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FIRST RECORD OF POLYMIXIA NOBILIS LOWE, 1836 IN BENIN CONTINENTAL SHELF
(GULF OF GUINEA)

Sohou Z.,
Okpeitcha O.

Institut de Recherches Halieutiques et Océanologiques du Bénin / Centre Béninois de la Recherche Scien-

tifique et de I’Innovation (IRHOB/CBRSI)

Département de Zoologie, Faculté des Sciences Techniques (FAST/UAC)

Abstract

https://doi.org/10.5281/zenodo.7311177

Two specimens of the fish species stout beardfish (Polymixia nobilis) were collected from the fishermen catch
at Cotonou Port in Benin. The current report represents the first record of Polymixia nobilis in Benin continental
shelf. Nethertheless they found it in Sierra Leone. FAO not yet mentioned in Gulf Of Guinea biodiversity till to
now. From this time to now no more specimen was collected.

Keywords: New record, Benin, Continental shelf, Polymixia nobilis

Introduction

The stout beardfish is a deep water fish of the East-
ern and Western Atlantc ocean, with a geographical
range that extends from West Indies, Saba Bank, Lee-
ward Islands, off northern coast of Cuba and west of the
Bahamas; reported to occur in the northern coast of
South America, as far north as 43.67°N (WoRMS taxon
detail). The specie was not documented in all countries
in Gulf Of Guinea by FAO (Schneider 1990) and par-
ticularly during the survey in FAO zone 34.

The capture of a specimen of Polymixia nobilis, a
rare species in the eastern Atlantic waters north of the
Canary and Madeira Islands, is reported as the first rec-
ord in the vicinity of the Strait of Gibraltar (Farias & al.
2007).

To date, stout beardfish has been confirmed to oc-
cur in many countries. It’s distributed across the Atlan-
tic Ocean. In the eastern central Atlantic (ECA) it is
known from the Corner Rise seamount, the Azores,
Madeira, Greater Meteor seamount, Seine and Sedlo
seamount, the Canary Islands, Cape Verde and St. Hel-
ena Islands. It has a disjunct distribution in the ECA
and is found around oceanic islands. In the western At-
lantic it is known from Florida, Bermuda, the Bahamas,

Cuba and the eastern and northern Gulf of Mexico,
Lesser Antilles and from Panama to the French Guiana.
It is found from 70-800 m depth, but more commonly
between 360-540 m (Moore 2002).

According to red list, Native countries are: An-
guilla; Antigua and Barbuda; Aruba; Bahamas; Barba-
dos; Bermuda; Bonaire, Sint Eustatius and Saba; Bra-
zil; Cape Verde; Colombia; Cuba; Curagao; Dominica;
Dominican Republic; Grenada; Guadeloupe; Guyana;
Haiti; Martinique; Mexico; Montserrat; Morocco; Pan-
ama; Portugal (Azores, Madeira, Selvagens); Puerto
Rico; Saint Barthélemy; Saint Helena, Ascension and
Tristan da Cunha (Saint Helena (main island)); Saint
Kitts and Nevis; Saint Lucia; Saint Martin (French
part); Saint Vincent and the Grenadines; Sierra Leone;
Sint Maarten (Dutch part); Spain (Canary Is.); Suri-
name; Trinidad and Tobago; Turks and Caicos Islands;
United States; Venezuela, Bolivarian Republic of; Vir-
gin Islands, British; Virgin Islands, U.S.; Western Sa-
hara.

FAO Native region are: Atlantic —western central;
Atlantic — southeast; Atlantic — eastern central; Atlantic
— northeast; Atlantic — northwest (map N°1).

Note: Distribution range colors indicate degree of suitability of habitat which can be interpreted as probabilities

of occurrence.


http://en.wikipedia.org/wiki/Richard_Thomas_Lowe
http://en.wikipedia.org/wiki/Richard_Thomas_Lowe
https://doi.org/10.5281/zenodo.7311177
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Table 1

More species data:

List of countries
List of FAO areas

List of ecosystems

4
Legend
Relative probabilities
of occurrence .
Explore native range map
B 080 - 1.00 Explore suitable habitat map
0.60 - 0,79 Explore point map
0.40 - 0,59 Show mapping parameters
0.20 - 0.39 Create your own map
0,01 -0,19

Distribution maps for Polymixia nobilis (Stout beardfish), with modelled year 2100 native range map based on

IPCC A2 emissions scenario.

Source: www.aquamaps.org, version of Aug. 2013. Web.

Description

The bathydemersal species is usually found on
semi-hard and soft bottoms on the continental shelves
and slopes (Fock and al. 2002). It is found from 70-800
m depth (Moore 2002), but more commonly from 360-
540 m. It is associated with a variety of deep-water
structures, such as seamounts in the Azores (Pakho-
rukov 2008), and flat hard-bottom habitat off the coast
of the eastern USA characterized by carbonate bedrock
with little to no vertical relief, and patchy cover of small
scleractinian and stylasterid corals (Wieber 2008)
though it is not a dominant component of the species
assemblage in terms of numbers or biomass in these
habitats.

Diagnosis: body deep and compressed, deepest at
level of dorsal fin origin (depth nearly one-third of total
length). Eye large; snout short and rounded; dorsal pro-
file of head rounded; snout projecting beyond lower
jaw; maxilla very broad posteriorly and extending
backward beyond eye; mouth large, horizontal; small
teeth in villiform bands in both jaws, teeth also present
on vomer and palatines; margin of preopercle weakly
serrated; a pair of long chin barbels inserted well behind
symphysis of lower jaw. Gillrakers 3 on upper, and 8
on lower branch of first gill arch. Dorsal fin with 4-6
spines graduated in size and 30-38 soft rays, the ante-
rior ones very long, forming an elevated lobe; anal fin
with 3 or 4 short spines and 16-18 soft rays, beginning
below the posterior portion of dorsal fin; pectoral fins
with 1 spine and 6 soft rays; caudal fin forked. Body
covered with large, ctenoid scales; head scaled, except
on the preopercle; scales on top of head extending for-
ward almost to nostrils; lateral line scales 45-54. Col-
our: greyish to greenish, the head darker; lobes of dor-
sal, anal and caudal fins marginate with black. Size: to
35 cm SL, usually 20-25 cm.

Relevant biological parameters (reproduction,
growth and feeding habits) were recently collected for
this species with the expressed aim of allowing the fu-
ture implementation of regulatory measures for the sus-
tainability of the fisheries and conservation of this spe-
cies in the Canary Islands (Garcia-Mederos et al. 2010).

In European waters Polymixia nobilis occurs fre-
quently in the Canary Islands (Franquet and Brito 1995,
Brito et al. 2002, Garcia-Mederos et al. 2010). Delgado
(2007) indicates the species to occur frequently off Ma-
deira, Porto Santo and the Desertas islands. In survey
cruises off the Azores, Menezes (2003) found the spe-
cies to be rare.

Elsewhere in the Macaronesian area, the species is
also common in seamounts, islets and islands off the
Cape Verde archipelago (Menezes et al. 2004). The
populations of P. nobilis in the area are subject to small
scale exploitation, in a context of multispecies fisheries
using hook-and-line and bottom longlines.

Material and Methods

Polymixia nobilis were with the fishmonger in
fishing harbor during the follow up of biodiversity. Ac-
cording to them, the species were caught with a net. Af-
ter observation, individuals are weighed and measured.

During inventory at the landing area with the fish-
monger 21 November 2016 we find two specimen of
stout beardfish. These specimen was preserved in 70%
of alcohol (fig.2) at the Applied Ecological Laboratory
of Abomey-Calavi University.

Results and Discussion

Systematics of the specie

Animalia (Kingdom), Chordata (Phylum), Verte-
brata (Subphylum), Gnathostomata (Infraphylum), Os-
teichthyes (Parvphylum), Actinopterygii (Gigaclass),
Actinopteri (Class), Teleostei (Subclass), Polymixii-
formes (Order), Polymixiidae (Family), Polymixia (Ge-
nus), Polymixia nobilis (Species)

The capture of a specimen of Polymixia nobilis, a
rare species in the eastern Atlantic waters central, is re-
ported as the first record in Benin continental shelf. The
specimens was caught by gill nets named “Tohounga”
in local language. This engine usually caught a lot of
diversity of fish.

The genus Polymixia (Lowe 1838) currently com-
prises ten marine species. Only two of them are present
in the Atlantic Ocean, Polymixia nobilis (Lowe 1838)
and Polymixia lowei (Giinther 1859). The Atlantic
beardfish (P. nobilis) is a bathydemersal marine fish
occurring in tropical and subtropical waters over the
outer continental shelf and slope, around islands and on
seamountains at depths ranging from 100 to 770 m
(Hureau 1984). It is usually found on soft and semi-
hard bottoms. Two specimens of P. nobilis was identi-
fied at the Port jetty with artisanal fishermen.

Even in Fishbase a few information on the species
available like missing range of Maturity size ; Maturity
length Lm = 26.0, range 20 - ? cm Max length : 48.0 cm.

Estimate weight for given length = 13 cm corre-
spond to 28.19 g ; The length to weight ratio is 0.42 at
fishbase and in our case it is 0.45; these two values
show that the growth is then linked to the environmen-
tal conditions.


javascript:open_rangemap()
javascript:open_suitable()
javascript:open_pm()
javascript:open_mapparam()
javascript:open_cyom()
http://www.fishbase.de/Country/CountryList.php?ID=7557&GenusName=Polymixia&SpeciesName=nobilis
http://www.fishbase.de/Country/FaoAreaList.php?ID=7557&GenusName=Polymixia&SpeciesName=nobilis
http://www.fishbase.de/trophiceco/EcosysList.php?ID=7557&GenusName=Polymixia&SpeciesName=nobilis
https://www.fishbase.se/Reproduction/MaturityList.php?ID=7557
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Photol: Two specimens collected in 2016
Photo 2: One specimen
Table 2

Meristic data of the specimens

Charcteritics 1 2
Lt 36 36
Lf 31 31
Ls 29 29
Eyes diameter 31 31
Barbel length 06 06
Eyes to Head length 11 11
Mouth to Eyes length 2.1 2.1
Weight 700g 6959
Body round 25cm 25cm
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Morphometric characteristic

Dorsal spines (total): 5; Dorsal soft rays (total):
35; Anal spines: 4; Anal soft rays: 15; Vertebrae: 29.
Dark brownish grey in color, silvery below; black
blotch on distal part of anterior dorsal rays. Snout blunt,
rounded, adipose. Hyoid barbels present.

Polymixia nobilis is found around oceanic islands
and seamounts. It is targeted in some small-scale fish-
eries, but is mostly taken as incidental bycatch, partic-
ularly in seamount fisheries targeting Beryx spp. How-
ever, this is not a major threat. Therefore, it is listed as
Least Concern

A single sighting is insufficient to indicate that a
viable population of Atlantic humpback dolphins is
present in Benin or the northern Gulf of Guinea. Indeed,
the conservation status of the species remains very un-
clear throughout its range and previous concerns re-
garding low population sizes, high exposure to poten-
tial anthropogenic impacts and a limited near-shore dis-
tribution continue to be highly relevant.

Nevertheless, the Benin sighting provides contin-
ued optimism for locating extant populations of the
stout beardfish in other potential range states including
Guinea, Liberia, Céte d’Ivoire, Ghana, Togo, Nigeria,
Equatorial Guinea and the Democratic Republic of the
Congo. As previously highlighted determining the sta-
tus of this species should be a conservation priority and
urgently requires systematic and focused research ef-
fort throughout its geographical range (both confirmed
and potential range states).

Polymixia nobilis occurs frequently in the Canary
Islands (Garcia-Mederos et al. 2010).Experimental
fishing surveys carried out on the Sierra Leone Rise by

Spanish commercial vessels captured this species in the
vicinity of seamounts. Polymixia nobilis, which was
captured at depths ranging from 707-1,174 m, was con-
sidered a discard species, not of interest to large com-
mercial fleets. It was present in low numbers at all sam-
pled seamounts (Ramos et al. 2001).

Polymixia nobilis is abundant in museum collec-
tions (56 lots), and lots typically contain one to two in-
dividuals, although several lots contain >4 individuals
(Fishnet2 2013).

The species is subject to small-scale exploitation
in a context of multi-species fisheries, but there are no
other specific threats to P. nobilis. In the Canary Is-
lands, catches are relatively important within the local
small-scale fisheries. The species is fished year round
with line-and-hook (mainly off El Hierro Island) and
trammel nets (mainly in the eastern sector of Tenerife
Island).

In European waters, Polymixia nobilis is taken in
a small-scale demersal fishery off the islands of Gran
Canaria and El Hierro (Canary Islands) by handline and
bottom drop line which primarily target Beryx splen-
dens. Separate statistics are not reported, however
catches are aggregated with targeted Beryx spp. and
range from 2.5 tonnes in 1991 to 17.5 tonnes in 1995
(Rico et al. 2001, Durr and Gonzalez 2002). This is a
relatively important local, small-scale fishery, in the
Canaries (Garcia-Mederos et al. 2010).

The fish specimen is kept in the laboratory mu-
seum in 70 ° alcohol in the bottle. We trained student
on the species (Photo 3).

Photo 3: Two specimens in alcohol in the museum


http://www.fishbase.org/Glossary/Glossary.php?q=dorsal%20fin&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=spine&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=dorsal%20fin&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=soft%20ray&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=anal%20fin&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=spine&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=anal%20fin&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=soft%20ray&language=english&sc=is
http://www.fishbase.org/Glossary/Glossary.php?q=vertebrae&language=english&sc=is
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Conclusion

This species is identified once in Benin continen-
tal shelf. Since the first record, there was no more ob-
servation. Monitoring of marine species continue with
fishermen along the beach and onboard the trawler; so
we hope that we could find other specimen in the future.
The fishermen don’t know this species name in vernac-
ular language; thus we can confirm that they never meet
the species during their activities. Till to now, we didn’t
observe another specimen. We follow to now exactly
why the species appear in Benin catch.
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WHHOBATHUBHbBINA NPUBJINKEHHBIIA METO/I PEIIEHUE 3AJIAY O PAHIIE C
NHTEPBAJIBHBIMU KOO PUIINMEHTAMU

Mawmenos K.III.,

baxunckuii I'ocyoapcmeennwiii Yuugepcumem

Hnuemumym Cucmem Ynpaenenuss Munucmepcmeo Hayxku u Obpazoeanus
Husizosa P.P.,

Huecmumym Cucmem Ynpaenenuss Munucmepcmeo Hayxku u Obpazosanus
I'yceiinos C.51.

Hucmumym Cucmem Ynpaenenuss Munucmepcmeo Hayxku u Obpazosanust
https://doi.org/10.5281/zenodo.7311206

Abstract

On the basis of knapsack problems with interval coefficients, optimistic and pessimistic problems are con-
structed. After that, approximate (suboptimal) solutions to these problems are found. Further, an algorithm is
proposed to catch these decisions, which we call innovative. The programs of these algorithms were compiled and
comparative computational experiments were carried out.

Annomauua

B pabome na ocnose 3adau o panye ¢ unmepganbHUMU KOIDOUYUESHMAMU NOCMPOEHbL ONMUMUCTIUYECKUE
u neccumucmuyeckue 3aoay. Ilocne smoeo, HaxoOumMvcs NPUOIUNCEHHBLE (CYOONMUMATIbHBIE) PEUeHUs IMUX 3a-
dau. [lanee, npeonodcen aneopumm yiudujeHue Smux peuleHutl, Komopwlil Hazvleaem unHosamuernwvlil. Cocmag-
JIEHblL npocpammsvl SMuUx aicopummos u npoeedeﬂbz CpABHUMENIbHbLE BLIYUCTUMETIbHBbIE IKCNEPUMEHRNIbL.

Keywords: interval knapsack problems, optimistic and pessimistic problems, innovative approximate
solution, computational experiments.

Knrouesnte cnosa: uHmepedaibrHvle 3a0a4u O parye, onmumucmudeckKue u neccumucmuvecKue 3adat¢u, UHHO-
eamueHbvle npu6ﬂuofcé'HHbzepemeHue, ebluyuciumellbHvle IKCnepumeHmasl.

1. Baepenue: PaccmarpuBaercs ciemyromas 3a-  ObICTpOpa0bOTAIOINe QJITOPUTMBI UL IIOCTPOCHUS
Java: pUOIMKEHHBIX (CYyOOIITHMANTEHBIX) PEIICHHU STOH 3a-

nauu [3 — 7] u JIp.
Zn: Cj Xj —> max, (1) B oxHoM C)KOHOMI/I‘IGCKO?I HMHTEpIpETALNH 33Ja4K
j=1 (1)-(3) ko3 dunmentsr C j (J =1,n), o3navator npu-
Zaj X, <b, ) ObUTH IPU KCIOJB30BAHUHU |-TO (j =1 n) 00BeKTa,
i=t a j (j =1 n) 03HAYAIOT PACXO/bI JJISl UCTIOB30BaHUE
Xj =0v 1’ (J =1 n) : (3) j-T0 00bekTa, a unciio b 03HaYaeT BbIICICHHBIN OO

Y ecypc.

3necs C:>0, a.>0, (j=1,n) , b > 03anan- pecyp .

] ] O4YEeBHTHO YTO, B YCIOBHAX COBPEMEHHOI PHIHOY-

HBIE LEIble YMCII0. DTa 3a/]ada M3BECTHO U3 IHMTEpa-

TYpBI U pa3paboTaHbl PAa3IMYHBIE METOBI IOCTPOEHUS
TOYHOTO M MPUOIMKEHHOTO PEIICHHE [1— 5]1/1 ap. Or- (J=1n), u sburenennerii o6uumii pecype b nempss

METHM 9TO, 9TO 3a/a4a BXOXHUTb B ki1acc NP- Tpyaubiii ~ HPHMHMMATD KaK 3a/laHHbIC (buKCHUPOBaHHBIE YHCIIO, TIO-
CKOIIbKY B 3TOM CIIy4a€ COOTBETCTBYIOIUHMN MOJEIb

mporiecca OyIeT MpeacTaBieH He afjeKkBaTHO. [loaTomy,

Hoii sxonomuke pacxomst &; (J =1,N), npubsum C;

[15] . ﬂpyTI/IMI/I CJIOBAMU, OJIs1 HAXOXACHHUA ONITUMAJIb-

HOTO PEelLIeHUe 3TOH 3ajaun He CYLECTBYET METO/] MO0-
JUHOMHAIBHON cioxHOCTH. [loaTomy pa3paboTaHb


https://doi.org/10.5281/zenodo.7311206
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HY’KHO COCTaBUTb MOJIENb, KOTOPBIM pa3pellieH u3Me-
HEHUE ATUX KOA((UIIMEHTOB B HEKOTOPHIX MHTEpBa-
JIBIX .

EcrecTBeHHO, 4TO COCTaBIEHHBIH TaKOW MOJEIb
OyzmeT ommchIBaTh PacCMOTPEHHBIH mpolecc Ooee
aJIeKBaTHO.

Takum ob6pasom, Bmecte 3amaun (1)-(3) MoxHO
HamucaTh 00Jiee PeaIbHOM CIEIYIONIHI MOIEIB:

n

> [ep gl - max, )
=1

[a,q]x; < [b,D], (5)
];j = 1V0,( =T,m). 6)

Brecs 0<¢; <¢;,0< a;<a,(j=1n),0<
b < b ¥ ueble.

Od4eBUIHO YTO, €ciU B 3anade (4)-(6) KOHIIBI HH-
TEpBAJIOB COBIAIAIOT, TO Mojy4aeTcs 3amaya (1)-(3).

Takum oOpasom, 3amada (4)-(6) sBusercs 0000-
menueM 3agada (1)-(3). Ormerum uro, 3amaya (4)-(6)
pPaccMOTPEHBI M UCCJIEOBAHbl Pa3IMYHBIM aBTOPAMHU
[8 —13]u ap.

Bo Bcex aTHx paboTax BEIOMpAIOTCS KOHKPETHBIE
YUCJIO, IPEICTaBIAONIMN KaXIblil HHTEPBAJI U HA OC-
HOBE 9TOTr0 CTPOMTCS HEeKOoTopas 3amada tuma (1)-(3).
Pemenue mosydeHHbIN 3a1a4i IPUHUMAIOTCS KaK pe-
reHue 3aaa4 (4)-(6).

Mp1, Ha OCHOBE BBIIIE IPUBEICHHBIA IKOHOMHYC-
ckoif maTepnpuTanuu 3aga4dn (1)-(3), BerOupas omnrtu-
MHUCTHYECKOH M TECCHMUCTHYECKOH CTpaTerud IO-
CTPOWJIM COOTBETCTBYIOIIUH 3amade o panme. Jlamee,
MPUMEHSS. U3BECTHBIX METOJOB, MOCTPOWIIN IMPHOIH-
JKEHHBIC pellleHNe STUX 3aJad, a MOTOM pa3padoTann
ITOPUTMBl YIIydllleHUE HaiieHHbIX peweHuil. IIpu
pa3paboTke ITHX aITOPUTMOB OCHOBHOI! II€JIb 3aKIIO-
YeTCsI B TOM, YTO OHH JIOJDKHBI ObITh HOBBIE, JIETKO ITPH-
MEHsIEMbIEC JUIsl PEellleHHe MPaKTHYeCKUX 3a/ad, JaeT
Oonee srydiee pemeHue U ObLT POCTHIM C TOUKY 3pe-
HUS TporpamMMupoBaHue. [loaTomMy Takoe pemieHue
HAMH Ha3BaHbl MHHOBATHBHOTO TNPHOIMKEHHOTO pe-
menus [9 .

2. IToacraHoBKa 3a1a4M.

[Ipexne Bcero OTMETHM 4YTO, ISl pEIICHHUE 3a-
naun (4)-(6) Hy»KHO HCIIOIB30BATh OMEPAIIH HAJl WH-
TEpBAJIOB Pa3IM4YHON pazmepHocTH. [lockoibKy, nmpu
3TOM BCTpEYAETCs CHUTYAIMH, TJ€ CYMMY HEKOTOPBIX
pa3MYHBIX MHTEPBAJIOB JOJDKHBI OBITh HE MEHbIIE,
YeM 3aJ[aHHbIi MHTEPBaJl WU CYMMY COOTBETCTBYIO-
IIMX HWHTEPBAJOB JOJDKHBI OBbITH MakcUMaibHO. Op-
HaKo, Takue IOHSATHE, BOOOIIE TOBOPS B MaTeMaTHKe
orcyreByet. Tonbko B kaure [14] paccMoTpeHbl HEKO-
TOpBIE Ollepaluyl OTHOCHTENILHO MHTEPBAJIOB, HO TPH-
MEHHTH ATH MPABUJIO IS 33/1a4 ONTHMU3AIUHN HEb35.
C npyroil CTOpOHBI, IMEIOTCSl HEKOTOPBIX IOAXOI0B
[8] mns npubnmxénnoro peutenust (4)-(6), OCHOBaH-
HBbI Ha HEKOTOPBIX cTpaTeruu. Bo Bcex 3THX IOAXO-
Nax BBIOMPAETCd HEKOTOPBIE MNpEACTaBUTENH Cj, d;,
(j=T1,n) u b ans cOOTBETCTBYIONMX 3aJaHHBIX HH-
TEpBaJIOB [gj,Ej], [gj,ﬁj], G=1n)u [Q,b]. B pe-
3y/lbTaTe , PEHIaeTcsl M3BECTHAS 3ajJada O paHIE U

HaWJIECHHOE pEUICHHE NMPUHUMAETCS KaK MPUOJIHKEH-
Hoe pernenue s 3agauu (4)-(6).

OtMmeTruM, uTo B paboTe [9 | BEIOKpast ONTUMHCTH-
YECKOE M MECCUMUCTHYECKOE CTPATErUs TIOCTPOEH CO-
OTBETCTBYIOIIKE 3a71a4e O paHIe. B 3Tux 3amavax mnpu-
Humas G =, d; =a;, G=1Ln)u b = b crpoutcs
ONTUMMCTHYECKAS 3a1a4a U BbIOMpas ¢ = ¢j, @; = a;
(j=T1,n) u b=b crpourcs meccummcTHYECKas 3a-
nadva. ITocse 3TOro , MoJyYeHHEBIE MPUOIMKEHHEIE pe-
[ICHHS 9THX 3371a4 IPUHUMAETCS KakK MpUOIMKEHHOE
pemenue 3anaua (4)-(6).

[TpoBeIcHHBIE BBIYUCITUTENBHBIE SKCIIEPUMEHTHI
MOKa3bIBAET YTO, MOXKHO €INE YIYYIIUTh HalJIeHHBIX
NpUOIMKEHHBIX pelnennit.  OaHako, Takde —airo-
PHMTMBI JIOJKHBI OBITH POCTHIE, MMEIOIIMI NPUKIIAI-
HbI€ 3HAYEHHs M KAYECTBEHHBIE, B TOM YKCIIE HE MPE-
CTaBJIsJI TPYIAHOCTH C TOYKA 3PEHHS NPOrPaMMHPOBa-
Hus1. Pemrenns, o01agaroiie TaKMX CBOMCTB HAa3bIBAEM
WHHOBaTUBHOE NMPUOMKEHHOE perienust [9 .

TakuM 006pa3oM, MBI PACCMATPHUBAEM CIIEIYIOIINE
JBC 3aJ1a4H, KOTOpLIe HAa3bIBACTCS OIITUMHUCTUYCCKUM U

NCCCUMHUCTHYCCKHUM COOTBCTCTBCHHO.
n

ZE]-x]- - max, (7
j=1
n
j=1
x; =1V0,(j =1,n), 9
u
ZQ]-X]- - max, (10)
j=1
n
j=1 .
x; =1V0,(j = 1,n). (12)

Hamu pa3paboTaHbl alrOpUTMBI AJIs1 TOCTPOCHUS
WHHOBaTHBHOTO NPHOJIMKEHHOTO pEIICHHE 3THX 3a-
Jad.

3. Teopernyeckasi 000CHOBaHMSI METOIA.

B nanpueiiniem OyneM HasbiBath 3amauu (7)- (9)
ontuMucTraeckoe, a (10)-(12) meccumucTryecKoe.

[Mockoneky B 3amaue (7)-(9) obecrieunBaeTcs MaK-
CHMAJIHOCTB OOIIIEro 10X0/a 3a CYET MAJIOTO Pacxo/a,
TO OHO Ha3bIBAETCS ONTHMHUCTHIECKHH.

A B 3amaue (10)-(12) paccmarpuBaercss BeIOOpa
TaKMX OOBEKTOB, KOTOPBIi 00eCreYrBacT MaKCUMaIb-
HOH TpUOBLT 32 CYET OONBIIOrO PAcX0oAa ¢ MEHBIINM
mpubsLIoM . [TosTOMy 3Ta 3amada Ha3BIBAETCSA MECCH-
MHUCTHYECKas.

Msl pa3paboTany WHHOBATUBHBINH NPHOIIKEH-
HBIH (cyOONTHMaNIBHOI) aNrOpUTM JUIS pEILIEHUE Ol TH-
MHUCTHUYECKOH 3amaud. OTMETHM, YTO aHAJIOTHYHO
MOJKHO IIOCTPOMT WHHOBATHBHOT'O PELICHUE JUIS Iec-
cumucTHaeckoit 3amaun (10)- (12).

He Hapymiast 0O1IHOCTH MTPETIONIOKHUM UTO, KO-
¢unnenTs 3a1a4 (7)-(9) yrnopsiodeHsl B cieyIomemM
TOPsIIIKE:

EZE_ZZ...ZE_kZ...ZE_n
4G 4 [43% an

(13)
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3necy ortnomenue c;/a;,(j = 1,n) o3Hauaer
NPUOBLI 32 €AUHUYHOE PACXO]I IIPH BEIOOPE j-TOTO 00b-
eKTa.

OtMmetum 4urto, onrtumucTHdeckas 3aga4a (7)-(9)
SIBIISICTCS. MU3BECTHAS 33]]a4a O PaHIC M U HAXOXKIe-
HHS oNTUManbHoe pemeHus X * = (xq, X3, ..., X, ) 9TOH
3alaud HE CYIICCTBYET METOMABI IMOJUHOMHUAIBHOU
cnoxuoctu. [15 ]. JIpyrumu ciioBaMH, BCe U3BECTHBIE
METOABI HAXOXACHUS ONTHUMAIBHOTO PEHmICHUS Tpe-
Oyer omepaiuu B mopsake 2". O4yeBHOHO 4TO, IS
OoNBIIIX 3HAYEHUH N, 3TO 3a/1a4a HE pemaeTcs 3a pe-
anpHOE BpeMs. [losTomy ona HazpiBaeTcs: NP —momHbIi
i NP- TpynHBIi.

OnHako, JUIs HAXOXKICHUSA MPUOIMKEHHOTO (Cy0-
ontnmanbhoro)  pemenus  X° = (x0,x9, .., x3)
MOJKHO HCTIOJIE30BaTh CIIEAYIONIIE IPaBUIa.

s kaxoro j, (j=1,2,...,n)

=

j-
(1,ecm/1 Zgi_{’ +a;<h,
o _ i=1
Zj = j—-1 (14)
. —
kO, ecu axy+a;>b.
i=1
OtrmeruMm 4ro, HaiifeHHble pemenne X° =

(xf, %2, ..., x3) o Gopmyne (14) B pabore [8 ] HasBano
CyOONTUMHUCTUYIECKOE PEILECHHUS [Tl HHTEPBAIILHBIE 3a-
nade (4)-(6). Kpome toro , 3nauenus f° ¢ynkumu (7)

s j_1

i=1

\
Torna 3Hauenne GyHKIMHA (7), COOTBETCTBYFOLTHIA
3TOMY PEIICHUH COCTABIISIET.

O4eBUIHO YTO,
fesfy<fes (16)
3necs f¥ = Y, Tx L £0 = X0, X]
uX* = (x1,x3, ..., X;,) ABJIACTCS ONTHMAIIBHOE pe-
HIEHUs] ONTHUMHUCTHYECKOM 3ama4u (7)-(9).
HUcnone3ys coorHomeHus (16) MOXHO HalTH ab-
COJIFOTHBIE M OTHOCHTEBHBIC MOTPEIIHOCTH CIIEAYIO-

mueM o0pa3zomM
[

A< f—f0,8°<————
L _of
OTrmetuMm dTO, pemeHHEe X = (Yf,fg, ...,Efl)
HalieHHbIe hopmynoi (15) nmeer crnexyromuit CTpyk-
TYpBL.
X =

1,1,..,1,ax/Bs,0,0,...,0 (17)
k-1 n-k

OTcyaa BHUAHO 4YTO, B 9TOM PCHICHUC TOJILKO OAWH
o —0
K-bI KOOpAWHAT Xj) MOXET IMPUHUMATH }IpO6HOC 3Ha-

YeHHUE Y,(z =a,/Bx -

E—Zgifi /gj,ecmxl Zgifi+gj > b, (k= j),

UL CyOONTHMHCTHYECKOTO PEIICHUS OIIPENeNsIeTcs

CIIeTyIOIIM 00pa3oB.
n

£ = Z Gx;

j=1

EctecTBeHHO 4TO, HalZICHHOE CYOONTHMHUCTHYE-
ckoro perrerne X° = (ﬁ’ , X3, ,gﬁ) MOJKET HE COBIa-
JaTh ONTUMHUCTHYECKUM WM MOXKET CTPOTO OTJIMYa-
eTcsl OT ONTHUMHCTHYECKOTO perieHus. [Toatomy, noss-
JsieTcsl  HeoOXOJMMOCTh BO3MOJKHOTO — YIIYYIIEHUS
HalICHHON CYOONTUMHUCTHYCCKOMN PEIICHUIMA.

C mpyroit cTOpOHBI, HEOOXOOMMO OIICHUTH IIO-
TPEIIHOCTH HaWJEHHBIX CYyOONTHMHUCTHYECKBIX perie-
uuit X° = (gf,gé’, ...,g,‘{) WA WHHOBAIIMOHHBIX TIPHU-
OMKEHHBIX pereHni X iy = (ﬁy , gy ) ey &Lly ) OT OIl-
TUMHUCTHYEeCKOTO permeHus. C 3ToW Menpio OOBIYHO
yenosust (9) samensitor Ha 0 < x; < 1, (j = 1,n). To-
raa o0JacTh JOMYCTHMBIX PEIICHUH pacIIHupsiercs W
MakcuManpHOe 3HaueHue (QyHKuuu (7) yBenmdmBa-
ercsa. [1o3ToMy MOXKHO PUHUMATE 3TO 3HAYCHHS KaK
BEpXHsSA TPaHHWIA U ONTUMHCTUYCCKHX HIH Cy0O-
NTUMHUCTHYECKUX 3HaueHWHA. B pesymbTare MokeM
OLICHUTH MOTPEIIHOCTH WHHOBALMOHHBIX CYOONTHMU-
CTUYECKHUX PEICHUI 0T ONTUMHCTHYECKOT0. OTMETUM
4TO, mocyie 3aMenbl ycnous (9) Ha 0 < x; < 1,(j =
1,m) , ONTUMaNbHOE pEIeHHs MOTyYeHHBIH 3a1aua
OIIpEAEIIACTCS aHAMTUUECKOE CIIETYIOINE U3BECTHOM
dhopmyrioit.

st kaxoro Homepa j , (j=1,2,..,n)

j-1
1, ecaun Zgifi +a; < E,
i=1
j-1
(15)
i=1
0,paj=k+1,k+2,..,n.

31ech ke 3aIIOMHHM, YTO €CJIN 3HAaYCHUE E,g Oyzner
0 mu 1, To 3TO pemeHue sBIsSeTCS ONTHMAIbHBIM pe-
meHue 3anaya (7)-(9) u Oyaer oNTUMHCTHYECKOM pe-
menueM Juia 3anade (4)-(6). Ha atom mporiecc pere-
HHS 3aKaHYMBACTCS.

Heo6xomumMo OTIENEHO OTMETHUT CIEIyFOITHe 00-
CTasATEJICTBO: MHOTOYHCICHHOE BEIYUCIUTEIBHOE IKC-
MIEPUMEHTH TOKA3bIBAIOT, YTO MPU TOCTPOCHUH IIPH-
6mwkéntoro pemenne X° = (x,x3,...,x3) no dop-
myne (14) xoopAWHATHI  OTJIMYAIOUIUXCS  OT
ONITUMAJIHOTO PpEIlIeHHe HaxOAUTCS B HEKOTOPOii
OKpPECTHOCTH K-TO KoopawHaTa B (17). dpyrumu cio-
BaMM, JUIS IIOCTPOEHHE OoJiee JydIIero MnpuoOIIKeH-

HOTO PEIICHNUS, B HEKOTOPOH OIM3KUIT OKPECTHOCTH Y,(z
MOJKHO 3aMEHHUTH 0 0YePEeTHO KOOPAWHATH ITOIyUNB-
TIUX 651” Ha “O” I/IHI/I “O” Ha 551 9’.

OTmeTnM, 9TO 11 BBIOOpA OJIM3KUIT OKPECTHOCTH
[k — p, k + p] aucno p B paGore [5] onpenenero u3
CIIEAYIOIIET0 COOTHOIICHHE

<]
Ape+i

3neck § > 0 GpUKCUPHUBUHHOE MOCTASHHOE YHUCIIO.
OTMeTHM 4T0, €CII HOMEp MIEPEMEHHOH K , HalIeHHOEe
o ¢popmyie (15) OyaeT 6IU3KO K YUCIIO IEPEMEHHBIX

Cr—i  Ci+i

p = arg { max
i \Qk-i
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n o, otpe3ok [k — p, k + p] Tepser coelt cummerpuy-
HOCTH U B PE3yJbTaTe MOXKEM BCTPEUYACTCS HEKOTOPOH
HeompeaeeHHOCTH. [103TOMy B KauecTBE OKPECTHO-
CTH K-TO KOOpAMHATA NpuHUMaeM [S; , 571

3nmecn

q q
st=[k L] 60 = [n-0) -]
g 100" 7* 100)"

9UCIO ( O3HAYAET MPOLEHT M3MEHEHHE , a [z] —
O3HAuaeT LENBI YacTh yucino Z. Toraa MOXHO IO-
CTPOHT HOBBIC PEIICHHS, U3MEHEHSIST KaXKIbIH KOODPIH-
HaTHl X), B okpecTHOCTH [k — 81, k) u [k, k + 87] cne-
IyroreM o0pa3om:

v —0 .
3amenss Kaxapiid x;, = 1, (]* =k—8Lk— 1)
— e T 0
Ha x; =0 m xaxmei x;, =0, (]* =kk+ dk) Ha
xj, = 1 noctpoum HOBBIE pemenns 1o popmyie (14).
— o o 0

Torxa HauanbHOE pemenue X° = (gl, X35 eens gn) mpe-
Bpamaetcs Ha HoByto pemenne X' = (xi,x3, ..., x}).

3peck xf =x0,(j=1,7.—1),x} =0 ¢uxcn-
PYIOTCSI ¥ OCTalIbHBIE KOOPIHHATHI g}, G=J1.+1Ln)
ompenensercs 1o Gopmyioii (14). [Tocne 3TOro BeIYHC-

nstetest 3HadeHuit 1 pynxuwmit (7):
n

— =41
1= 5

Jj=1
Ipu stom ecmu f1 > f° | 1o pemenuit X! =
(ﬁ, X3, e ,g%) ¥ 3HaueHMe f1 3amoMuHaeTCs.
JlomycTuM 4TO, MPOBEEHBI t-uKciIo mpouece mo-
CTPOEHHUE PEUICHUM U ISl KaXKAbIH MOCTPOCHHOM HO-
BBl pemenuy X* = (xt, x5, ) gfl) BBIUKCIICHBI 3HAYC-

HHUS
n
t— N\ =t
fr= Zcfﬁj
Jj=1

Onpenenenne. Eciu B Hexotopoi mare t, (t =
1,2,...) ynosnerBopsercs yciosus f¢ > f71 1o pe-

wenne X¢ = (xf,x5, ..., x}) HasbiBaeM uHHOBaTHBHOE
CyOONITHUMHUCTHYECKOE PEIICHNUE.

3nech
n

t—-1 _ = k&
f7= Z CiXj
j=1
3ameuyanue. O4YeBHUIHO YTO, BBIINIE YKAa3aHHBIM
METOAOM MOXKHO INOCTPOUT MAKCUMYM 5,? - 5,% YHUCIIO

peutenuii. 31ech uucio 8y — §j MOKA3LIBET TUHBI MH-
tepBan [8%,87]. TIocKONbKY 3TO YHCIO HEBENHK IO
CpaBHEHHI YUCIO HEM3BECTHBIX N, TO BBINIC YKa3aH-
HBII MPOIIECC MOCTPOCHHS MHHOBATHBHOTO CyOONTH-
MHUCTHYECKOTO pEIICHHUE 3aBEepIIAeTCsl MOCHe KOHEed-
HOrO 4uciio maroB. OTMETUM YTO, TOCIEIHOE CPEeIU
3alOMHEHHBIX PEIICHHH MPUHUMACTCS KaK OKOHYa-
TeIbHOE WHHOBATUBHOE CYyOONTHMHCTHYECKOE pelle-
HHE.

Heo0xoanmMo oTMETHM ellie 0JJHOro 00CTOSITEINb-
cTBO. [leno B TOM 4To, penieHue HaliiecHHOe METOJI0M
HacTOSAMIMI paboThI JINOO COBNAACT PELICHHEM I10JTy-
YeHHbIH MeTo0M paboTs [8] , 6o OyneT Gosee nyy-
. Mi6o, B kadecTBe HAUYaIbHOTO PEIICHUS IPHHIMA-
IOTCSI PELICHUs], MONYYCHHbIH MPUMEHEHHEM MeToja
pabora [8]. OueBHIHO YTO, €ClM CyOONTUMAIILHOE pe-
IIEHNE, HAWIICHHBIX MeTOIOM paboTel [8] coBmasaer ¢
ONTUMAJILHBIM PEUIEHHEM, TO OHO HE MOXET OBITH
ynydnieHo. MHaue, MOXXKHO HaliTu OoJee JyduIero pe-
HICHHA. PeSyﬂTaTLI OKCIICPUMEHTOB, IMPCACTABICHHBIX
B MyHKTE 4 elle pa3 mokasan 4To, pa3paboTaHHBIN B
JaHHBII paboTe MeToJ B OOJBIIMHCTBO Ciydae AaeT
JIydIIee peleHue.

OTMETHM YTO, MPOLIECC TOCTPOCHUE UHHOBATHB-
HOT'O CYOONTUMHCTHYECKO PEIICHUE JUIS TECCUMUCTH-
yeckoit 3amaun (10)-(12) sBisieTcs aHAJIOTHYHO BBIIIIS
YKa3aHHbIH.

4. Pe3yabTaThbl BBIYUCIUTEIBHBIX JKCIEPH-
MEHTOB.

I[J'Iﬂ BBISABJICHUS Ka4€CTBO BBLIIIC YKAa3aHHBIX ME-
TOIOB MPOBEACHBI PA BBIYUCIUTECIIbHBIX O9KCIICPUMEH-
TOB HaJ 3a7a4 pa3jM4yHOW pa3MEpPHOCTH CO Cilydai-
HbIMU KO3 dunmentamu. C 3TOH LEIBIO COCTABICHBI
MIPOrpaMMBbI 3TOI'0 METO/.

Koahdunnents! peieHHbIx 3a1a4 sIBISIFOTCS 1ie-
JIbIE YHCIIO, YIOBJIETBOPSIONIAM CIESIYIOUIUM YCIIO-
BUSIM

0<¢j<¢<999,0<a;<a;<99(=

1,n),
n n
1 — 1 _
o [52%' X
j=1 j=1

31ech [Z] moka3bIBaeT 1EBIA YacTh YHUCIIO Z.
Pe3ynbTaThl MPOBEACHHBIX KCIIEPUMEHTOB TIPE/I-
CTaBJICHBI B CJIEYIOIIEH TabIIuILe.

Tabmuua.
CyGonTuMucTHYecKOe M cy0necCHMUCTHYECKOe 3HAYEHHUS U MOTPeIlHOCTH.
n 100 200 500 1000
f° 25783 46596 87443 324546
fr° 25934 46596 88304 327124
7 26214 46724 88425 327236
6%° 0,0106 0,0027 0,0013 0,0003
6° 0,0164 0,0027 0,0111 0,0082
fP 16739 23736 42636 125435
P 16840 23904 42740 125942
fp 16961 24010 42855 126104
&P 0,0071 0,0044 0,027 0,0013
&P 0,0131 0,0114 0,0051 0,0053
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B tabnmiie npuHATH creayrome o0a3HaueHMS:
N- YHCII0 HEU3BECTHBIX.
f° — HadanpHOE CyOONTHMHCTHYECKOE 3HAUCHHUS
Gynkmn (7)
f7° — yny4menHoe cy60NTUMHCTHYECKOE 3HAYEC-
aus Gyskiwn (7)
]_fo — BEPXHSIS IPAHMIA OMTUMUCTHIECKOE 3HAMe-
HUSL.
6%Y°- oTHOCHTENBPHOE MOTrPEUIHOCTh WHHOBATHUB-
HOTO CYyOONITUMUCTHYECKOT0 3HaueHus f¥° oT BepxHei
FO_f¥0 -
70
6°- OTHOCHUTENBPHOE MOTPEUIHOCTh HAYAIBHOTO
CyOONITUMHUCTHYECKOTO 3HaUeHHUs f© , OT BepXHel rpa-
fa _ fo
o
f?P- HayanpHOE CYOMECCHMUCTHYECKOES 3HAUCHUS
¢ynknuu (10)
f7P- yaydiieHHOE CyONECCHMHUCTHYECKOE 3HAYE-

—o
rpanuupl f, T.€. 670 =

—0 0
Huel [, T.6. §° =

aust pyskiwu (10).

f P BEPXHsIS IPAHULIA IECCUMUCTUYECKOE 3HAUe-
HuUcC.

7P — OTHOCHTENIFHOE TIOTPEIIHOCTH WHHOBATHB-
HOTO CYOIEeCCHUMHCTHYECKOTO 3HAYCHHUS f o Bepx-

. —p FP—fyP
Hell rpanunst [, T.€. §7P = ]

6P - OTHOCHTEIBHOE MOTPELNIHOCTH HAYAIBHOTO
CyOIeCCHMHICTHYECKOT0 3HaUeHue f P, oT BepxHel rpa-
FP_fYP -

7P

Ha ocHoBe 3T0i1 TaOIUIIBI MOXHO CIIENIATh CICIY-
IOILIIE BBIBOJIBI.

- IToutn BO Bcex PEHICHHBIX 3aJadax BCTpE-
Yajicsl yIy4dlleHue HadyajabHOTo peieHue. TonbKo B 011-
HoM 3amaue npu n = 200 HavanbHOE CYOONTUMHCTH-
YecKoe pelleHHe He yIydnieHo. MoxxeT OBITh B 3TOH
3ajaue Ha4yadbHOE CYOONTHMHCTHYECKOS 3HAYCHHE
f° = 46596 6eut0 ontumainbHO. [TodTOMYy €e yiyd-

—p
HuIe! [, T.€. 6P =

[IATHh HE BO3MOYKHO.

- Bo Bcex pemeHHbIX 337a4ax CyOONTHMHUCTH-
YECKOe M CYOIIeCCHMHCTHYECKOE 3HAUCHHUE IEIOBOM
(yHKIIMY HE CTPOTO OTJIMYAETCS OT COOTBETCTBYIOIINN
BBEpXHEHW TpaHHIEL. J[pyrHMH CIOBaMH HHHOBaTHB-
HOTO CYOONTHUMHUCTHYECKOTO U CyOIecCUMUCTHYE-
CKOT'0 3HaUeHHS OBLIO OJM3KO K COOTBETCTBYIOIIHNX OIT-
TUMUCTHYECKMX U IMECCHUMMCTUYECKHX 3HAUYCHHMH. A
9TO OYCHH BAYKHO IPH PEUICHUE PEabHBIX MPaKTHYC-
CKUX 3a/ad.

- OTHOcHUTENbHBIE MOTPEUIHOCTU JUIsl ONTUMHU-
CTUYECKHMX U MMECCUMHCTHYECKUX 3HAYCHUN OBUIM J0-
CTaTOYHO MeHbIle. TOMBKO B OJHOMU 3aaade , IpU N =
100 ortHocurenpHOe MorpenrHocTr coctaBuia 0,0106,
T.e. 1%. [ ocrajnbHBIX 3ajlad OTHOCHUTEILHOE I10-
TPEITHOCTH CYOONTUMHUCTHYECKUX U CyOIEeCCUMUCTH-
YECKUX 3HAYEHHUH OT COOTBETCTBYIOIIMNA ONTUMUCTH-
YECKHUX U IECCUMHUCTUYECKUX 3HAYECHHM OBIIO MEHBIIIE,
yeM 1 %. ITockoybKy, OTHOCUTENbHBIE MOTPEIIHOCTH
OBUIM JOCTATOYHO MEHBIIE , TO 3TO OOCTOSTEIHLCTBO
ené pa3 MOJATBEPKIAET BHICOKHE KadecTBO pa3pado-

TAaHHOT'O METOJA. A 310 TIOKa3bIBACT, YTO 3TUM MECTO-
JAO0M MOKHO UCIIOJIb30BaTh KAUCCTBCHHO MPU PCHICHNUU
PCaTbHBIX MPAKTUICCKUX 3aaa4.
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The article provides in detail that the indicator of the quality of Education directly depends on the quality of
teachers ' activities. What should be taught to students is established by state standards, programs. Well, "how to

teach?"the answer to the question

should be sought only in the professional training of the teacher, in the ability

to plan his own business, in the ability to predict and see his real goals and organize the child's actions."

Keywords: education, quality, teachers, school, theoretical and practical experience. professional qualifica-
tions, pedagogical, pedagogic science, competence, English language, educational-methodological complex.

The indicator of the quality of education is directly
related to the quality of teachers' work. What should be
taught to students is determined by state standards and
programs. And, "how to teach?" the answer to the ques-
tion should be sought only from the professional train-
ing of the teacher, the ability to plan his work, the skill
of predicting and seeing his specific goals and organiz-
ing the child's actions.

The main person in the development of school
work and student achievements is the teacher. Require-
ments for the teacher's professional level (professional
knowledge, skills and abilities) are provided in the de-
scription of professional qualifications.

Professional qualifications are the stages of pro-
fessional training of an employee, allowing them to
perform a certain level of work duties in a particular
type of activity. That is, qualification is a set of require-
ments for the level of theoretical and practical experi-
ence.

Professional development is a teacher's participa-
tion in professional development activities and educa-
tion through special educational programs in order to
effectively perform his/her duties and to raise his/her
professional level.

The Institute carries out professional development
activities in two directions: in courses and inter-course
events. These works are reflected in theoretical lec-
tures, interactive seminars and practical classes.

Pedagogical activities and situations are created in
the system of professional development of the teacher
for self-determination, strengthening of competition,

formation of competence. It is aimed to form the sub-
ject-theoretical, methodological, methodological prep-
aration and research culture and professional compe-
tence of each student through practical trainings and
seminars.

One of the main concepts in modern pedagogic
science is the concept of "competence". American sci-
entist N. Chomsky, who first defined the term "compe-
tence" and introduced it into science. "Competence"
(Latin word) competence means capable, concerned.
Competence is the presence of knowledge, skills, busi-
ness, willpower in a person, student and includes such
concepts as "knowledge", "ability" and "skill". That is,
competence is the ability to use acquired knowledge
and skills in practice, in everyday life to solve some
practical and theoretical problems, the result of educa-
tion reflected in the quality of the student's actions.
Subject competence is a qualitative set of knowledge,
skills, abilities and actions related to certain subjects in
educational activities, the ability to use the foundations
of pedagogical and social psychology.

In the theoretical lectures, the listeners get ac-
quainted with the conditions for a new evaluation of the
educational achievements of students, and they share
their ideas about the criteria for the new evaluation of
the educational achievements of the students and share
their experiences. This increases the effectiveness of
the courses. And in the practical lessons they learn to
plan lessons, to differentiate tasks, to work with ex-
tended, competence tasks. At the end of the course, lis-
teners will defend their projects and others will evaluate
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them. It contributes to the productivity and effective-
ness of the courses.

Tasks of competence type are composed as fol-
lows: stimulus-situation; formulated task; source of in-
formation; filling sheet (answer sheet); inspection tool;
response sample. The stimulus situation motivates the
student to complete the task. The conditions of the
problem, which are the basis for describing the situa-
tion or sources of information, are considered. The
source of information should be relevant, interesting
and appropriate for the learning age. Checking how
well the tester performed the assigned tasks in which
areas. Sample answer - correct and possible answers,
key - samples of student answers, answer form - the
process of the student's activity to complete the task.

On the basis of this information, the trainees will
compile competence tasks through group work and
work on small projects. The group of experts and other
groups will evaluate the created competence tasks.

The use of competence tasks in the classroom
helps the teacher to solve several tasks at the same time
during the lesson: to determine the level of develop-
ment of key competences of students; determining the
level of development of subject knowledge and skills;
assessment of the child's ability to independently ac-
quire knowledge and choose methods of action in order
to achieve the goal set in the task; formation of interest
in the subject through the development of research.

Pupils learn how to read, and as a result, they be-
come free, able to convincingly present their own argu-
ments, motivated, reliable, have systematically devel-
oped critical views, and are formed as individuals who
are proficient in digital technologies.

In the Republic of Kazakhstan, from 2012 to 2016,
level courses were conducted in the direction of im-
proving the qualifications of teaching staff, and from
2016 to 2021, courses were conducted on the programs
of updating the content of secondary education. That is,
in the period from 2012 to 2021, courses on improving
the subject competence of teachers were not held in the
country. In order to improve the quality of education
and fill this gap, the “Orleu” National Center for Peda-
gogical Development” has recently been developing
training programs in a new format within the scope of
subject competencies and focusing on conducting ad-
vanced training courses. In addition, large-scale work
is being carried out in the direction of increasing the
quantitative competence of teaching staff.

In August-October 2021, all teachers of the coun-
try passed distance learning courses on the topic "De-
velopment of Digital Competence of Teachers" pre-
pared by “Orleu” National Center for Pedagogical De-
velopment”. Teachers of Kyzylorda region participated
in this course and were certified.

Between March 2021 and March 2022, a distance
learning course was organized for English language
teachers under the Future English Online Teacher
Community Program within the framework of cooper-
ation between the JSC “Orleu” NCPD” and the British
Council International Organization in order to improve
the subject competence of teachers. Within the frame-
work of the project, 2,000 English language teachers of
general education schools in the country passed the

course. The training was free of charge and English lan-
guage teachers were required to have at least B1 level
of English to participate in the training. 125 English
language teachers participated in Kyzylorda region,
and according to the test results, 26 of them success-
fully completed the course and received international
certificates.

Between May 3 and June 15, 2022, the best train-
ers of Orleu, together with the EdCrunchAcademy
company, studied the principles of creating programs
and educational-methodological complex for the devel-
opment of educational programs within the framework
of subject competencies, and created their own author's
programs.

The authors of the program mastered the method-
ology of developing educational programs and the ba-
sics of testology using the principle of reverse design,
and formulated the goals, objectives and expected re-
sults during the development of educational programs.
Based on the learning results, the design work of prac-
tical and assessment tasks.

44 educational programs were developed in 12
subjects such as mathematics, computer science, phys-
ics, chemistry, biology, geography, natural science, Ka-
zakh, Russian and English languages, history and pri-
mary classes.

From August 1, training courses for subject teach-
ers began in “Orleu” branches in all regions of the
country. 46,340 teachers are scheduled to undergo
courses to increase their subject competence by No-
vember 18 under 44 programs developed in accordance
with modern requirements for all classes. Among them,
2925 trainees in Kyzylorda region will improve their
qualifications.

Before starting the courses, the teachers undergo a
diagnostic test on the digital platform. Diagnostic test-
ing helps to determine the level of subject knowledge
of teachers before the start of courses and to evaluate
the effectiveness of educational programs. Based on the
results of training in the courses, the analysis of the ef-
fectiveness of teaching and the final assessment of their
acquired knowledge are carried out in order to improve
the qualifications of teachers. International experience
shows that educational programs aimed at increasing
subject competences have a positive effect on the pro-
fessional development of teachers and the increase in
the quality of their work. It also contributes to the in-
crease of the general quality of education, including the
student's educational index.

In the courses, it is aimed to form the subject-the-
oretical, methodological, methodical preparation and
research culture and professional competence of each
student through practical trainings and seminars. In the
theoretical lectures, the listeners get acquainted with
the conditions for a new evaluation of the educational
achievements of students, and in the seminars, they
share their ideas about the criteria for the new evalua-
tion of the educational achievements of the students and
share their experiences. This increases the effectiveness
of the courses. And in the practical lessons organized
by the methods and forms of active learning, they learn
to plan competence lessons, to differentiate in the les-
son, to work with extended, competence tasks. At the
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end of the course, students will defend their projects in
these areas, and others will evaluate them. That is, the
effectiveness and efficiency of the courses increases,
subject teachers receive professional education and im-
prove their professional qualifications. This is an effec-
tive way to improve quality.
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Abstract

Over the past decades, the strategic direction in solving these problems has been the development of methods
for influencing the formation as a whole, which are currently quite well developed and widely used in the fields.
After major or current repairs, there is a decrease in productivity in all wells as a result of the contamination of
the productive reservoir during jamming and actual repair. One of the main reasons for the decrease in the
productivity of wells after repair is the inconsistency of the applied jamming fluids (JF) with geological and
technical conditions.

The task of the well jamming operation is to ensure safe working conditions for drilling and repair crews in
the wellbore by preventing the release of oil or gas from the reservoir. The use of reverse emulsions for silencing
and stimulation of oil wells stimulates. The goal is to improve the composition of reverse emulsions for silencing
and stimulation of oil wells.

The solution of this problem is possible with the help of various compositions of silencing formations that
create pressure at the bottom of wells above the reservoir. By changing the composition of the jamming fluid, it is
possible to obtain a reverse emulsion designed for jamming wells and simultaneous processing of the bottom-hole

zone of the productive formation.

Keywords: deposit, silencing, emulsion, bottom-hole zone of a productive formation.

The Uzen field is an oil and gas field in the
Mangystau region of Kazakhstan, on the Mangyshlak
peninsula. It belongs to the South Mangystau oil and
gas region.

It was discovered in 1961 by driller Gaziz
Abdrazakov. Deposits at a depth of 0.9-2.4 km. The oil
flow rate is 10-81 t/day. Gas flow rate from 8,0 to 230
thousand m3/day. Qil density is 844-874 kg/m3, sulfur
content is 0.16-2%, paraffins are 16-22%, resins are 8-
20%.

Oil reserves are 1.1 billion tons. The mining center
is the city of Zhanaozen.

The operator of the field is the Kazakh oil
company KazMunayGas Exploration Production. Oil
production in 2008 amounted to 7 million tons. The
record level of oil production — 16.3 million tons —
was recorded in 1975, the minimum — 2.7 million tons
—in 1994,

The reverse emulsions applied at the field during
well silencing and simultaneous processing of the
bottom-hole zone of the productive formation, consists
of an external [1-6] (dispersion) medium, an internal
(dispersed) phase and an emulsifier-stabilizer. A
distinctive feature of this emulsion is that the
composition of the dispersion medium contains a
hydrocarbon solvent.

The components of the reverse emulsion are taken
in the following ratio. volume %: oil (commercial) - 30-
10; hydrocarbon solvent - 29.0-27.5; emulsifier - 1.0-
2.5; aqueous phase-40-60

If necessary, a solid weighting agent (barite,
siderite, hematite) up to 25% by volume can be

introduced into the composition of the finished
emulsion.

Oil should be anhydrous and preferably low-
viscosity.

As a hydrocarbon solvent, a wide fraction of light
hydrocarbons is used, which is obtained during the
preparation of oil at the COTS (complex oil treatment
site) and is called "Distillate" in field practice. Before
entering into the emulsion, the distillate must be
degassed.

ES-2, a reagent used to stabilize hydrophobic
emulsion solutions, is used as an emulsifier.

Reservoir water containing calcium ions, aqueous
solutions of CaCl2, NaCl, MgCl2 salts of any
concentration, as well as their mixtures can be used as
an aqueous phase.

A solid weighting agent (barite, siderite, hematite,
etc.) is introduced when high values of the density of
the reverse emulsion are required. The weighting agent
is used only conditioned, i.e. dry and loose.

The reverse emulsion has the best technological
parameters with an aqueous phase content of 40-50%
and a hydrocarbon solvent content in the external envi-
ronment of at least 50%. These parameters can be
within the following limits: density, kg/ m® - 900-1400;
conditional viscosity, ¢ - 50-200; static shear stress,
mgs / cm2 after 1 min and 10 min - 6-15 and 8-25; fil-
tration index, cm® / 30 min - at least 3, including for
hydrocarbon medium, % - not less than 80; electrical
stability, (volts) B - 80-200; solvent capacity - at the
level of pure distillate.
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Reverse emulsions of the above composition,
which have a solvent ability to paraffin and asphalt-res-
inous deposits, can be used in wells with bottom-hole
temperatures up to 80 ° C, and weighted with a solid

weighting agent - in wells with bottom-hole tempera-
tures up to 50 ° C (Figure 1).

The solidification temperature of reverse emul-
sions is determined by the solidification temperature of
the hydrocarbon medium.

Figure 1. Reverse emulsion of the ES-2 brand

Usually, aqueous formulations with additives of
thickeners or mineral salts are used for these purposes.
It is also possible to use special mechanical reservoir
cut-offs or anti-blowout equipment.

When preparing a well for a secondary opening,
processing of the bottomhole zone or repair work, the
entire trunk is filled with jamming fluid.

The technology of fluid replacement in the bore-
hole consists in carrying out the operation of flushing
the borehole with the admission of tubing to the bottom
or sequentially replacing the borehole fluid in the well-
head-pump section with a silencing fluid to ensure fill-
ing of the entire borehole [6-8]. One of the main param-
eters of the jamming fluid is its density.

The density of the silencing fluid determines the
amount of pressure at the bottom of the wells. The main
goals and objectives of silencing operations of produc-
tive formations:

* The silencing fluid must ensure that the pressure
at the bottom exceeds the reservoir pressure.

* The silencing fluid must be chemically inert to
the rocks composing the reservoir, compatible with res-
ervoir fluids and must exclude irreversible colmation of
the pores of the formation by solid particles. The con-
tent of suspended particles should not exceed 30 mg/I.

* The silencing liquid filtrate should have an inhib-
itory effect on clay particles, preventing their swelling
at any pH value of reservoir water.

* The silencing fluid should not form water barri-
ers and should contribute to the hydrophobization of the
collector surface and the reduction of capillary pres-
sures in the formation pores by reducing the interfacial
tension at the interface of the phases "silencing fluid -
reservoir fluid" [7-10].

* The silencing liquid should not form persistent
oil-water emulsions of the 1st and 2nd kind.

* The rheological properties of the silencing fluid
should be regulated in order to prevent its absorption by
the productive reservoir.

* The silencing fluid must have a low corrosive ef-
fect on Downhole equipment. The corrosion rate of
steel should not exceed 0.12 mm/year

* The silencing fluid must be thermostable at high
temperatures and be frost-resistant in winter conditions.

* The silencing fluid must be non-flammable, ex-
plosion-proof, non-toxic.

At the same time, technologies for the preparation
of jamming fluid and their application in wells should
ensure ease of preparation and regulation of the proper-
ties of the jamming fluid without creating emergency
situations and complications in wells.

Well jamming technologies should not hinder the
subsequent development and output of wells to the
planned operating mode. Factors that worsen the prop-
erties of the CCD when jamming fluids penetrate into
it:

+ swelling of clay minerals contained in reservoir
rock;

* blocking effect of water caused by capillary and
surface phenomena occurring in the pore space as a re-
sult of mutual displacement of immiscible liquids;

« formation of resistant oil-water emulsions in the
formation;

+ formation of insoluble sediments in the pore
space as a result of the interaction of the silencing fluid
and reservoir fluids;

* clogging of pores with solid particles penetrating
into the formation together with the filtrate (liquid
phase).

All silencing fluids are conditionally divided into
2 groups:

« - water-based, in pm foams, fresh and reservoir
waters; solutions of mineral salts; clay solutions; hy-
drogels; direct emulsions.

« - hydrocarbon-based, in pm commercial or thick-
ened oil; reverse emulsions with an aqueous phase con-
tent of up to 70%.

In the group of water-based silencing fluids, the
leading role belongs to aqueous solutions of mineral
salts or pure brines that do not contain a solid phase.

Complicating factors in silencing wells with min-
eral salts:

* Interaction of water and salt solutions with clay
minerals

» Formation of poorly soluble salts

* Formation of emulsions

* Formation of a water blockade

Additives to aqueous silencing solutions that re-
duce the negative impact of aqueous solutions of silenc-
ing fluids on the formation filtration and capacitance
properties (FCP):

Salt deposition inhibitors;
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Corrosion inhibitors;

Hydrophobizers and inhibitors of clay swelling;

Demulsifiers.

Salt deposition inhibitors

To prevent the penetration of salt-based silencing
fluids into the formation, various thickened silencing
fluids are used, which have increased viscosity and
have a low filtration coefficient into the formation. The
use of thickened silencing fluids is associated with re-
duced reservoir pressure when the reservoir pressure is
lower than hydrostatic.

Thickened silencing fluids on a hydrocarbon ba-
sis. For maximum preservation of reservoir properties
of productive formations during the repair work in
wells, hydrocarbon-based solutions are recommended
as a silencing fluid. The use of such systems preserves
the natural water saturation of the pores.

The swelling of clay minerals of the formation is
excluded; the blocking effect of water caused by capil-
lary phenomena; the formation of insoluble sediments
in contact with mineralized waters; corrosion of equip-
ment, hydrogen sulfide manifestations at the wellhead.
The disadvantage of hydrocarbon-based silencing flu-
ids is their fire safety.

Thickened hydrocarbon-based liquids can be di-
vided into reverse emulsions and thickened oil.

Due to the breadth of the range of regulated prop-
erties and the relatively low cost, reverse emulsions
have found the most widespread.

Reverse emulsions for silencing wells. Currently,
emulsion compositions are widely used in various oil
production processes: in the processes of primary and
secondary opening of productive formations, during
well silencing, during treatment of the bottom-hole
zone of the formation and in the processes of enhanced
oil recovery. At the same time, in each specific case,
certain types of emulsions and emulsion compositions
specially selected taking into account the necessary
physical and chemical properties are used.

Thickened oil. The use of thickened oil makes it
possible to reduce the negative effect of the jamming
fluid on the PZP and obtain a jamming fluid density of
less than 1 g / cm®. However, with these advantages,
thickened oil has a number of significant disad-
vantages, in pm, the high cost of the extinguishing
fluid; high fire safety; complex regulation of rheologi-
cal properties.

Well jamming technology. To determine the jam-
ming technology, it is necessary to make a number of
decisions:

* composition of the main silencing fluid and ad-
ditives;

« the need to use a blocking fluid.

* The number of jamming cycles is determined by
the depth of the downhole equipment.

By default, the process of pumping the jamming
fluid should be carried out into the pipe space of the
well (direct method). When it is not possible to knock
down the pump valve, jamming is performed through
the annulus (reverse method).

In the case of high reservoir pressure, when the
pressure significantly exceeds the hydrostatic, the in-

jection rate should be maximum, exceeding the produc-
tivity of the well, provided that the pressure does not
exceed the maximum permissible (according to the
pressure conditions of the crimping column or cable en-
try).

In the case of normal and low reservoir pressure,
the pressure is approximately equal to or lower than the
hydrostatic pressure in order to minimize downhole
pressure, reduce the volume of absorption of borehole
fluid by the reservoir, the injection rate of the silencing
fluid should not exceed 10 m® /hour.

Conclusions. Before drawing up a work plan, it is
necessary to determine how the first batch of jamming
fluid will arrive at the bottom of the wells. The first
pack usually includes a blocking compound.

For Uzen deposits with low permeability of the
productive layer or high clay content of the rock, a dep-
osition method is recommended. To determine the re-
quired volume of the silencing fluid, it is necessary to
calculate the internal volume of the well, taking into ac-
count the wall thickness of the pipes, the volume of the
lowered tubing, and the depth of the descent of the
GNO.

The volume of the first jamming cycle is calcu-
lated from the condition that it must be at least the in-
ternal volume of the production column in the interval
from the depth of the descent of the GNP (tubing shoe)
before artificial slaughter.

The volume of the second cycle is calculated from
the condition that it must be at least the internal volume
of the production column minus the volume of tubing
in the interval from the mouth to the depth of the de-
scent of the GNO (tubing shoe). l.e., it must provide a
complete change of fluid during flushing in the speci-
fied volume.

Possible complications in silencing wells:

* Initially incorrect choice of silencing fluid den-
sity

* Overflow of the well as a result of an increase in
downhole pressure

* In wells with low-permeability reservoirs, it was
found that the recovery period of reservoir pressure
lasts from 15 to 20 days, and for a number of wells this
period reaches 30 days.
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