYHBIX METaOONUTOB
NIPEJICTAB/IEHbI JIETICUABI U JENCUJIOHBI, KOTOPbIE ABIAITCA Npef-
ITeCTBEHHNKAMI OPCENHA, OKPAIIEHHOTO COEMMHEHNA, 00pasyo-
I[EroCs B TMIIATHNKOBBIX KPACUTENAX. DTV XMMIYECKIe BelecTBa
THIPONU3YIOTCA B BOTHOM PacTBOPe C 06pasoBaHmeM OpPCeIOBOI
Kucnotsl. Opce/MHOBas KUCIOTA TIOfBEPTaeTCsl Peakiuy ekapo-
OKCHIMPOBaHNsA ¢ 06pasoBaHueM opcernHa. CMech IPOU3BOIHBIX
opcenHa fjaeT GakTUUECKNIT LBeT IMIIAHIKaM. XIMIdecKas pe-
aKLMA IpeJCcTaB/IeHa Ha pUCyHKe 1.

Tpu pacnpocTpaHeHHBIX MeTOfa SKCTPAKIMM KpacuTenell 13
NUIIAITHUKOB. B MeTofe depMeHTALMY MMIIATHUKAM TTO3BOMAIOT
(bepMeHTHPOBATBCS KaK B a9POOHBIX, TAK U B aHAPOOHBIX YCIIO-

Depside Water Orsellic acid

2CgHgO4 — 2C;HzO9 + 2CO,

Orsellic acid Orcein/Orsinol ~ Carbon dioxide

2C;HzO9y + 2NH,OH + 309 — 2C;H;NO3; + 6H,0
Orcein Ammonium hydroxide Oxygen Orcein derivative Water

Puc. 1. Xumnyeckas peakuus selects
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BJAX, YTOOBI IIOMTYINTh OKpAllleHHbIEe MPORYKTHL [Ipu MeTome K-
ILAYeHNs MMIIAMHIKY HaTPeBaloT IIPY OIpefie/IeHHOI TeMIlepaType
B TeYeHMe HECKOIbKMX YaCOB I/ U3BJI€YEHMA OKPALIEHHbIX COe/IM-
HEHMIA, a PV METOJIe SKCTPAKIMI PACTBOPUTE/IEM IMIIAHIKY BbI-
Tep>KMBAIOT B IO/IAPHBIX PAaCTBOPUTENAX B TeUEHME HECKObKIX He-
Jlenb JIA TIOMy4eH)A OKPAIeHHBIX TPOIYKTOB.

JImmaiteuky  06pasyloT TPYIIY CBOECOOPA3HBIX MPUPONHBIX
kpacuTerneil. Oco6eHHO NUIIAMHIKY ObUIM BAKHBL I OKpAIIN-
BAHIS B MyPIYPHBLT 1 (1anKoBbll 1BeTa. JINMAaHUKN UCIIOMb-
30Ba/IVICh /I OKpAlIMBaHMA LIEPCTH U IIE/IKA B IPEBHIE BPEMEHA,
U M3BECTHBIMU SIB/ISIOTCS IUIIAITHIKI IO OOIMM Ha3BaHNUEM Op-
XIITbHBIE TUIIAMHUKY, C KOPUYHEBBIM ¥ KPACHO-KOPUYHEBBIM OT-
TEHKOM IIBETa.

B Hexoropbix jmimaiiHukax rpymmn Roccellaceae copepikarcs
APKO OKpAllleHHbIe, JKENTble MM KpacHble BELIECTBA, KOTOpbIE
C YCIIEXOM VICTIONb3YIOTCA [/ OKPACKY IEPCTAHON TKAHM.

OpHyM 13 IUTMEHTOB B NMIIAIHIKAX SAB/IAETCSA CBETIO-KeTas
YCHMHOBAsA KMCNOTAa — BELIECTBO, KOTOPOE HNPMAAeT BUJAM POfia

Usnea n HekotopbiM BrpaM pofa Cladonia XapakTepHblit fyist HUX
CBET/IbIIL, YKEITO-3€/IEHblil OTTEHOK LiBeTa. SIpKO >KENThblil, OpaH-
KeBbIIT, KpacHblil 1BeT BuaoB popos Caloplaca, Xanthoria u sp-
KO-KPACHBIIT 11BeT IVIOJOBBIX Te/l HeKOTOpbIX BujoB pofa Cladonia
BBI3BaH HA/MMYMEM B VX XMMUYECKOM COCTaBe aHTPAXMHOHOB. [2].
[IponsBoaHble aHTPaXMHOHA IPUMEHSIOTCS KaK KpacuTenu, Ha-
npuMep anusapyH. JINIaiHMKOBbIe KPACUTEM MOXXHO HAHOCKUTD
Ha 1epcThb 6e3 UCIOb30BaHIs IIPOTPABDI, HO LIEPCTb MOKET OBITh
OKpallleHa B XKe/ITble OTTEHKM C OMOIIIbIo Peltigeracanina mpu mpo-
TpaB/IMBAHWUY KBacllaMl. Berast 1iepcTh 04eHb XOPOIIIO BINTHIBAET
KOpUYHEBbIe JMIIANHNKY. KpacHO-KOpPUYHEBbIIT [IBET MOXHO IIO-
Jy4UTb, MCIIONIB3Ys OPYM/IOBDII KPAaCUTEIb IIOBEPX TEMHOTO KOPYY-
Hesoro neta P Omphalodes.

Kpacurenu, skcTparupyemble 13 IUIIAIHUKOB B IIpOLiecce aM-
MMAYHOI SKCTPAKIMM TIPEJCTaB/IeHbl Ha pucyHke 2. [Ina maHHOro
OIIBITA IPUMEHSINCH BIUIOBbIe /aiiHuky: Knagonns, cemericrsa
Knapouuessie (Cladoniaceae); Ilapmenust (nat. Parmelia); Menaxo-

XoneA.

Puc. 2. U3MeHeHHe OKPACKMU aMMMUAYHOr0 IKCTPAKTA NPU B3aMMOAEMCTBUM C NULWANHUKAMM

B saxmodenuy, cuMOMO3 JMIIANHIKOB IMPENCTABIAET COOOI
IIEHHbIIT ICTOYHIK KOMMEPYECKI MHTePECHBIX COeVHEHMIT, BKII0Yast
IPOTUBOMUKPOOHBIE areHTBI, KPacUTEIM, VHTPE[UEHTbI CIIeLuit
u map¢romepu. Hamyane BropidHbIX MeTabo/mUTOB 06ecrednBaeT
TO, YTO JIMIIAITHIKA CIMTAIOTCS SKOHOMIYECKY BaXKHBIMI 611000b-

Jlureparypa:

ekTamu. brarogaps 6oraToMy MeTabONMIM4eCKOMY COCTABY TPajyIIy-
OHHO JIMIUAMHUKM JICIIONB3YIOT B KayeCTBe KOPMOBOIO IIPONYKTa,
a B crpaHax IOro-BocroyHoit Asuy npuMeHAIOTCA B MEAMLMHCKIX
LIe/IX KaK aHTHOMOTIYeCKIie KOMIIOHEHTBI, MCIIONIb30BAHNE B Kade-
CTBE HaTYPa/IbHbIX KPACUTe/IeN IIPM OKPALIMBAHMI TKAHEI.

1. Anpgpees M. IT,, Tumens6panr [I. E. ®nopa numraitankos Poccun: Buonorus, sxonorust, pasHoo6pasite, paclipoCTpaHe e 1 Me-

TOZIBI M3ydeHns muraiiHnKoB // Topapuimectso Hayunbix nsganmit KMK, 2016.— 392 c.

2. Thomas Bechtold, Rita Mussak Handbook of Natural Colorants // Leopold-Franzens University, Austria, 2009

3. Preeti Shukla, DK Upreti, S Nayaka, Priti Tiwari. Natural dyes from Himalayan lichens // Lichenology laboratory, CSIR-National Bo-
tanical Research Institute, Rana Pratap Marg, Lucknow, Uttar Pradesh-226001, India. Indian Journal of Traditional Knowledge Vol.

13 (1), January 2014, pp. 195-201.
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060cHOBaHUe BbIGOpa hepMEeHTHOro Npenapara AN TeXHONOru
NPUroToBJIEHUA GUCKBUTA U3 NLIEHUYHO-TPUTUKANIMEBOI MYKK

EBctpatoBa Hatanbsl AHpeeBHa, CTYAEHT MarucTpaTtypsl;

MBaHoBa Jllogmuna AdaHacbeBa, [JoKTOp TexHUYECKUX HayK, npodeccop
Poccuiickuit GruotexHonoruyeckuit ywusepeutet (POCBUOTEX) (r. Mockea)

Cmampst nocesiuyena cosepuieHcmeo8aHuI0 MexHON0ZUY My UHbIX KOHOUMEPCKUX U30enull, Mmax Kak ¢ Kamovim 2000M y8enuHUBaemcs
00BeM npou3so0cmea xnebo6ynouHvLX U MyuHbIX KoHOUmepckux uzoenuii 6 Poccutickoii Gedepavuu.

M30enus us HamypanvHbiX, 6bICOKOKAYECNBEHHBIX UHZPeOUEHINO0B C YTy HUieHHOU OU0TI02UHecKOl, A MaKie NUL4e80T LeHHOCHIbIO CIaHo-
eamcs ece bonee nonynaproimu. Tax, Hanpumep, HOBbICUMb NULEEYI0 U OUOTIOZUHECKYIO UEHHOCTND MYHHDIX KOHOUMEPCKUX U30eULI MOKHO 34
Cuem UCNONb30BAHUSA 6 UX Peyenmype 3epHa mpumuxarne. Brazodaps cnaboii kneiixosure, 602amomy AMUHOKUCIIOMHOMY COCMABY, MPUMUKA-
716810 MYKY MOHCHO UCNIOIb308ANYb, KAK NPEKPACHYI0 ANbMepHAMULY NUEHUUHOL MyKe Npu U320M067IeH1e My HDIX KOHOUMEPCKUX U30enUil.

B Hacmosiujee 8peMs pazpadamvléaemics MHOMECMBO UHHOBAUUOHHDIX YIyuuwiumenetl, KOHMPOTUPYIOUWUX NPOUECC NPULOMOBTIEHUS
MYUHVIX KOHOUMEPCKUX U30eMULl, 8 MOM HUCTIe BbINYCKAIOMCS BbICOKOKAUECHIBEHHDLE (ePMEHMHbIE NPENapanvL.

Lenvio Hacmosusezo uccnedosanus bvina paspadomea peyenmypot GUCKEUMOB U3 NUIEHUHO-MPUMUKATIEB0I MYKU C UCNONIb306aHUEM
gepmenmuvlx npenapamos. B pesynomarme npoeedennvix uccnedo8anuii Obisio 8biA67IEHO ONMUMATILHOE COOMHOUAEHUE CMEC NUEHUMHO-THPU-
mukanuesoti myxu (8 %). B uccnedosanuu npumenanuco Ouoxumuseckue u GU3UKO-Xumudeckue Memoobl ananusa, Ha 0CHOBAHUU KOMOPbIX

0a6a71aCk CPABHUMENLHAT OUEHKA HOMEHUUATIDHOLL B03MOMNHOCTU UCHIONb306AHUS 11020 UL UHO20 (hepMeHH020 npenapama.
Kniouesvie cnosa: epmenmubiii npenapam, GUCK6UM, NUEHUMHASL MyKA, MPUMUKATESas MyKa, 6e30postciesble U30eUs.

BefieHne. [IpoBefieHHbIe MCCIENOBAHNSA IOCBSAIIEHBI COBEp-

IIEHCTBOBAHMIO TEXHOIOTVY MYYHbIX KOHAUTEPCKUX M3[IeNNI,
B CBAA3M C ©KETOJHBIM yBeI4YeHNeM 06beMa IIPOM3BOICTBA X/1e60-
OY/IOYHBIX U MYYHBIX KOHAUTepCKux mspenuit B PO. Tnasuoit 3a-
fladell IpOU3BOICTBA MYYHBIX KOHIMTEPCKMX M3MIEMUil ABIAeTCA
BBIITYCK IIPOAYKTOB BBICOKOTO KA4ECTBA, C yIy4IIEHHOI O1oIorde-
CKOI1, a TaK>Ke MUILEBOI IIeHHOCThIO [4, C. 324].

Hanbornblueit HOMy/APHOCTDIO Y OTpeOUTeNIel! OMb3YeTCs KOH-
IMTepcKas IPORYKINMA Ha ocHoBe MyKH (puc. 1). V3 rpadmka BupHoO,
4TO TaKMe M3JENMNs ABJAIOTCA NEePCIeKTUBHBIMU OObeKTaMu s
oboratieHns 1x GyHKIMOHAIbHbIMY KomitoHeHTamu [1, C. 82].

V3pemya 13 HaTypaIbHBIX MHTPENVEHTOB C YIy4IIeHHO 6110-
JIOTMYeCKOIA, a TAaKoKe MIIIeBOII IIEHHOCTBIO CTAHOBATCSA BCe Ooree
nony/sApHbIMIL. Tak, HalpyMep, 3epHO TPUTHKATIE TI0 CPABHEHMIO
C 3epPHAMU PXKU U IIIIEHMIBI 60/Iee BUTAMIHMSMPOBAHO, @ TAKXkKe
COfIepXXUT 6OTIbIIIE MUKPO3/IEMEHTOB. IIpu IIpOM3BOACTBE MyYHBIX
KOHIUTEPCKMX M3JeNNI MIIeHNYHYI0 MYKY MOXKHO 3aMEHUTb Ha
MYKY U3 3epHa TPUTUKaJle, TAK KaK y Hee 00OOrallleH aMIHOKIIC-
JIOTHBII COCTaB, K OHA obnajgaer 6omee caboil KIeiKOBUHON [4,
C. 325]. Myka u3 3epHa TPUTHUKAJIE CTYXKUT OCHOBOJ MUKPO- I Ma-

KPO3/IeMEHTOB, INIIEeBLIX BOJIOKOH, BUTaMIHOB I'pyIIbI B, a Taioke
A, Eu C. Kpome Toro, oHa comep>XnT 6e/oK, COCTOAILINI 13 BOCBMU
He3aMeHMMBIX 1 IBEHA/II[ATH 3aMEHMMBbIX AMIHOKIUCTIOT. B TaHHBIX
9KCIIepMMEHTaX IIPUMEHANACh 3€PHOBAsA KYNbTYpa TPUTHKAIE,
KOTOpasi OT/IMYAETCSI BBICOKMM COfiepXKaHMeM Oelka U aMIHO-
kucnor [1, C. 81]. IIpofyKThl, IpUTOTOB/ICHHbIE HA OCHOBE TpPU-
TUKaJIe, VIMEIOT IIOBBIICHHYIO NUINEBYIO M OMOJIOTMYECKYI0 LieH-
HOCTb.

BespmpoxokeBble x1e606yIOUHbIe U3LIENNA, 0OCOOEHHO MYYHBIE
KOHJIUTePCKIe U3Ie/Is, U3 TPUTHKAIIE He OTBEYAIOT TPeOOBaHIAM
noTpeburenelt 0 CBOEMY BHELIHEMY BUY 1 OPTaHONENTHIECKIM
xapakTeprcTukam. [1oaTomy ceftdac paspabaThIBAIOTCS HOBENIIIIE
YAy4UINTE, B TOM 4YuClIe (pepMeHTHble Iperaparhl, KOTOpbIe
C YCIIeXOM IIPMMEHAITCA B MYYHOI KOHJUTEPCKO! 1 XeOore-
KapHoIt npombliiyteHHOCTH [3, C. 165]. BBemeHme pasni4HbIX yIy4-
LMTeselt CIOCOOCTBYET YIYYIIEHMIO PELieNTyphbl ¥ IPUMEHEHMUIO
HOBBIX TEXHOJIOTHIT, @ TaKoKe OUCKY 9 (EKTUBHBIX pelIeHNIT pas-
HOOOPa3HbIX TeXHOMOIMYeCKuX 3ajay [2, C. 482].

Ilenp paHHOrO 3KCIEpUMMeEHTA: BHIOpAaThb (pepMEHTHBI IIpe-
TapaT 11 YCTAHOBUTD €TI0 KOHIIEHTPALINIO /LS UCIIONIb30BAHNA B TeX-
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> 360
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Puc. 1. MupoBoif poIHOK My4HbIX KOHAUTEPCKUX u3penui (Mctounuk: EMIS)
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HOJIOTUY TIPUTOTOB/IEHNS GUCKBUTA U YCOBEPIIEHCTBOBATH XapaK-
TEPUCTHKI TOTOBOI ITPOYKLIVIL.

OGBeKTBI M CIOCOGBI IKCIEPUMEHTA: 00DBEKTaMI IKCIIepH-
MEHTOB ObL/IN YeTbIpe (pepPMEHTHBIX [perapara:

- «[Dmokosum-JI-400»  (c
aKTUBHOCTD AericTBusA 1200 exr/mi);

- Ilporeasa G «UBG» (¢ IpOTeONMUTMYECKUM [EHCTBIEM,
aKTUBHOCTD fericTBusA 700 en/mn);

- Promozyme D6 «NZ» (c mymTynaHasHbIM [eNiCTBMEM,
aKTUBHOCTD feitcTBust 1100 ex/min);

IJIIOKOAMMJIA3HBIM  TIEICTBUEM,

- a-ammiasa (C aMUIasHbIM IEVICTBYEM, aKTUBHOCTD JeICTBIUS
1500 em/m).

B npoBeieHHBIX 3KCIIepPUMEHTax OBIIM YCTaHOBJIEHDI epMeH-
TaTUBHbIE AKTUBHOCTH IpernapaToB B cootseTcTBIM ¢ [OCT. B ro-
TOBOJ POAYKIMY pH TMOTeHIMOMEeTPUYECKUM METONOM YCTaHOB-
nensl BrakHOCTh 10 [OCT 21094-75 u xucmoruocts mo TOCT
5670-96.

PesymbraThl. PaHblle MpOBOAMINCH MCCIETOBAHNA HA TPUTHU-
KaJIeBOIl MyKe JI/LA Io/mydeHns xne600ynounbix nspemmii [1, C. 82].
B mpepcraBieHHOl paboTe BHIPAaOOTamyM TEXHONOTMIO M3TOTOB-
JIeHJSA MyYHOTO KOH/IUTEPCKOTO U3JE/IA U3 MYKH TPUTHKaIe. B co-
CTaB pelenTypbl OMCKBUTOB BOLUIM: MyKa, CAXaPHBII IECOK, MO-
7oxo, Aitro CO, comb, TOACOMHEYHOe MAaC/IO U TMMOHHAA KICTIOTA.
[TureHNYHyI0 MYKy YacTMYHO 3aMEHWIM Ha MYKY M3 TPUTHUKaje
B C/IEAYIOLMX IIPOLEHTHBIX COOTHOIIEHMAX: Ne 1 — KOHTpO/b Ha
HmeHnYHon Myke, Ne 2-90:10, Ne 3-80:20, Ne 4-70:30, Ne 5-60:40,
Ne 6-50:50 1 Ne 7 — KOHTPOJIb Ha TUTHKA/IeBOI MyKe. CKpUHIHT Op-
raHOTIENTIYeCKIX T0Ka3aTeselt 6MCKBUTOB 113 IIIEHIIHO-TPUTHKA-
JIMeBOJT MyKJ II0Ka3aJ1, 4To 0Opaser; Ne 3 6bL1 607ee MpUOIIDKEH 110
BKYCY, XapaKTepHOMY I BCeX OMCKBUTOB. TOTO He HAOMIOanoch
y OCTa/IbHBIX 00pas1oB. Kpome Toro, mprMeHeHe pasHbIX COOTHO-
LIeHMIT MYKM B 006pasliaX BIyAeT Ha IBET U OPUCTOCTb TOTOBOTO
6ucksura. Ha pucyHkax 2, 3 OpuBeeHO CpaBHEHE OPraHO/EITH -

YECKNX " MaCCOI‘a6apI/ITHbIX TOKa3aresen.

et N2 Ne3

‘N4 Ne5

NG Ne7

Puc. 2. Bup 06pasuos c6oky, B paspese (N2 1 — KoHTposb Ha NweHnYHOM MyKe; N2 2-90:10; N2 3-80:20; N2 4-70:30; N2 5-60:40;
N2 6-50:50; N2 7 — KOHTPONb Ha TPUTUKANEBOMN MYKe

Maccoraﬁapml-lble NoKa3aTe/Zin, B CM
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HBbicota o LupuHa

Puc. 3. 3aBUCUMOCTb rabapUTHbIX pa3MepoB GUCKBUTOB OT COOTHOLIEHMA NIWEHUYHON U TPUTUKANEBOH MYKU
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Tabnuua 1. MaccoBas gons Bnaru, KUCNOTHOCTb U PH B roToBbIX GUCKBUTAX

O6paseuy CooTHoweHne MyKu,% MaccoBas pons KucnoTHocT, rpan pH
MuweHnyHanA TputukaneBas Bnarun,%
Ne 1 100 0 12,55 0,40 8,06
Ne 2 90 50 12,85 0,30 7,88
Ne 3 80 60 12,75 0,35 7,96
Ne 4 70 70 12,80 0,35 7,85
Ne 5 60 80 12,65 0,35 7,97
Ne 6 50 90 12,45 0,35 8,02
Ne 7 0 100 12,45 0,30 8,01

[laHHBIe 0 MAacCOBOI TO7Ie BIAry, KUCTOTHOCTH 11 pH Bcex 6uc-
KBJTOB ITpVBefieHbI B Tabmtie 1.

B o6pasiiax HesHaUMTENbHO MEHAOTCSA PH, MaccoBas 10711 B/Iarn
1 KMCTIOTHOCTD, HO I3MEHIOTCA I{BET, IIOPUCTOCTD, BKYC I 3alax.

B xopie uiccnenoBanmit 66110 OIpefieNeHo, YTo HayIydIee COOT-
Holenve (B %) /1 MYKI TPUTHKAJIE Vi MIIeHNIIbI cocTasseT 80:20.
JIydmiee feficTBIe Ha OPraHOTIENITIYECKIIE [IOKa3aTeny 6bu1o y dep-
MeHTHOTo Ipenapara — npoteasa G «UBG».

[Ipu npuroroBnerun obpasmo Ne 1, Ne 2 1 Ne 3 mo6assiics
(epMenTHBII Ipernapat nporeassl G «UBG».

- Nel—mporeasa G «UBG» c mpoTeonuTiyeckuM AeficTBIEM,
aKTMBHOCTD feiicTBusA 0,70 efi/T Myku;

- Ne2—mpoteasa G «UBG» c mpoTeonuTiyeckum AeiicTBIEM,
aKTUBHOCTD fevicTeysA 0,50 ef1/T MyKu;

- Ne3—mpoteasa G «UBG» c mpoTeonuTirdecknM AeriCTBIEM,
aKTMBHOCTD feiicTBusA 0,30 en/T Myku;

- K —xoHTposb 6e3 GepMeHTHBIX Ipenaparos.

VccnenoBaHme OpraHoIeNITIYECKIX TTOKa3aTeneli OYCKBUTOB 13
cMecu TIeHNYHO-TPUTUKANIEBON MYKU B 3aBUCUMOCTHU OT KOH-
nenTpauyn npoteassl G «UBG» mokasan, uto obpaser; Ne 1 6oree
C/IAfIOK, OH [ja/l MAKCUMA/IbHOE YBE/IIY€eH e B TabAPUTHBIX TTapame-
Tpax TOTOBOTO MPORYKTA. [Ipy CKaTyu GbICTpee U Iydlle BO3Bpa-

IaeTcs B NepBOHAYaIbHYI0 opmy. CofiepskaHite MaccoBOIl OMN
BJIATH, XPYCT M KICIOTHOCTb BO BCeX 00Opasijax 6bUI0 mpubmmsiu-
TeTbHO OfMHaKoBbIM. Ha pycyHKax 4, 5 mpuBefieHO CpaBHEHME OP-
TaHO/ENTNYECKIX I MACCOra0apyTHBIX IIOKa3aTeel.

B Tabmiue 2 mpyBeneHbI aHHBIE O KUCTOTHOCTH, pH 1 Mac-
COBOIT J107Ie BIATY BCEX OJICKBIUTOB IIPUBEICHBI B TAOMNIIE 2.

Bpemst usrorosnenns OMCKBUTA COKPATUIOCh HA 5 MUH. Y KOH-
TPONBHOTO 0bpasia o6beM TOTOBOTO TecTa ObUT MeHbIIe, YeM
y OIbITHOrO Ha 15%. ¥ ombITHOTO 06pasiia OpraHo/IenTIIecKe mo-
KazaTeny ObUIN OLieHeHbI Ha 3—4 6a/iia Bblille, 4eM Y KOHTPO/ILHOTO.
Hapany ¢ atuM dusyko-xummdeckye 1 6MOXUMIIECKHe MOKasa-
Te/M, TaKMe KaK KMCIOTHOCTD, pH 11 MaccoBas 071 B/Iary OCTajiCch
HPAKTUYECKV HEVI3MEHHBIMIL.

3axmiouenne. [l 5KOHOMMM CBIPbS, @ TAKXKe COKpalleHMs
BPEMEHM M3TOTOBIEHNA KOHAMTEPCKUX M3JENMII Ha OCHOBE MYKI
¥ TIOBBILIEHVS] X KAYeCTBEHHBIX [OKa3aTeneil HeoOXOmVMbl pas-
MYHbBIe epMEHTHBIE NPENapaThl. B pesymbTaTe SKCIEpUMEHTOB
ObiT ompeneneH Hambonmee 3pQeKTUBHLIT (epMEeHTHbII Ipe-
napar — npoteasa G «UBG», KOTOpBIIT TOKa3a ONTUMaNbHbIe Op-
FaHOJIEIITIYeCKNe, OMOXIMIUYECKIe TOKa3aTeNny 1 MOTPeOuUTeb-
CKO€ Ka4eCTBO /st GMCKBUTA U3 CMECH IIIIEHNIHO-TPUTIKA/INEBOI
myku — 80:20.

Ne2

Ne3 |

Puc. 4. Bup 06pasuoB c6oky, B paspese (K — koHTponb; N2 1 — nporeasa G «UBG» ¢ npoTeonnTuyeckum AeifcTBUEM, aKTUBHOCTb
peitcteua 0,70 ep/r myku, B N2 2 — npoteasa G «UBG» ¢ npoTeonnTUYECKUM AeiiCTBUEM, aKTUBHOCTb AencTBua 0,50 en/r myku
u B N2 3 —npoteasa G «UBG» c npoteonutuyeckum AieicTBUEM, aKTUBHOCTD AeiicTBua 0,30 ea/r MyKu)
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MaCCOI'aﬁapMTHbIe NOoKa3saTe/aun, B Cm
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Puc. 5. MaccorabapuTHbie noKasaTenu GUCKBUTOB, NPUrOTOBIEHHBIX C (hepMEHTHbIM NPenapaTom

M Bbicota M LuMpuHa

Tabnuua 2. KucnotHocts, pH 1 MaccoBas gons Bnarv B rotoBbix 6UCKBUTAX C hepMeHTHbIM npenapatom npoteasa G «UBG»

O6pasey K Ne 1 Ne 2 Ne 3
CooTHoleHMe MykK%h MweHnyHan 80 80 80 80
TpuTukanvesas 20 20 20 20
AKTUBHOCTb (DEPMEHTA, ef/T MyKH Mpoteasa G «UBG» KoHTtponb 0,7 0,50 0,03
MaccoBsas gons snaru,% 20,10 21,50 21,65 20,70
KucnotHocTts, rpag 0,35 0,45 0,30 0,40
pH 9,09 9,05 9,11 9,07
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Study of liquid glass sealing agent for prevent loss circulation and gas shutoff applications

Ismailzade Emin Ismail ogly, student master’s degree;
Ismayilov Fuad Nazim ogly, PhD
Azerbaijan State University of Oil and Industry (Baku)

The loss of drilling fluid into the formation can lead to reduced drilling efficiency, increased costs, and well instability or collapse. Different
methods are available to minimize fluid loss, such as using appropriate drilling fluid properties, wellbore stabilization, and zonal isolation tech-
niques. The addition of liquid glass or sodium silicate to drilling mud can create a sealant that reduces the permeability of the formation, leading to
increased oil production. Nanosilica particles have also been investigated for gas shutoff applications in the oil and gas industry, which can enhance
the fluid’s properties and ability to plug fractures and prevent gas migration.
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Drilling fluid, also known as drilling mud, is an essential compo-
nent of the drilling process, as it helps to lubricate the drill bit,
cool it, and transport cuttings to the surface. However, if the drilling
fluid is lost into the formation being drilled, it can cause various op-
erational and financial issues, such as reduced drilling efficiency, in-
creased costs due to the need for additional drilling fluid, and even
well instability or collapse.

There are various causes of drilling fluid loss, such as forma-
tion instability, wellbore collapse, excessive pressure, and inade-
quate drilling fluid properties. The loss of drilling fluid can occur
during various drilling operations, such as drilling, tripping, and ce-
menting.

Several methods are available to minimize the loss of drilling
fluid, such as using appropriate drilling fluid properties, wellbore sta-
bilization techniques, and zonal isolation techniques. Additionally,
various chemical additives, such as lost circulation materials, seal-
ants, and plugging agents, are used to seal the formation and pre-
vent fluid loss.

Several studies have investigated the issue of drilling fluid loss
and the effectiveness of various methods to prevent it. For example,
Gupta et al. [1] investigated the use of various lost circulation ma-
terials to prevent fluid loss in fractured formations and found that
the materials significantly reduced the loss of drilling fluid. Similarly,
Adeleye et al. [2] investigated the use of wellbore strengthening ma-
terials to prevent wellbore collapse and reduce fluid loss.

Methods. Liquid glass (sodium silicate) is often mixed with
drilling mud to create a sealant that can reduce the permeability of
the formation and create a barrier that prevents the loss of drilling
fluid.

The silica gel that is formed when liquid glass reacts with min-
erals in the formation can help to control the flow of fluids and im-
prove the stability of the formation, ultimately leading to increased
oil production. This technique has been shown to be effective in
both low-permeability and high-permeability formations. For ex-
ample, Zhang et al. [3] investigated the use of liquid glass as a sealing
agent in low-permeability sandstone reservoirs and found that it
significantly reduced the permeability of the formation. Similarly,
Al-Rbeawi et al. [4] investigated the use of liquid glass and silica
nanoparticles in high-permeability sandstone formations and found
that it significantly reduced the loss of drilling fluid into the forma-
tion.

Experiment. An experiment involving mixing liquid glass with
drilling mud would typically involve the following steps:

1. Preparation of drilling mud: A batch of drilling mud is pre-
pared according to the desired properties such as viscosity, density,
and pH.

2. Preparation of liquid glass: Liquid glass, also known as so-
dium silicate, is prepared by mixing sodium silicate powder with
water to achieve the desired concentration.

3. Mixing of liquid glass and drilling mud: A measured amount
of liquid glass is added to the drilling mud, and the mixture is stirred
using a mechanical mixer or other means.

4. Testing of the mixture: Various properties of the mixture,
such as rheological properties, filtration properties, and permeability
reduction, are tested using appropriate instruments and methods.

5. Comparison with control samples: The performance of the
mixture is compared with that of control samples, which are drilling
mud samples without liquid glass.

6. Analysis of results: The results of the experiment are analyzed
to determine the effectiveness of the liquid glass and drilling mud
mixture in reducing the loss of drilling fluid.

In general, the effectiveness of the liquid glass and drilling mud
mixture would depend on factors such as the concentration and type
of liquid glass used, the properties of the drilling mud, and the char-
acteristics of the formation being drilled.

Specific details of the experiment, such as the exact concentra-
tions and testing methods used, would vary depending on the ob-
jectives of the experiment and the properties of the materials being
tested [3, 4].

Nanosilica-based fluid systems have been investigated for gas
shutoff applications in the oil and gas industry. The addition of nano-
silica particles to the fluid can enhance its properties and improve its
ability to plug fractures and prevent gas migration.

The studies published in [5, 6] evaluated the effectiveness of a
nanosilica-based fluid system for gas shutoff applications. The re-
searchers used a mixture of nanosilica particles and a polymer gel to
create the fluid system. They found that the system had good stability
and was able to effectively block gas flow in laboratory experiments.

Following core flooding tests, the core plug was disintegrated, and
the surface of the pore structure was observed using scanning elec-
tron microscopy (SEM). The amorphous substance was observed
within the pore structure of the treated core plug. An untreated core
sample was employed to compare the formation of the in-situ amor-
phous material. Figure 1 illustrates SEM images of the fractured core
surface at different scales of 500, 200, and 100 pm. The untreated core
surface appears glossy and smooth, whereas the treated core surface
appears uneven. This indicates the formation of the amorphous sub-
stance at all three scales.

Another study published [7, 8] also investigated the use of nano-
silica particles for gas shutoff applications. The researchers used
a mixture of nanosilica particles and a foaming agent to create the
fluid system. They found that the system was effective in reducing
gas permeability and increasing the pressure required for gas to flow
through a porous medium.

Conclusions. Mixing liquid glass with drilling mud can be an ef-
fective way to prevent the loss of drilling fluid and improve the ef-
ficiency of drilling operations. The resulting sealant can reduce the
permeability of the formation and control the flow of fluids, leading
to increased stability and improved oil production.

These studies suggest that nanosilica-based fluid systems have the
potential to be an effective solution for gas shutoff applications in the
oil and gas industry. However, further research is needed to optimize
the composition and properties of the fluid system and to evaluate its
performance in field applications.
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Untreated core — 100 pm Treated core — 100 pm

Fig. 1. Core flooding tests [6]
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AHanu3 noapHo# onacHocTU MyHULUMNaNbHOro aBTOHOMHOr0 06Pa30BaTeNbHOro yupeXxaeHus
«WHxeHepHbI# nuueit» ropoaa AnbMeTbeBcka Pecny6nuku TatapcraH

Myctacuu AnbGept PuHaToBmy, CTyaeHT
Akapemus rpaxpaHckoit 3awutel MYC Poccun (r. Xumkn)

B cmamve nposeder komnnexcHuili aHanus nokasamerneti, XapaKxmepusyousux NOXKAPHYI0 0NACHOCHb 0014e00pa306amenvHblX WKOTL HA
npumepe o6vexma 3ausumol — MAOY «Hnsmenepruoiii nuyeti» 2. Anomemvescka PecnyOnuxu Tamapcman.
Kntouesvie cnosa: o6uieobpazosamenvivle yupesOeHUs, NOKAPHAS ONACHOCHD, 20PIOHAS CPeOd, UCHIOUHUK 3AHULAHUS, OKUCTUMETb,

K7IACC PYHKUUOHATLHOTL NOHCAPHOTE ONACHOCTUL.

Ha CErofiHAIIHMI IeHb OTMEYaeTCs BbICOKMIA TOKA3aTeNb YaCTOTEI
BO3HMKHOBEHNA IIOKApOB Ha TeppUTOPUAX 06uieobpasoBa-
Te/IbHBIX yupexpiennit Poccuiickoit Penepanyn [2], a Taxoke monTBep-
KJIeHbI (PaKThI THOEI IPAK/AH, IPY IOXAPaX Ha 00BEKTAX JAHHOTO
K1acca pyHKIMOHA/IbHOI I0)KapHOII OITACHOCTIL. BhllteckasaHHOe OT-
paxaeT aKTyaTbHOCTb MCCTIEYeMOil B CTaThe IPOOIEMATHKIA.

B coorBerctBuM ¢ m.a. 4 cr. 32 defepanbHOTO 3aKOHa OT
22.07.2008 T. Ne 123-®3 «TexHudecknit permaMeHT 0 TPeOOBAHMAX
HOXKapHOIT 6€30macHOCTI» [1] 06BEKT 3aIUThl — MYHMLIUITATBHOE
aBTOHOMHOe 001je06pa3oBaTe/bHOe yupexyeHue «VHkeHepHbIit
muneit» I AnbMeTbeBcka Pecry6muky  TatapcTan  oTHOCHTCA
K K/1accy QYHKIMOHAIBHOI TOXKapHOIT omacHocTy P4.1.

[ToxxapHas ONMACHOCTb BCeX OOBEKTOB 3AIIMTBI XapaKTepU3y-
eTcsl CTIefyIoLMMI TapaMeTpaMIL: TOpIoYeli Cpefolt, MICTOYHMKAMMU
SKUTAHUSA U OKUCTUTEAMY [3-4].

[prcTynum K oApOOGHOMY aHAIU3Y 0COOEHHOCTEN IOXKAPHOIT
omacHocTy o6pasoBarenbHoit opranusauuyt MAOY «VIHxeHepHbIit
JInnei».

Toproyast cpeia Ha MccefyeMoM 0ObeKTe XapaKTepyayeTcs cre-
AYIOLIMMIY TO3UIMAMIU:

- IUIaKaThl, OyMaXkHas KOPPECIOH/eHIUs, yiebHOe-MeTORN-
JecKue MaTepyabl T.1.;

- JIBX u IK, npumensemble [ mpoBefeHus o6ydaromy-
MIICSL pas/IMYHBIX SKCIIEPYMEHTabHBIX TAOOPATOPHBIX paboT;

- 3NeKTPo06OpPYLOBaHMe, MCTIONIb3yeMOoe LA Lieneit 00ydeHNs
(MHTEepaKTUBHbIE JOCKM, KOMIIBIOTEpBI, IIPOEKTOpBI, 3BYKOBasA
U CBETOBA AINIAPATYPa);

- 9/IEKTPOIPOBOJAIIIE KOMMYHMKALIVIL;

- BEHTWIANMOHHAS CUCTEMA;

- Me0erb ¥ IpeMeThl UHTePbepa;

-  OT/IeNIOYHbIe MaTepUaTIbl;

- IPOU3BOACTBEHHBIII MYCOp B KaOMHeTaX TexHOnoruu (ape-
BeCHbIe OIWJIKY, CTPYXKKa, TPOMac/IeHHas BETOLIb, KYCKI TKaHelt).

OxucrmTeneM, BBICTYIIAET KMCIOPOJ, COREPXKAUIMICA B BO3-
yXe, HO U He VICK/TIOUEeHO MOSB/IeHNE VIHBIX OKVC/IITEIeN, IPY IPO-
BEfIeHNY YYAIIMMICA ONbITOB. CI/IBHBIMM OKMCIINTEIAMMU ABJIA-
I0TCS IIePEeKIICh BOROPOJA, a30THAS U CepHAsA KUCTIOTBI, GTOp, 6poM,
XJIOp 11 X Ta3000pasHble COeMMHEHNIA, XPOMOBDIIT aHTUAPUT, TIep-
MaHTaHaT Ka/is, X7I0PAThI 1 IPYTUE COeNNHEHN.

JIureparypa:

O3HAKOMUMCs C BO3MOXKHBIMI MCTOYHIKAMY 3XKUTaHM:

- OTKPBITBIIT OTOHb (OTOHB OT TA30BOIT TOPEIKN);

- TeIVIOBOIT IOTOK OT BOJOHATPEBATEMbHBIX U HarpeBa-
Te/IbHBIX IIPUOOPOB;

- CaMOBO3TOpAHINE BELIECTB, IIPY IIPOBEEHNI YYAIIVIMICS
71ab0paTOPHBIX paboT;

- VMCKpBbI, BOSHIMKAIOLLVIE IIPU CBAPOYHBIX PabOTax;

- HapylleHne B paboTe 97IeKTPONPUOOPOB U IEKTPOIPOBO-
JAIIMX KOMMYHUKAIIIA.

Bo3MOXKHBIE ITYTH pacIipoCTpaHeHNus moxapa B 3ganyu MAOY
«Vmxenepubit JInnei»:

- TO BEHTW/IALMOHHBIM KaHajaM;

- IO CrOpaeMBIM BEIeCTBAM J MaTepHaIaM;

T10 OKOHHBIM J1 IBEPHBIM IIPOEMaM;

- C9TaXka Ha 9TAX Yepe3 IPOeMBbI IePEKpPbITIIL B MeCTax IIpo-
XOfa Pas3IMYHBIX KOMMYHMKALMIL: BOJOIPOBOJQ, KaHAIU3ALNIL,
aMEeKTpOKabereit.

VTak, B paMKax CTaTby NPOM3BEEH aHANU3 MOXKApHOI Omac-
HOCTU ofueoOpasoBarenbHoro yupexpenuss MAOY  «mxe-
HEpHBIiT JINIie1», TI0 Pe3ynbTaTaM KOTOPOrO ObIIO BBICHEHO, YTO
HOXapHas ONAaCHOCTb 00'EKTOB 3aLUTHI JAHHOTO THUIIA XapaKTepy-
3yeTcs C/IeyIOLVIM:

- MaccoBoe IpeObIBaHNe JIIOfiE]l PasHBIX BO3PACTHDBIX KaTe-
ropuii (IIperMyIecTBEHHO AeTH 11 IOPOCTKIL);

- HamuyeM JIBXK u K, mpuMeHAeMbIX Ipy TpOBeeHNN Ta-
0OpaTOPHBIX I 9KCIIEPUMEHTA/IBHBIX Pa0OT 00YJaIOMMUCS;

- 6onpuire 06beMbI MOXXAPHOI HATPY3KM, KOTOPYI0 COCTAB-
JIAI0T: Me0eNb, SMEKTPOTEXHNKA U 000pyoBaHIe, OTAEOYHbIE Ma-
Tepuabl, 6yMaXHas KOPPECIOHIEHINA 1 Jip.;

- IUCTOKAUVA B IpefenaX OFHOIO 3[aHVA IOMeLIeHNI! pas-
JMYHBIX K/IAcCOB (DYHKIVOHAMBHON IOKaPHOI OIACHOCTY, Ha-
npuMep, 00beKThI 06mecTBeHHOro mutanust — O 3.2; puskynsryp-
HO-0310pOoBUTENbHbIE 06BeKTH — D 3.6).

Taxum 06pa3oM, cyljecTByeT HeOOXORVMOCTb B NOBBILIEHUN
YPOBHsI IIOXKapHOIT 6e30macHOCTH 001e06pasoBaTeNbHONO yupe-
xpnenna MAOY «VInxeHepHblil nuiiell» MOCPELCTBOM COBEpLIEH-
CTBOBaHMA QYHKIMOHMPYIOLE Ha 00beKTe CHCTeMbl 00eCIedeHI
HO>KapHOI 6e30IaCHOCTH I €€ 9IeMEHTOB.

1.  ®emepanpHblit 3aKoH oT 22.07.08 . Ne 123-O3 «TexumuecKuit permaMeHT 0 TpeGOBaHMAX IIOXKapHOI 6esomacHocTi». C u3MeHe-

HUAMU U TOITOTHEHNAMIU.



42 | TexHWYecKue HayKu

«Monopoii yuéHbiiiy « N2 19 (466) - Mait 2023 r.

2. IIpukas MYC Poccnu ot 14.11.2022 1. Ne 1140 «O6 yTBepyKeHIM METORUKIY OTIPefe/ieHI s PaCIeTHBIX Be/IMYMH.
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Wastewater management in Kabul (overview)

Mukhammadi Atikulla, student master's degree
Kazakh-German University (Almaty, Kazakhstan)

The present study pertains to the administration of the sewer and drainage infrastructure in the city of Kabul, which is anticipated to experi-
ence sustained population expansion. As per the recently proposed Master Plan, the urban populace is anticipated to witness a surge from 4.5 mil-
lion in the year 2017 to 9 million by the year 2050. The swift increase in population in Kabul has resulted in significant strain on its economy, social
services, and housing. However, the urban infrastructure systems, including roads, water supply, and sewage, were inadequately designed and ex-
ecuted. This article aims to examine the existing issues pertaining to sewage in Kabul, where a municipal sewage system has yet to be established.
A comparative analysis is conducted to evaluate the management and control of wastewater in Kabul in relation to several cities across the globe.
The current study offers a proposed resolution for the Master Plan, which is supported by a comprehensive review of relevant literature pertaining
to comparable urban centers across the globe. Additionally, a case analysis of Omid-e-Sabz, a municipality situated in the western region of Kabul,

is presented.

Keyword: wastewater management, sewage management, drainage, sewage system, environmental sustainability.

Introduction

The proper collection and management of sewage is a crucial as-
pect of urban governance, as it significantly contributes to the pro-
motion of public health, sanitation, and environmental sustainability
within a city. Our study centers on waste management practices in
Kabul, with a comparative analysis of a case study and relevant lit-
erature from other nations. The town of Omid-e-Sabz, situated west
of Kabul city, has been the subject of our study. In addition, three lit-
erature reviews of urban centers across the globe, such as Ancient
Rome and London, England, which implemented advancements in
their sewer management infrastructure, are also utilized. The alter-
native literature review centers its attention on the rural locality of
Court Case situated within the United States of America. Ultimately,
the Sasaki recommendations for waste management were examined
in our study.

Kabul is facing significant challenges in meeting the infrastruc-
tural demands due to its rapid population growth. A primary con-
cern pertains to the management of wastewater. The lack of infra-
structure in many areas of Kabul results in the mixing of waste water
and ground potable water, posing significant health risks to the pop-
ulace. It is imperative that Kabul devises a viable solution to enhance
its sewage management system.

The present research endeavors to delineate the problem at hand,
conduct a comprehensive review of relevant literature from various
nations, and scrutinize a case study pertaining to Omid-e-Sabz. The
challenges associated with managing urban wastewater encompass a
broad spectrum of issues, including olfactory nuisances and the po-
tential for drinking water contamination. Furthermore, an analysis
was conducted on the sewage system of a town located within Kabul

known as Omid-e-Sabz. The town has demonstrated effective man-
agement of its sewer system, resulting in favorable outcomes. Ulti-
mately, the present discourse concerns the examination and inter-
change of data through the analysis of both extrinsic and intrinsic
specimens. This study examines the benefits and drawbacks of three
distinct wastewater collection systems, namely latrine, septic tank,
and lift station, and proposes an appropriate system for effective
drainage management in the city of Kabul.

The present document comprises a comprehensive literature re-
view.

The sewerage system of Ancient Rome is a notable aspect of its
civil engineering.

The Roman Empire gained notoriety for its public bathing facil-
ities, water distribution infrastructure, and municipal sewage man-
agement systems during the ancient era. It is believed that the ancient
Romans constructed the initial sewage system during the period of
800-735 BC. The process of managing water involved the utilization
of recycled bath water for the purpose of flushing the latrines, which
was facilitated through a system of covered drains. Terracotta pipes
were utilized for plumbing purposes, and residential structures were
directly linked to the sewer drainage network. The Cloaca Maxima,
an ancient sewer system, dates back 2800 years and is notable for
being the initial drainage infrastructure to connect with the Tiber
River, a feature that has endured to the present day. There existed a
total of eleven aqueducts in ancient Rome which were utilized for the
transportation of water. Undoubtedly, it serves as the source of in-
spiration for the majority of contemporary water management sys-
tems in use.

The first illustration. The topic of interest pertains to the sanita-
tion practices of the ancient Roman civilization.
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Chapter II. A Legal Dispute over a Sanitary Sewer System in a
Rural Community

The infrastructure of a sanitary sewer system comprises a com-
plex arrangement of interconnected pipelines that facilitate the trans-
portation of human and industrial waste to a designated treatment fa-
cility. Subsequently, the waste material is segregated by the treatment
plant, and the residual liquid is released into a stream or river with
the intention of dispersing it into a proximate larger water body. In
the beginning, the sanitary sewer piping systems were integrated with
the storm sewer systems, which were responsible for gathering and
transporting rainwater to a stream or a larger water body for disposal
without undergoing any treatment. The amalgamation of a sanitary
sewer system and a storm sewer system offers the benefit of facilitating
the transportation of untreated sewage through pipelines by means of
rainwater dilution. In addition, it facilitates the purification of waste-
water and contributes to the mitigation of sewer line blockages. One
of the drawbacks associated with a unified sanitary and storm sewer
system is that in the event of a heavy rainfall, treatment facilities may
become overwhelmed and exceed their maximum capacity, neces-
sitating the discharge of untreated sewage into nearby water bodies,
thereby creating a potential environmental and public health risk. The
act of segregating two distinct systems has become a prevalent prac-
tice. A litigation involving a municipality with a population of less
than 10,000, situated in a northern state of the United States and lo-
cated on the banks of one of the Great Lakes, has recently taken place.
The urban area is traversed by a river that ultimately discharges into
one of the Great Lakes. In compliance with governmental regulations,
a state-of-the-art wastewater treatment facility has been constructed
along the river. The waste water treatment process of the plant com-
prises three distinct stages, namely primary, secondary, and tertiary
(advanced) treatment. The initial stage of treatment involves the em-
ployment of fine screens or other separation mechanisms to segre-
gate solid matter from liquid. The process of secondary treatment in-
volves the utilization of biological treatments to decompose organic
matter. The implementation of advanced treatment encompasses a di-
verse range of techniques aimed at achieving a higher degree of refine-
ment in the effluent produced by the treatment plant. An example of a
sophisticated approach involves subjecting secondary sewage effluent
to chlorination prior to its release, as a preventive measure. This is par-
ticularly relevant given that the treatment plant’s effluent is situated in
close proximity to the city’s drinking water intake, as well as frequently
visited bathing beaches and fishing areas.

The introduction of alum and polymers by the plant can facil-
itate additional purification of the discharged substance. The gov-
ernment mandated that the plant be constructed with sufficient ca-
pacity to effectively cater to the entire river basin, given the recurrent
backup issues experienced by adjacent neighborhoods. One of the
recent developments upstream experienced three instances of main-
line malfunction within the past few years, leading to the infiltration
of untreated sewage into the basements of local inhabitants. The ini-
tial two out of the three occurrences resulted in the primary pipeline
experiencing overflow due to intense precipitation, whereas the third
instance transpired in the absence of any precipitation. Following the
occurrence of this third event, a resident made the decision to take
proactive measures.

The regional waste management enterprise ascertained that the
pipeline connecting the individual’s residence to the primary pipe-
line running alongside the thoroughfare was not obstructed. Sub-
sequently, the personnel affiliated with the sanitation company pro-
ceeded to unveil a manhole cover in close proximity to the residential
area. Upon inspection, it was observed that the fluid level within the
manhole, which served as the primary conduit for the county, had
exceeded the standard threshold. This anomaly suggested that an ob-
struction had occurred within the system, thereby causing the issue
at hand. The nation expeditiously commenced remedial measures
and ascertained that the primary conduit had become obstructed at
the initial street situated in the lower course, resulting in the accumu-
lation of effluent in the upstream direction and consequent inunda-
tion of the cellar of the aforementioned senior citizen. The process of
cleaning, disinfecting, and ventilating the basement by a restoration
company took a duration of three days and incurred a cost exceeding
two thousand dollars.

IIL. The London Sewerage System refers to the network
of underground pipes, tunnels, and treatment facilities
designed to manage and dispose of the city’s wastewater
and sewage.

The London sewerage system constitutes a fundamental compo-
nent of the water infrastructure that caters to the needs of London,
England. Its origins date back to the latter part of the 19th century,
and over time, it has undergone significant expansion to accommo-
date the growing demands of the city. At present, Thames Water is
the proprietor and operator of the entity, which caters to a significant
portion of Greater London’s population.

Since the beginning of the 1800s, the Thames River has func-
tioned as an exposed sewage system, leading to numerous public
health crises and frequent outbreaks of cholera in Long. During
the early 18th century, several suggestions were deliberated to en-
hance the sewer system of London; however, they were not imple-
mented primarily due to apprehensions regarding expenses. The
1858 «Great Stink of Parliament» served as a catalyst for the govern-
ment to promptly address the need for a more dependable sewage in-
frastructure.

The task of designing and implementing the contemporary
sewage system in London was entrusted to Joseph Bazalgette, who
served as both the chief of the Metropolitan Board of Works and a
civil engineer. The extensive subterranean sewer network of London
was devised by a team of associates with the purpose of redirecting
waste towards the estuary of the River Thames.

There exist six primary interceptor sewers downstream of the
urban core, with a combined length of 160 kilometers (equivalent
to 100 miles). Three interceptor sewers were erected to the north of
the river, with the southernmost location situated at the lowest ele-
vation within the Thames embankment. The construction of the em-
bankment facilitated the development of additional thoroughfares,
public green spaces, and the circular route of the London under-
ground railway system.

The inauguration of Victoria Embankment took place on the
13th of July in the year 1870, marking its official opening. The inter-
cepting sewers, which were built during the period of 1859 to 1865,
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received their supply from a network of 450 miles (720 km) of pri-
mary sewers. These primary sewers were responsible for transporting
the contents of approximately 13,000 miles (21,000 km) of smaller,
localized sewers. The construction of the interceptor system neces-
sitated a total of 318 million bricks, 2.7 million cubic meters of exca-
vated earth, and 670,000 cubic meters of concrete. The utilization of
Portland cement in a pioneering manner resulted in the fortification
of the tunnels, which remained in a state of sound condition even
after the passage of 150 years.

The force of gravity facilitates the eastward flow of sewage in var-
ious locations such as Deptford, Chelsea, and Abbey Mills. Pumping
facilities were constructed with the purpose of elevating water levels
and facilitating fluid movement. The sewer system located on the
northern side directs its flow towards the northern outfall sewer,
which subsequently channels the wastewater into a significant treat-
ment facility. A sewer system located in the southern region is con-
nected to a comparable infrastructure. Significant advancements
made in the 20th century resulted in a notable decrease in the level of
pollution present in the Thames River as it flows towards the North
Sea and the Thames Estuary.

The initial plan for the London sewage system was to accommo-
date a maximum capacity of 6.5mm (1/4”) per hour of the precipita-
tion that falls within the catchment region. The population growth
in London has exerted significant strain on the sewage system’s ca-
pacity. Consequently, the system is susceptible to being overwhelmed
by a heavy downpour of rainfall exceeding 6 mm per hour within a
brief duration. During episodes of intense precipitation, the rainwater
becomes intermixed with sewage effluent prior to its release into the
Thames. In the event that the discharge fails to dissipate promptly,
there is a possibility of a sewage system backup, leading to localized
flooding that could potentially pose a risk to both public health and
the environment. In the late 1980s and early 1990s, the London Dock-
lands Development Corporation made significant investments in the
redevelopment of the Isle of Dogs and Royal Docks regions in east
London. One of the key areas of investment was the development
of new drainage infrastructure, which was intended to effectively
manage future sewage and surface water runoff. A novel approach
was employed to construct a network of tunnels with a substantial
diameter, which were subsequently connected to a newly established
pumping station located at the Tidal Basin. The system was designed
to facilitate the drainage of surface water in the Royal Docks, spanning
a distance of approximately 25km (16 miles). The drainage system of
Isle of Dogs is facilitated by a stormwater pumping station located at
Stewart Street. Following extensive deliberation, enhancements have
been sanctioned for implementation with a projected completion date
of 2024. The proposed Thames Tideway project entails the construc-
tion of expansive storage and transfer tunnels with a diameter of con-
siderable magnitude spanning 35 kilometers (equivalent to 22 miles)
beneath the riverbed of the Thames, connecting Hammersmith to
Beckton/Crossness, at an estimated cost of 4.9 billion.

IV. Case study: Omid-e-Sabz.
Omid-e-Sabz is situated on the western slope of the Ghoreq

mountain, in close proximity to Kabul. It is anticipated by the town
manager that the populace will attain a numerical strength of roughly

22,000 individuals in the year 2019. Every residential building pos-
sesses a septic tank that is designed to accumulate all domestic waste-
water, excluding precipitation runoff. The effluent originating from
the septic tanks is directed towards the communal town infiltration
system. The determination of the septic tank size is the responsibility
of homeowners of both houses and apartment dwellings. However, it
is recommended that a capacity of 60-70 cubic meters is sufficient for
a single house accommodating three families for a period of two years.

The waste water undergoes a three-step process at the public
treatment plant. Initially, the water is gathered in the reservoir, facil-
itating the settling of certain particulate matter. In the second phase,
the water is discharged into an infiltration tank containing sand of
different sizes. Ultimately, the purified water is utilized for the pur-
pose of irrigating the public parks and trees within the municipality.

The Kabul Master Plan is a comprehensive urban development
strategy aimed at guiding the growth and development of the city of
Kabul, Afghanistan.

The plan sanctioned in 2017 outlines a prospective vision for
Kabul, which entails the construction of a water and sewage system.
The objective of this initiative is to ensure that 80% of the potable
water supply is derived from recycled wastewater.

The magnitude of executing a resolution for the treatment of
wastewater in an urban area with a population of 4 million individ-
uals, which is projected to increase to 7 million, and where sewage
infrastructure is largely absent, necessitates a significant undertaking
rather than a minor one. An audacious strategy characterized by res-
olute leadership, wherein benefactors, governmental officials, and the
city of Kabul itself can collectively provide reinforcement, is impera-
tive. The Microrayon WW TP receives waste from latrines via tankers
for treatment. During periods of inactivity, the plant’s wastewater is
discharged into the urban drainage system, ultimately finding its way
into the Kabul River, particularly in arid months.

According to estimates, approximately 600-700 private waste
haulers navigate through the city on a daily basis to evacuate contain-
ment tanks, which are believed to have a capacity of approximately
10m3 each. Wastewater loads are discharged by haulers through the
storm water drainage network and the Microrayon Treatment Fa-
cility in Kabul. For regions characterized by moderate to low popula-
tion density, a decentralized network featuring restricted transfer dis-
tances is the most effective solution.

Two distinct approaches to managing wastewater in Kabul have
been proposed. In areas with low population density that are in prox-
imity to agricultural land, the optimal approach for waste manage-
ment is to utilize latrines and wastewater for agricultural purposes. In
regions characterized by a high concentration of inhabitants, lift sta-
tions represent the optimal solution. Given the intricate population
distribution of Kabul, the implementation of a single waste water col-
lection station is not a viable solution. Therefore, it is imperative to
explore the possibility of dividing the city into smaller regions to fa-
cilitate the collection and treatment of waste.

The proper management of sewage is of great importance in
achieving the Sustainable Development Goals (SDGs).

The United Nations’ Sustainable Development Goals (SDGs) were
sanctioned with the aim of formulating a comprehensive plan for
worldwide development by the year 2030, encompassing 17 primary
objectives and 169 subsidiary objectives. The implementation process
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commenced in January of 2016 and is intended to serve as a frame-
work for forthcoming decisions spanning a period of 15 years. The
investigation pertaining to the waste management system in Kabul
holds significance in terms of its impact on both human life and the
environment, in alignment with the Sustainable Development Goals.

The achievement of Goal 3, which pertains to Good Health and
Well-being, can be facilitated by the implementation of effective
waste management practices. Such practices have the potential to
promote health and well-being. Inadequate management of a sewer
system can result in heightened health hazards for the populace and
a decline in the overall standard of living.

The attainment of Goal 6, which pertains to Clean Water and San-
itation, is contingent upon the effective management of waste. This is
because improper waste management practices can have a direct im-
pact on both surface and underground water sanitation, as well as
the availability of clean water resources. Inadequate management of
wastewater can result in the contamination of surface and ground-
water, rendering it unsuitable for human consumption, and adversely
affecting the ecosystem, the environment, and human well-being.

Goal 9 of the United Nations Sustainable Development Goals
pertains to Industry, Innovation, and Infrastructure. Within this con-
text, waste management is considered an integral component of the
infrastructure that supports both innovation and industrial develop-
ment.

Sustainable development Goal 11 emphasizes the importance of
establishing resilient and sustainable cities and communities that are
equipped with robust infrastructure, access to safe and clean drinking
water, and thriving industries. The concept of sustainability enables
urban areas to optimize the utilization and repurposing of resources,
exemplified by the treatment and reclamation of wastewater for the
purpose of irrigating municipal green spaces.

Goal 13, which pertains to Climate Action, highlights the poten-
tial for a city’s pollution to disrupt the surrounding climate. The man-
agement of waste is a crucial aspect in safeguarding the surrounding
ecosystem and promoting the well-being of the populace.

Goal 14 of the United Nations Sustainable Development Goals
aims to preserve life below water. One of the strategies to achieve this
goal is the implementation of waste water treatment and recycling
systems. This approach effectively minimizes the discharge of waste
into lakes and rivers, which in turn safeguards the natural habitat and
water resources. The findings suggest that the implementation of en-
hanced waste management practices in Kabul would yield favorable
outcomes for residents, including improved quality of life through
access to clean air, potable water, and a pollution-free river.

Analysis

Based on the analysis of three case studies and a review of relevant
literature, it is contended that the implementation of a contemporary
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sewage system is of utmost importance in Kabul. In the absence of it,
urban existence may become arduous as inhabitants face the peril of
ailments, thereby jeopardizing their well-being. In order to effectively
cater to the needs of its populace, it is imperative for the government
to allocate complete funding towards the development and imple-
mentation of a contemporary infrastructure. The role of city plan-
ning and management is of utmost importance. It is imperative to
sustain and augment the operational capabilities of extant initiatives
such as Microrayan and the Industrial Water Reuse Pilot.

Recommendation

Urban centers bear the responsibility of effectively managing
waste, particularly in the context of future expansion. Approximately
70% of Kabul's urban landscape is characterized by unplanned devel-
opments, posing significant challenges to effective waste water man-
agement. Based on our investigation of wastewater management in
other urban areas, we have formulated the following suggestions.

Incorporating a modern sewage system into the municipal in-
frastructure necessitates the inclusion of a short-term plan that des-
ignates responsibility for its management and financing to the local
government. The proper containment and separation of sewage
water from groundwater and the surrounding habitat is of utmost
significance. The case of Omid-e-Sabz is examined, wherein waste-
water undergoes treatment through septic tanks and a filtration
system prior to being repurposed for irrigation of crops and land-
scaping.

Incorporating a system of lift stations into the infrastructure of
Kabul would be a prudent measure for the purpose of effectively
managing and treating wastewater over an extended period of time.
The filtered water obtained from these stations can subsequently be
repurposed for the purposes of crop irrigation and landscaping.

Executing the short-term strategy can be deemed feasible given
that the expenses associated with septic tanks can be divided among
landowners and stakeholders from the private sector. By way of con-
trast, the construction of life stations is contingent upon the com-
mitment of municipal authorities to procure land, construct subter-
ranean sewer systems, and establish connections with urban users.

Conclusion

The Omid-e-Sabz system presents a case study for managing
wastewater in Kabul, a city that is confronted with obstacles stem-
ming from uncontrolled expansion. The government of Kabul should
demonstrate a sustained dedication to enhancing its sewer manage-
ment system in collaboration with its populace, with the aim of guar-
anteeing the provision of safe drinking water and safeguarding public
health. This can be achieved through the development and execution
of a well-conceived growth plan.
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Sustainable domestic wastewater management in Kabul city,
Afghanistan: issues and solutions

Mukhammadi Atikulla, student master’s degree
Kazakh-German University (Almaty, Kazakhstan)

The statistical data pertaining to the management of wastewater in Kabul city is notably deficient. The present study aimed to examine and
tackle the prevailing conditions and significant obstacles associated with the management of domestic wastewater in residential localities. Further-
more, to propose sustainable remedies. The adopted methodology entails the utilization of questionnaires, field observation, and the examination
of pertinent documents from relevant stakeholders. The findings suggest that a majority of households, exceeding 50%, lack access to upgraded san-
itation facilities. There are currently no functional wastewater treatment plants, with the exception of Macroyans’ facilities, which are not operating
effectively. Moreover, the absence of a suitable drainage infrastructure is evident. The improper treatment of domestic wastewater results in the dis-
charge of nearly 100% of it into the environment, leading to significant health and environmental concerns such as groundwater contamination,
unpleasant odors, and adverse impacts on biodiversity. The prevalent illnesses include diarrhea, malaria, cholera, and typhoid fever. The primary
obstacles associated with managing domestic wastewater pertain to inadequate sanitation infrastructure, insufficient wastewater treatment facili-
ties and drainage systems, inadequate governmental oversight, limited public engagement, and an absence of a durable framework for sustainable
wastewater management. The sustainable management of wastewater in Kabul city is contingent upon several factors, including the implementa-
tion of decentralized wastewater treatment technologies, the enforcement of relevant legislation, the decentralization of planning and budgeting to
local institutions, the involvement of the public, planners, and policy-makers at all levels, and the establishment of a sustainable wastewater man-
agement framework. These elements are crucial in addressing the current circumstances and challenges associated with domestic wastewater man-
agement in the region.

The present discourse centers on the topic of domestic wastewater and its sustainable management. Specifically, the focus is on the implementa-

tion of decentralized systems that can contribute to the realization of a circular economy.
Keywords: domestic wastewater, sustainable wastewater management, decentralized system.

Introduction

Domestic wastewater refers to the effluent originating from res-
idential sources, including but not limited to toilets, baths, laundry,
food preparation, and kitchen cleaning activities. Domestic waste-
water refers to the wastewater generated from human activities in
households. The composition of the substance in question com-
prises a substantial quantity of suspended and floating particulate
matter, including but not limited to excrement, paper, vegetable rem-
nants, and harmful contaminants such as pathogenic microorgan-
isms (Mara, 2004). The microbiological constituents present in un-
processed household wastewater comprise of bacteria, protozoa, and
viruses. Untreated domestic wastewater comprises two distinct cat-
egories of bacteria, namely beneficial and harmful. Beneficial mi-
croorganisms that facilitate the degradation of waste products are
employed in the treatment of wastewater in various plants. Various
illnesses in humans, including typhoid fever, bacillary dysentery, and

tetanus, are caused by harmful or pathogenic bacteria. According to
Arcadio and Gregorias (2003) research, individuals infected with
hepatitis are found to emit between 10,000 to 100,000 transferrable
particles of viruses per gram of fecal matter. In general, the two types
of domestic wastewater are distinguished as follows: Greywater re-
fers to the domestic wastewater that is collected from sources such
as bathrooms, showers, bathtubs, dishwashing, and clothes washing,
while excluding water from toilets. Typically, greywater comprises of
substances such as toothpaste, shampoo, soaps, oil, and food parti-
cles. The direct reuse of greywater is a viable option for various pur-
poses such as irrigation, toilet flushing, and domestic heating. The
term «black water» refers to the wastewater that is specifically col-
lected from toilets. According to Andersson et al. (2016a), black
water typically comprises of two components, namely brown water
(comprising of human feces and flush water) and yellow water (com-
prising of urine). The composition of brown water, also known as
human feces, includes 13% nitrogen and 28% phosphorus. Urine is
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composed of 69% of total nitrogen and 40% of total phosphorous.
Phosphorous fertilizers are derived from non-renewable sources and
the insufficiency of phosphorous nutrients has a detrimental impact
on agricultural yields. According to Mulec et al. (2017), it is estimated
that around 22% of the current phosphorous nutritional needs can
be met by utilizing all the phosphorous present in the black water
and returning it to the agricultural land. Unmitigated discharge of
household effluent poses a variety of economic risks, such as reduced
output in agriculture and industry, as well as heightened financial
strain on healthcare. The devaluation of properties in close proximity
to polluted water sources and the potential impact on tourism can
be attributed to the deterioration of water quality, as tourists tend to
prioritize access to unpolluted water sources. Moreover, the absence
of treatment of domestic wastewater results in adverse impacts on
the aesthetic appeal of the environment, recreational activities, and
the emergence of unpleasant odors and other ecological challenges,
as noted by Sancho et al. (2015). The absence of proper treatment of
household wastewater poses a significant challenge to the attainment
of sustainable water management, leading to adverse environmental,
economic, and health consequences in both the short and long term.
According to Edokpayi et al. (2017), pathogenic microorganisms
that can lead to a range of illnesses, such as bacteria, protozoa, vi-
ruses, fungi, and parasitic worms, have been detected in domestic
wastewater by researchers. The absence of appropriate treatment of
household wastewater results in significant ecological concerns, in-
cluding eutrophication and the release of Greenhouse Gas (GHG)
emissions in the form of CH4 (methane) and N20O (nitrous oxide)
(Libardi et al., 2019). The absence of proper treatment of household
wastewater results in an estimated annual mortality rate of 1.5 mil-
lion children. As per the World Bank, it has been estimated that un-
treated domestic wastewater results in a global loss of 260 billion dol-
lars annually (Cheng et al., 2018). SDG 6 prioritizes objectives 6.2
and 6.3, which pertain to hygiene and water quality, while SDG 3,
which concerns good health, is primarily associated with sanitation.
The management of wastewater is a crucial factor in achieving var-
ious sustainable development goals, including but not limited to pov-
erty reduction, economic growth, education, gender equality, and
the development of sustainable cities (World Health Organization,
2018). Water holds a crucial position in the circular economy due
to its paramount importance and indispensability as a primary re-
source for production. Consequently, within the context of the cir-
cular economy, the treatment of wastewater constitutes a crucial
component of water resource management. In a circular economy; it
is imperative that water retains its complete value following each uti-
lization. According to Flores et al. (2018), the utilization of domestic
wastewater for agricultural purposes can lead to enhanced produc-
tivity and increased production. According to Moretti et al. (2019),
the utilization of domestic wastewater can serve as a means for soci-
eties to address the pressing issue of safe water resource availability,
thereby providing valuable and essential solutions. The retrieval of
both raw materials and energy plays a crucial role within the frame-
work of the circular economy. The excreta of humans, comprising
fecal matter and urine, possess a high concentration of nutrients and
can serve as a valuable source of agricultural fertilizer. According to
Malila et al. (2019), the utilization of urine and feces in this manner
serves to safeguard natural water sources against the negative effects

of eutrophication and contamination. It is widely acknowledged that
the availability of alternative sources of water is insufficient to ensure
a secure water supply. The rise in population, coupled with urbaniza-
tion and industrialization, has led to a growing scarcity of water. Con-
sequently, there is a higher likelihood of potable reused water being
utilized as a resource to supplement drinking water supplies (Tor-
tajada and Nambiar, 2019). Various types of materials such as bio-
plastic, cellulose, phosphate, alginate-like substances, and biomass
have the potential to be recovered from wastewater. The retrieval of
energy and raw materials from wastewater serves to enhance water
quality and bolster the circular economy. According to Leeuwen et al.
(2018), the Netherlands generates an annual revenue of 230 million
from resources recovered from wastewater. The city of Kabul serves
as the capital of Afghanistan and has been identified as one of the rap-
idly expanding urban centers globally. According to Ahmadi and Ka-
jita (2016), the estimated population of Kabul was approximately 4
million in 2012. The city of Kabul is among the most destitute urban
areas in terms of access to clean water delivery and adequate hygiene
services on a global scale. The populace of Kabul metropolis lacks ac-
cess to a comprehensive system for treating general wastewater. The
surface water and groundwater resources within Kabul city are cur-
rently facing a significant risk. This is primarily due to unsustainable
and uncontrolled groundwater abstractions, as well as the presence of
biological and chemical pollutants within both surface and ground-
water sources. According to Zaryab et al. (2017), microbiological as-
sessments have revealed that approximately 58 to 70% of the deep
wells in the city are contaminated with fecal (coliform) bacteria.

The present study comprises a literature review on the topic of
sustainable wastewater management systems.

According to Laugesen (2010), an effective wastewater manage-
ment system that is sustainable should include a well-designed waste-
water collection system, sustainable treatment methods, energy-ef-
ficient facilities, a suitable system for recovering raw materials, and
appropriate legislative and financial structures. A sustainable system
can be defined as one that safeguards public health, is economically
feasible, maintains technical and institutional consistency, provides
environmental protection, and is socially acceptable. According to
Capodaglio et al. (2016), ensuring environmental quality protection,
nutrient reutilization, and preservation of natural resources are im-
perative components of a sustainable wastewater treatment system.
The implementation of a sustainable wastewater management system
plays a crucial role in safeguarding society, economy, and environ-
ment against the adverse effects of wastewater. In addition, sustain-
able technologies for treating wastewater take into consideration the
potential effects of their operations on both public health and the en-
vironment, as noted by Popovic and Kraslawski (2018). The imple-
mentation of sustainable wastewater management systems has the
potential to enhance soil quality, increase agricultural productivity,
and provide more efficient protection of ecosystems. Moreover, it
is observed that decreasing healthcare expenses leads to the emer-
gence of fresh employment prospects and entrepreneurial ventures.
According to Andersson et al. (2016b), the attainment of Sustainable
Development Goals (SDGs) is unattainable in the absence of a viable
and enduring wastewater management framework. The implementa-
tion of sustainable wastewater treatment systems plays a crucial role
in mitigating the adverse effects of water pollution and greenhouse
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gas emissions. According to Sanabria et al. (2018), wastewater man-
agement systems that are sustainable have the ability to generate en-
ergy while simultaneously reducing water contamination, air pol-
lution, and greenhouse gas emissions. According to Wirawan et al.
(2018), the primary obstacles to establishing a sustainable wastewater
treatment system include insufficient public participation and aware-
ness, reluctance of communities to bear the costs, challenges in se-
curing suitable land, inadequate adaptation of technology, insuffi-
cient involvement of privately-owned businesses, and the role and
commitments of the government. Frequently, inadequate conditions
and disarray in wastewater management systems can be attributed to
a deficient governance framework. According to Kjellén (2018), in-
vesting in institutional capacity may be more beneficial for achieving
consistent and enduring growth in wastewater management as op-
posed to investing directly in physical infrastructure.

Methodology

The data was gathered from both primary and secondary sources.
The two main types of primary data sources utilized in research
are field observation and questionnaires. Secondary data is ob-
tained from various sources such as books, journals, reports, maps,
and conference proceedings. Furthermore, there are governmental
and non-governmental organizations (NGOs) located in the city of
Kabul. The survey instrument utilized in this research was derived
from Ehsas’ (2013) work. A survey instrument comprising of closed-
ended questions was administered to a total of 151 participants. The
survey participants were comprised of individuals or family mem-
bers residing in residential areas within the city of Kabul. The ques-
tionnaire demonstrated high levels of reliability and consistency,
resulting in precise and consistent responses from all survey partic-
ipants. A thorough field investigation was carried out to gather data
on the present state of domestic wastewater management, encom-
passing aspects such as wastewater drainage, sanitation facilities, do-
mestic wastewater disposal, water sources, and the assessment of po-
tential hazards to public health and the environment. The Public
Health Directorate of Kabul city conducted a visit to investigate cases
of illnesses that are associated with water contamination.

The present section presents the results obtained from the study
and provides a discussion of the findings.

The survey was structured into distinct categories pertaining to
sanitation infrastructure, wastewater treatment systems, wastewater
elimination, urban planning reform, waterborne health and environ-
mental concerns, potable water resources, citizen participation and
cost recovery and billing matters, potential for wastewater reuse, and
the underlying factors contributing to the present state of domestic
wastewater management.

L. The present state of domestic wastewater management in
Kabul City is the subject of inquiry.

Various types of toilets are utilized by households residing in
Kabul city’s residential areas, including basic pit latrines, pit latrines
equipped with a flush, pour-flush latrines, and traditional flush la-
trines. The field study revealed that the discharge of yellow waste-
water from toilets onto the streets poses significant health and envi-

ronmental risks. The construction of pit latrines by the homeowners
lacks professional standards. Furthermore, it should be noted that the
pit latrines lack durability as they are not constructed using materials
such as concrete, bricks, fiberglass, and stainless steel. According to
the joint report by UNICEF and WHO in 2018, pit latrines lacking
platforms, constructed from non-durable materials, and exhibiting
poor ease of cleaning, do not meet the criteria for improved sani-
tation facilities. As per the available data, a significant proportion
exceeding 50% of households residing in Kabul’s residential areas
continue to lack access to improved toilet facilities. Graham and Po-
lizzotto (2013) contend that the utilization of pit latrines is associated
with a range of health and ecological issues, including the contami-
nation of groundwater by microbiological and chemical pollutants. It
has been observed by scholars that unsafe concentrations of chemi-
cals, bacteria, and viruses can be found at distances of up to 25m, 26m,
and 50m from pit latrines. According to the survey results, a majority
of residential households, specifically over 70%, utilize cesspool sys-
tems while approximately 27.2% rely on septic tanks. Inadequately
constructed cesspools have been identified as a primary contributor
to groundwater contamination in Kabul city. This is due to the fact
that homeowners often lack the necessary knowledge and resources
to construct them properly. Furthermore, it is common for cesspools
to lack proper protection, thereby facilitating the ingress of waste-
water that can lead to the spread of illnesses. As per the findings of the
Ministry of Rural Rehabilitation and Development (2015), the deep
wells situated in Kabul city are contaminated both biologically and
chemically. Furthermore, as per the report’s findings, it has been indi-
cated that in certain regions, the water from deep wells is not potable.
The cesspool system is employed for the treatment of black water. In
general, the effluent generated in cesspools exhibits low quality and
typically infiltrates the adjacent soil, leading to groundwater pollu-
tion (Surinkul et al., 2017). The data suggests that residential house-
holds lack access to adequate wastewater treatment infrastructure,
resulting in approximately 100% of domestic wastewater from resi-
dential areas being discharged into the environment without proper
treatment. With the exception of Macroyans, a wastewater treatment
facility that only receives 5% of the total wastewater output of Kabul
city, there are no other such plants located in residential areas. The
Macroyans wastewater treatment plant does not employ any chem-
ical or biological treatment methods. Upon completion of the phys-
ical treatment procedure, the wastewater is discharged directly into
the Kabul River. Furthermore, the absence of a suitable drainage in-
frastructure results in the accumulation of wastewater, which ob-
structs streams or is discharged directly into the Kabul River. Figure 1
depicts the current state of domestic wastewater management and in-
adequate drainage systems in Kabul city. A significant proportion of
households experience episodes of diarrhea, malaria, typhoid fever,
and cholera. The Kabul City Directorate of Public Health (2018) re-
ported that during the initial quarter of the solar year (which corre-
sponds to the Spring season in Afghanistan), a total of 31,350 cases
of diarrhea in children under the age of five and 768 cases of Ma-
laria were recorded exclusively in public hospitals located within the
city of Kabul. In addition, the generation of wastewater in Kabul city
is attributed to various environmental issues, including contamina-
tion of surface and groundwater, malodorous emissions, prolifer-
ation of flies and mosquitoes, and degradation of aesthetic appeal.
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Groundwater sources exclusively provide the drinking water supply
in Kabul city. Groundwater is utilized for all domestic purposes, in-
cluding agriculture, in Kabul city due to the absence of wastewater
reuse. A significant proportion, exceeding 60%, of the populace re-
mains unaware of the potential utilization of reclaimed wastewater
for agricultural and indoor applications, including but not limited to
toilet flushing. The results of the current survey suggest that house-
holds residing in residential areas express contentment in providing
both financial and non-financial contributions, such as labor for con-
struction and repair, towards domestic wastewater management ini-
tiatives. The level of affordable funds is contingent upon the monthly
incomes of households. Families with higher incomes are capable of
affording greater amounts, while those with lower incomes are con-
tent with paying a lesser sum for services. The survey analysis in-
dicates that the primary factors contributing to prevailing domestic
circumstances are inadequate government accountability, insuffi-
cient availability of appropriate land, and insufficient involvement of
the community. The concept of responsibility serves as a powerful
motivator for both societal and organizational behavior, guiding
them towards positive outcomes. Assuming responsibility is a cru-
cial aspect of engaging in international partnerships, governmental
entities, and service providers to ensure the provision of sustain-
able water supply and sanitation services. Decentralization of plan-
ning and budgeting to local societies and associations is a favorable
and constructive strategy for enhancing responsibility in wastewater
management. The UN Millennium Project (2005) posits that the de-
centralization of planning and budgeting serves to enhance the influ-
ence of the public over policy and decision-makers, by means of so-
cial norms, communal appraisal, and electoral processes. Naughton
and Hynds (2014) posit that effective public engagement is crucial
for the successful involvement of society in wastewater management.
Enhancing public commitment could be achieved through increased
community awareness regarding the potential hazards of wastewater
to both the environment and drinking water.

II. The primary obstacles associated with the management
of domestic wastewater in Kabul city are the focus of this
analysis.

The primary obstacles to effective domestic wastewater manage-
ment in Kabul city include inadequate sanitation facilities, insuffi-
cient wastewater treatment infrastructure and inadequate drainage
systems, limited governmental accountability and inadequate public
engagement, and the absence of a viable and sustainable framework
for wastewater management.

Resolutions

A majority of the populace residing in Kabul city lacks access to
improved sanitation facilities. The majority of individuals utilize pit
latrines, which are constructed from materials that lack durability,
such as concrete, bricks, fiberglass, and stainless steel. This can lead
to contamination of underground water sources. Composting toilets
represent a viable and enduring resolution to this predicament. Com-
posting toilets are a financially and socially accessible option that of-
fers enhanced sustainability and environmental benefits, while also

eliminating the need for water and electricity. Composting toilets
possess the potential to offer an economical resolution for enhanced
agricultural productivity, in conjunction with heightened nourish-
ment and the mitigation of health and environmental consequences
stemming from unenclosed defecation (WWAP, 2017). Waterless
composting toilets serve as a viable substitute in regions where a cen-
tralized wastewater system is not feasible due to the absence of stan-
dard urban infrastructure, water supply, and electricity, as stated by
Nasri et al. (2019). Composting toilets are known to provide benefits
in terms of safeguarding public health and mitigating environmental
pollution. coli bacteria can be effectively controlled through the use
of certain antimicrobial agents, as demonstrated in their research
findings. The absence of Escherichia coli and Salmonella during the
composting process can be attributed to the alkaline conditions. The
results of the present survey indicate that insufficient wastewater
treatment facilities and inadequate drainage systems pose significant
obstacles to the management of domestic wastewater in the city of
Kabul. The primary factors contributing to this issue include acceler-
ated urbanization and population expansion, economic and institu-
tional challenges, insufficient technical expertise, and limited access
to water and electricity resources. Hence, the deployment and utili-
zation of a decentralized wastewater system represent a suitable and
enduring approach towards managing household wastewater in the
urban area of Kabul. Centralized systems have proven to be ineffec-
tive in various instances in several developing Asian countries, pri-
marily due to their exorbitant cost. According to the 8th World Water
Forum in 2018, there is a strong belief that decentralized wastewater
management systems are a viable and appropriate alternative to cen-
tralized systems in several Asian nations. One of the primary obsta-
cles to effective domestic wastewater management in Kabul city is
the inadequate assumption of government responsibilities and a lack
of public participation. The concept of responsibility is a powerful
motivator that effectively guides both societies and organizations to-
wards desirable outcomes. The embracement of international associ-
ations, government organizations, and service suppliers is crucial in
ensuring the provision of sustainable sanitation services and water
supply. This necessitates a sense of responsibility on the part of all
stakeholders involved. Decentralization of planning and budgeting
to local societies and associations is a favorable and helpful approach
for enhancing responsibility in wastewater management. The UN
Millennium Project (2005) posits that the decentralization of plan-
ning and budgeting enhances the authority of the public over policy
and decision-makers, by means of social norms, communal evalua-
tion, and voting. The legal framework pertaining to wastewater man-
agement is characterized by two crucial components, namely public
participation and access to information. The Aarhus Convention,
also known as the UNICEF Convention on Access to Information,
Public Participation in Decision-making, and Access to Justice in En-
vironmental Matters, along with its accompanying Protocol on Pol-
lutant Release and Transfer Registers (PRTRs), presents a compre-
hensive set of procedural guidelines for governments to effectively
involve the public in sustainable development efforts. The involve-
ment of the public is a crucial factor in enhancing and implementing
environmental legislation. The United Nations Environment Pro-
gram (2015) asserts that access to statistical data is a crucial factor
for enabling effective public engagement in decision-making pro-
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cesses and for issuing alerts regarding pollution. The lack of a robust
and sustainable framework for managing wastewater poses a signif-
icant obstacle to the effective management of domestic wastewater
in Kabul city. The current WASH policy, originally designed for the
timeframe of 2010 to 2020 and revised in 2015, lacks a pertinent and
well-defined framework for the treatment of domestic wastewater.
The establishment of a sustainable framework and initiative for man-
aging domestic wastewater is imperative for effective management of
wastewater in Kabul city. The Waste to Wealth initiative framework
has been identified as a viable solution for managing domestic waste-
water in Afghanistan, particularly in the city of Kabul, given the cur-
rent challenges and circumstances surrounding this issue. The Waste
to Wealth initiative in Uganda utilizes a framework that capitalizes on
potential post-treatment revenue and aids in the reduction of envi-
ronmental pollution caused by human waste. The anaerobic process
of digesting domestic wastewater has the potential to generate valu-
able resources that would otherwise have a detrimental impact on
the environment and the associated ecosystem services, such as fish-
eries. According to UNU-INWEH (2013), the anaerobic digestion of
human and solid waste in Uganda generates by-products that are uti-
lized to produce biogas and agricultural fertilizers. These by-prod-
ucts are deemed more valuable than conventional sludge. The city
of Kampala, which serves as the capital of Uganda, has garnered in-
ternational acclaim for its innovative approach to integrated water
management, positioning it as a trailblazer in the African context.
Kampala is implementing a holistic approach at the municipal level
to enhance the management of wastewater and fecal sludge, with the
aim of advancing the principles of a circular economy. The Kampala
Sanitation project encompasses the execution of a wastewater treat-
ment facility and the rehabilitation of the sewer system. Furthermore,
the utilization of biogas production and subsequent electricity gen-
eration will serve as a means to supply energy to the treatment plant,
with any excess energy being transmitted back to the power grid.
The collaboration between the National Water and Sewerage Cor-
poration and Kampala Capital City Authority aims to expedite the
progression of Kampalas shift towards sustainable wastewater man-
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agement. These two entities have effectively engaged various urban
stakeholders, such as residents, in devising remedies. The establish-
ment of call centers for septic tank emptying and the implementation
of decentralized wastewater treatment systems are considered essen-
tial components of this methodology, as outlined in the Wastewater
Report of 2018.

III. Conclusion

At present, over 50% of households residing in Kabul city’s resi-
dential areas lack access to improved toilet facilities. The residential
areas of Kabul City lack a centralized or decentralized system. Con-
sequently, an estimated 100% of domestic wastewater is discharged
into the environment without undergoing appropriate treatment.
The incidence of health issues is on the rise in Kabul city, with a par-
ticular increase in ailments such as diarrhea, malaria, typhoid, and
cholera. Furthermore, the discharge of wastewater has been found
to result in a range of environmental issues, including contami-
nation of surface and groundwater, emission of unpleasant odors,
proliferation of flies and mosquitoes, and degradation of aesthetic
quality of the environment. The primary obstacles include the ab-
sence of adequate sanitation facilities, insufficient wastewater treat-
ment infrastructure and drainage systems, inadequate government
oversight, a lack of public engagement, and an absence of a sustain-
able framework for managing wastewater. In light of the prevailing
circumstances and challenges associated with domestic wastewater
management, composting toilets and decentralized wastewater
treatment technologies have emerged as the most viable and sustain-
able solutions for managing wastewater in Kabul city. Furthermore,
the sustainability of wastewater management in Kabul city can be
enhanced through the enforcement of legislative measures, dissem-
ination of information and guidelines to the general public, decen-
tralization of planning and budgeting to local institutions, establish-
ment of a research center, engagement of stakeholders at all levels,
and development of a sustainable wastewater management frame-
work.
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Way of providing information
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The subject of the study is the method of information transmission.

The objective of the study is to improve the efficiency of radio communication by increasing the spatial stealth.

Analysis of spatial and temporal characteristics of radio channel signals.

According to the results of the study, a method for transmitting information with high spatial anonymity has been developed, which is one of the
current challenges in the field of telecommunications.

Keywords: method, space-time processing, Fourier transform, frequency modulation, broadband signals, multiplicative processing.

It is recommended to divide the information in advance into two or more streams, each of which is transmitted to a certain point in space
over different spatial delivery channels using special carriers. In addition, the information transmitted only at that point is reconstructed by
a common phase connection of its components. So far, electron focusing has mainly been used in acoustic imaging systems as well as in radio-
location, taking into account the sphericity of the incident wavefront [1]. A device has the properties of a lens if it can specify a point called the
focal length and a point called the focus whose vibrations are perceived with maximum amplification.

Field of application — Transmission of information by radio link. A common disadvantage of existing transmission methods is low spa-
tial anonymity. By monitoring the distribution network, it is possible to obtain information without authorisation, control traffic, and inter-
cept control of channels, which reduces the effectiveness of the means of communication. In order to improve the efficiency of telecommuni-
cation systems, a number of contradictory problems need to be solved. On the one hand, it is necessary to increase the signal spectrum width
in order to increase the bandwidth and stealth, and on the other hand, spatial selection needs to be ensured. The use of broadband signals in
radios installed on manoeuvring high-speed objects does not allow them to realize their potential in terms of bandwidth, interference and
noise immunity. This leads to the need to increase the signal strength, thereby hiding the object using the radio mode. It should be noted that
broadband signals are poorly processed due to Doppler dispersion. The task of reliable information transmission is especially important for
high-speed communications, which allow signaling of transmitting and receiving information, but also increase the risks of interception by
the adversary. This article shows one way to resolve this conflict. The choice of carrier is determined by certain multiplicative signal transfor-
mations due to the Doppler dispersion.

Conclusions — The proposed technical solution solves the problem of covert information transmission by focusing the energy.

To obtain

sin(Q- In(z — 7)) ’
N

where Q is the hyperbolic carrier frequency,

Q = £ (t)xt; f(t) is the instantaneous frequency;

t— current time moment;

T — time shift of the signal relative to the start of counting, T — time shift in magnitude, [2], which is equal to the change in range

S(t)= ()

volume
AD=CxTt
where C is the velocity of energy propagation in the medium;

V a—1

rﬂ - =
C 2a

a— Doppler parameter;

V — relative radial velocity.

Indeed, taking into account the Doppler transform S(t) = V(a -S)(at) the signal in focus takes the form [3]:

Ja
S,(t) =——=sin(Qneal(t-(7"+7,)-7)
0=~ sl +7,)-0)

where T’ is the delay due to the limited propagation velocity of the electromagnetic oscillations.

That is, the signal propagates with a delay or advance, depending on the sign of the Doppler parameter. This well-known result is a di-
rect consequence of the property of invariance of the LFM (hyperbolic frequency modulation)-signal to the Doppler effect [2, 4].

Focusing the energy of these emitters to a given point can be achieved by artificially introducing into the signals of two emitters (1) prede-
termined Doppler parameters equivalent to the relative beam velocities of the focusing point with respect to these emitters.
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For clarity, let us consider the situation shown in pic. 1, the main parameters are related to:

Aa=aqa, v(lizﬂz_grﬂ'} )
C-r
a.,, o,— parameters included in the GJM — signals of the first and second emitters;
a=0,+1;
A, =1, 1+ ||1+[ L ] -2 L v[cos(? -cos @, -cos(@, — @, )+sin @, -sin 61] (3)
X \| 1, 1, 0 2 [ 2 0 2

A, 1,= /1 =+A]] — distance from the first and second radiator to the focal point;
L is the distance between the emitters;

¢, 0,and ¢, 0, — angular spherical coordinates of the focal point «0» and the second radiator «2» (the first radiator is located at the or-
igin of coordinates «1»).
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Fig 1. Position of the transmitter and focus points in space

Taxum o6pasom, npu GopMUPOBAHNY CUTHAJIOB BUJIA
_sin(Q-Ina, +Q-In(f -7))

-7

(4)

5,()

where i is the emitter number;

and fulfilment of conditions (2) and (3) ensures that the signals of the two emitters at a given point in space are phase-tuned.

Based on the linear property of the Fourier transform, the sum of the signalsa - S, (t) +b - S, (t) corresponds to the sum of their spectra ae
S, () +b-S,(Q) (p. 120 in book [5]). The successive application of the forward and reverse Fourier transform does not alter the signal, and
the signal energy in the time and frequency domain is the same, i.e. the Fourier transform is unitary (pp. 44-46 in [4]).

If it is necessary to transmit information via radio channel to a certain point in space, signal of type (4) can be used as an information car-
rier. In this case its spectrum is represented in two kinds components and equal to their sum, one parameter a. , is carried in time domain and
radiated by first radiator, another with parameter, o, is carried in time domain and radiated by second radiator.

The proposed technical solution [6-7] solves the problem of covert information transmission by controlling the focus of energy of the emit-
ters.
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Experimental study of free turbulent jet
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This article discusses the dynamics of the development of a free turbulent jet emanating from a square nozzle of the exhaust cut. The studies in-
clude cases where external impact on the flow was and was not eliminated. The hot-wire anemometer was used to measure the average and flac-
tuation velocity values, and analyze the turbulence levels. Fluctuations in the temperature of free jetnondimentional overstress propagating from
the nozzle are investigated.

Key words: nozzle, free flow, turbulent flow, experimental study, velocity and temperature profiles.

JKCnepuMeHTaNbHOE UCCNIeA0BaHME CBOOOAHOI TYpOYNeHTHONM CTPYM
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Kopabaii Hasepke bargatkbi3bl, CTYAEHT MArnucTpaTypsl;

CyntaHoB KaHxap PawuToBny, CTyAeHT MarucTparypsi
Kasaxckuit HaumoHanbHbIi yHUBEPCUTET UMeHN anb-Papabu (r. Anmatbl)
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Kmoueevie cnoea: conno, c80600Has cmpys, mypOyneHmuoe meueHue, IKCnepUMEHManvHoe Uccie008anue, nPoGuIL memnepamypol

u ckopocmu.

Free turbulent jet flowing from a square-shape nozzle of the ex-
haust cross-section has not yet been studied in a wide range of veloc-
ities to sound speed. If two opposite sides of the square-shaped outlet
section are kept motionless and two sides are stretched perpendicular
to them, then we get a rectangular nozzle (the determining param-
eter is the stretching parameter 4, where A=a/b, a is the length of the
outlet section; b is the width of the outlet section). The flow coming
from such a nozzle is three-dimensional. Such three-dimensional tur-
bulent free jets have been studied in general abundance [1-12]. And
if we take a flow that is likely to propagate from a square cross-section
nozzle (A = 1), we can only note some insignificant works covering
this subject [5; 10; 14; 15]. With regard to the investigational study of
a turbulent jet outgoing from a square outlet section nozzle, one can
mention the work [16]. In this paper, the average-minute characteris-
tics of a turbulent free air jet escaping from the nozzle are widely in-
vestigated. The study was also carried out in cases where the exter-
nal(acoustic) impact on the flow was or was not eliminated.

This paper presents the results of further investigation of such a jet.

Investigational study equipment

The experiment was carried out using the probe shown in Figure 1.

The air (2) coming out of the fan (1) enters from the vibration-ab-
sorbing wire (3) into the quiescent chamber, and then flows out of the
nozzle with a square shape of the output image (6) through the grat-
ings (4) and (5).

The main part of the flow is located in the slurry part of the
VIAB-451 shadow instrument. It can be used to explore the shadow
snapshot. The impact on the flow was carried out using dynamik (7)
with a power of scales 50Wt, frontally located on the output image of
the flow in the quiescent chamber.

A sinusoidal signal is supplied from the sound generator (13) to
the speaker, in connection with which a sinusoidal oscillation of ve-
locity at the selected frequency occurs on a given sound image.

A Pito tube and an MMH-240 micromanometer (9) were micro-
lated for a moderately fast and dynamic gate measurement.

A thermoanemometric blocks system was used in the work. It
consists of a two-channel thermoanemometric system with a linear
output signal velocity, a temperature transducer, and a phase selec-
tion unit (12).

The position of the Pito tube and transducer along the three sym-
metricaxes is carried out using a three-dimensional coordinate.

The design of a square-shaped nozzle with a profiled section using
the Vitoshinsky formula is shown in Fig. 2 (in addition to the figure,
the coordinate axes have also been plotted). Nozzle compression rate
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Fig. 1. Experimental Set-Up Diagram: 1 — fan; 2 — vibration-absorbing wire; 3 — chamber of rest; 4 — control grids;
5 — heating grate; 6 — nozzle; 7 — speaker; 8 — Pito tube; 9 — micromanometer; 10 — sensor;
11 — CTM-02 type thermoanemometric system block; 12 — phase selection block; 13 — sound generator
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Fig. 2. Square nozzle design: 1-nozzle wall; 2-nozzle support

c¢=10(c=F / F,, (where F; — nozzle inlet area, F, — nozzle

outlet area), nozzle height is 90mm.

Findings and Analysis

To study the vortex structure of the flow in the flow, we used the
method of recording the instantaneous velocity pulsation measured
by a thermoanemometer, which is saved to the oscilloscope screen.

The thermoanemometer was used to measure average and pul-

sation velocity values, and the levels of turbulence (turbulence in-
tensity). Based on the oscillograms analysis of instantaneous change
in the velocity pulsation, the development frequencies were calcu-
lated when primary vortices appeared and moved away from the
nozzle.

Oscillograph record analysis of the stretching waveform of the

instantaneous velocity ripple shows that velocity fluctuations have

well-defined frequencies. These velocity fluctuations exactly coin-
cide with the frequencies of discrete vortices formation in the free
boundary layer in the initial compartment. As the distance down-
stream from the outlet section of the low nozzle increases, as a re-
sult of interaction of the first-order vortices with each other and their
enlargement, on this basis, low-frequency velocity oscillations with
large amplitude arise.

In addition, high-frequency velocity pulsation persists against
their background, which is explained by primary vortices. As an ex-
ample, Fig. 3 shows oscillograms of the flow rate fluctuations from
a nozzle with a square outlet section, obtained at different distances
along the flow axis, at different values of the x/bparameter (caliber).

The study showed that due to a decrease in the average speed,
the number of vortices passing by the sensor per unit of time de-
creases. The conclusion from these findings is that with distance from
the nozzle downstream, the vortices do not split into smaller vortices,
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Fig.3. Oscillograms of velocity pulsations along the axis of the flow propagating from a nozzle with a square outlet section: A =1,
U,=20,7m/c; f=0; y=0; z=0; U,— primary velocity; f— external acoustic impact frequency a) x/b=2; b) x/b=6; c) x/b=10;
d) x/b=18; e) x/b=26; f) x/b=30

the number of vortices does not increase, but rather they merger into
larger vortices of large sizes. On the other hand, each vortex within
these groups can retain its individuality at very large distances from
the nozzle outlet (up to 30 gauges) and cause velocity pulsation.

The work also investigates the free flowpulsation characteristics.
The thermoanemometer was calibrated before measurements were
taken. The pulsation intensity (intensity of turbulence) €, and €, at
the off-axial maximum velocity (Um) and intensity of the pulsation
of the axial velocity (U0), reflected from the primary velocity, and
was determined using the following formulas:

Jo7 4E(E-ENe”

g, = - 1)
U, (E2-E2)
U7 AE(E*-EX)We?

o, NUT_SE(ET BN @
U, (E;-E;)

Where, E is average stress at any point, F, ismean axial stress,

Ve’? ismean square voltage ripple along axis, E, is initial voltage,

E; iscoefficient determined using a calibration chart, \/ﬁ isa
root mean square velocity ripple.

Regularities of turbulence intensity distribution along the axis at
the square nozzle of the exit section are shown in Figures 4 and 5. As
can be seen from the images, in both cases (whether or not there is an
effect) €, and €, and in both, initially the key rises, and then ¢,
decreases, and €, the growth rate continues to go up.

The paper investigates the velocity profiles in the free jet cross-sec-
tions outgoing from the square-shaped nozzle of the outlet section.
The experimental findingsare shown in Fig. 6. The experiment was
performed when eliminating the external impact on the flow, the fre-
quency of exposure f =421 Hz.As can be seen from the figure, the
versatility of the cross-sectional velocity profiles (affinity) begins with
a gauge of 6 (x/b=6).

Fig. 7 shows the changes in the axial velocities of free turbulent
jets flowing from the square and circular (axisymmetric) nozzle of
the outlet section. The initial current velocity is about 21 m/s. The test
results correspond to a situation where the flow was not affected. As
can be seen from the figure, the change in axial velocity in both cases
occurs according to the same pattern. The third continuous line in the
figure is a theoretical straight line drawn according to the following
expression (formula), obtained in theory from our research:

m

U, %—2,85\&—1

1
U 807 (A-0,19)3
B0 1) G

As can be seen, the theoretical straightness is in good alignment
with the experimental results. The coincidence rate of the obtained
formula with the theoretical expressions [3; 13], reflecting the change
in the axial velocity in the main section of the axisymmetric flow, is
ata high level.

Some technical challenges were encountered in obtaining a uni-
form temperature profile at the jet section outlet. They were elimi-
nated, first of all, because tiny cellular nickel grids were selected, and
secondly, because the terminals were located close to each other.
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Fig. 4. Axial distribution of turbulence intensity in the flow: A =1;f=0; U = 20,7 m/s
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Fig.6. Velocity profiles in cross-sections of free flow outgoing from an outlet section square nozzle: U, =20,9 m/s; f =421.

U —velocity at any point; y, ; — half maximum speed (U, /2)

Un/Uo 1.0 SIS &
+nd
o
N

0.6 .
0.4 +
03 desig. A Uo, mis

(0] 1 20,9

+ | == | 2047
0.2
0.1

1 2 4 6 8 10 20

In this regard, the temperature profile at the nozzle outlet can be
considered uniform. Slight deviations were only observed in areas
where heat from the inner sides of the nozzle spreads outward. There-

Fig. 7. Axial velocity change: U;=20,9m/s; f =0

30 .1

fore, to minimize the deviation of the transverse temperature pro-
file at the nozzle outlet from the rectangular shape, the inner sides of
the nozzle were thermally insulated from the external environment.
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Fig. 8. Temperature fluctuations of the dimensionless overvoltage of the free jet propagating from the square-shape nozzle of
the outlet section along the cross section.U=21m/c; f=0; AT, =30°C . AT — difference in temperature and the surrounding
environment temperature at any point in the flow; A7, — temperature difference along the flow axis and the environment;

AT, —temperature difference between the nozzle outlet and the environment; y, ; — half temperature difference (7,, /2)
of maximum temperaturey

The paper shows the dimensionless profiles of the average tem- As the figure shows, the versatility of cross-sectional temperature
perature in the main section of the buoyant jet from asquare shape  profiles starts at the beginning and continues to the end of the main
nozzle of the outlet section, of various cross sections (Fig. 8). compartment.
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QKOIO0Inga

MOHUTOPUHT QHTPONOreHHOI Harpy3ku peku Taw bl

bankyHac Ekateputa OneroBHa, CTyAeHT MarucTpaTypsi
CeBepo-KaBkasckuit hepepanbHblii yuusepcutet (r. CraBpononb)

quOBequTBo B CBOEM Pa3BUTIY ITPOIIO YePe3 MHOTUE STAIIBI,
B KOTOPBIX MCHONb30BaMNCh BOJHbIE PEeCYpChl IUTAHETHL
Bcerna mpeobnazano mpsmoe MCIOMb30BaHME BOJBI — B KauecTBe
NUTDS, A/ MPUTOTOBTIEHNA IUIIM, ¥ B XO3SIICTBEHHO OBITOBBIX
enAx. BosHUKHOBEHNE MHOTUX IIEHTPOB LVBUIM3ALMY CBA3aHO
C HaJI4yeM BOJHBIX IyTelt (pexu, MOps, 1 T.4.). ViccmenoBanus 06-
YCTIOBJIEHBI T€M, YTO AaHTPOIIOTeHHOE BO3/IE/ICTBIE Ha PEKY C TOfIaMM
YCUITMBAETCH, M3-3a 3TOTO MPOMCXOAUT HaKOIUIEH)e U IIepepacIpe-
Jie7ieHNe 3arpASHAOIIMX BELIECTB Ha TPOTKEHNI BCell PEKIL.

Pexa Tamnma ABnAeTca 0OCHOBHOI BOfHOI! apTepueti c. JJoHCKOro
TpyHoBckoro paiioHa CTaBpOIONLCKOTO Kpasd. 3TO OfMH U3 He-
MaJIOBXKHBIX IIPMPOAHBIX 00BEKTOB CEBEPHBIX PAIOHOB Kpas, ee
OacceifH 3aHMMaeT 2% Tepputopun Kpasd. BosHUKalOT pucku ycy-
TyO/IeHNsT 9KOTIOTMYECKOTO COCTOSHMSA, ObUIN IPOBEEHbI MCCIIe0-
BaHMI1, KOTOpbIE IIOMOI/IM YCTAHOBUTD CTENIEHb aHTPOIIOTEHHOI! Ha-
TPY3KIL.

C yBennyeHyneM CelbCKOXO3AMCTBEHHDBIX YTOAMIT ¥ ITPOMBIII-
JIEHHBIX 00'BEKTOB AHTPOINOreHHAsl HArPy3Ka Ha BCe BOAHbIE 00D-
€KTbI C KaK/JIbIM TOJIOM YBEITMIMBAETCA M HETATUBHO CKa3bIBAETCA
He TONIbKO Ha BOJHOJ 9KOCHCTeMe, HO 1 Ha OKPY KAIoILieM MIpe.

AHTpOIOTreHHas Harpyska Ha BOJHbIE 0OBEKTHI — 9TO MPsMOe
WM KOCBEHHOE BO3JIEICTBHUE JIeATeNbHOCTY YeTloBeKa Ha BOJHbBIE
00BEKThI, BbI3bIBAIOLIEE KONMUECTBEHHOE WM KadeCTBEHHOE 13-
MeHeHIe BOHBIX pecypco. [lof «IpsAMBIM» BO3eiiCTBIEM HOLpa-
3yMeBaeTCs HETOCPECTBEHHOE BO3JIEIICTBE YeNIOBEKa Ha BOJHbIE
00BEKTBI B XOfie BeTeH) XO3AICTBEHHOI 1 9KOHOMIYECKOI es-
TENIbHOCTIA.

BoimensaioTca cnefyomue Bibl aHTPOIIOTEHHOI HAarpysKy Ha
BOJHbIE OOBEKTHI:

— XUMIYECKOe 3arpsI3HEHNE;

— Dbuonoruueckoe sarpssHenue;

— PapnoaktuBHOe 3arpAsHeHue;

— Mexannyeckoe sarpssHeHME;

— Tennosoe 3arpsAsHeHue;

— OcCHOBHbBIMM aHTPOIIOTEHHBIMY MICTOYHMKAMMY 3arpsA3HEHNA
BOJ SIBJISIFOTCSL: COPOCHI B BOOEMBI HEOUNIIEHHBIX CTOYHBIX BOT;

— CMBIB IIECTHINMJIOB, MVYHEPAJIbHBIX M OPTaHWYeCKNX yHo6-
PeHMIT; ra30/;bIMOBbIE BEIOPOCHL; yTeuky HedyTu 1 HeTeIrpOayKTOB.

Ha mpecHOBOJHbIE 5KOCHCTEMBI, IIOMIMO OJMOTEHHBIX BEI[eCTB,
HeraT¥BHOE BO3JIEIICTBIE OKa3bIBAIOT 1 [IPYIUe BellecTBa, TaKue

KaK, TsDKeIble MeTayuibl (CBUHeN, Kaamuii, Hukeb u fip.), CIIAB,
denonsl u fip. ViccmenoBanust npefcTaBieHHbIe B TaHHOI paboTe
HaIpaB/eHbl Ha BbIAB/IEHME CTETIEHN aHTPOIIOTeHHOI! HaTPysKM Ha
pexy Tama B mpefenax cena JloHckoro.

Ina ouenku cocrosHus peku Taupra 6bi1 mocuntan Koaddu-
IVEHT JOHHON aKKyMYy/IALI. Pe3yibTar mpefcTaB/ieH Ha pucyHKe 1.

CorracHO rpafaly 3Ha4eHi1 Koo uIyieHTa TOHHOI aKKyMy-
nanym st pexnt Tamma B ctBope Ne 1 1mo NiToBOpHT 0 TOM, YTO KOH-
LIeHTpallMy 3arps3HAIOIIETO BellleCTBA B BOJE CYIIECTBEHHO IIpe-
Bbitmaer BemruuHy IIJIK u cBupieTebCTBYIOT O BHICOKOM YpOBHE
XPOHIYECKOTO 3arpsi3sHeHNMs BOFHOro oObekTa. Takas jxe KapTuHa
XapakTepHa 1 Iyis TouKu Ne 2 1 Ne 4. B rouke Ne 3 MaKcuMa/IbHO BbI-
cokoe 3HavyeHyn paBHoe 96,4 mr/n KJIA (n x 10 — n x 10%), oBbI-
IIeHHbIe KOHI[EHTPAINN 3aTPA3HAIIINX BEIIeCTB B BOZIe YKa3bl-
BAIOT Ha MOCTYIUIEHME B BOGHBII OODBEKT CBEXKETO 3arpsA3HEHIS,
B pesyinbrare Yero orHowenus C /C — CHIDKAIOTCA U He NPEBbI-
IIAIOT ABYX HOPSKOB.

Copepsxanne Fe BO Bcex CTBOpax HPEBBINIACT KOHI[EHTPAINIO
[IOKasaTemy Konebmorcsa ot 97 mr/n 1o 366 mr/in, Hebicokue 3Ha-
vyennss KIJA (n x 10 — n x 10?) ¥ HOBBIlIEHHbIE KOHIEHTPALNN
3aTPASHAIONINX BeIeCTB B BOfle YKAasbIBAlOT Ha MOCTYITIEHNe
B BOJJHBIIT 0ODEKT CBEXETO 3aTpPs3HEHNS, B Pe3y/IbTaTe Yero OTHO-
mwenns Cro/CBofia CHIDKAIOTCSA Y He TIPEBBIIIAIOT IBYX HOPAIKOB.

Bo Bcex crBopax pexn Tamura, rie GbUmM B3SITHI TPOOBI JOHHBIX
OT/IOXKEHUI JIA1 ONIpefieNenys CofiepyKannA Mn, B CTBOpax MOXKHO
HaOMIof[aTh He 3HAYMTENbHOE MpeBbIllleHre cofiepkannsi Mn, Ko-
TOpOe BNMAET Ha HeBBICOKOE 3arpsAsHeHMe pexu. Ilokasarenu cteopa
BapbupywoTcs ot 28,5 Mr/n o 40,2 mr/n. Hebicoknue sHayenns KIIA
(nx 10 — n x 10%) u noBbIIIEHHbIE KOHIIEHTPALMY 3arPA3HAIOLINX
BEIECTB B BOJIE YKA3bIBAIOT HA [IOCTYIUICHNE B BOAHBII 0OBEKT CBe-
JKeTo 3arpsA3HeHI, B pe3y/brare yero orHonrenysa Cno/Csopa cHu-
JKAIOTCA U He IPEBBIIAT ABYX HOPSIKOB

Vicxoms 13 MOMyYeHHBIX JAHHBIX, ObUI IPOU3BEEH pacdeT UH-
JleKca 3arpA3HEHHOCTM BOABI MO TaKUM MOKasaTelAM Kak: CY/b-
(batbl, NOHBI-aMMOHWS, PACTBOPEHHBIIT KMCIOPOT, HUTpuThI, Ni, Fe,
Mn. B gaHHOII CBA3M NPOBOAMMBIX UCC/IEOBAHNII JaHA OLICHKA MH-
JleKca 3arpsISHEHHOCTH BOABI B cTBOpax Ne 1,2,3,4,5. PacnionoxxeHne
CTBOPOB ITPEfICTAB/IEHbI HA PUCYHKE 2.

IlepBbIit cTBOP, Ifie OB 0TOOPAHBI IPOOLI BOALL, UCIIONB3YETCS
T4 BOOMOA CKOTa. YacTo B OKPECTHOCTH 3TO TOYKM MACYT OBeLl.
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3Jiech HaXOAUTCA XKMBOTHOBOJECKIIT KOMIUIEKC, TaK Xe Ha 6epery
PEKM PacIoNoXKeH TeIIIYHBII KOMIUIEKC [0 BBIPAIIMBAIO OBOLIEl
(momupopsl, orypusl 1 ap.) Ha Bropom cTBOpe, Hajj pedkoli Haxo-
IUTCA MOCT, II0 KOTOPOMY MOXKHO IIPOeXaTh WM IPOTH. MOXHO
OBUIO TaK >Ke BCTPETUTb pbIOaKoB. B 3-M cTBOpe BOpa UCIIONB3Y-
€TCsl /I BOLOIIOS CKOTa (KOPOBBI, JIOLIA/IH, OBLIBI), @ TAK)Ke IaCyTCS
rycu, yTKu. YeTBepThlil CTBOP PEKM MCIONB3YeTCS IUIA TIOMMBKY
Oropofia, Ha Oepery peKu YCTaHOB/IEHbI BOFOKAYKI, TeM CAMbIM BO-
oroTpebieH e B JTAaHHOM CTBOPE He PEryINpYeTCs, U B 9TOM MecTe

ITyOVHa PeKyl He3HAYUTENbHO BeJIMKA, [0 CPABHEHUIO C PYTUMU
CTBOpamy, Ifie ObUIM OTOOpPAHBI BOABI /I IPOBEIEHNs MCCIERO-
BaHuit. CrBop Ne 5 AB/IA€TCS HAYa/IbHOI TOUKOI cOOpa JAHHBIX TI0
Ha/IMYMIO AaHTPOIIOTEHHOJ HArpy3Kyu Ha peky Talra B rpaHmuax
cena Jlonckoro. Ha Gepery peku pacrionoxeH >KMBOTHOBOJYECKIIL
KOMIIIEKC, M CeNTbCKOXO03AICTBEHHbIE YTOfIbA. B JTaHHOM CTBOpe Tak
»Ke OBITI 0TOOPAHBI TPOOBI BOABI ¥ JOHHBIX OTTIOXKEHMUIL.

ITepecuer mupekca sarpsasHenns sop 3a 2019-2022 rop mpep-
CTaBJIeH HIDKE B TaOIuIie.

Tabnuua 1. UnpeKc 3arpasHeHHOCTU Boabl B peke Tawna 2019-2022 rr.

§ NHpeKC 3arpA3HEHHOCTH BOABI
& | 3xauenue U3B 3Hayenue U3B
o 2019-202 2021-2022
2 (2019 ron| 2020 ron Knacc kavectBa Bogbl 2019-2020 2021 rog| 2022 roa Knacc kauectBa Bogbl 20 0
I11- —
1 2,8 2,2 IV (3arpsi3HeHHble BOAbI) 1,3 53 V (ymepenro 3arpasHenHbie
rpsi3Hble BOfbI)
2 2,9 2,8 IV (3arps3HeHHble BOLbI) 3,04 5,7 ITI-V (3arps3HeHHble — rps3Hble BOAbI)
I11-v —
3 2,4 2,5 IV (3arps3HeHHble BoAbl) 1,8 3,4 (ymepenHo 3arpastenHbie
rps3Hble BOAbI)
I11-v —
4 | Heycr 4,2 V (rps3Hble BOAbI) 1,7 5,0 (ymepeHHo sarpAsHeHHbie
rpsi3Hble BOAbI)
5 | Heycr He yct He ycTaHoBneHo He ycr 2,3 IV (3arpsA3HeHHble BOfbl)

OcCHOBHAs1 MPMYWHA 3arpsASHEHNUS PEKM — 3TO PasBUTIHE CO-
IMATbHO-9KOHOMIYECKOI JKM3HN YeoBeKa Ha Geperax Bomoema.
B 1I€JIOM ICTOYHUKOB SaI‘pHSHeHI/IH CyHleCTBYeT 607[]3]1106 Konmnue-
CTBO.

Hamboree cyiecTBeHHbIe U3 HNX /1S JAHHOI TePPUTOPUIL:

— CTOYHbIEC 6bITOBbIe BOJIbl;

— CTOKM C IIOJIEV OPOLIEHNS;

— (depmepckoe X035ICTBO;

— TKO;

Bce BblieykasaHHbIe MCTOYHNUKY CYLIECTBEHHO MEHSIOT XUMI-
YeCKUIiT COCTAB BOJIbI, YTO CKAa3bIBAETCS HA €€ Ka4eCTBeE.

B TpyHoBcKOM paifoHe HET KPYIHbIX IPOMbILIIEHHBIX Ipef-
HPI/I}ITI/II?'[, HOBTOMY aKTyaHbHI)IMI/I VICTOYHMKaMU SaI‘pH3HeHI/IH AB-
nsoTcs: 6eiroBoe 3arpsisnerne (TKO), ckmaanpoBane 0TX070B Ha

JIureparypa:

Oepery peki, pepMepcKoe X03SIICTBO, @ TAKKe CTOKI BOJ, C LOJIel
OpOLIeHNs, 00pasyiolecs B pe3ylbIaTe arpoIpOMBIIIIEHHON
IeATETbHOCTIL.

Hapany c¢ cenbcKoXO3sAMICTBEHHBIM NCIIONb30BAHMEM PEKI
Tauna, ee Gepera cTam MeCTOM CK/IQ[IPOBAHIS OTXOAOB IOTped-
JIeHUA Kutenen c. JJloHCKoro.

YuurbiBas Bce MoKasaTe/nm NCCIEN0BaHN, JAHA OLIeHKa aHTPOIIO-
TEHHOJI HATPY3KM Ha PEYHYIO CeTb. VICXOMA 13 MOMy4eHHbIX JaHHBIX,
MOYKHO CfiefIaTh C/IEAYIOIMIT BBIBOJ|: CEbCKOE XO3ACTBO OKAa3bIBAET
3Ha4MTeNbHOE HEraTMBHOE BO3/IEJICTBIE HA KaYeCTBO BOJ| B PEKE, TaK
¥ UICTIONb30BAHME PEKN B XO3sICTBEHHO OBITOBDIX Iie/sax. Ha mpots-
JKEHMJ BCETo TeueHN: 10 Tepputopuyt TPyHOBCKOrO pajioHa BOJibI
B p. Tama xapakrepusyrorcs III-IV-V xmaccom kadecTBa, Kak yme-
PEHHO 3arpA3HEHHbIE — 3aTPASHEHHbIEe — IPA3HbIE BOJIBL.

[ManbHes, B. A. Copemennble manpmadter CraBpononbekoro kpast / B. A. ITansues.— Craspomnons: Visa-so CI'Y. 2003.
2. Yanos P.C. EcrecTBeHHBIE 11 aHTPOIIOTEHHBIE N3MeHeHMs pek Poccun 3a ucropudeckoe Bpemst. COpOBCKiiT 00pa3oBaTebHbII

JKYpHaIL, ToM 6, Ne 1,2000.— C. 71-78.

3. Xapun K.B. Craspononbcknii kpait. CTaBpononbckuit Kpait. Bogsbie pecypcbl / aBT.-cocT. K. B. Xapum, JI.I. Epuisan.— Craspo-

nonb: V3g-8o CKDY, 2015.— 127 c.

4. @amescknit b. B. OcHoBbI skomorndeckoit rupponorun.— Munck: SGKOVHBECT, 1996. 240 c.
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WHTerpanbHasa xapakTepucTUKa KauecTsa BoAbl peku KasaHku
B 3apOCAAX TPOCTHUKA 06bIKHOBeHHOro Phragmites australis

KywraHoa Munus MapatoBHa, CTYAEHT MarncTpatypel;
CrenaHoBa Hagexpa tOnbeBHa, JOKTOp BUONOrMYECcKUX HayK, npodeccop
KasaHckuit (Mpusomkckuit) deaepanbHblit yHuBepcuTet

B cmamuve 0aemcs OUeHKa Kauecmasea 80001 pexu Kasanku no xumuueckum u 2u6p06uonozuuemcum noKasamenAam 6 30He 8AUAHUA MAKPO-

pumos 6 secemauuonnviii nepuod 2022 eooa.

Kmiouesvie cnosa: maxpogumol, pumonnaHkmon, 300n1ankmon, eudpoxumuseckuii cocmas, peka Kasanka.

BeepeHue

MakpoduTbl ABIAITCA Bemyliell COCTaBJIAIIIEIl BOTHOM
9KOCKUCTEMBl VI YYacTBYIOT B IIpOLleCCe CaMOOYMIIEHUSA BOX-
HOTO 00'beKTa, Pery/Liluy KUCIOPOJHOTO peXyuMa, oOMeHe Be-
wects [2]. OHM urparot 60IBIIYIO PONIb B KU3HY TUAPOOUOHTOB,
ABSACh A7 HUX YOEXKMILEM, CyOCTpaToM I Hepecta uTO-
(buIbHBIX PBIO, €CTECTBEHHBIM (UIIBTP MeXY BOZOCOHOPOM 11 BO-
moemom [4].

3apocmy MakpoUTOB CO3[AI0T CBOIO YHMKATbHYI 3KOCHU-
CTeMy, B KOTOpOIl pasBuBaercsi cBod creuududeckas ¢mopa
u QayHa. [Ipy 9TOM, KONMYECTBEHHDI 11 Ka4eCTBEHHBIN COCTaB
300I/TAHKTOHA He 3aBJICUT OT MECTOIIONIOXKEHMA 3apOCiieli MaKpo-
¢buTOB 1m0 IPOWITI0 PeKN, OT IMHBI U CKOPOCTH TEUEHMS PEKIL.
Opnako 6romacca B TaKMX 3apOC/ISAX PA3BUBAETCS B OCHOBHOM
B leTHee BpeMms [5].

MakpoduTbl aKTMBHO YYacTBYIOT B KpyroBOpOTe IIMTa-
TEbHBIX BEIIeCTB B PeKax, B IIpoljeccax 0OMeHa 3arpsAsHANIINX
BeIeCTB MEXK/]Y JOHHbIMM OT/IOKEHIAMY ¥ BOFHOI TOJILIelt, He-
PEIKO SB/ISACh 3aMETHBIM IIOCTABIIMKOM OMOTEHHBIX U IPYIUX
XMMUYECKUX S/IEMEHTOB, U MX COENUHEHUI U3 OTIOXKEHMIT
B BoOfTy [3].

enb: oLjeHKa BMAHMA MaKpO(MNUTOB Ha KauyeCTBO BOJBL B PeKe
Kasanka 1o ruppo6MonornieckuM 1 XMMIYeCKMM IOKa3aTeaM
B BeTeTalYIOHHBII IIepHUOf,.

O6bexToM nccnegoBanus 6bi1a pexa Kazarka B pycoBoit actu
B paifloHe TpeTbell TPAHCIIOPTHOIL ;aMOBbI (PYC/IOBAS 9ACTD) U TIEBBII
Oeper, 3apoclVii TPOCTHMKOM OOBIKHOBeHHBIM Phragmites aus-
tralis.

TpocTHMK OOBIKHOBEHHBIN ABMAETCA KOHKYPEHTOCIIOCOOHBIM
BOJHDBIM PAaCcTeHNMEM C LIMPOKOI SKOTOTMYECKON aMIUINTYROi [6]
U LIMPOKO TIpeficTaByeH Ha Geperax pexu KasaHKu 1 ApyIux BOTHBIX
o6bekrax Pecrry6mxu Tarapcras.

Mamepuanvl u memodw. IIpo6pl Bombl [1] Ha XuMMYecKuit
U TUPOOMOIOTMYECKIIT aHa/MM3 OTOMPAM B BereTallOHHbI Ile-
puog 2022 roza ¢ Mas 10 CeHTAOpPb. AHaIN3 IPOBOAMIN Ha OIpe-
JieTleHne Cofiep>KaHusA a30To- 1 (HocopcofiepKallix BellecTs,
MeTaJIIOB IO CTAHAAPTHBIM MeTofuKaM. Takke onpenensamich Iup-
pobuonornyeckue IOKa3aTeN, Takie Kak KONI4ecTBO BUJIOB, IIC-
JIEHHOCTb 1 O¥IoMacca GuTo- U 300IUTaHKTOHA. Iy 06paboTKy Ho-
JIy4eHHBIX JAHHBIX OBUIM VICIIONIb30BAHbI CTATUCTUYECKIE METONbI
aHa/M3a: HelrapaMeTpUIecKuil ananua (Kputepuii MaHHa- YuTHnm),
KOPpe/LALMOHHbIN aHa/m3 (kpurtepuit CiiupmeHa).

Pe3ynbTatbl U ux 06y peHme
OuyeHKa Kadecmsa 80GbI NO XUMUYECKUM NOKA3AMENSM

CpaBHeHMe XMMIYECKOTO COCTaBa BOJIbI B PYCTIOBON YacTH PeKM
U B 3a/I/BE B 3aPOCILAX MaKPOMUTOB METOJIOM HellapaMeTpIIecKolt
CTaTUCTUKY 10 KpuTepuio ManHa-Yuthu (p<0,05) moxasaso, 4to
COflepyKaHue MOMIHIS, JKeesa i 6apust B PYCIOBOI 4acTU 3Ha-
YUMO BbIIIE 110 CpaBHEHMIO ¢ 3a/miBoM. CofepkaHue almOMIHNA
npesbiinaer [IJIK mis ppi60xo3siicTBEHHBIX BO0eMOB B 12 n 2
pasa; >xenesa B 9 1 3 pasa B PyC/IOBOJi YaCTU PEKU U 3a/IMBE COOT-
BETCTBEHHO (puc. 1).

Copep)xaHue TaKyX [OKasaTerIelt, Kak (pocdaTsl, aMMOHMIL 11 Op-
TaHMYECKUX BEIeCTB 10 MEePMAHTAHATHON OKMCIAEMOCTH BbIlle
B 3a/IM1B€ 110 CPaBHEHMIO C BOJIOit B pycroBoii yacty Kasanku. IIpe-
soinenne [1JJK ormedensl TombKo a1 comert ammonus 1,2-1,4 TIITK
KaK B pycIie, Tak U B 3ayuBe (puc. 1-3).

Moo ormerutb mnpesbimienusa IIJIK mo copepskanmio ko-
6anbra B 14-16 pas, cTpoHIms B 6,5-9 pas, cenena B 10-11 pas Bo
Bcex MecTax oT6opa mpob (puc. 1-3).

OL(eHKa Kayecmsa 800bI N0 6UON02UYECKUM NOKA3AMENAM

Cpenaue 3a BereTallMoHHbIIT ce30H 2022 rofja moKasaTenu dmc-
JIEHHOCTH 1 610Macchl PUTOIIAHKTOHA B 3a/IMBe C 3apOC/LIMU Ma-
KpOQUTOB SHAYUTENBHO YCTYNAaeT AHATOTMYHBIM IIOKA3aTeIAM
B PYC/IOBOII 4acTy peku (puc. 4). UncneHHOCTb GUTOIUTAHKTOHA
B pycnoBoit yacTu pexn Kasanku B 7 pas, a o 6uomacce B 5 pas
OOIbIIIe [T0 CPABHEHUIO C 3a/TMBOM.

Ecmu paccmarpuBarh COOTHOLIEHME BUOB (PUTOITAHKTOHA
B /IHAMNKe B TeYeHMe BETeTAIYIOHHOTO CE30Ha, TO MOYKHO OTMe-
TUTD CMellleHe TMKOB TOMMHIPOBAHNS CHHe3eeHbIX (L[1MaHOOaK-
Tepui) U AMATOMOBBIX BOJOPOC/IEH B 3a/MBe M PYCIOBOIl YacTu
pexn. B samuBe ¢ MakpoduraMu B pesynbTaTe GBICTPOrO Hporpe-
BaHMA BOJbI HA MeCALl paHblile HAOMIOAICA MUK PasBUTUA Lya-
HOOAKTEepMiT CO CMEHOII JOMJMHAHTBI B CTOPOHY JAMaTOMOBBIX
BOJOPOCTIelt B aBrycTe U ceHTsA6pe. B pycnoBoit yactu pexnu mpeod-
NajjaHNe AMATOMOBBIX HAO/IIONANIOCh TOMbKO B HaYa/Ie BereTal[1ioH-
HOTO Ce30Ha ¥ YCTOIYMBAsA TeHAEHLVA PasBUTIA LYAHOOAKTepUIL
Ha OPOTAKEHNM BCEX OCTABIUVXCA MECALIEB.

HenapameTpudeckuit ananus 1mo kputeputo ManHa-YuTHu 1o-
Kasa/l 3HAYMMOCTD Pas/IMuMil MEX/y HOKa3aTeNAMMU YMCIEHHOCTI
1 6¥0MAacChl [INaHOOAKTEPUIT B 3a/TUBE 1 PYCIIe PEKIL
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Puc. 1. Copepxanue thocatos, aMMOHMA, aNOMUHMA, KOGaNbTa, Xenesa B 3anuBe € 3apocnAMu MakpotuTos (3) u pycnosoii (P)

4acCTU peKu KasaHku (OTMe“IEHbI 3Ha4yumble pa3nut|m|)
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Puc. 2. CopepkaHue HUTPATOB, CTPOHLUSA M OPraHUYECKUX BELLLECTB NO NepMaHraHaTHoil okucnsemocty (M0) B 3anuBe ¢ 3apocnamu

makpocutos (3) u pycnosoit (P) yactu pexu KazaHku
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Puc. 3. CopepxkaHue HUTPUTOB, 6apusa, cenexa B 3anuse ¢ 3apocnamu makpoutos (3) u pycnosoii (P) yactu peku Kasanku

(oTMeuyeHbI 3HaYMMble pasnnyusa)
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Puc. 4. Yncnennoctb u 6uomacca huTonnaHKTOHa B 3anuBe ¢ Makpoduramu (3) u B pycnosoi yactu peku (P)
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Puc. 5. YucneHHocTb U GUOMacca 300nNaHKTOHa B 3anuBe ¢ MakpodmTamu (3) u B pycnosoil yactu peku (P)

Amnanornynsle ¢ GUTOITAHKTOHOM TeH/IEHIINI OTMEYEHBI U sl
3oomnaHKToHa. CpefjHue 3a BereTallMOHHbIIT ce30oH 2022 rofja mo-
Ka3aTeny YMCIEHHOCTH 1 61OMACChl 300I/TAHKTOHA B 3a/IUBe C 3a-
pOC/SIMU  MaKpOQUTOB 3HAYUTENBHO YCTYMAeT aHAIOTMYHBIM
TI0Ka3areJIM B pyc/IoBolt yactyt peku (puc. 5). UncneHHOCTH 300-
ITAHKTOHA B PycoBoit yacTy peky Kasauku B 6 pas, a mo 6nomacce
B 11 pas 6osblile 10 CPaBHEHMIO C 3a/IMBOM.

AHanus [UHAMMKI Pa3BUTHA 300ITTAHKTOHA TTOKa3aJl, YTo B 3a-
/Be Ha MPOTSDKEHNN BCETO BETETALIVIOHHOTO Ce30Ha HabMofaeTcst
6oree cbamaHCHPOBAHHOE COOTHOILIEHIE BIIOB KOJIOBPATOK I pa-
K00OpPasHBIX (BECTIOHOTHE I BETBICTOYChIE). B TO BpeMmst Kak B pyc-
TIOBOJ 4acTM PEKM Ha TPOTSHKEHUM BCETO CE30HA IO KOMMYECTBY
BUJIOB TIPe0O/Iaianit KOMOBPATKIA.

OcHOBHOIT BK/Iaf, B 6MOMaccy 300IUIAHKTOHA B 3a/yBe BHO-
CHIIL BECTIOHOTME PAKOOOPasHbIe, YCTYIask BETBUCTOYCHIM PadKaM

TOJIBKO B aBIyCTe. B pyciie OCHOBHOI BK/Iaf B 61OMAcCy BHOCHIN
Cladocera B nione-aBrycre, B OCTa/IbHble Ce30HbI Peobmafait Ko-
JIOBPATKIL.

PaccunTaHHBI MHEEKC CAamPOOHOCTM IO3BOIMI OTHECTH 00a
00'bEKTa MCCIENOBAHI K [3-Me30CAIPOOHOIT 30He Ha IPOTSDKEHNI
BCETO BETETALMOHHOTO Ce30Ha KaK 110 AAHHBIM (PUTOIIAHKTOHA,
TaK 11 300I/IAHKTOHA.

3aknoueHune

CpaBHeHe XYMIYEeCKOTO COCTaBa BOBI B PYC/IOBOI acT! PEKI
Kasauky 1 3amiBe B 3apOC/IAX MaKpoQUTOB [OKa3a/I0 3HAYMMOE
pasmuume 1Mo TakuM MeTamiaMm Kak amomuHnit (12 u 2 IJIKpx)
u xene3o (9 n 3 IIIKpx) coorBeTcTBeHHO. [IpeBbiinenne HopMa-
TUBOB OTMEYEHBI TAKXKe A/ coreit aMMoHust 1,2-1,4 pas, kobasnbra
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14-16 pas, crponumsA 6,5-9 pas, cenena 10-11 pas Bo Bcex MecTax
oT60opa mpob.

CpenHne 3a BereTalMOHHBIN ce30H 2022 rofa IOKas3aTeIn
YIC/IEHHOCTY U 61OMacchl GMUTOIUIAHKTOHA B 3a/iBe C 3apOC-
JAMM MaKpOQUTOB 3HAYUTEIDHO YCTYNAeT aHAJIOTMYHBIM IIO0-
Kas3aTe/lsAM B PYCIOBOJ 4acTU peKku. UMCIeHHOCTh (PUTONNIaHK-
TOHa B Pyc/oBoit yacty peku Kasanku B 7 pas, a mo 6uomacce B 5
pas Gorblile 110 cpaBHEHMIO ¢ 3a/BoM. OTMeUeHO CMellleHNe Ha
MecsAL] IMKOB IOMVHMPOBaHM: CUHEe3e/leHbIX BOIOPOCTIeil B 3a-

JIureparypa:

JIMBe Vi X YCTOIYMBOE Ipeob/IafjaHiie C UIOJIS 10 CeHTAOPS B pyc-
JIOBOIT YaCTY PeKIL.

YycneHHOCTD 300ITAHKTOHA B Pyc/IoBolt YacTu peky KasaHkn
B 6 pas, a 1o 6uomacce B 11 pa3 6oIblire MO CPABHEHIIO C 3aTMBOM.
B 3a/yBe Ha IIPOTSKEHNUN BCETO BEreTAlIOHHOTO Ce30Ha Habmoa-
70ch 6oree cOHATAHCHPOBAHHOE COOTHOLIEHME BIJIOB KOJIOBPATOK,
BEC/IOHOTYX U BETBMCTOYCHIX PaKOOOpPAs3HBIX, B PYCIOBOI YacTu
PeKy Ha IIPOTSDKEHUN BCEro Ce30Ha [0 KOMMYECTBY BUOB IIpeob-
Tafianmu KOJIOBPATKIL.

1.  T'OCT 31861-2012 Boza. O6wye TpeboBanms k or6opy mpob = Water. General requirements for sampling: Me)xrocynapcTBeHHBLI
CTaHJIAPT: U3NaHUe O(UIMANIbHOE: YTBEPXK/IeH 11 BBefleH B AeiicTBue [Ipukasom QenepaTbHOrO areHTCTBA MO TEXHUIECKOMY pe-
TY/IMPOBAHMIO 1 MeTpojIoruy ot 29 Hostbpst 2012. Ne 1513-cT: BBefieH BIlepBble: AaTa BBefieHms 2014-01-01 / paspaboran obime-
CTBOM C OFPaHIYEHHOI OTBETCTBEHHOCTHIO «IIPOTEKTOP» COBMECTHO C 3aKPBITBIM AKIMOHEPHBIM 061iecTBOM «LleHTp mcceno-

BaHNA VI KOHTPOJIA BOADBD

2. boikosa c. H., Bopucosckas E. B., Bunorpanos I. A. BrysiHue HeKOTOPbIX MAKpOGUTOB ¥ HUTYATBIX 3€IEHBIX BOFOPOCIIENT Ha CYK-
IIeCCUIo MUKpONepudUTOHHBIX coobimiecTs //TToBomKCKmit sKonmornaeckmit skypHair.— 2010.— Ne . 3.— C. 241-253.

3. MaptbiHoBa M.B. O6 yuacTun MakpoduToB B Iporiecce o6MeHa COeMHEHNAMN asoTa 1 (pocdopa MKy JOHHBIMU OTIOXKe-
HysAMY 1 Bofoit //Boprble pecypcebl.— 1985.— T. 19856.— C. 115-120.

4. Mopnyxait-Bonrosckoit . ]I. ayna 6eCrO3BOHOYHBIX IIPUOPEXHOII 30HBI PhIGuHCKOro Bogoxpaxmmmma (o6mmit 0630p) //
Tpynet JapBMHCKOr0 rOCyIapcTBEHHOTO 3aII0BEHIKA Ha PrIOMHCKOM BogoxpaHmwmme. — 1974.— Ne . 12.— C. 158-185.
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