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PA3BBUTHUE BBICOTHOI'O CTPOUTEJIbBCTBA
B IOPOJAX C YNCJIEHHOCTBIO HACEJIEHHUA OT 250
JIO 500 ThICSY )KUTEJEN (HA IPUMEPE I'OPOJIOB
YPAJIBCKOI'O ®EJEPAJIBHOI'O OKPYTA)

Illenuosa O.M., @eoocuxun B.C.

B cmamve paccmampusaromes ucmopust 6036e0eHus 8biCOMHBIX
30anuil, 0CODEHHOCTMU BOCHPUIMUSL BbICOMHBIX 30AHULL 8 20POOCKOU
cpede, Kakue (pakxmopuvl 6IUAIOM HA GLIOOP MeCma CMPOUmenbCmed
8bICOMHBIX 30anUll. Packpuvlearomces maxue NOHAMUS, KAK «8bLCOMHbLU
00Mm», «8bicomHas domunanmay. Takoice, NPUBOOUMCS AHATU3 HATU-
Y5l BbICOMMHBIX 30AHULL KPYIHBIX 20P0008 C YUCTIEHHOCHbIO HACETeHUs
om 250 0o 500 muicau sicumeneu Ypanvckoeo @edepanrbhoco OKpy-
ea: Kypeana, Huoicnezo Taeuna, Husicnesapmoscka, Cypeyma u Mae-
Humoeopcka. A makoice 0an anaiu3 padocmpoumenbHou cumyayuu
2. Maznumozcopcia, e0e 6via671eHbl 603MONCHYIE, HAUDOIee ePOSImMHbLE
u npeonazaemvlie Mecma 05 PACHOLOHCEHUS BbICOMHBIX 30AHULL HA Ne-
peceuenuu Uy 3asepuleHuy ocell yauy.

Llenv padomul — anaiusz 661COMHO2O CMPOUMENLCNBA 8 KPYNHbIX
2opooax Ypanvcrkozo Dedepanvioco OKpyaa ¢ YUCIeHHOCHbIO Hacee-
Hus om 250 0o 500 muicau dcumeneil.

Memoo unu memooonozus nposedenusn padomol: 6 Cmamve UCNob-
308AUCL MEMOObL MEOPEMUUECKO20 U BU3VATbHO2O AHAIU3A, HAOMIO-
OeHuUs, a makofce usyueHue TUmepamypHsix U UHMepHem UCMo4YHUKOS.

Pesynomamot: nonyuen cucmemamusupo8anHvli meopemuyecKutl
mMamepuan 8 0b1ACmu apxXumekmypsl U 2padoCmpouUmenbCmad 20po0os
Ypanvckoeo @edepanvrozo oxpyea.

Obnacms npumenenus pe3yibmamos: nouyyeHHble pe3yibmanvl
Mo2ym Oblmb NPUMEHEeHbl 8 00AcmU APXUMeEKMypPHO20 00pPA306aHUs
U NPAKMUYECKOU apXumeKnypHoU 0esmeibHOCHIU.
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Kniwouesvle cnosa: svicomuvie 30anus; 6biCOMHOE CMPOUMElb-
Ccmeo; 20poockas cpeod.

DEVELOPMENT OF HIGH-RISE CONSTRUCTION
IN THE CITIES WITH POPULATION FROM 250
TO 500 THOUSAND INHABITANTS (ON THE EXAMPLE
OF THE CITIES OF THE URAL FEDERAL DISTRICT)

Shentsova O.M., Fedosihin V.S.

In article history of construction of high-rise buildings, features of
perception of high-rise buildings in the urban environment what fac-
tors influence the choice of the site of high-rise buildings are consid-
ered. Such concepts as “skyscraper”, “a high-rise dominant” reveal.
Also, the analysis of existence of high-rise buildings of the large cities
with population from 250 to 500 thousand residents of the Ural Feder-
al District is provided: Barrow, Nizhny Tagil, Nizhnevartovsk, Surgut
and Magnitogorsk. And also the analysis of a town-planning situation
of Magnitogorsk where the possible, most probable and offered places
for an arrangement of high-rise buildings on crossing or end of axes
of streets are revealed is given.

Work purpose — the analysis of high-rise construction in the large
cities of the Ural Federal District with population from 250 to 500
thousand inhabitants.

Method or methodology of carrying out work: in article methods
of the theoretical and visual analysis, observation, and also studying
literary and the Internet of sources were used.

Results: the systematized theoretical material in the field of archi-
tecture and town planning of the cities of the Ural Federal District is
received.

Scope of results: the received results can be applied in the field of
architectural education and practical architectural activities.

Keywords: high-rise buildings; high-rise construction, urban en-
vironment.
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Hcropust Bo3BeeHUs BBICOTHBIX 31aHNMI HaYMHAaeTcsl ¢ koHua XIX B.
[lepBbie BeICOTHBIE COOpYX)EeHUS ObLIM BO3ABUTHYTHI B CLLIA, a uepes
JECSATKY JIET CTAJN TOSBISIThCA B CTpaHax 3amagHoi EBponsl n A3un.
[maBHOW NpPUYMHON CTPOUTENBCTBA 3JAHUN OONBIION ATAKHOCTH
SIBUWJIACh BBICOKAsl LICHOBAs MOJMTHKA HA 3€MEJIbHBIE PECYPChI, POCT
HaceJeHnsl M IUIOTHOCTh 3aCTPOWKM B ropojax, UMEIOLINX OrpaHH-
YEHHbIE BOBMO)XHOCTHU B JAJbHEHIIEM PaCIIMPEHUHN TPAHUL TOPOAA.

BrIcoTHBIN oM siBIIsieT co0o0i OTAETBHO cTosiiee 00beMHOE CO-
OpY’KEHHUE, KOTOPOE SIBISIETCS «IPAJOCTPOUTEIBHON JOMUHAHTON»
B apXHUTEKTypHOU cpeze ropona. [loHsATHE «BBICOTHAS JIOMHHAHTa»
MMEET CIIEAYIOIee 3HAaYCHUE — «BBICOKHE OOBEKTHI C SIPKO BBIpa-
JKEHHOW BEPTHKAIBHON HAINPABICHHOCTHIO, (DOPMHUPYIOIIHE CHITYIT
ropoja M SIBISIOMIMECS TIaBHBIMH OOBEKTAMHM B OKPY)KAIOIIEM HX
MIPOCTPAHCTBE, 3pPUTEIbHBIE OPUEHTUPBI, KOTOPbIE HAIIPABIISIIOT BHU-
MaHHMe HaOJIofaress Ha INAaBHBIM CTPYKTYPHBIH BJIEMEHT ropoja, a
TaK)Ke MIJUTFO30PHO YBEITUYMBAIOT WM YMEHBINAIOT TITyOWHHOCTh TO-
poIckoro mpocTpancTBay [14]. BeicoTHOE 3MaHue WK COOpY>KEHUE
BCErAa BHICTYIAET B POJIM 3HAKOBOTO 3JIEMEHTA-OPUEHTHPA. ITO KaK
CUMBOJI MJTM «BU3UTHAS KapTOYKa» TOpoja.

PexomeHanmu kK NpOEKTUPOBAHUIO BBICOTOK, KaK HAnOOIIee CI0XK-
HbIM OOBEKTaM CTpPOWTEIHCTBA, MPUHUMAIOTCS MEXKIYHAPOIHBIMH
OOIIECTBEHHBIMU OpPraHU3alMsIMA HHXEHEPOB U apXUTEKTOPOB —
IABCE — ASCE u CIB.

Bnaropaps mpoBOAMMBIM CHMITO3MyMaM IO HpoOJieMe BBICOTHOTO
CTPOUTEIBCTBA COOPYKEHUS BBICOTOM 10 30 M OTHOCSITCS K 31aHUSM
MOBBIICHHOH dTakHOCTH, 10 50, 75 1 100 METpOB, COOTBETCTBEHHO,
K [, II u III kareropusiMm MHOrOATa)kHbIX 34aHUM, cBbimie 100 M — K
BBICOTHBIM.

B I'epmanum geficTByeT kinaccuuKanms BBICOTHBIX 3aHUH, BKITIO-
qaromas ciemyronue rpymmsl: | — 3manus BeicoToit 22—-30 M, I — 30—
60 M, I1I — Bbre 60 M u IV — Boite 200 M. [1pu 3ToM npaBuia npomnu-
CaHbl JJIs IEPBBIX TPEX PYIII, a YETBEPTasi Ipynmna B pezepse. pyrux
CBEJICHUH O KJIacCU(UKAIUSIX BBICOTHBIX 3/[aHH, TPEOOBAaHUN K MX
MPOCKTUPOBAHUIO U HX OINpPENEIEHUsI B IPYrMX CTpPaHAX HE UMeEeT-
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cs. B xonax CILA, DIN B I'epmanuu, EU B EBpornie u B Hopmax 1o
CTPOUTEIBCTBY APYIMX Pa3BUTHIX CTPAH HOPMATHUBBI IO BHICOTHOMY
JIOMOCTPOEHHUIO OTCYTCTBYIOT. K BBICOTHBIM 3aaHMsAM B Poccuu npu-
YHCIISIFOTCS IoMa BBIIIE 75 MeTpoB (0011eCTBEHHBIE OOBEKTHI — BBILIE
50 M), HO HIKE 120150 metpos [10].

BosBblmaronuecss B IpOCTPAHCTBE JIEMEHTHl MOTYT CTaTh Mpo-
CTPAHCTBEHHbIMH OPUEHTUPAMH B CIIydasiX: €CJU 3JIEMEHT BUJIEH C
Pa3HbIX HAIIPABJICHUN TOPOJA, €CIIM UMEET PE3KUI KOHTPACT C HAXO-
JSIIIUMUCS. 110 COCEJCTBY 3JaHUSIMU U COOPYKEHHUSIMU 3a CUET pas-
MEIIEHHSI MM BBICOTHOCTH. TaKre OpUEHTUPBI MOTYT OBITh WHIIUBU-
IyaJlbHBIMU, U30JIUPOBAHHBIMU OT APYTUX COOPY>KEHUN BBICOTHBIMU
o0beMaMu, Tak ¥ 00beMaMHU, MTOIKPEIUIEHHBIMU JPYTUMH 00bEKTaMu
TOPOJACKOU CpEnBbl.

BricoTHBIE BepTHKaIbHBIE 00BEMBI KaK TIPABUJIO 3aBEPIIAIOT Ka-
KyI0 JIUOO IpajioCTPOUTENBHYIO OCh, SIBISIIOTCS LIEHTPOM TOPOJCKOTO
MIPOCTPAHCTBA, SBISIFOTCS (POKYCHPYIOIIAM KOMIIO3HIIMOHHBIM IIEH-
TPOM, KOTOpBI COOMpaeT OKPYXKAIOIIyl0 TOPOJACKYIO 3aCTpOWKY B
€NHOE LIETIOE.

Bo3Benenne BBICOTHBIX 34aHUI BKIIOYAET B ceOsI HE TOJILKO caM
mpolecc BO3BEICHHS, HO M OONBILONW KOMIUIEKC 3a/1ad, CBS3aHHBIX
¢ atuM mporieccoM. [Ipu BeIOOpe MecTa BBICOTHOTO CTPOMTEIHCTBA
HEOOXOIMMO YUUTBIBATh (PAKTOPHI, 00YCIOBIEHHBIE TPalOCTPOUTEIb-
HOHM cuTyalmei, apXUTEeKTypHBIMH OCOOCHHOCTSIMH TIPHIICTAIOIICH
3aCTPOMKH.

Binsinue BbICOTHBIX 31aHUH
Ha BOCIIPpHUSITHE FOPOACKOM Cpeabl

B roposckoii cpezie BEICOTHBIE 31aHUS SIBIAIOTCS aKIIEHTaMH H3-3a
KOHTpAcTa 110 OTHOLICHHIO K Ipeodiasaromei 3acTpoiku ot 9 1o 16
ATa)XeH M OKa3bIBAIOT OONBIIOE BIUSHUE HA BOCIPHATHE TOPOICKOM
cpeabl. [ToaToMy K BBICOTKaM NPenbsIBISIOTCS 0COObIe TpeOOBaHMUS,
o0ecrneunBaloNye MOBBIIIEHNE YCTETUKN TOPOJCKON CPeIbl.

B ocHoBe 31aHMsI ISKUT BEPTUKAIBHOE Pa3BUTHE 00beMa 31aHus,
a reoMeTpus (HOPMBI 3TaHUS MOXKET OBITh KaK MPOCTON TaK U CIIOXK-
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Hoii. [Tocnenaue mpeobiangaoT B MUPOBOH apxuTekType. Taknx, Kak
W3BECTHBIE BBICOTHBIC 31MaHus B JlyOam (OAD), umeromme CIoKHbIe
TEOMETPUIECKIE 0OBEMBI.

BaxxHoe 3HaueHME P BU3yaJIbHOM BOCIPUATHH 00beMa BBICOTHO-
TO 3/IaHUS UMEET TO, YTO ATOT 00bEM MBI BOCIPUHUMAEM CHHU3Y BBEPX,
He BUAS KpbIK. [103TOMY OTHUM U3 apXUTEKTYPHBIX TPUEMOB SIBJISI-
€TCs CO3/JaHMe BBIPA3UTEIHHOTO 3aBEPIICHUS BEPTHKAIFHOTO 00heMa
(KpbIIK B BUJE KyHOJIOB, IIaTPOB, MUPaMUI, IIMTUIEH).

Bocnpustre 3manuii U BIMSHUE €T0 KOMIO3UITMOHHBIX 0COOCH-
HOCTEH Ha 3pUTENs 3aBUCAT OT PACCTOAHMS JO0 HUX OT TOYKM Ha-
omronenusi. [y MOTHOTO BOCHPHSATHSI BBICOTHOTO 3JIaHUS 3PUTEIb
JOJDKEH HAXOIUTHCS HA PACCTOSHUU OT 00BEKTa PaBHOM €ro JBYM
WIH TPEM €ro BBICOTaM, T.€. C JajibHEeH mepcrneKTuBbl. Yem Onmxe
paccTosHHE K 3[aHUI0, TEM JIydIliee BOCIIPUATHE IPOUCXOIUT Oosiee
MEJIKUX JeTayiel 31anus. B CBsA3M ¢ 3TUM peKOMEHIyeTCsl Hanbosee
KpyTHBIE WIEHEHHUS U IeTaIl pacrojiaratb B BEpXHEH U CpeTHei Ya-
CTAX 37aHus, a 0ojiee MEJIKUE JeTalu — B HIDKHEH yacTu. BricoTHOoE
3/laHUE UTPAET BAXKHYIO KOMITO3UIIMOHHYIO POJIb B TOPOJICKOH cpefie,
€CJIU BU3yaJlbHO HaOIOaeTCsl He MeHee 1/3 BBICOThI OCHOBHOM BbI-
COTBI COOPY>KEHHUA.

W, nakonemn, oobeM 3maHus, dacaasl, UX XyIOKECTBEHHOE peIlie-
HUE JIOJDKHBI PacKphIBaTh (PYHKIMOHAIHHOE HAa3HAYCHHE 3/1aHus. B
MIEPBOM CIIy4ae, COOPYKEHUSI MOTYT BOCIIPHHHUMATHCS KakK 00Ieno-
CTYMHBIM OOBEKTOM (pa3BlieKaTelbHbl KOMIUIEKC, KHUJIO€ 3aJaHue U
T.I.) Wiu opunranbHBI TeHTp (O(UCHBINA, TOPTOBBIA WM aIMUHU-
CTPaTUBHBIN LIEHTP), BO BTOPOM CIIydae, MOTYT BOCIIPHHUMATHCS KaK
HEMPUCTYIHBIA 00BhEeKT (0aHK), P 3TOM CO3/IaeTCS TCHXOJIOTHYE-
CKas TUCTaHIUSA MEXIYy 3pHuTelieM n 00hekToM. Hapsmy ¢ mepedrc-
JICHHBIMU (DaKTOpPaMH, BIUSIONIMMUA Ha BOCHPUATHE BBICOTHBIX 3J1a-
HUH B TOPOJICKON cperne, O0NbIIyI0 B (PYyHKIIMOHAIBHYIO POJIb UTPAeT
LBET U OCBELICHHUE, YCUIINBAIOIINE BEIPA3UTEILHOCTh 00BEKTA.

Uro ke KacaeTcs KOJIOPHUCTUKU BBICOTHBIX 3AaHUHN, TO B OTIIHYHE
OT MaJIOITAXKHBIX 3[[aHUH, KOTOpPBIE TPEOYIOT KPYMHBIX PUTMHYHBIX
[IBETOBBIX WJICHEHW, BHICOTHBIE 3/IaHUS B OOJBINMHCTBE CBOEM HE
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Tpe6y}0T HMHTCHCHUBHOTO LIBETOBOI'O PCHICHUS. HOSTOMy X IBCT, KaK
MPaBHUJIO, COBIA/IACT C €CTECTBEHHBIM IIBETOM HCIOJIB3yEeMbIX MaTe-
puanoB (MeTajul, CTEKJIO U T.I1.).

AHaJIM3 BHICOTHOTO CTPOUTEJILCTBA B rOpoiax YpaJbCKOIro
DenepajbLHOro okpyra ¢ HacejaenueM 10 S00 Thic. kuTeIei
Ypansckuit @enepanpabiid (YpPO) oKpyr COCTOUT H3:

* 2 ropopa-MWIIHOHEDA,

* | kpynre#tmmii (ot 500 THIC. 10 1 MITH )XUTENEH),

* 5 kpynHbIx (0T 250 ThIC. 10 500 THIC. )XHTENENH),

o 8 6ompmux (o1 100 ThIC. 10 250 THIC. KUTEIICH),

* 17 cpemnaux (ot 50 TBIC. MO 100 THIC. J)XUTENECH),

* 82 manbix (MeHee 50 ThIC. XKHUTEICH).

K matu xpymabIM TopomaMm Yp®DO ¢ YHCIEHHOCTHIO HACCIICHUS
(mannabie Ha 2016 1) oTHOCsATCs Takue Kak T. Kypran (Kypranckas
0011.) — 385 189 xureneit, . Hwkamit Tarnn (CepioBckast 0071.) —
361 883 »xwureneit, . HwkneBaproBck (XaHTbl-MaHCHICKHI aBTO-
HOMHBIH OKpyT — FOrpa) — 270 860 xureneii, . Cypryt (XanTsi-MaH-
cuiickuii aBToHOMHBIHN OKpyT — FOrpa) — 306 703 xwureneii, . Marau-
toropck (Yensiounckas o0i.) — 408 401 xureneit [3].

Hara ocuoBanus ropona Kypean na pexe TobGom mo mpencTasie-
Huto npoeccopa B.B. Menmukoa cuutaercs 1679 rox. [lnomans
ropona cocrasmseT 0,39 ToicsSd KB.KM. Pa3BuTHE CTpOUTENBCTBA TT0-
JTy4YnsIo TOT4OK B 1943 r.mocine cTaHOBICHUS TOPOia aIMUHUCTPATUB-
HbIM TIeHTpoM Kypraackoro okpyra. B aTo Bpemst akTHBHO CTpPOSITCA
OOIIIECTBEHHBIC 31aHUSI.

Ceroans r. Kypran HacuMTbIBa€T HECKOJIBKO 31aHUM MMOBBIILIEHHON
stTaxkHocTH. Haubosnee npuBiekarenbHbIe [T HAC!

— KWiIoW 16-TH 3TaxHBIA MOM «J0OpBIA TOM», KOTOPBIH OBLI
HadaTt B 2012 . mo mpoekty Poccuiickoii kommanuu «Cmapt
Jlomxuctuk I'pynm — JleBeIOoNMEHT» U CJaH B 9KCILTyaTallUIo B
2016t

— JKWJION KOMIUIEKC «DBEpPECT», COCTOSIIMN U3 TPYMIbl 3JaHUH
18-t 11 19-TH 3Ta)KHBIX TTAHETBHBIX JOMOB M PACIOI0KEHHbBIN
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Ha nepBod JauHUUK mpocrnekra M. TonnkoBa camblil BBICOKUIA
o0bekT B I. Kyprane.

Ceromust Ha 0OCYKJICHUU B MIPHH MPOEKT CTPOUTENBCTBA 25-TH
3Ta)KHOTO KHUJIOro IoMa B 1ieHTpe Kyprana, KOTOpBIN cTaHET caMbIM
BBICOKUM B ropoje. OnHaKo NPOEKT BbI3Bajl IPOTHBOIOJIOKHbIE MHE-
HUS, B TOM YHCJIEe OTPULIATENIbHOE MHEHHE apXUTEKTOPOB ropofa. OHu
CUHUTAIOT, YTO HEOOXOAUMO YUYECTb, UTO PAJOM C MECTOM ILIAaHHUpPYe-
MOTO CTPOMTEIHCTBA HAXOJUTCS OYEHb Ba)KHas I'PaJOCTPOUTEIbHAS
JoMUHaHTa — borosBneHckuii kadeapanbHblii codop. McToprueckn
CJIOKMJIOCH, UTO BBICOTA 3AaHUN BOJIM3U XPaMOB U IIEPKBEH HE JTOMK-
Ha OBITh BU3yaJIbHO BBIIIE OCHOBAHUI KymoJIOB [5].

Topon Hustcnuit Tacun ocuHoBad B 1722 T. m cuMTaeTcsi BTOPHIM
o BesmunHe ropoaoM CBepuioBckoii oonactu. Boanas aprepus paii-
OHa — peka Tarunm ¢ MHOXECTBOM NIpHUTOKOB. ILimomans ropoma 298
kB.KM. 710 2008 1., 4106 kB. kM. mocie 2008 . mociae IpucoeaANHEHUS
22 cenbCKUX MOCENCHU.

Huxuauit Tarun aTto ropox ¢ ycrosBiIeicss TOpHO-000TaTUTENb-
HOH U METAJLTypruuecKoi MPOMBIIUIEHHOCTBIO, KPYIIHBII TOPTOBBIi,
CIIOPTUBHBIH, KyJIBTYpHBIN LEHTp. B okpecTHOCTAX ropoga HuxHui
Tarmnn pacnosoXeHbl TOPHOJIBIKHBIE KOMIUIEKCHI U JIBDKHBIE TPACCHI,
Ha KOTOPBIX MPOBOIATCS MEXKIyHAPOIHBIE COPEBHOBaHHSI. ApXH-
TEKTYpHBIH 00MK ropona chopmuposaics B XVIII-XIXB.B. B Buze
MaMATHUKOB apXUTEKTYPbl KOHCTPYKTHBHM3Ma, COBETCKOIO KIIACCH-
U3Ma, XpyuieBckoro ackeruzma. OOIMK TOpoAa U Hayasl MEHSTHCS B
XXB. 1 IpHOOpEI HOBOE apXUTEKTYPHOE 3ByYaHHUE.

B 1980-1990 .. mosBUIIMCH NEpBBIE MHOTO3TAXKHbIE JOMa B paii-
OHE KEJIE3HOJOPOKHOIO BOK3aJla, BBICOTHBIE JOMHHAHTHI, KOTOpBIE
chopmupoBanm Tak HazeiBaeMoe «BricoTHOe Kombio Tarmmay. Ce-
romHst Hwxkauit Tarun Beisinut tak (puc. 1). Ha cerogasmauii Mo-
MEHT BBEJICH B JKCIUTyaTalUI0 KHJIOM KOMIUIEKC «HHUCTBIE MPyOsD»,
COCTOSIILIET0 U3 TPYIIBI 16-TH 3TaXHBIX 3/1aHU, 3alyIIEHO B CTPO-
UTEJIbCTBO HECKOJBKO MPOEKTOB MHOTOATAXHBIX 3MaHui: 3-X 16-Tn
STAKHBIX IOMOB «AbcomoT, «IIpembep» u «Ilobena», busHec-1eHTp
«OCTpOBCKUI.
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Puc. 1. Bunel Ha ropozckyto cpeny Huxnero Taruna

3HaMEHUTHIN TOCTUHUYHBIN oreparop «Radisson» BMecTo paHee 3a-
ITaHupoBaHHOTO ExarepnHOypra aHOHCHPOBAII CTPOUTEIHCTBO BHICOT-
Horo otenst «Omepa» B Hiwkuem Tarmie Ha yaure Manbimesa (puc. 2).

Huoscnesapmoscky Obln nipu-
CBOEH cTaryc ropona B 1972 rogmy.
Onnako nepBoe nocenenue Huxk-
He-BapToBckoe mosBHIIOCH Ha Oe-
pery O6u eme B 1913 1.

Apxurtektypa HmkHeBapTOBCKa
Majo MaJOINpHUBICKaTeIbHa s
TYPHCTOB, TIOX0Ka Ha MOCKOBCKHIMA
CIIJIBHBIN paiioH.

T.K. ropo; OTHOCUTENIBHO MOJIO- Puc. 2. Ilpoexr orens "Onepa"
JIO, TO OCHOBHYIO MAacCy JKWJIbIX
3[@HUN COCTaBISIOT JIoMa oT 9-tu 1o 16-Tm 3taxei (puc. 3). B ropo-
JIe €CTh TOJIBKO JBa HaMOOJIee BRICOTHBIX 3MaHUs B 25 dTaxei (puc. 3,
(hoto cresa)

Puc. 3. Buzbl Ha ropojckyro cpeny HuxHeBapToBcka
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HUcrtopust ropona Cypzyma Havanace ¢ 1594 roga, mepBbIii KaMEHb
KoTOporo Obl 3anokeH Ha Oepery O6u ceiHoMm MBana I'po3noro ®e-
nopoMm Moansraem. [loce msaTexa KyinakoB U ero nogasieHus B 1920
rony CypryT JUIIMIM CTaTyca ropoja M OoH cTai ceinoM. U Tompko
rocie go0sau mepBoit HedTr B 1965 romy CypryT cHOBa MOTYUYHIT
ctaryc ropoja. Bonnas aprepust Cypryra — peka Caiima. B otnnuane
OT Apyrux KpynHeix roposioB Yp®O c HacenenueM ot 250 1o 500 ThI-
csia sxuteneit CypryT Oorar Ha BEICOTHBIC 37jaHus. BOT HekoTOphIC n3
HUX (puc. 4, cleBa Ha TPaBO): KWIOH 16-TH ATAKHBIN JJOM C MaHCap-
noii o yi. YauBepcutetckoi, 3; KK «Anexcanapus» (18 ataxeit mo
BBICOKOI CTOPOHE KOMIUIEKCA); BHICOTHBIE JIoMa B HOBOCTpoiike Cyp-
ryta; KK «AxBapens» mo yi. WM. 3axapona, 19; XK «Bo3poxmenuey
Ha yn. Menuk-Kapamosa, 23A; KK «4 cezona» B 39 muxpopaiione
ropona;

Puc. 4. Bricornsle 3nanus r. Cypryra

[IpoaomKUTh CHMCOK MOT'YT TAaK)K€ BHICOTHBIEC 1OMa: >KUII0N 16-Tu
STaXKHBIH 10M 10 yA. YHuBepcurerckoi, 7; XKK «Kemuayxnna KOrpem»
o yi. Uropst Kupr6as, 37; )KK «CeBepnast Beneuus» no yn. YHu-
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Bepcuterckoit, 33. B 2013 roxy
HauaT MacIITaOHBIA TPOEKT TPyI-
el KoMTTaHu# «CHOTIpOMCTPOI»
CTPOMUTEIBCTBA CAMOI'0 BBICOTHOTO
31aHus B XaHTbl-MaHCHIICKOM aB-
TOHOMHOM OKpYT€.

Ero BbICOTa COCTaBUT OKOJIO
120 metpoB (40 staxeii), koTropoe
IJIAHUPYETCsl ClaTh B JKCILTya-
tanuio B 2018 roxy. [lo kmaccu-
(bPIKaLI?II/I JKCHEPTHO KOILICTHH Puc. S. [Ipoexr BricoTHOrO 40-Ka
Emporis 3To 3manue MOXKHO OTHe- YTAKHOTO soMa B . CypryT
CTH K HeOOCKpebam.

Maznumozopck — 3T0 TOpoj Ha peke Ypal, IjaH KOTOPOro opra-
HU30BaH IO CXEM€ IMPOMBIIUIEHHOTO COLTOpoja: CeluTeOHas 30Ha
pacronokeHa BOKPYT MPOMBIIIEHHOTO paiioHa W W30JMpOBaHa ca-
HUTApHO-3alIMTHON 30HON. Beck ropon nenuTcd Ha TpU pailoHa, co
CIOKUBIIEHCS TOPOJCKOM 3acTpoiikoid. ['opoa cerogHsi akTUBHO pas3-
BHMBAeTCS B I0)KHOM HAlpaBJICHUHU, HO 3Ta TEPPUTOPHUS TOXKE UMEET
rpanuesl. [IoaToMy B HacTosIIee BpeMsi, C TOUKH 3PEHUST SKOHOMUKH
Y, YIUTBIBasi OCTPYIO HEXBATKy 3€MENbHBIX PECYPCOB W BO3POCIIYIO
LIEHY Ha 3eMJII0, TOPOJICKOE CTPOUTENHCTBO I. MarHuTOropcka J10JxK-
HO OBITH OPUEHTHPOBAHO HA BHICOTHBIE 3/IaHUSI.

Puc. 6. Bux Ha ropozackyro cpeny r. MarauToropcka

B ocHOBHOIT Macce MakCUMaJIbHAs STAXKHOCTh TOPOJICKOM 3aCTPOii-
KM cocTaBnseT 16 ataxei (puc. 6). beun nocrpoens! 1Ba 17-3Tax-
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HBIX B 142a Mukpopaiione, Ha nepeceuenun ynun Tpyna u TeBocs-
Ha. BBICOTHYIO AMHAMUKY TOPOAY 3a1at0T TpyOsl MarHUTOrOpCKOro
MeTaluTyprudeckoro komomnara. M3 sacienus 2000-X IT. BRIACITSIETCS
crpouBlmiics 15 jer y FOxnHoro mocra BHymuTensHbIH Bo3necen-
CKHi co00p BRICOTOM 710 60 MeTpoB (puc. 7).

Puc. 8. Dcku3z npoekra 3acTpoiiku 1o yauie Bo3neceHnckas,
apx. Bukrop Hukomnaes, ABII "I'maBmpoekt"
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CeFOIIHH CYHIECTBYIOT IPOCKTHI, BBIITOJIHCHHBIC MOJIOABIMU apXu-
TEKTOPaMH TOpO/ia, BKIIOYAIOIINE BBICOTHBIC 3/1aHMS, IPEBBIIAIOIINC
17 araxeii (puc. 8).

Ha nam, B3misig cerogns Bce Oosee akTyalbHONH CTaHOBUTHCS TPO-
0r1eMa BBICOTHOTO CTPOUTEBCTBA B KPYIHBIX ropopax YpdO, kotopoe
JIUKTYIOT clieytomue (hakTopsl:

— HeoOXomMMOCTb (OPMHPOBAHUS CHIYITHBIX XapaKTEPUCTHK,

BBICOTHBIX aKI[CHTOB FOPOACKOH 3aCTPOKH;

— OTCYTCTBHUE pe3epBa CBOOOIHBIX TEPPUTOPHI ISl PA3BUTHSL CTPO-
UTEITCTBA B TOPOJIAX, TIO3BOJISIIOIINX Pa3MelIeHUE 3HAYUTEITHHBIX
00BEMOB B COCTaBE €IMHOIO TPAJI0CTPOUTEIILHOIO KOMILIEKCA;

— HaJIN4YUC IMOTCHIUAJIBHBIX HOKYHaTeHeﬁ Ha KBapTHUPbI B BBICOT-
HBIX JIOMaXx;

— CO3/1aHHMEM BBICOTHBIX JOMUHAHT C BBIPA3UTEIbHBIM U 3aII0MU-
HArOmMUMCA apXUTCKTYPHBIM PCIICHUCM, SABJIAIOINUMCA «BU3UT-
HOM KapTOUKOM» TOpoja;

— BO3MOXXHOCTb UMETH B IIpeJeIaX OQHOI0 y4acTKa TEPPUTOPUU
MHOTO(YHKIIMOHAIBHBII KOMILIEKC, 30HUPOBAaHHbII 1O BEPTU-
KaJIn;

— COBpPEMEHHBIC CTPOUTEIbHBIE TEXHOJIOTHAMH, O3BOJISIOIINMHI
00ecCIeunTh BRICOTHOE CTPOUTEIBCTRO.

OnHako BBICOTHOE CTPOUTEIBCTBO B TOPOJAxX JOKUTCS OpeMeHeM
Ha WH)XEHEPHbIE KOMMYHHKALIUH, ¥ €CJIN ITPY HOBOCTPOIMKAaX HA YPOB-
He 11 aTaxelt HamoONTO OOpPaA3yIOTCs YIUYHbIE MPOOKH, TO C BO3BEE-
HUEM 3/1aHuH B 25 Taxkel poliemMa MOXKET CTaTh Hepa3peInMO.

Ha mnane . MarauToropcka (puc. 9) mpeacTaBieH aHaIu3 Tpajo-
CTPOUTENILHON CUTyauuu I. MarHUTOropcka, rjje OTMEYCHbBI BO3MOXK-
HbIC, HauboJiee BEPOSTHBIC U TIpe/IaraeMble MecTa JIJIsl PaciooKe-
HUS1 BBICOTHBIX 3IaHUI HA TIEPECEYSHNH WM 3aBEPLICHUH OCEeH ynuIl.
Kpome rpanocTpouTenbHOro aHaiausa BIOOP MECTOPACHIOIOKEHUS U
ATaKHOCTh MPOEKTUPYEMBIX BBICOTHBIX 3/IaHHK B T. MarHUTOTOpCKe
JOJKHO OCHOBBIBATBHCSI TAKXKE HAa aHAJIN3 CIOXKUBILEHCS (McTOpHue-
CKOM) TOPOJICKOHM 3aCTPOMKH U OCOOCHHOCTH «3KOKIMMATA» U «3KO-
IIOTOZIBI» B TOPOJIE.
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BBICOTHBIX JIOMOB Ha
OCHOBE aHAJIN3a TVIaB-
HBIX KOMITO3UIOHHBIX
oceid.

O - Hanboee BEPOATHBIC
MecTa It IPOCKTH-

POBAHHS BBICOTHBIX
JIOMOB, pacroJarae-
MBIX Ha [IEPECECUCHUN
WM 3aBEPIIEHUH OCEi,
KaK MPaBHII0, 3TO IO~
114/, TIepeceveHue
OCHOBHBIX JIOPOT, HCTO-
PHYECKH 3HAYNMBbIE
MecTa.

O - BO3MOXKHbBIE MeCTa
MPOEKTUPOBAHHUS BbI-
COTHBIX 3[aHHH, OHU
pacrosaraiorcs Ha
TiepeceveHny Win 3a-
BEPILEHUHU OCEHl yIuIl.
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COOMA: AN OBJECT-ORIENTED STOCHASTIC
OPTIMIZATION ALGORITHM

Tavridovich S.A.

Stochastic optimization methods such as genetic algorithm, parti-
cle swarm optimization algorithm, and others are successfully used to
solve optimization problems. They are all based on similar ideas and
need minimal adaptation when being implemented. But several factors
complicate the application of stochastic search methods in practice:
multimodality of the objective function, optimization with constraints,
finding the best parameter configuration of the algorithm, the increas-
ing of the searching space, etc.

This paper proposes a new Cascade Object Optimization and Mod-
ification Algorithm (COOMA) which develops the best ideas of known
stochastic optimization methods and can be applied to a wide variety of
real-world problems described in the terms of object-oriented models
with practically any types of parameters, variables, and associations
between objects. The objects of different classes are organized in pools
and pools form the hierarchical structure according to the associations
between classes. The algorithm is also executed according to the pool
structure: the methods of the upper-level pools before changing their
objects call the analogous methods of all their subpools. The algorithm
Starts with initialization step and then passes through a number of it-
erations during which the objects are modified until the stop criteria
are satisfied. The objects are modified using movement, replication and
mutation operations. Two-level version of COOMA realizes a built-in
self-adaptive mechanism.

The optimization statistics for a number of test problems shows
that COOMA is able to solve multi-level problems (with objects of dif-
ferent associated classes), problems with multimodal fitness functions
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and systems of constraints. COOMA source code on Java is available
on request.

Keywords: stochastic optimization, object-oriented model; genetic
algorithm; particle swarm optimization; differential evolution; multi-
modal objective function, constraint optimization, self-adaptive para-
meters.

COOMA: OFBEKTHO-OPUEHTUPOBAHHBIN
CTOXACTUYECKHI AJITOPUTM ONITUMHU3AIIAN

Taepuoosuu C.A.

Cmoxacmuueckue memoovl ORMUMU3AYUY MAKUe KaK 2eHemuye-
CKULL ANIROPUMM, AI20PUMM POs 4acmuy u opyeue yCneuHo npumeHs-
10MCsl 0151 peuleHust ONMUMU3AYUOHHBIX 3a0ay. OHU OCHOBANBI HA CXO-
JHCUX UOeAX U MPeOVIOM MUHUMAILHOU A0AnMayuu npu NPUMeHeHUl.
Ho cywecmgyem neckonvio paxmopos, 3ampyousouux ucnoib306d-
HUe CMoXacmu4eckux mMemooo8 ONMUMU3AYUU Ha NPAKMUKe: Myilb-
MUMOOATLHOCTND YeLe6oll (DYHKYUU, HATUYUe CUCTIeMbl 02PAHUYEeH UL,
HE0OX00UMOCHb NOUCKA HAULYHUel KOHDU2ypayuy napamempos aj-
eopumma, ysenuieHue oobema npocmpancmed noucka u op.

B cmamve npeonacaemcs Hogbwlil Aneopumm KaCKAOHOU ORMUMU3a-
yuu u moouguxayuu 0ovekmos (COOMA), komopuwiii pazeusaem iyu-
wie uoeu U3BeCMHbIX CHOXACTNUYECKUX MEM0008 ONMUMUZAUUY U MO-
JHCem NPUMEHAMbCA K WUPOKOMY Kpyey 3a0ad, ONUCAHHBIX 8 MEPMUHAX
00BEKMHO-0PUEHMUPOBAHNHO20 NOOX00A C UCNONb308AHUEM NPAKMUYe-
CKU IH0OBIX MUNO08 NaApamempo8, nepemeHHbIX U Ce53ell MeHCOY 00beK-
mamu. O6vexmol pasiuiHbIX KIACCO8 NOMEWaromcs 8 nyJvl, KOMopble
Gopmupyrom uepapxuyecKyo CmpyKmypy 6 COOmeemcmesun co CmpyK-
mypoti cesazell Mencoy Kiaccamu. Aneopumm marxoice 8bINOIHAEMCs 8
COOmMEemcmauY ¢ SMotl uepapxuetl: Memoovl nyJjio8 6ePXHe20 YPOB8Hs
nepeo usmMeHeHuem c8oux 0ObeKmMos 8bi3bl8AIOM AHANOSUYHbBLE MEMO-
Obl GIOJNCEHHBIX NYN08. ANOPUMM COCIMOUM U3 Waed UHUYUATU3AYUU
u cepuu umepayuil, Ha KOMOPHLIX NPOUCXOOUM MOOUPuKayus 0Ovex-
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moe 00 mex nop, noKa He OYOym 6bINOIHEHbl KPUMEPUU OCMAHOBKIL.
O6vexmbl MOOUDUYUPYIOMCSL ¢ UCNONb308AHUEM Onepayull (UHepyu-
OHHO20) OBUIICEHUS], penauKayuy u mymayuu. /[8yxyposHesas éepcus
ANeOpUMMA peanuzyem MexaHusm agmomamuyeckoeo nodoopa napa-
MEMpo8 ONMUMU3AYULL.

Pesyromamol nposedennvix cepuil mecmos 0eMoHCMpupyom 603-
MOICHOCHIb UCNONB3068ANUSL NPEONIA2AeMo20 Alcopumma sk peulerus
MHO20YPOBHEBbIX 3a0aU (C 00bEKMAMU HECKOTLKUX 63AUMOCEAZAHHBIX
K1accos), 3a0au ¢ MyTbmMUMOOdIbHOU Yelesoll (hyHKyuell u cucmemamu
oepanuyeHutl. Aneopumm peanusoan Ha sa3vike Java, ucxoOHwlll KOO
ModHcem Oblmb IPedoCcmasien no 3anpocy.

Knroueswle cnosa: cmoxacmuyeckas onmumuzayusi;, 00beKmHo-opii-
EHMUPOBAHHBII NOOX00, 2EHEMUYECKULL AN2OPUMM, MEMOO POsL YaACTuUY,
oughghepenyuanvrasn 360m0yusL, MYTbMUMOOANLHASL Yenesast QYHKYUI,
VCII08HASL ONMUMU3AYUSL, ABIMOMAMUYECKUL NOOOOP Napamempos.

Introduction

Real-world optimization problems in such fields as economy, tech-
nology, sociology, and computer science, etc., in general, have nonlin-
ear objective functions depending on a large number of floating-point,
integer, boolean parameters and variables combined in linear and non-
linear constraints. Although many special optimization methods have
been developed for certain types of problems, it is hard to find an
universal method applicable in every case. For example, well-known
exhaustive search or gradient methods are not always efficient. Never-
theless there are different implementations of stochastic search meth-
ods such as genetic algorithm (GA) [6], particle swarm optimization
algorithm (PSO) [3], and others that can be successfully applied to a
wide variety of problems with minimal adaptation.

A GA uses mechanisms inspired by biological evolution: reproduc-
tion, mutation, recombination and selection. A PSO algorithm imitates
the collective behavior of decentralized, self-organized systems. The
methods have similar ideas: the initial population of candidate solutions
passes through a number of iterations during which the candidate solu-
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tions are changed individually (mutation in GA, the inertia and cogni-
tive terms in the velocity-update rule of PSO) and under the influence
of other solutions in the population (recombination in GA, the social
component in the velocity-update rule of PSO), the best solutions are
saved (the new population after reproduction in GA, the particle’s best
known position and the swarm’s best known position in PSO).

Proposed algorithm

A new Cascade Object Optimization and Modification Algorithm
(COOMA) is proposed in this paper. It is the universal method that can
be applied for the optimization of problems described in the terms of
object-oriented models. The basic ideas of COOMA are:

1. The solutions to a given problem and their elements are repre-
sented by the objects of different classes extending the base parent
class (Object). Each class has a number of attributes (extending Az-
tribute base parent class) which encode parameters (kept fixed during
optimization) and variables (their values are modified). The attributes
of simple types (integer, boolean, floating-point, datetime, enumerat-
ed, etc.), structured types (e. g. arrays) and object type may be used.
The attributes of object type encode associations between objects (ma-
ny-to-many and any specific combinations): the solutions and their
elements, the elements of the solutions and their elements and so on.

2. The objects of different classes are collected in pools (extending
Pool base parent class) which form the hierarchical structure accord-
ing to the associations between classes (the topmost pool (main pool)
collects the solutions and contains the pools with the elements of the
solutions, these pools in their turn contain the pools with the elements
of the elements of the solutions and so on). The pool may contain the
elements of different classes: e. g. the elements of several child classes
extended from one parent class.

3. The pools are logically divided into subsets containing feasible
and infeasible elements. The feasible elements satisfy all constraints of
the class and meet all requirements of the pool. The feasible and infeasi-
ble subsets are conducted in different ways. The infeasible elements are
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exposed to strong negative selection (the pressure of changes is heavy)
and the feasible elements undergo positive selection (the changes are
much more light). The strength of the changes may be different with-
in one subset. For example, the strength of the changes in the feasible
subset may be regulated by the value of the fitness function: the ele-
ments with better values of the fitness function may be modified with
less probability (the analog of the elite population in [12]).

4. The pools may realize different requirements: a) produce the list
of objects ordered by the value of the fitness function; b) generate the
list of the unique feasible objects (the fitness function is not important
in this case); ¢) combine a) and b). When one optimal solution has to
be found, main pool is switched to the first mode. When a list of dif-
ferent solutions with the best value of fitness function has to be found,
main pool is switched to the last (combined) mode. Subpools may
work in any mode depending on the problem requirements.

Initialize main pool

Initialize subpools

Initialize objects in pool

‘ Calculate pool's and objects’ parameters

s ~

- .
>(// If stop criteria are Yes
T~ satisfied? 7
.
.

TR

vNo

Modify main pool
Modify subpools

Modify objects in pool

‘ Calculate pool’s and objects’ parameters

Return results <«

Fig. 1. The flow chart of COOMA
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The flow chart of COOMA is shown in Fig. 1. The algorithm is
executed according to the pool structure. The initialize and modify
methods of the upper-level pool before changing their objects call the
analogous methods of all their subpools in order to get changed ob-
jects to use in object attributes. The initialize and modify methods of
the main pool and subpools have the same structure.

The initialize method of the pool after initializing its subpools sets
the initial values of all attributes of the objects in the pool with the
initial variety v €[0;1], acA,, beB_, ceC (where C is the set of all
pools, B is the set of the objects in the pool ¢ and A, is the set of the
attributes of the object b) and calculates pool’s and objects’ parame-
ters afterwards (see later). v, > 0 means that the attribute is initialized
with its default value (nothing is done in fact, this setting is used for
attributes-parameters) and v, > 0 means that the attribute is initialized
with random value within the limitations (maximal and minimal val-
ues, etc.) with probability v . The default value for attributes-variables
isv =1.

Modify objects in pool

- For each ) N
~~.__ objectin pool

.

Modify object

—

Move
Replicate

Mutate

bt

Calculate

>

No _|f changes -
~.__accepted? -~

Yes

Commit changes

|

Fig. 2. The flow chart of the “Modify objects in pool” block
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The modify method of the pool after modifying its subpools mod-
ifies all the objects in the pool and calculates pool’s and objects’ pa-
rameters afterwards (see later). The flow chart of the “Modify objects
in pool” block is shown in Fig. 2.

The whole idea of the object modification block in COOMA is
close to differential evolution algorithm (DE) [16]: if the changed ob-
ject is better than its previous version, the changes are accepted, oth-
erwise the previous values of attributes remain.

The modify method of the object consists of four operations: move-
ment, replication, mutation and final calculation.

The movement operation repeats the last accepted changes with
probability p. for all objects of the pool ¢ (by default pT™* =0.33).
The idea of the operation is close to using the inertia term in the veloc-
ity-update rule of PSO. This operation adds last committed changes to
floating-point and ordinal attributes. Other types of attributes are not
changed.

The replication operation: the object being modified b, b, eB_gets
the values of the attributes from another object b,, b,eB_ and uses
them for self changes. The probability of operation is K" - p,’, where
K — replication coefficient of the pool ¢ and p,’ — replicatlon proba-
b111ty of the object b, (by default K™ =1and prelD 0.25).

The uniform, one -point, two-point and superposition modes
of replication are available. First three modes are the same as in
crossover operation in GA (the only difference is that the result of
operation is assigned to object b, not to a new child object). Su-
perposition is closer to PSO and DE (a random coefficient ke[0;1]
is generated; the values of all corresponding floating-point and or-
dinal attributes of the objects b, and b, are combined using formu-
lax; L =1-k)-x, +k-x, , where X,, andx are current values of
attrlbutes of obJects b, and b, x; is a new value of attribute of the
object b ; the values of all correspondlng object attributes are mixed
with probability k as the lists of objects: the objects from attribute
a, are included into new value with probability k and the objects
from attribute a, with probability 1 —k.
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The object b, is selected for replication using roulette-wheel or
tournament techniques (like in GA) from the list of objects the val-
ues of all floating-point and ordinal attributes of which satisfy the
constraint X, €[x, —s";x, +87] " =1 K -k -k, where
L - the range of values of attrrbute a,, Ki" - rephcatron scoi)e coef-
ficient of the pool ¢, k. — replication scope coefficient of the object
b, and krs“ rephcatron scope coefficient of the attribute a, (by de-
fault K“c =1k, =land k’“ 0.1); for object attributes the Varlety of
objects in lists i is compared with K - k* - krsc value (the number of
objects with the same genotypes divided by fotal number of objects in
lists should be less than this value).

The mutation operation is similar to mutation in GA. It changes the
values of attributes with probability K™ - k™ - pI™, where K™ — mu-
tation coefficient of the pool ¢, k;™ — mutation coefficient of the object
b, beB, and p;" — mutation probability of the attribute a, acA, (by

mu t 1 .
default K™ =1, k™ =1and p™ =——, where | A, |is a number of
attributes of the object b). A,

The values of floating-point and ordinal attributes are changed using

mu

uniform distribution within the mutation scope [x, —s™;x_ +s™],
s™ =1, K™ -k -k, where r, — the range of values of “attribute
a, K™ — mutation scope coefficient of the pool c, k;* — mutation
scope coefficient of the object b and k™ — mutation scope coefficient
of the attribute a, (by default K™ =1, k;™ =1 and k™* =0.1); the
object attributes’ lists are changed within the variety regulated with
K™ kg™ -k value (the number of changes in the list divided by
total number of objects in the list should be less than this value).

The calculate method of the object b computes its fitness function’s
value F(b), penalty function’s value P(b)>0 and genotype (the string
describing unique attributes’ values). The penalty function’s value is
calculated using approach described in [1, Section IV].

The changes of the object are accepted when: a) current penalty
function’s value is positive (the object is infeasible) and the new pen-
alty function’s value is less than its current value; b) the object is feasi-
ble and the new fitness function’s value is better than its current value;
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c) the object has unique value of the new genotype (only for the pools
with the unique objects’ requirement).

The “Calculate pool’s and objects’ parameters” block in Fig. 1 com-
putes minimal and maximal values of fitness and penalty functions of
objects in the pool and calculates new values of objects’ parameters
po ke k" and k™ (see above). All objects in the pool are divided into
three subsets: a) duplicates (objects with non-unique genotypes) (only
for the pools with the unique objects’ requirement); b) feasible objects
(with zero penalty function’s value and unique if required); c) infeasible
objects (with positive penalty function’s value and unique if required).
Each subset is treated individually. All duplicates get the same values of
parameters defined by pool settings pP“?, k(@) k™ @) and ke
(by default this values are higher than for feasible and infeasible unique
objects because duplicates have to be modified to become unique). The
objects in feasible and infeasible subsets get values proportionally the
values of their fitness and penalty functions. The idea is shown in Fig.
3 (the mutation coefficients are set in range [k™""; k™ ] for feasi-
ble unique objects and in range [k™""; k™" ] for infeasible unique
ones). By default the values for infeasible objects are higher than for
feasible. Other parameters of feasible and infeasible unique objects are
set similarly in ranges [p™®""; p*" ] and [p™"; p**" '] (replication
probabilities), [k™"; k™" Jand [k™""; k™" ] (replication scope co-
efficients), [k™""; k™ ] and [k™""; k™" ] (mutation scope coef-
ficients).

mut A mut A
kb kb
1
1
kmu'[(P') :
kmm (F) pommmmeeeee o c H -
c / ! Infeasible !
k™ E) F--- ™ Feasible | ' un'ique '
c 1 unique 1 ' objects H
1 1 I 1
1 objects 1 1 1
1 1 I 1
best worst F(b) best worst P(b)

Fig. 3. Setting mutation coefficients of feasible and infeasible unique objects
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Standard stop criteria are used: a) stopping after a number of it-
erations; b) stopping when the specified value of fitness function is
reached (can be used mostly for tests); c¢) stopping after a number of
iterations when best fitness and penalty functions’ values in the pool
don’t change; d) stopping by command of operator.

When a subpool generates the list of unique feasible objects, the
situation when the total number of possible unique feasible objects
is greater than the capacity of the subpool is very likely. In this case
the object attributes using this subpool are limited by the list of the
objects already generated and many possible objects which provide
better solutions can be missing. The bang technique is proposed: when
the changes in the upper-level pool stop for some time (the fitness and/
or penalty functions’ values don’t change for a period), the bang tech-
nique is applied to subpools — the attributes of all objects in subpools
are mutated with specified probability and scope coefficient and the
changes are committed even when the objects get worse fitness and
penalty functions’ values. A new population with some features of the
previous one is produced and after a number of iterations other possi-
ble unique objects can be generated.

Aggregate pool

VAN

Segment pool 2 Segment pool 3 Segment pool 4

Segment pool 1
(etalon)

Objects

Fig. 4. Two-level approach in COOMA

This version of COOMA is very difficult to use because there are a
lot of settings that have to be adopted for different types of problems.
And these settings may not work well during the whole optimization
process. So there is a further two-level version of COOMA which re-
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quires minimal settings because it is self-adaptive. The basic idea of
this approach is shown in Fig. 4.

All pools are divided into one aggregate pool ¢* and a number of
segment pools c® € B .. Segment pools are treated as the objects of the
aggregate pool and at the same time act as the pools with their own ob-
jects —the solutions and their elements. The fitness function of segment
pools is calculated after each N, iterations (by default N , =100) via

pt

n’c’f nj
. s p/AS f,8 p/.S |Bc? | | BC.S |
the formula: F(c)) =F"(c])+F (c)), F’(c)) = e ¥ o
n® nt max i max i
o ct 9B [B, | 984 |B|
Cs |B | B | . J J
F(c)= X —— » where n'; is the count of the accept-
n; n,
max s max 7
C?EBC,\ |B s ‘ C?EBCA |B s |
C‘J CJ

ed penalty changes of the objects in the pool ¢® during N , iterations,
| B, |is the total number of the objects in the segment pool ¢*, n'; is the
total improvement of the best penalty function’s value in the segment
pool ¢® during N , iterations, ni“s is the count of the accepted fitness
changes of the objects in the pool ¢* during N , iterations, nzs is the
total improvement of the best fitness function’s value in the pool c®
during N , iterations. If there are no infeasible objects in the segment
pool, F*(c}) is set to 1.

Initially all segment pools have the equal number of objects. After
each N , iterations the objects are redistributed among segment pools
proportionally the values of their fitness functions, but the number of
objects in the segment pool ¢® can’t be less than its minimal quota
(by defaultq , =1).

The parameters of segment pools (such as pI™, K, p™“” p
p®, ™), p®) etc.) become attributes which are modified each
N, iterations after redistributing of objects among segment pools.
The first segment pool is called etalon pool and its attributes are not
changed (it allows to preserve initial parameters).

rep(F")
¢ s
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As the optimization process may pass through a number of stages
which require different settings, the predefined strategies technique
can be realized. There are three basic predefined strategies (the num-
ber can be increased): a) standard search, b) local search and c) global
search. The default strategy is standard search. It has homogenized
parameter configuration applicable for different problems. After a
number of iterations since the best fitness and penalty functions’ val-
ues of the objects in all segment pools stopped to change the random
strategy is selected. Local search strategy helps in situations when
COOMA is close to optimal solution and more accurate search in the
possible optimum area is required (it has more precise replication and
mutation scope coefficients). Global search strategy is successful
when the local optimum is already reached and we need to explore
full search space to find better solutions (it has higher replication and
mutation scope coefficients). The new selected strategy is assigned to
etalon pool.

Results

To demonstrate the operation of COOMA, two multi-level prob-
lems were optimized using two-level version of algorithm with four
segment pools.

First is one-dimensional wood board cutting problem. Suppose we
have three types of wood boards with lengths 200, 300 and 600 cm
costing each $1, $1.25 and $1.75 respectively. The boards are to be
cut into small board parts: 36 parts with length 120 cm, 25 parts — 300
cm and 14 parts — 500 cm. The total cost of materials should be min-
imized.

In the terms of COOMA there are three subpools with cutting
methods ¢,1=1,2,3 (for each possible length of boards) and one
main pool with solutions c,. Objects representing cutting methods
b,;eB.,j=12,..,40 have three attributes-variables X, , encoding
a number of parts of type k cut from one board of type i and two attri-
butes-parameters L, =L,and P, =P - length and cost of the board
of type i. The solutlons b eB,, ,1=1,2,...,12 have three object at-
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tributes-variables s, ;,1=1,2,3 containing from 0 to 40 objects from
subpools of each type. So solution shows how many boards of each
type should be cut using different methods.

The fitness function of the objects representing cutting methods is

F(b, )=120x,  +300x, ,+500x, ,—>max, the single constraint isl
120x, | +300x, ,+500x, . <L, (when the constraint is not satisfied,

R
the penalty function’s value equals the difference between the left and
the right part of the expression, otherwise the penalty function’s value
is zero).
The fitness function of the solutions is F(b,)= Y. P, — min and

b; ;€S
constraints are ) x, ,>36, >, x, ,>25and ) x, ,>14, where
b, e, b,es, b, s,

S =8,,,US, » US, .

The minimal fitness function’s value is $59.5, the optimal solution
is shown in Table 1. The minimal fitness function value is achieved
when 34 boards with length 600 cm are cut using the combination of
4 cutting methods.

Table 1.
The optimal solution of the wood board cutting problem (one of)
Board Cost Cuts Part1, Part2, Part3, Cost per cutting
type  per board, $ 120 ecm 300 cm 500 cm method, $
Board 1, | 3 3 3 3 3
200 cm
Board 2,
300 cm 1.25 B B B - B
S - S S O 105 ...
Board 3, 175 32 ] P - 525
600 cm ' N S S S Y ©c” -~ S
14 — — 1 24.5
Total - 34 36 25 14 59.5

The average optimization statistics of 1000 runs of COOMA for
wood board cutting problem is given in Table 2. Bang technique prac-
tically shows no effect in this case.
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Table 2.
COOMA statistics for wood board cutting problem
Test Stop when Bar.lg D Average Solution
number no change, techn{que fitness step num- not found,
steps applied ber runs
______ 1 o o802 18677 4
2 1000 . t....6014 18636 4
B S 2000 . T 9.9 32939 ¢ 6 ..
B SR 2000 . o975 33214 A
B 3000 o272 A8 L
B R 3000 o963 46075 6
A 2000 To965 70349 S
8 5000 + 59.54 6831.9 6

Second test problem is an abstract engineering prob-
lem — the machine containing components is designed. The
solutions in the main pool ¢, (pool of the machines) have one
object attribute s, ,b; €B_,i=1,2,...,12 which contains 3 ob-
jects from the subpool ¢, (components’ pool). The objects in
the subpool b, e€B,,j=1,2,..,20 have three attributes-vari-

ables X, . €[-3;3],k=1,2,3 and are optimized via formula

F(b,)=5- Z 1- cos(SXb «)]—> min. The solutlons in the main pool

are optlmlzed using formula F(b,) = )] Z X, * — min.

It is clear that the minimal value bf'the'fitness function is 0 when
all three selected components have all variables with zero values. The
average optimization statistics of 1000 runs of COOMA for machine
design problem is given in Table 3. The capacity of the subpool (20)
is less than the possible number of optimal components (125 com-
ponents with F(b,) = 0). So the bang technique helps to find optimal
solutions. Without it the average fitness function’s value doesn’t go
lower 2.618 even after 5800 iterations.

Though COOMA is not mainly intended to work with classical
mathematical functions and its major mission is to optimize multi-lev-
el object structures, to demonstrate the operation of COOMA several
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well-known test functions were optimized: 8 functions without con-
straints and 11 functions with constraints.

Table 3.
COOMA statistics for machine design problem

Test Stop when

Bang tech- Average Average Solution not
num-  no change,

nique applied  fitness step number found, runs

ber steps
1 1000 - 2.905 1380.7 —
2 1000 _ 0.066 1 896.0 —
3 2000 = 2.927 2531.4 —
4 2000 _ 0.002 3131.2 —
5 3000 - 2.923 3667.8 —
6 3000 _+ 0.0 4229.4 -
7 5000 - 2.618 5800.0 —
8 5000 + 0.0 6229.0 —

Table 4.
COOMA results for test functions without constraints

Number Average  Average operations’ usage, %  Solution

Tes't of vari- step num- (movement : replication : mu- not found,
function .
ables ber tation) runs

‘DelJongl 50 6 830.6 191:12.62:8547 -
Rosen-

brock’s 50 1009 831.9 11.18:1.29:87.53 -
Saddle I
‘DeJong3 50 1186838 0.63:14.76:8461 -
Rastrigin 50 30002.3 9.58:4.7:85.72 .. -
Schwefel 50 778051 2193:153:7655 . -
Griewank 50 134511 772:692:8536 .1 1
Ackley 50 170553 7.65:7.56:8479 .. -
;‘ﬂaffer 2 190.6 11.53:7.56 : 80.91 -

The average optimization statistics of 100 runs of COOMA for test
functions without constraints is given in Table 4. The parameters of
optimization: 12 solutions in the main pool divided into 4 segment
pools, fitness function’s precision +0.001, apply new strategy after
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100n steps during which fitness function doesn’t change (where n is
the number of variables), stop when exact or better value of fitness
function is achieved (the search also stops and reports “Solution not
found” if after 50 changes of strategy, fitness function’s value is still
not found).

All functions were successfully optimized. The worst results (max-
imal average step number 1 009 831.9) were shown for Rosenbrock’s
saddle test.

The functions with constraints marked G1-G11 were taken from
[8, Appendix]. The average optimization statistics of 100 runs of
COOMA for test functions with constraints is given in Table 5. The
parameters of optimization: 12 solutions in the main pool divided
into 4 segment pools, fitness and penalty functions’ precision =0.001
(£0.002 for G7), equalities’ precision £0.0001, apply new strategy af-
ter 100n steps during which fitness function doesn’t change (where n
is the number of variables), stop when exact or better value of fitness
function is achieved (the search also stops and reports “Solution not
found” if after 1000 changes of strategy, fitness function’s value is still
not found).

Table 5.
COOMA results for test functions with constraints

Number  Average  Average operations’ usage, %  Solution

Tes.t of vari- step num- (movement : replication : mu- not found,
function .
ables ber tation) runs

Gl 13 106151 20.81:2.53 :76.66 —
G2 20 1250319.8 20.29:2.58 :77.14 6
G3 20 167852 18.85:0.93 : 80.22 3
G4 5 24748.6 27.4:1.25:71.35 —
G5 4 22635 29.6 :0.67 : 69.73

G6 2 80216 28.6:0.77 : 70.62 —
G7 10 1216486.5 18.88:9.33:71.79 9
G8 2 830 27.85:0.77 : 71.37 —
G9 7 866 667.7 20.82:5.0:74.18 54
G10 8 618 702.6 28.06:0.44 : 71.49 72
G11 2 1298.19 22.72:1.11:76.17 —
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The problems occurred with G7 function. COOMA was able to
find optimal solution only with fitness and penalty functions’ preci-
sion £0.002 and still the average step number (1 216 486.5) is one of
the biggest. And the maximal average step number (1 250 319.8) was
shown for G2 function.

G10 and G9 functions lead in “Solution not found” situation (72
and 54 failures respectively).

The fitness function’s value received for G5 function (average
4605.68, minimal 4220.53, maximal 5120.36) is better than reported
in [8, Appendix] (5126.4981).

To demonstrate the ability of COOMA to solve multimodal func-

tions, test function f(x)=5- Z(l cos(5-x;)), x, €[-3; 3] was opti-

mized. Function’s minimal Value is 0 and the number of optimums is
5" where n is the number of variables.

The average optimization statistics of 100 runs of COOMA for
multimodal test function with different number of variables is given
in Table 6. The parameters of optimization: main pool divided into 4
segment pools, unique objects’ requirement of the main pool is set,
fitness function’s precision +0.001, stop after 2000n steps.

Table 6.
COOMA results for multimodal test function
Number Total number Average Total A.verage opera-
. Step . found number tions’ usage, %
of vari- of solutions . . .
ount . optimums of opti- (movement : repli-
ables in main pool . X
count mums cation : mutation)
] | 2000 12 48 5 22.27:1.36:76.37
2 4000 32 181 25 20.7:1.53:77.77
3 6000 160 88.6 125 21.94:1.21:76.86
4 8000 200  169.1 625 19.77:1.68:78.55
5 10000 200 1879 3125 16.12: 1.85:82.03
10 20 000 200 192.4 9765625 14.11:2.21:83.68

Statistics shows that the maximal number of optimums from known
number is found for test cases with smaller dimensions (4.8 from 5
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for one variable’s case and 18.1 from 25 for two variables’ case). In
other cases the average number of found optimums is much more less
than known total number because (possible reasons) a) the number of
known optimums grows faster than the number of steps, b) the ability
to find solutions is limited by the total capacity of the main pool (for
tests with 4 variables and more).

Discussion

As an efficient optimization algorithm COOMA should deal with
several factors that complicate the application of stochastic search
methods in practice (the list is not complete).

The first one is the multimodality of the objective function. Classi-
cal stochastic search algorithms are likely to find one best solution and
that’s a problem because a) the “best” solution is usually only a local
optimum and the global optimum may be not found; b) in some cases
we need to find out all the solutions to satisfy the requirements first
and then select the best one among them manually according to other
criterions [4]. The problem can be partially solved with special set-
tings of the classical algorithms (such as increased level of mutations
and cross-breeding in GA) and using the new approaches [5, 9, 10].

COOMA works with multimodal objective functions realizing
mechanism which limits the area of replication and mutation opera-
tions. The replication and mutation scopes are regulated on several
levels — by replication and mutation scope coefficients of the pools,
objects and attributes. These coefficients depend on the fitness and
penalty functions’ values of the object, on the strategy (standard, local
or global search) implemented by the pool and on the initial settings
of the algorithm.

The second difficulty is constraint optimization. The goal of con-
straint optimization is to optimize the fitness function while satisfying
a group of constraints. There are different modifications of optimiza-
tion algorithms [2, 11, 13] that can deal with constraint optimization.
The basic approaches of handling constraints (on the example of ge-
netic algorithms) are described in [8].
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In COOMA for each object in pool the new fitness and penalty
functions’ values are calculated and the changes are accepted when a)
current penalty function’s value is positive (the object is infeasible)
and the new penalty function’s value is less than its current value or b)
the object is feasible and the new fitness function’s value is better than
its current value. Realizing this model COOMA at first finds the fea-
sible area and then searches for the optimal solutions within this area.

The next factor is that there is no optimal parameter configuration of
the certain algorithm for all types of problems. The situation is described
by so called “No free lunch” theorem [17]. There are three basic ap-
proaches: a) to use some homogenized parameter configuration (which
will work with some average performance for different problems); b) to
change parameter configuration manually before solving each problem;
¢) to adopt parameters of the algorithm automatically before or while
solving the problem (the idea which seems to be more perspective). The
realization of the last approach is described in [7], [15, Section 10].

COOMA implements a self-adaptive two-level approach when
each pool is divided into one aggregate pool and a number of segment
pools which are treated as the objects of the aggregate pool. This ap-
proach helps to adopt parameters of the algorithm automatically while
solving the problem.

And the last but not the least difficulty is a number of variables and
their behavior in real-world problems. When the number of variables
increases and their behavior becomes rather complex, even the very
best algorithms are not able to find the optimal solution in a reason-
able time because the searching space is too large. One of the possible
ways is to separate a single big problem into several smaller ones ac-
cording to the problem’s structure, and realize a multi-level hierarchi-
cal algorithm. This approach is realized e. g. in [14].

COOMA realizes an Object-Relational Mapping (ORM) model
supporting practically any types of parameters, variables, and associ-
ations between objects. The objects of different classes are organized
in pools and pools form the hierarchical structure according to the
associations between classes.
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Conclusion

The main advantage of the proposed algorithm (COOMA) is that
it can find optimal solutions of the problems described in the terms of
object-oriented models with practically any types of parameters, vari-
ables, and associations between objects. It can easily be implemented
in a form of computer program in which problem models can be built
using visual interface or exported from existing database and ORM
structures.

As the optimization algorithm COOMA is able to solve problems
with multimodal fitness functions and a system of constraints and has
a built-in self-adaptive settings’ mechanism.

COOMA source code on Java is available on request.
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WORKING MACHINE-HOUR COST
COMPARISON OF MODERN ROAD COVERAGE
PROCESSING MECHANIZATION

Izmaylova D.K., Seliverstov N.D.

In the article there are mentioned features of alternative mecha-
nization machine-hour cost calculations. Also determined analytical
dependencies of calculating the expenses of ownership and mainte-
nance. Given a comparison of expense items of various options for the
processing implementation. The analysis is based on the international
organizing experience for these types of work.

Keywords: processing; road coverage; mechanization, machine-hour
cost, cost of depreciation.

Introduction

Economic efficiency of the machines is determined by costs of
purchase, maintenance, repairing and relocation. The amount of costs
mainly depends on the type of machine, working conditions, length of
the operation period as well as on the terms of insurance and taxation.

Total costs of ownership and maintenance of the machinery during
its operation period can be calculated approximately [1]. Total costs of
ownership and maintenance will be largely determined by sales/pur-
chase price and the cost of maintenance in operation period. The sales/
purchase price is determined as the difference between the purchase
price, which includes the delivery of the equipment to customer and
the resale value of the machine. The resale value is determined by the
chosen methods of depreciation in the accounting and taxation [3, 6].

Cost determination by expenditure
The cost of mechanization working machine-hour is determined by
the equation:



MexayHapoAHbI )XypHan nepcrnekTuBHbIX uccnegosanun, T. 7, Ne2, 2017 49

CAM - CML{COI’IS[ ol CM‘Ivar + COHEP’ rub/h’
C\ veons — COSt of ownership (constant), rub./h;
C\/nar — COSt of maintenance (variable), rub./h;
C,z» — hourly operator tariff rate, rub./h;

The cost of ownership is determined by the equation:
) M_‘Jcanst: CAM + C,[ZOX+ CHA/I + CCTPAX’ mb/h’
C,,,— depreciation value, rub./h;

C oy — the amount of income from ownership, rub./h;

C,,,, — taxes, rub./h;

Cpyy — insurance, rub./h;

Depreciation value is calculated on the basis of the equation:

Crur = Criron rub./h:

CAM =
) ) TB/T 'NMq
C,,,,; — machinery price, rub.;
C — cost of resale, rub.;

1IPOx
T, ,— total estimated life of the machinery, year;

N,,, — number of machine-hours of work per year, hour/year.

In Fig. 1 there are given depreciation costs of alternative process-
ing mechanization.

1) Purchase costs on machinery are determined considering the
cost of resale, which depends on many factors: the age of the machine;
the number of machine-hours to the time of resale or exchange; type
of work and operating conditions; physical condition [5].

The amount of income from possession is determined by the equa-
tion:

x .CMALLI +Crpoy

100 2 _x (CMA[LI + Crpog )’ rub/h,

N 200 - Ny

a0x =

x — income rate,%.
Cost of taxation and insurance:

C _ CHA/I .CT. _ CCTPAX.CT
HAJT — > CTPAX — ]
N MY N MY
C —annual cost of taxation, rub./year;
HAJL.CT

creaxcr — annual cost of insurance, rub./year;
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Fig. 1. Depreciation expenses of alternative processing mechanization
machine-hour work

2) Information about maintenance costs, repairing and relocation
in the market conditions is a trade secret. The amount of costs for
maintenance also depends on the number of operating machine-hours
and conditions of operating.

The content cost is determined by the equation:

Corow = Coon + Corsss + Comne + Copp TUDG

MYvar CMA3 JBIDK

C,,,; — cost of fuel, rub./h;

C_,3 — cost of lubricants, rub./h;
C s — cost of the propulsor, rub./h;
C,,,— cost of consumables (cutting element), rub./h;

Cost of fuel:
CTOH = ToI11 ’ GTOH’ rub/h’
1], — market fuel price, rub./liter;
G, — hourly fuel consumption, liter/hour;
Cost of lubricants:
L5 = Ueyys Gy Tub/h
1.,,,,— market price of lubricants, rub./liter;

G,,,,; — hourly consumption of lubricants, liter/hour;
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Fig. 2. Fuel and lubricants expenses of alternative processing
mechanization machine-hour work

3) Taxation, equipment insurance, fuel and lubricants costs can
change during operation process. If the duration period of the unit, main-
tenance and repair conditions, as well as insurance and taxation condi-
tions change, the prime cost of the machine-hour operation adjusts.

Figures 2, 3 and 4 show the data of expense for fuel and lubricants,
hydraulic fluid and maintenance and repair of alternative processing
mechanization.
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Fig. 3. Hydraulic fluid expenses of alternative processing
mechanization machine-hour work
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Fig. 4. Maintenance and repair expenses of alternative processing
mechanization machine-hour work
The prime cost of the propulsor:
L 1o
C sk = T rub./h;
JIBIDK
L, — the cost of the propulsion unit, rub.;
T ik~ total estimated service life of the kit, hour;

The cost price of the consumable material (cutting element) is de-
termined by the equation:
= ipy '%'H(D =Lpy '%, rub./h;

u
1] ,,,— cost of the cutting element, rub./pcs;

n
—Y _ consumption of cutting elements, pcs/m?
11, — milling productivity, m*/h;

= duration of the cycle (period) of milling, h.

Cost calculation of a machine-hour work
Cost calculation of a machine-hour work of a recycler (processor),
a road milling machine and an asphalt paver involves calculations of
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several types of costs. The expenses for the working machine-hour of
mechanization are presented in Table 1.

Table 1.
Calculation of the road machinery machine-hour costs
Expenses of mechanization, rub/h
Milli Asphalt
Expenditure ' I?g sphat paver Recycler WR

machine | Vogele super 2000

W2000 1800-2
Depreciation 1684,66 2059,6 4350,58
Costs of rfemuneratlon for drivers 27345 273.45 215.12
and machine operators
Costs of fuel and lubrlcanj[s for 172939 501.42 1245.02
the machines and mechanisms **
Costs of hydraulic fluid 132,77 137,2 141,62
Tire costs - - 84,74

frel ing th hi
Costso. relocating the machinery 78.41 78.41 78.41/866,58*
on a trailer
Maintenance and repair costs 1768.,9 1213,2 2020,75
Total C,,, 5666 rub/h | 4264 rub/h 8923 rub/h
* — self-relocation
Conclusion

The analysis of organizational and economic activities at all
stages of the production process allows to increase competitiveness
of products. Cost of road construction works reduction is the main
clause of competitiveness, efficiency increase and profitability [2,
7].Unit cost of coating layers repairing is determined primarily by
the cost of asphalt mix. The dynamics of the direct total cost of
repairs is determined by the degree of re-use and workload.

Depreciation charges form basing on the price of the machine
and annual operating mode, which determine the monthly depre-
ciation rate, as well as depreciation of a one machine-hour. The
costs of remuneration for drivers and machine operators are cal-
culated basing on the hourly rate of the employee, including pre-
miums and insurance premiums. The costs of fuel and lubricants
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for the machinery and mechanisms are determined by the cost of
materials and fuel consumption rates in liters per hour of work.
The costs of the hydraulic fluid depend on the capacity of the hy-
draulic system, density of the hydraulic fluid, frequency of the full
replacement (times per year), price of fluid and consumption per
one machine-hour. Calculation costs of stabilizer tires are based
on the average annual mileage, tire price, tire delivery cost factor
and restorating and repairing costs of tires. The costs of relocating
on a trailer are determined depending on fuel consumption per 100
km and fuel prices in the region. The relocation of stabilizers is
possible self-propelling. The costs for maintenance and repair are
established on the basis of estimated replacement cost and working
time balance.
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CALCULATION PECULIARITIES
OF RE-PROCESSED ROAD COVERING UNIT COST

Izmaylova D.K., Seliverstov N.D.

In the article there are considered questions of economic expedien-
¢y of non-waste technology application for road covering repair and
restoration. Determined the conditions of asphalt-concrete processing
at plants. Carried out cost changing analysis of asphalt granulate con-
sidering the conditions of transportation and preproduction processing.
Given an example of expense calculation of one conventional unit of as-
phalt-concrete mixture volume preparation with and without processing.

Keywords: processing; road coverage; repair, asphalt granulate;
material transportation, cost price.

Introduction

Reduction cost of construction, repair and restoration of road surfac-
es is ensured at the stage of project planning, by optimizing the mecha-
nization, parameters and operating modes of individual units. The dis-
location of asphalt mixing equipment from the site of production deter-
mines the formation of mechanization complexes [4]. The restoring cost
of the road coverage is made up of the cost of machine-hours and the
cost of building materials with delivery to the place of production [2, 3,
7, 8]. The unit cost of production is determined by the equation:

Cyy :C7W+CMJ, rub./m?, (1)

C,,, — the prime cost of complex’s operation machine-hour, rub./h;
IT — operating capacity of the complex, m3/h;
C,,; — cost of building material with delivery, rub./m?.

To estimate expenditures of restoring road surface using a non-
waste technology there are several ways of implementing the repair
process:
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1) without recycling old pavement materials;

2) during cyclic processing on a remote mixing equipment (sta-
tionary / mobile plant / asphalt mixing plant);

3) during continuous recycling by the recycler in the process of
removing / laying the coating in conjunction with machines that
are feeding binder and / or cement-water suspension.

In the first and second options, there are used dump trucks and
front loaders to transport materials between cycles. In the last two
options, the percentage of recycled material in the new mixture is
preset.

The volumes of finished products and transportation conditions of
asphalt-concrete mixture to the place of work affect its production.
Stationary plants are usually constructed in regions with a high con-
stant demand for building materials. In uncertain conditions of mix-
ture production volumes there are used mobile asphalt plants with
various mobility.

The cost of 1 ton of a new hot asphalt mix without processing the
granulate is determined by the equation:

cll¢=C,+C,, +Cy, rub. (D)
C,,— cost of a sand component in a ton of mixture, rub;
C,,, — cost of a mineral powder component in a ton of mixture, rub;
C,, — cost of a binder component in a ton of mixture, rub.

An example of calculating the material cost in an asphalt-concrete
mixture without granulate is given in Table 1.

Table 1.
Calculation of the material cost in asphalt-concrete mixture without granulate
Content of th
Composi- ontent of .e Amount, Price, Total,
Ne Component . component in
tion, % ; kg rub./ton rub.
mixture, %
1 |Sand 80 74,6 745,6 307,64 | 229,38
2 | Mineral powder 20 18,7 186,4 1356,0 252,76
Bitumen BND
3 60/90 7,3 6,7 68,0 6688,19 | 454,80
Total: 100 1000 - 936,94
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The main condition of economically efficient processing is the ex-
cess of a new hot asphalt mixture cost without granulate processing
C /i the mixture cost on the basis of the processed granulate C/" con-
sidering granulate and mixtures transportation between the work place

and asphalt-concrete plant:
C IAC
T4cC PAIT
ChLl >Chlor Cf,AA‘H > 1. ()
M
The preparation of a new mixture with the use of asphalt granu-
late provides for its fragmentation into smaller fractions, sieving into
fractions and surface processing [6, 9]. Calculating the cost of asphalt
granulate crushing that goes to asphalt-concrete plant after milling is
given in Table 2. Different RAP fractions, depending on the crushing
degree can replace sand, mineral powder or both mineral components
in the new mixture.
The mixture cost on the basis of RAP is determined by the equation:
C(I:);IH = Crin +C pos + Cpr rub (3)
C,,,; — the asphalt granulate cost in a ton of the mixture with delivery
to the plant, rub.;
CHPOE — the cost of asphalt granulate crushing supplied to the plant
after milling, rub.;

C,, — cost of binder component in a ton of mixture, rub.

Table 2.
Calculation of asphalt granulate crushing cost supplied to the plant after milling
No Expenditures Total, rub.
1 Salaries 1837,85
2 Salary charges 524,60
3 Electricity 6751,36
4 Dump truck (15 t) 6413,80
5 Front loader 9597,72
6 Repairing costs 1182,50
7 Total direct costs 26297,83
8 Overhead (15%) 3944,67
9 Total 500 tons 30242,50
10 Total 1 ton 60,49
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The above crushing regimes provide a fraction that replaces the
sand components in the new mixture. To obtain a finer fraction of the
mineral powder component, additional crushing and costs are neces-
sary. Consider the option of the maximum use of asphalt granules in
a new mixture on the plant. In this case, while calculating the cost of
crushing an asphalt granulate that arrives at the plant after milling,
a dimensionless correction coefficient is used, which value is in the
range k = 1,5+4 and is selected depending on the production condi-
tions [5].

Asphalt granulate is obtained by removing the coating layer. The
cost can be considered zero, since the removal of the old layer is a
technological operation of repair / reconstruction of the road and is
performed regardless of the repeated use of the materials obtained in
construction.

The cost of asphalt granulate (RAP) is formed during its delivery
to the place of mixture preparation and is determined by the equation:

n C.. - C.. -
Csz? _ Z[CP,4H Qo + M4 Qrin ]: MY Qrin rub/m3
i=1

lec Ve Q’IZC Ve
The asphalt granulate cost calculated based on weight:
C. -l
CEn = S T Qpun rub./kg

Orc Vie P pan
p,,, — the density of asphalt granulate, kg/m’ (for black rubble
granulate p,,, = 1600, kg/m*); other notation were given earlier.
Considering special options of granulate delivery for one transport
operation and delivery of granulate in a larger volume, at the first op-
tion (one transport delivery) we receive:

QPAH = QTC’

oz -l

Coung = 0 , rub./kg, 4

rc Ve " Ppan

Examination of the RAP cost changing for the given delivery con-
ditions (Table 2) with a variable transportation distance / = var de-
pending on the distance between plant and place where the RAP was
obtained (Figure 3):
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CMWI = 2000, rub./h; O =15, m’; Vie=45, km/h; Py = 1600, kg/m?’;

oag = % -1285-10° -1, rub./kg,
PERK-10°3-
o2 851044, rub.fton

Examination of the RAP cost changing when it is necessary to de-
liver the granulate in several transport operations. For given delivery
conditions with variable transportation distance / = var we get:

Cquz =2000, rub./h;
0,,,= 1000, m’;

O, =15, m’
V,.=45, km/h;
Py, = 1600, kg/m’;
The cost calculations of asphalt granulate based on weight:
Cluy = 200010007 _y 534,10 -1, rub./kg.

152 -45000-1600
NZ.. =0,1234-1 rub./t.

A cost comparison of asphalt granulate on plant in particular de-
livery options in one transport operation and granulate delivery in a
larger volume is shown in Fig. 1.

7000

6170
g 6000 5553 M |
% 4936 | W
£ so00 23—
g [ |
=, 4000 3702
- 3085 M
é 3000 2468 M
= 1851 H
2 2000 1234 H
1000 617 M
1284 @& 10 15 20 25 30 35 40 45 50
0o oo o o o o ¢ o o
0 20 40 60 80 100

Remoteness of the plant, km

@ Delivery of 15 m3 RAP

M Delivery of 1000 m3 RAP

Fig. 1. Price change of asphalt granulate at plant for delivery of 15 m® and for delivery

of 1000 m?, depending on the remoteness of the plant from the place of receipt

of the granulate and the specified conditions for the transportation mechanization.
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Consideration of a special option of using asphalt granulate after
crushing (Table 3),where the cost of a ton of granulate is determined
mainly by the fragmentation cost of the fraction.

Table 3.
Cost calculation of the materials
in an asphalt mix using asphalt granulate after crushing
Content of
Composi- | the compo- | Amount, | Price, Total,
N Component tiorf % | nentin lflix— kg rub./ton | rub.
ture, %
Asphalt granulate
1 | (crushed) 63 399,47
Sand 93-95% | 940,0 375.5
Asphalt granulate
2 | (crushed) 17 399,47
Mineral powder
3 | Bitumen BND 60/90 6,2 5,84 58,4 6688,19 | 390,59
Total: 100 1000 - 766,1

* — Limitation. Calculating the final RAP cost, mathematical models do not take
into account the cost of RAP sieving into different fractions, as well as the addition of
surfactants and plasticizers.

The decision to use the technology of re-use of asphalt granules
while processing it on plant is made on the basis of inequality (2) after
calculating the preparing costs of 1 ton of asphalt mixture without
granulate and with granulate. Example is given in Table 4 [5].

Table 4.
Cost calculations for preparation of 1 ton of asphalt-concrete mixture (type D)
. Composition

N Expenditures With no granulate With granulate

1 | Raw materials 936,94 766,1

2 |Fuel 43,97 43,97

3 | Electricity 224 224

4 | Basic salary 40,07 40,07

5 | Social insurance deductions 11,22 11,22

6 | Depreciation 19,37 19,37

7 |Rent 36,79 36,79

8 | Security 3,16 3,16

9 | Overheads 129.48 129.48

10 | Production cost 1243,04 1072,39
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In the case of asphalt granules maximum use in the new mixture
while preparing on plant, the amount of binder is comparable. Inequal-
ity (2) can be simplified to the form:

Cp+Chun2Chry + CﬂPOB;
CatCun 5 (5)
CPAIY + C/_’ZP()E

Based on inequalities (2) and (5), transport conditions and maxi-
mum transportation distance are determined, which ensures the eco-
nomic processing efficiency.

Conclusion

To determine the production cost, calculations for each nomencla-
ture are made separately. Based on the production cost calculation,
settlement prices are set, which in turn are the basis for the organiza-
tion of the system of mutual settlements of production units.

The granulate cost C,,, is determined mainly by the volume of
RAP delivery, the distance of transportation and operating character-
istics of the vehicle (transport time, body / hopper volume). The RAP
cost can vary from zero to infinity. Under certain conditions, the use of
RAP becomes irrational due to the cost excess of the mixture based on
the RAP compared to the cost of the new hot asphalt mix.
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IMITATING MODEL OF ASSIMILATION
AND FORGETTING OF THE LOGICALLY
CONNECTED INFORMATION

Mayer R.V.

The educational material we present as a set of a number of infor-
mation blocks consisting of learning material elements (LMEs), there-
fore its assimilation and forgetting occurs differently, than in the Ebb-
inghaus s experiments. The purpose of the article is constructing of a
computer model of assimilation and forgetting of the logically con-
nected information allowing: 1) to prove the fast rise of understanding
while training; 2) to receive the forgetting curve for the comprehended
information. The modeling methods help to receive the graphs of the
knowledge level dependence on time. It is shown, that the processes of
assimilation and forgetting occurs according to the logistic law.

Keywords: didactics; training, mastering, forgetting, computer
modeling; level of knowledge; information block.

NMUTAIIMOHHASA MOAEJIb YCBOEHUSA U 3ABBIBAHUSA
JJOTHYECKHU CBA3AHHOW MH®OPMAIIUU

Maiiep P.B.

Yuebnwiii mamepuan npedcmasum 6 suoe coBOKYRHOCHU OOILULO2O
YUCTA UHGOPMAYUOHHBIX OIOKOS, COCMOSUUX U3 DNEMEHMO8 YHeOHO20
mamepuana (DY M), nosmomy ezo yceoenue u 3a0b18anue NPOUCXo0Um
unaye, yem 6 onvimax 26ouneaysa. Llers cmamvu cocmoum 6 nocmpo-
EHUU KOMNLIOMEPHOU MOOETU YCBOCHUSL U 3A0bI6AHUSL TOSUYECKU CBA3AH-
HOU unghopmayuu, nozeonsaowei. 1) 0bocHosams cKayox NOHUMAHUS 8
npoyecce oOyueHus; 2) noayuums Kpugyro 3a0ul8anUs 0Jis OCMbLCIEHHOLUL
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unghopmayuu. Memoodamu MoOenupo8anust ROIY4eHbl SPAPuKU 3a6UCU-
Mocmu yposHs Hanull om épemenu. [lokazano, wmo npoyeccol yceoeHus
U 3a0bIBAHUSL NPOUCXOOSIM NO LOCUCTIULECKOMY 3AKOHY.

Knroueswvie cnosa: oudaxmuka; oOyuenue, yceoeHue, 3a0vieanue;
KOMNbIOMEPHOE MOOIUPOBAHUE, YPOBEHb 3HAHULL, UHPOPMAYUOHHBIIL
0710K.

Introduction

The learning efficiency strongly depends on the pupil’s perception,
understanding, memorizing and forgetting of the reported information
[1]. The regularities of these processes are studied by experimental psy-
chology [2]. The fundamental research in this area is the work by Ebb-
inghaus (1885), devoted to the study of laws of storing (memorizing)
without participation of the thinking processes, in which the method of
learning senseless syllables exciting no semantic associations was used.
It is impossible to name knowledge received by the pupil at a lesson,
as the senseless information; it is easily associated with concepts, laws
and theories, which the schoolchild already has got. S.L. Rubinstein
marks, that forgetting of the comprehended material is not described
by the Ebbinghaus’s curve; this process submits to different laws and
happens considerably slower [2, p. 136].

The purpose of the article is in creation and substantiation of the
model of assimilation and forgetting of the logically connected infor-
mation corresponding to the following facts: 1) during training there
is a qualitative fast growth as a result of which the pupil suddenly be-
gins understanding the material being studied; 2) often the pupil is not
able to recall the specific learning material element (LME) directly, but
he can recall it by association or logically deduce it from the LMEs
known to him; 3) after the end of training if the pupil does not use
the received knowledge, the reverse leap occurs: the comprehension
level of the studied problem remains high at first, and then decreases.
In the research the mathematical and computer simulation methods
are used. The offered simulation model of assimilation and forgetting
is based on the works by R. Atkinson, G. Bauer and E. Kroters [3],
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R. Bush and T. Mosteller [4], D. Gibson and P. Jakl [5], L.P. Leont-
yev and O.G. Gohmann [6], F.S. Roberts [7], A.P. Sviridov [8], Hunt
E. [9], and is the development of the approach stated in the papers by
R.V. Mayer [10-13].

Constructing of matrix model
of mastering

While studying the logically connected material the pupil not only
tries to remember a set of separate LMEs (concepts, formulas), he tries
to acquire the sequence of reasonings. The important condition of fast
and strong assimilation of the reported information is its understanding,
that is inclusion of any new facts, ideas and theories into the system of
knowledge and representations that the pupil has, making connections
with the acquired information [1, 2]. The essence of the offered ap-
proach is that the educational material is considered as a set of N sep-
arate ideas or information blocks. Each block consists of M learning
material elements (LMEs), ordered and connected with logic links. To
understand any new idea the pupil should solve the given intellectual
problem, that is to study a sequence of all LMEs, included into the struc-
ture of the given information block, in first time. When the schoolchild
has acquired all LMEs of the given idea and, solving the educational
task, again goes through their sequence, in second (fifth or tenth) time
he turn to the concrete cognitive situation. This happens without active
involvement of thinking and is called understanding-recollection.

Knowledge of the given (i,/) - LME is defined by probability p,, of
the correct answer to the corresponding elementary question (fig. 1).
The probability of the specific idea reproduction by the pupil is equal
to the product of the all LMEs reproduction probabilities making this
idea. Each LME is connected to some LMEs from some other ideas
(blocks). For the simplicity it is possible to imagine a two-dimensional
array of NV lines and the M columns in which each element corresponds
to probability P of the corresponding LME remembering and is con-
nected with four nearby LMEs (fig. 1). The links degree is defined by
coefficients c, .
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Fig. 1. The comprehended information as a system of N chains of the L LMEs

We characterize the studied material by: 1) the amount of the ideas
(LMEs chains); 2) the average length of ideas L; 3) the proportion D
of LMEs known to the pupil a priori, that is before training; 4) the av-
erage coefficient of assimilation a. All LMEs can be divided into two
categories: 1) well-known to the pupil; the probability of the correct
answer for them is r,=L 2) poorly-known to the pupil before the be-
ginning of training, p =0-0,1. Fig. 1 shows the first, second, third and
ninth information blocks LMEs of the first category (which are well-
known to the pupil before training) are bold-framed. Each LME is con-
nected with other LMEs (coefficient c, y of some links can be equal to
0), and also with LMEs A, B, C, D, E which don’t enter into structure
of these logical reasoning chains. These links with external LMEs lead
to increase in the assimilation coefficient ¢, of the given LME; it can
be taken into account, taking a. y from some 1nterva1 in a random way.

Let us represent the poorly acquired LMEs (a,, < 0,33) in dark blue

color, well acquired LMEs (a >0,67) — in red, and all other LMEs —
in green color (fig. 2). While tralmng the average value p for all LMEs
grows, blue sections turn into green and green sections — into red. The
more red and green sections in the line (information block), the higher
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the probability that the pupil has acquired this information block and
will manage to do the corresponding sequence of reasonings. The more
ideas the pupil has acquired, the bigger the probability of reproduction
of all training material.

1 1
3 3
5 5
7 7

the begining of training —> the middle —> the end of training

Fig. 2. Changes of the LMEs matrix while training

It is important that the knowledge of one LME leads to easier assim-
ilation and remembering of an other related LMEs. While training prob-
abilities p, ¥ and the link coefficients c, y increase: the pupil reproduces
all sequence of reasonings (all information block) easily. To consider
the fact that some LMEs are well-known to the pupil before training,
the matrix d is created where elements with the given probability D
are equal to 1 and with probability (1-D) — to zero. Let us take that
while training the pupil carry out the sequence of the same educational
tasks, consistently reproducing the idea after the idea, LME after an-
other LME. It is known that while studying any logically connected
material, the knowledge of one LME helps the pupil to study or rec-
ollect knowledge of another related LME. When studying j-th LME
from the i-th idea within time At, the probability of the correct pupil’s

answer to the corresponding elementary question according to the law:
k+1

pi =phval1-ph|atc, (pl 1+ plja+ply+ bl )AL

Herec, is the coefficient of links allowing to note influence of other
LMEs on a551m11at10n of (i) — LME, k — the step number. For simplic-
ity sake we consider all link coefficients identical and constant. The
model considers that in the process of the knowledge level growing the
pupil’s operating time with (i,j) - LME decreases, aspiring to At. If at
the given moment the pupil doesn’t operate with (i,j/) - LME, then ow-
ing to forgetting the knowledge of this LME within time A¢ decreases
according to the exponential law. The average value of probabilities P
for all LMEs in moment ¢ is labeled as p(?).
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For an estimation of the pupil’s knowledge and making the graph
Z(?) it is necessary to simulate the repeated periodic “testing” of the pu-
pil at regular intervals. The pupil’s knowledge of the i-th idea is deter-
mined as follows. The computer simulates the pupil’s answer, in which
he consecutively states the 1-st LME, the 2-nd LME ..., the L-th LME
of the i-th chain (information block) during the given time.

The correct answer to the question corresponding the j-th LME from
the i-th idea, is simulated as a casual process occurring to the probabil-
ity P the random variable x from the interval [0,1] is generated and
the condition x<pf+a(1— pl|At+c(p}, +pf .+ pl o+ Pl ) is checked.
If the condition is true, it is considered, that the pupil has answered
correctly, and if it is false — not correctly. In case of the wrong answer
the pupil tries to reproduce the (i,j)-LME again, and in the case of the
correct — he passes to the next LME from the same idea. If all L LMEs
of the i-th chain are done correctly within the answering time t=1,3LA¢,
it is considered, that the schoolchild knows the i-th information block.
The pupil’s knowledge quantity Z(¢) is equal to the number of ideas
(information blocks), which he can reproduce. At such “testing” the
schoolchild’s knowledge does not increase, the probabilities p, , remain
constant. For this modeling the program in Free Pascal is used.

Results of modeling and their discussion

Let us take that before training 10% of all LMEs are known to the
pupil, that is D=0,1, their level of knowledge is g=const. The fig. 3
shows the results of modeling of assimilation and forgetting of the
logically connected information in two cases: 1) there are no connec-
tions between LMEs (with ¢=0, a=1,6); 2) LMEs are connected with
each other (0<c<1, ¢=0,4). From results of modeling it follows: 1)
even with no connections between LMEs the training leads to smooth
increasing of Py that causes sharp rise of understanding Z(¢) education-
al material; 2) presence of connections with constant link coefficient
c raises the probability of reproduction of the learned material by the
pupil; the graph p(¢) bends in the other way, the advance Z(¢) is great-
er; 3) after the termination of training the average level of mastering
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of studied LMEs decreases according to an exponential law, but the
knowledge level of the educational material at first practically does not
decrease, then quickly reduces. If to take into account, that while train-
ing the connection coefficient c,; grows, the transition from ignorance
to knowledge is be sharper.

50 1z Z(t) 50 7

Z(t)

)

q(t)

| |
| |
| |
| | p(t)
| |
| 1

q(t)
\ /
0 T t 0 T t

Fig. 3. The results of computer modeling of assimilation and forgetting

The sharp rise of understanding is caused by the fact that the training
material consists of the ideas (or information blocks), each of which
contains the L number of LMEs. To reproduce the concrete idea, the
pupil has to acquire all LMEs entering it; to acquire all training material
he should learn to reproduce all ideas. Joint studying of LMEs, included
in the given information block, leads to sharp increase in probability
of'its reproduction. Increase in the link degree between various LMEs
promotes their easier storing (memorizing) and reproduction.

Conclusion

The article shows the model of studying of the LMEs logically
connected system that allows to explain: 1) the sharp rise of the un-
derstanding level of the studied problem happening in the course of
training; 2) the lowering of the pupil’s knowledge level in consequence
of gradual forgetting of separate LMEs. Assimilation and forgetting
of the logical connected information can be described by the logistic
law: 1) assimilation: dZ/dt=a(l~Z)Z, where I, — the number of infor-
mation blocks in educational material; 2) forgetting: B=2°/100, x°=100,
dx/dt=—y(100,5—-x)x, Z(#)=B-x(f). Increase in the knowledge level of all
LMEs takes to understanding of all information blocks; the forgetting
of at least one LME causes the pupil’s inability to solve the correspond-
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ing problem. Some time after the end of training the knowledge level
remains high, and then, in the process of forgetting separate LMEs, it
sharply decreases, tending to zero. The received results can be used for
imitating modeling of training at school and university.
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HOBBIINEHUE KBAIMOUKAIUU ITEJATOI'MYECKUX

N PYKOBOJAINX PABOTHUKOB OBPA3OBATEJIBHBIX

OPTAHM3AIINN PECIIYBJIMKHA AJIBITES B YCJIOBUSX
PEAJINZAIIMU HOBBIX CTAHIAPTOB

Hlexmupzoea A.M., I puouna JI1.B., Tyzyz @.A.

B ycnosusix esedenuss cmanoapmoe H08020 noKoneHusl, hepeo poc-
CULICKUMU 00PA3068AMENbHLIMU OP2AHUSAYUAMU 6CMATU 3A0aYU, CE5l-
3aHHbBlE C MOOEepHU3AYUel CUCTEMbl NOBbIUUEHUS KEATUDUKAYUU neoa-
202UYeCKUX U PYKOGOOAWUX PAOOMHUKOG.

H3zyuenue cocmosanus oopazoeamenbHol NPAKmuKu nOGbIUEeHUs
Keanu@urkayuu nedazo2uyeckux u pyKosoosiuux Kaopos K ocyuecn-
811eHUI0 UHHOBAYUOHHOU OesiMeNbHOCMU 8 COOMEEeMCmMEUU ¢ mpebo-
BAHUAMU HOBBIX CMAHOAPMOE, NOKA3A0, YMO OHA He MOdcem 2uo-
KO peazuposamy Ha USMEHEHUSl 3anpoco8 COBPEMEHHO20 COYUYMAa U
obecneuums @vicokoe kauecmeo obpazosanus. OcnosHbie NPUUUHbL
NPAKMUYecKux 3ampyoHeHuti CesA3aHbl ¢ OMCYMCMEUeM Yer0CmHoll
cucmembl NOBbIUUEHUSA KEANUPUKAYUU Ne0A202UYECKUX U PYKOBOOAUUX
Ppabomuuxos obugeco u npoheccuoHaIbHO20 00PA308aHUs K peanu3a-
yuu mpedoanuti CmaHoapmos H08020 NOKOJIEHUS NPU YCI0GUU KOOD-
OUHUPOBAHHO20 UX KOIEKMUBHO20 83AUMOOEUCMBUSL.

Ileny uccnedosanus — npeocmagnenue UHHOBAYUOHHOU MOOeNU
NOBbIUUEHUS KEATUDUKAYUU NedaA20SULECKUX KAOPO8 U PYKOBOOAUUX
PAbOmMHUKO8 cucmemvl 00We2o U NPopeccuoHaIbHo20 00Pa3068aHUs
Ha meppumopuu Pecnyonuxu Aovlees, opuenmuposannou Ha obecne-
YeHue ux 20MOGHOCMU K peanu3ayuu mpedoeanull Hogblx CmaHoapmos
¢ yuemom HayuonanvHou cucmemsl yuumenbCko2o pocma.

Memoo unu memooonozus npoeedenus padomul: 6 crmamse npeo-
CMAasien KOMNIeKC Meopemudeckux U SMIUPUIEecKux Memooos neod-
202UYeCcK020 UCCIe008AHUSL.
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Pesynvmamel: ¢ Konmexcme UHHOBAYUOHHOU MOOEIU Bblsl61EHbL
VPOBHU 20MOBHOCIU NEQA20SUYECKUX U PYKOBOOSIUIUX PADOMHUKOS CU-
cmemul 00We2o U NPOPECcCUOHATLHO20 0OPA308AHIUsL HA MEPPUMOPUL
Pecnybnuxu Aovieess kK UHHOBAYUOHHOU DesIMENbHOCTNU NO PEanu3ayuu
mpebosanull CMmandapmos H08020 NOKoLeHus ¢ ywemom Hayuonano-
HOU cucmemvl Y4umenbcko2o pocma.

Oo6nacmb npumenenus pe3yrbmanmos: pesyibmamsl NPOGeOeHHO-
20 UCCTIeO0BAHUSL MO2YIM NOCTIYIICUNMb OCHOBOU YNPAGIEHUECKOL Cpa-
meauu 0bpazosamenvbHblx opeanuzayuil Ha meppumopuu Pecnyonuxu
AOoviees npu peutenuu akmyanbHblx 3a0ay N0 Pealu3ayuy niaHupye-
MbIX Pe3ylibmamos 0OyueHusr 8 COOMEEemcmeuu ¢ mpedoSaHUsMU HO-
8bIX CMAHOAPMOE U NOBLIUUEHUSL KAYeCEa 001e2o 1 npopeccuonaib-
HO020 00pA306aAHUSL.

Knioueswvte cnosa: cmanoapmol 00uge2o u npogeccuonaivbiozo 0o-
PA308aHUsL, 20MOBHOCb NE0ALOSUHECKUX U PYKOBOOAUUX KAOPOEG ClU-
cmembl 00ue20 u npogheccuoHanbHO20 0OPA308AHUSL, 2OMOBHOCHb K
UHHOBAYUOHHOU OesIMEeNbHOCU, UHHOBAYUOHHASL MOOelb NOGLIUUEHUS
Keanupurayuu, nianupyemoie 06paz0eamenvuble pe3yibmamol, Kda-
0poavle U Uble YCI08USL peanu3ayuu mpedosanuii CmaHoapmos Ho8020
NOKOJLEHUsL; KaYecmeo 00uje2o u npogheccuonaibHo20 00paso6aHusl.

PROFESSIONAL DEVELOPMENT PEDAGOGICAL
AND EXECUTIVES OF THE EDUCATION ORGANIZATIONS
OF THE REPUBLIC OF ADYGEA TO IMPLEMENTATION

OF NEW STANDARDS

Shekhmirzova A.M., Gribina L.V,, Tuguz F.A.

In the context of introduction of standards of a new generation, be-
fore the Russian education organizations there were tasks connected
with modernization of system of professional development pedagogical
and executives.

Studying of a condition of education practice of professional de-
velopment of the pedagogical and managerial personnel to imple-
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mentation of innovative activities according to requirements of new
standards, showed that it can t flexibly react to changes of requests of
modern society and provide high quality of education. Basic reasons
of practical difficulties are connected with lack of complete system of
professional development of pedagogical and leading employees of the
general and vocational education to implementation of requirements
of standards of new generation on condition of their coordinate col-
lective interaction.

The purpose of research — presentation of an innovative model of
training and retraining of teachers and executives of the educational
system in Republic of Adygea, focused on ensuring their readiness for
implementation of the requirements of the new standards taking into
account the National System of Teacher Growth.

Method or methodology of work: in the article presents a set of
theoretical and empirical methods of pedagogical research.

Results: in the context of the innovation model the levels of readi-
ness of pedagogical and managerial staff of the system of general and
professional education in the territory of the Republic of Adygea to
innovative activities to implement the requirements of the new gener-
ation standards are revealed taking into account the National System
of Teacher Growth.

Practical implications: The results of the study can form a ba-
sis to the managerial strategy of the general education organiza-
tions in Republic of Adygea in case of the solution of urgent tasks
on implementation of the planned results of training according to
requirements of new standards and improvement of quality of the
general education.

Keywords: standards of the general and vocational education;
readiness of the pedagogical and managerial personnel of system
of the general and vocational education, readiness for innovation,
innovative model of professional development, the planned educa-
tional results; personnel and other sales terms of requirements of
standards of new generation, quality of the general and vocational
education.
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Beenenune

MopnepHu3aIMOHHBIE MTPOIIECCHI B CHCTEME MOBBIIICHNUS KBaTH(hHKa-
uun (I1K) negarorndyeckrx u pyKOBOISIINX PAaOOTHUKOB, 00YCIOBIIECH-
HBbIC BBEJICHUEM HOBBIX CTaH/apTOB, MOCTABWIIN TIeper] 00pa30BaTelh-
HbIME opranm3anusamMu (OO) akTyaldbHBIC 3a1add pa3padoTKH 00pas3o-
BaTeJIbHBIX MIPOTPAMM U OTPE/ICIICHHSI TEXHOJIOTHI MX PealTU3alliu.

Wzydenune cocrosHus oOpazoBareinbHON npakTuku [IK memgaroru-
YECKUX U PYKOBOJSIIUX KaJPOB K OCYIIECCTBICHUIO WHHOBAIMOHHOM
JESATENFHOCTH TI0Ka3aJI0 HEBO3MOXKHOCTh PEIIEHHsI HOBBIX 3aJ71a4d CO-
BPEMEHHOTO COIIMyMa 0e3 TMOKOTO pearupoBaHUsl COIMaIbHBIMU WH-
CTUTYyTaM# 00pa30BaHUsI pa3IUYHOTO YPOBHS Ha M3MEHEHHUS €€ 3a1po-
coB. B xoje Hamero ucciaenopanus ObLUIO BEIsIBIICHO, uTo OO B cBoeM
OOJIBPIIIMHCTBE CTAIKMBAIOTCS C IPAKTUYCCKUMU 3aTPYIHECHUSIMH, CBSI-
3aHHBIMU C OTCYTCTBUEM LEeIOCTHON cucteMsbl 11K nenarormueckux
U PYKOBOJSIIUX pabOTHUKOB 00OMIEro W MpogeCcCHOHAIBHOTO 00pa-
30BaHUS K peann3anuy TpeOOBaHUI CTaHAAPTOB HOBOTO MOKOJICHHS.
Bce oHM 00yCIIOBJICHBI TCH/ICHIIMSIME COBPEMEHHOTO 00pa30BaHus U
CUTYyaIlMel Ha PhIHKE TPyAa, ONpPEIeIsIonie He0OX0IUMOCTh CBOEB-
PEMEHHOTO TIOTIOJIHEHHUSI UMH Oaraka 3HAaHUN TOCTIKCHUSIMHA HAYKH U
MIPaKTHKH, HEBO3MOXKHOTO 03 cucremarnueckoro [1K. MmeHHo mos-
TOMY, HE TOJILKO IEarOTHIECKHUE, HO B pyKoBosue pabotuku OO
T000T0 YPOBHS, JOJDKHBI Pa3BHBATh U COBEPIICHCTBOBATH PO ECCH-
OHAITFHBIN W JIMYHOCTHBIN MOoTeHIHaI. Heo0X0MMMOCTh 3TOTO HAIIIO
HOPMAaTHBHOE 3aKpEIUICHUE B 00pa30oBaTeibHBIX U MPOECCUOHAIb-
HbIX crangaprax ([Ipodeccrnonansaom crannapre «llemaror (memaro-
rUYecKas IesITeIbHOCTh B c(hepe JOUIKOIBHOTO, HA4aJIbHOTO OOIIETro,
OCHOBHOTO OOIIET0, CpeHero o0Iero oopa3oBanusi) (BOCIUTATENb,
yauTens)y», yrBepxaeHHoM [Ipukazom Muntpyna Poccum Ne 544n
ot 18.10.2013 (manee — IIC Ilenaror); npoekra I[IC «PykoBoagurens
00pa30BaTeNbHON OPTraHM3alMN»), B KOTOPBIX BBIACISIOTCS HOBBIC
ACTIEKTHl Pa3BUTHS MPO(PECCHOHAIBHBIX KOMIICTCHIIUH TeNarorunye-
CKUX U PyKOBOJSIINX PaOOTHUKOB, B TOM YHCIIE, PA3BUTHE YIIPABIICH-
YECKUX M JIMJICPCKUX HABBIKOB, KOMIIETEHTHOCTH CO3[aHHsI BBICOKO-
MTPOM3BOIUTENBHOM MEarOrMYeCcKON U MCCIIEIOBATEIhCKON KOMaH IbI.
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O6001enne ypoBHSI U3ydyeHHOCTH cymiHocTH npodnemsl [IK py-
KOBOJISIIIUX W TEAArOTHYECKUX KaJpOB, CTEMEHH €€ MPaKTHIECKOU
pa3paboTaHHOCTH Ha (QeJepaibHOM, PErHOHATBLHOM, MYHHIIAAIIb-
HOM U IITKOJIBHOM YPOBHSIX, TIO3BOJIMJIO 3aKITFOYUTh, YTO, HECMOTPS Ha
MMEIOITHIACS OIpENeIeHHBI 00beM HAy4HBIX paboT, 3HAUNTENbHBIC
YCUJIHS PYKOBOISIIMX U MEarorH4ecKuX padOTHUKOB OOILETo U Mpo-
(heccnoHambHOTO 00pa3oBaHMsl, TpeOyeTCsl KaueCTBEHHOE MTPeodpa3o-
Banue cuctembl [IK ¥ n3MeHeHue moaxonoB K peaan3aluy MoJIoKe-
HUH 00pa30BaTEeNLHOTO U MPO(ECCHOHATHFHOTO CTAHIAPTOB C YYETOM
HanmonanbHOM cUCTEMBI YUUTEIBCKOTO POCTA.

Ocy1iecTBiIieHHEe MHHOBAIIMOHHOW JIEATEIBHOCTH TI0 peain3aluu
HOBBIX CTaHAApPTOB TpeOyeT KadecTBeHHBIX n3MeHeHuil B OO kak
[1EIaTOTMYECKON CUCTEMBI, MPOCKTHUPOBAHNE KOTOPOW MPE/IoIaracT
MOJIEPHU3AIINIO0 BCEX €€ KOMIIOHEHTOB C y4eTOM OOBEKTHBHBIX ITO-
TPeOHOCTE U BO3MOXKHOCTEH, 00CCIICUHBAIOIIUE CUCTEMHbIE (2 HE
(hparmeHTapHBIC) peoOpa3oBanms. Kak moka3aan aBTOPCKHE HUCCIIe-
JIOBaHUS MOCJICIHUX TONOB, B O0mbInHCTBE poccuiickux OO mpoBo-
IaTcs (hparMeHTapHbIe W3MEHEHUS TIOf JaBJICHHEM BBIIIECTOSIIINX
YIPaBICHYECKUX OPraHOB 00pa30BaHUsl, MPUBOJISIINE K UMUTHPOBA-
HUIO MTHHOBAI[MOHHOMW JEATEIhHOCTU. B HUX OTCYTCTBYIOT 3PEKTHB-
HBIC CUCTEMBI YIPaBJICHUS HHHOBAIMOHHOH JESTEIILHOCTBIO MO pea-
JU3AIUK HOBBIX CTaHJapTOB.

OTCyTCTBHE IEIOCTHOW CHCTEMBI YTPaBICHUS HHHOBAIIMOHHON
JESITeNbHOCTBIO IearornyecKuX U pyKOBOSIINX PAOOTHUKOB 001IIe-
ro 1 poecCHoHaTFHOTO 00pa30BaHus, Kak Ha (enepabHOM, TaK H
Ha PETMOHAILHOM YpPOBHSIX, HE OPUEHTHPOBAHO Ha 00ECIICYCHUE TO-
toBHOcTH OO K peanu3anuu TpeOOBaHUI CTaHAAPTOB HOBOTO TTOKO-
JICHHSL.

Henocrarounas pa3paboTaHHOCTH B TIENarOrMYECKON JINTEPaType
Y TIpaKTU9ecKasi MOTPEOHOCTh PETHOHAIFHOTO 00Pa30BaHUsS B HAyd-
HO-000CHOBaHHOM YTIPABJICHUU MHHOBALIMOHHOM JiesiTeIbHOCThI0 OO
KaK TeJaroruueckoil CUCTEMbI, OpUEHTHPOBAHHON Ha oOecTiedeHne
WX TOTOBHOCTH K pea3allii HOBBIX CTaHJAPTOB, ONPEACINIO aKTy-
ATBHOCTH MIPOBOINMOTO HCCIIEOBAHUS.
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ean ucciienoBanmsi

Lenbro SMIMPUIECKOTO UCCIICIOBAHUS SIBJISCTCS BEpUPUKAIIHS Te-
OpeTHYECKH 000CHOBAHHBIX ITOJIOKEHHH 0 OTIPEETICHUIO YPOBHS TO-
toBHOCTH OO B paMKax pa3paO0TaHHONH MHHOBAIIMOHHON MOZCIH Iie-
JOCTHOM crcTembl yrpanienus [1K memgarormuecknx v pyKOBOASIIINX
pabOTHUKOB MO PeaM3aI[ii HOBBIX CTAHJAPTOB B YCIOBHUSIX CETEBOTO
peruonansHoro oovenunenus: OO.

Jns nocTuxkeHusa NTaHHOW LIeJIM B XOJI€ UCCIIEAOBaHUSI Ha OCHOBE
KOMITJIEKCA aJICKBATHBIX UCCIIEIOBATEIBCKUX METOJIOB OBUIN PEIICHBI
nBe 3aa4u: 1) BeIssBIIeHHE YpoBHS TOTOBHOCTH OO K 0CYIIECTBICHUTO
WHHOBAIMOHHOU JIEATEILHOCTH TI0 peaanu3alii HOBBIX CTAHAAPTOB C
YYeTOM 3aIpOCOB COBPEMEHHOTO BpEMEHH; 2) arpodarus mpoeKTa ro-
ToBHOCTH OO K MHHOBAIIMOHHOW NEATEIHLHOCTH IO pealnu3aiiy HO-
BBIX CTaH/IapTOB.

Pe3ynbraThl SMIIMPUYIECKOTO UCCICTOBAHNS CTATH OCHOBOM Hayd-
HO-000CHOBAaHHOW pa3pabOTKH WHHOBAI[MOHHOW MOJICIH IIEJI0CTHOM
cuctemsl ynpasinenus [IK memarormuecknx um pykoBOAAIIMX padoT-
HUKOB B YCJOBHSX CETCBOTO PETHOHAJIBHOIO OOBEAMHEHUs 00pa-
30BaTeNbHBIX OpPraHM3alMii Ha OCHOBE NPHUMEHEHHS COBPEMEHHBIX
nHPOPMAITMOHHO-KOMMYHUKaMOHHBIX TexHonoruii (MKT), obecre-
YUBAIOIINX WX TOTOBHOCTH K Ka4ECTBEHHOMY OCYIIECTBICHHUIO TIPO-
(heccuoHaTBHON EATEIBHOCTH.

MatrepuaJbl 1 METOAbI MCCIeI0OBAHUS

OtnenbHbIE MPAKTUYECKHE PE3YNbTaThl MPOBOAMMOIO HCCIEN0-
BaHUS OTPAXXCHBI B PAa3IUYHBIX aBTOPCKUX MyONUKAIUSAX TOCTIEIHUX
aer [8; 9]. [IpeacraBneHHble B JaHHOW padOTe MaTepUanbl OTPasKalOT
IIPOMEXYTOUHBIE PE3YJIbTaTbl OTHOCUTEIBHO CAMOCTOSITEIBHOTO HC-
cienoBanus podnemsl 11K megarornyeckux 1 pyKoBOJSIINX KaApPOB
Ha TeppuTopuu PA ¢ y4eToM COBpPEMEHHBIX TEHACHIMH yIpaBICHUS
CHUCTEMOU poccuiickoro oOpa3zoBanus. ONMHUCAHHBINA B CTaThe PETHO-
HaJBHBIN OIBIT MpoBoxUMOM B PA monmuTuku B cdepe oOpazoBaHHS
XapakTepr3yeT YMPaBICHYECKYIO CTPATETHIO pPa3BUBAIOIICHCS Iie-
JIOCTHOHM CHCTEMBbI MIearornIecKiX U PyKOBOISIINX PaOOTHUKOB 00-



80 International Journal of Advanced Studies, Vol. 7, No 2, 2017

pa30BaHUA B YCIOBUSAX CETEBOTO perHoHANBHOTrO o0senunenus OO ¢
npumenenueM UKT u pecypcos cetu IHTEepHET.

W3noxeHHbIe B CTaThe MPOMEKYTOUHBIE PE3YNIBTAThl MCCIEI0Ba-
Hus rotoBHOCTH OO K MHHOBAaTMOHHOH ACATELHOCTH 110 pean3aliu
HOBBIX CTaH/IaPTOB MMPOBOIMIIOCH B paMKaxX pa3paOO0TKH HHHOBAIINOH-
HOM Mozenu nenocTHol cuctemsl yrpasinenus 11K nemarorngeckux
1 PYKOBOISIINX PAOOTHHKOB CHCTEMBI PETHOHAIBHOTO 0O0pa30BaHUA
B YCJIOBHUSIX CETEBOTO perHoHaibHoro oobeaunenust OO, opueHTHpo-
BaHHO Ha COBEPIIIEHCTBOBAHNE CUCTEMBI YIIPABICHUS UX PA3BUTHEM.
[lepexon ko BTOpOMY 3Taly UCCIEeI0BaHNs, CBI3aHHOTO C arnpodarei
sToi uHHOBaMOHHON Mozenu [IK nenocTHON cucTeMbl yrpaBieHUs
[IK menarorndeckux M pyKOBOISAIINX paOOTHUKOB 00pa3oBaHus, I10-
3BOJISICT C/ENIATh MPEABAPUTEIILHOE YMO3aKioueHue 00 3hhexkTuBHO-
CTH TIPOBOJIMMO pabOTHI, Pe3ybTaThl KOTOPOU OYIyT OMyOIMKOBAHBI
B JaJIbHEHIINX aBTOPCKUX MyOIHKALIUSX.

B cooTBercTBHMM ¢ TIOCTAaBIEHHOW MENBIO M HCCIENOBATEIHCKH-
MU 3a/1auaMH [POBOANMON PabOTHI MCIOIB3YETCs KOMILIEKC METO-
JIOB TIEAAarOrHYeCKOTO UCCIEIOBAHUS: Meopemuieckyux — aHau3 Te-
JIATOTUYECKOM M HAy4YHO-METOJMYCCKOW JINTEPaTyphl MO TpolIeMe
HCCIIEeIOBAHUS, U3yUYCHHE U aHaJIU3 HOPMAaTUBHO-TIPABOBBIX aKTOB H
JIOKQJIBHBIX JIOKYMEHTOB IO BOMPOCAM IOBBIIICHUS KBAJTH(UKAITUT
W TeJAarorHYecKuX M PYKOBOISIIMX PaOOTHHKOB CHCTEMBI OOILETO
" TIpo(heCcCHOHAaTLHOTO 00pa30BaHUs, aHAIHU3 PE3YJIbTaTOB MOHHTO-
PHUHIOBBIX HccliefioBaHui Jlaboparopru MOHUTOpWHTA M CTaTUCTHU-
ku oOpazoBanusi APUIIK, Teopetrueckoe 000OIIeHNE pe3yabTaToB
Ha pa3IMYHBIX 3Talax MCCIENOBAHMS;, IMNUPULECKUX — U3YUCHHUE U
0000IIIeHIE MTeJarOTHYeCKOTO OMBITa PeaTN3alii TPEOOBaHHIA HOBBIX
CTaHJapTOB, Tearoruyeckas Oecena W HAOIOJCHUE 32 JIESTEIbHO-
CTBIO IIeJaroroB oOpas3oBarenbHBIX opranuzauuii PA B xoxe paznuy-
HBIX (e/lepaIbHBIX W PErHOHANBHBIX KOHKYpcOB («HoBo# mrkone —
HOBBIE YUUTENs», «YUuTenb roga»), npoxoxneHus kypcos [IK mo
Bompocam peanm3arud @I'OC B COOTBETCTBHH C TIIAHOM padoTh Mu-
HUCTepcTBa 00pa3oBaHus U HayKu PA, ormpocHbIE METOIIBI C y4acTHEM
OaxanaBpoB n MaructpanToB Al'Y, nmpoektupoBanne roroBHocTH OO
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K MHHOBAIIMOHHOM JESTETFHOCTH 110 peann3aliy HOBbIX CTaHapTOB;
MoJleNpoBaHue (pa3paboTka WHHOBAIlMOHHOW MOJEIH IIEJI0CTHOM
cuctemsl ynpasinenus 1K memgarormuecknx u pyKoBOASIINX paOOTHH-
KOB Ha TeppuTopuu PA); METOIBI KOJTMYECTBEHHON M KaueCTBEHHOM
00pabOTKH SMITUPUIECCKUX TaHHBIX.

Teopernueckoe obocHoBanue npobaemsl 11K memarormueckux u
PYKOBOASIINX PaOOTHHUKOB JIOBOJHHO MIMPOKO OCBEUICHO B IyOIH-
KalusAx TaKuxX uccienosarenel, ynpasieHueB, kak T.M. IIlamoga,
K.A. Hedenora, I'H. Cepukos, 1.0. Korneposa, H.A. I'opuaposa,
AWM. Japeunckuii, A.W. Ileckynosa, B.H. Typumnka, A.K. Ellis,
I.K. Hassard, J.H. Hassard, J.D. Wohnson, R.T. Johnson, F.E. Sayyida,
G.K. Attaollah u np. [{enecoo6pa3HOCTh M BOBMOKHOCTH IIPUMEHEHUS
[IPOrPaMMHO-1IEJICBOTO MPUHIIMIIA B YIIPABJICHUH MOBBIIICHUEM KBa-
T(QUKAITIH TTeJarOTHIeCKUX pabOTHUKOB 0OOCHOBBIBAIOTCS B pado-
tax C.I' Momnuanosa, /I.®d. Unsscosa, B.I1. Bopommumnosoii, B.A Xy-
nsikoBa, B.B. JlaBuaenko u ap. Mccienoanue B oomactu [1K memaro-
TUYECKUX U PYKOBOJAIIMX KaJpOB MpeAcTaBieHo B Tpynax B.I. Bo-
ponuosoii, H.M. 3BepeBoii, E.I. OuunnukoBoid, M.M. IloramHuxa,
K.M. Vmakosa u ap. Paznuunsie noaxoss! k [IK B ycnoBusax cereBoro
B3aUMOJICHCTBHS 00pa30BaTENbHBIX OPraHU3aLUi HCCIIEI0BAHbI B IICH-
xoJyoro-rienarorndeckux padorax AWM. Amamckoro, A.l. 3ansioBoi,
J.A. HoBuxkoga, /I.B. CmupnoBa u ap. ONBIT ynpaBiIeHUsI CUCTEMON
HIIO mpencraenen B paborax H.I. Kamammamkosoit, W.P. Jlazapenxo,
JL.A. Moxkpenosoii, T.W. [1lamoBoii, B.S1. Cunenko u ap.

Kak moxasan aHanm3 rmearoruaeckoil 1 HayIHO-METOIUECKOM JTH-
Teparypbl Mo NpodieMe HCCIeOBaHMUS, N3yUYeHHE JCHCTBYIOIINX MO-
nenert 11K, aHami3 HOPMaTHBHO-TIPABOBBIX H JIOKAJBHBIX JIOKYMEHTOB
0 BOTIPOCAM TIOBBIIICHUST KBATU(PHUKAIMH W TEIAaTOTMYECKUX U PYKO-
BOISILIMX paOOTHUKOB CHCTEMBI OOLIEr0 M NpogheCCHOHaBLHOTO 00pa-
30BaHMs, aHAJIHM3 PE3yIbTaTOB MOHUTOPHUHTOBBIX HcclenoBanuil Jlabo-
paTtopuy MOHUTOPHHTA U cTaTHCTHKK oOpasoBanust APUIIK, B Gonb-
ITUHCTBE POCCUMCKUX YIPEKIECHUH (OpraHU3aIfii) TOTIOTHUTEIIHEHOTO
npodeccronansHoro oopazosanus (AI10) peanuzyercs TpaauIMOHHAS
mozens [1K ¢ nmpucynmwivu eii MeTonamu ¥ HeHpOTICHXO(PH3HOIOTHYe-
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CKUMH MEXaHU3MaMK OOyYEHHUsI, MaJI0 CIIOCOOCTBYIOIIMMHU (POPMHUPO-
BaHMIO MPOPECCHOHATILHBIX KOMIIETCHIIMH B COOTBETCTBHHU C TIOTPEO-
HOCTSIMH COBPEMEHHOT'O OOILECTBA U TPEOOBAHUSIMA HOPMATUBHO-TIpa-
BOBBIX aKTOB B chepe 0011ero u npodecCHOHaIbHOI0 00pa30BaHHsI.

B ycnoBusix BBeAECHHS HOBBIX CTAaHIAPTOB B CHCTEME OOILIETO U
PO eCCHOHAITBHOTO 00pa30BaHUs BO3pacTacT HEOOXOAMMOCTh YCH-
JICHUS TIPAKTHYECKOW HarpaBIEHHOCTH 00pa30BaTeNFHOTO TpoIiecca
B OpraHu3aIusax o01Iero u npodecCuoHaaILHOr0 00pa30BaHMsl, BHECE-
HUE U3MEHEHHH B TEXHOJIOTHIO U MEXaHU3MBI ero peanuszaiui [1; 2; 5;
7]. TlpakTuKO-OpHEHTHPOBAHHASI TIOATOTOBKA PaOOTHUKOB 00pa3oBa-
HUS 1 OyAyIIMX eJaroroB UMeeT LeIbio (POPMUPOBAHUE UX TOTOBHO-
CTH K OCYILECTBJICHHIO MHHOBALIMOHHOW AEATENFHOCTH 0 pean3a-
LIU1 HOBBIX CTAaHJAPTOB, Pa3BUTHE UX CIIOCOOHOCTH K CAMOCTOSITEIIb-
HOMY IIPO(ECCHOHATIBHOMY POCTY C YUETOM 3aIIPOCOB COBPEMEHHOTO
BpEMEHH B yCIIoBUsX KoHKpeTHOH OO. OOmHOCTh pobiieM peanu3a-
LUH MPAKTUKO-OPHUEHTHPOBAHHOTO MMOJX0/Ia B OPraHU3aIMIX O0ILIETo
1 TpoecCHOHANLHOTO 00pa30BaHMs MPEAINoaracT yCTaHOBJICHHE
MEX/ly HUMH TECHOTO B3aUMOCOTpyAHHUYecTBA. DYHKIIMOHUPOBaHHE
MapTHEPCKHUX B3aMMOOTHOIIEHUH MKy mIKoI0H, By3oM u 11O c uc-
I10JIb30BAaHUEM CETEBOH (HOPMBI MO3BOJIIET NEPEHTH HA KAaUE€CTBEHHO
HOBEIH yposens [10; 11; 12; 13; 14; 15].

[IpoBeneHHbIN aHaIM3 MeJarormyeckoro OMNbITa, MPAKTUKNA paboThI
00111e00pa30BaTeNbHBIX MIKOJ, CTATUCTUYECKUX JaHHBIX Jlaboparopun
MoHuTopunra u guardoctuku APUIIK, pe3ynsraTtoB BXOAHOTO U BbI-
XOIHOTO aHKETUPOBAHHUS YUUTEICH-MPAKTUKOB, MOJOJBIX IIE€Aaroros,
pykoBogureneir OO, npuauMaronux yuactue ¢ 2013 rona B peannsa-
unn OI'OC, nokaszall HEBBICOKUM YPOBEHb TOTOBHOCTH IEAAroruye-
CKHX U PYKOBOISIIMX KaJPOB K OCYILECTBICHUIO MHHOBALIMOHHOM J1esi-
TEJIFHOCTH, K pean3anuy TpeOoBaHMi HOBBIX CcTaHAapTOB. HecmoTps
Ha MaccoBoe [IK memarornueckux KaapoB W PyKOBOASAIIMX PaOOTHU-
KOB 0011Iero o0pa3oBaHus B paMKax Iepexojia 001eo0pa3oBaTe/ibHbIX
mkoi1 Ha HoBble PI'OC, cylecTBeHHOW MOIEpHHU3ALMK caMOi 00pa-
30BaTEJIbHON CHUCTEMBI HE MPOU30ILI0. OYEBHIHO, YTO I MOJIEPHU-
3aK 00pa30BaTENIbHOM MPAKTUKKU TPEOYIOTCS CYLIECTBEHHbIE M3MeE-
HeHus B camux OO kak nenaroruueckoi cucremsl. Mcexons us sroro,
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HCXOJHBIMH TEOPETHUECKUMHU TPENCTABICHUSIMH, HAIICAIINMU IIPaK-
TUYECKOe 00OCHOBAaHUE B PE3YNILTAaTe AMITUPHUYECKOTO MCCIISIOBAHUS,
CTaJIO TIOJIOKEHHE O TOM, UYTO YPOBEeHb TOTOBHOCTH OO K HMHHOBAIIMOH-
HOM esITEeNIbHOCTU 3aBUCUT OT TOTO, HACKOJIBKO a/IeKBATHO MOHUMAIOT-
sl PyKOBOJSAIIMMH U TIEJAarormdecKIMA pabOTHUKAMHU TpeOyeMbIe ISt
3 PEKTUBHON pearn3alliil HOBBIX CTaHIAPTOB M3MCHECHHUS B CHCTEME
yIpaBlIeHHUsT MOIEPHU3AIIMOHHBIMHA TIpotieccamMu. OHU TIPU3BaHbI CTaTh
ocHoBo# urst tepexona OO Ha HOBOE KauecTBO 00pa30BaHMsI.

Ju1st 5TOTO, MBI TIPEATTOIOKUITN, YTO WHHOBAIIMOHHAS JIEITEILHOCTD
OyZeT oCyIIeCTBIATHCS KaYeCTBEHHO Ie/ITarOrMYeCKUMH M PYKOBOJISIIH-
MU paOOTHUKAMH, €CIIM OOSCIIeUMBACTCS MOJIEPHH3AINS BCEX KOMIIO-
HEHTOB I1€IarOTMYeCKOil CHCTEMBI C Y9eTOM OOBEKTHBHBIX IOTPEOHO-
cTell U BO3MOXKHOCTEH. KauecTBO MHHOBALIMOHHOW JESITEIbHOCTU MPU
pea3aliy HOBBIX CTaH/IapPTOB CTAHOBUTCS TEM BHIIIE, 4eM OoJiee aiek-
BaTHbI OOBEKTUBHBIM MTOTPEOHOCTSIM U BOBMOXKHOCTSIM BHECEHHBIC TIpe-
00pa3oBaHMs B Pa3IMIHbIC KOMITOHEHTHI Tieqarorndeckoi cucreMsl OO:
B 00pa3oBaTesibHbIE 1€ U CHOCOOBI MX OLIEHWBAHUS, B COMAEP)KaHUN
00pa3oBaTeNbHBIX IPOTPaMM, B IPUMEHsIEMbIE 00pa30BaTelIbHbIE TEXHO-
JIOTHH, B uH(pOpMaInoHHo-o0pasosarenbhyto cpeny (MOC). To ects, ka-
YECTBO MHHOBAIIMOHHOM JESTENbHOCTH 110 PEaTU3allii HOBBIX CTaHaap-
TOB 3aBHUCHUT OT TOT0, Kak OO OIEHUBAIOT HEOOXOIUMOCTE BHEPSIEMBIX
M3MEHEHHH ITyTeM COITOCTABIICHHUS C TOTPEOHOCTSIMU U BO3MOKHOCTSIMH
CBOETO Pa3BUTHS, KaK BHIABIIAIOT BO3HHUKAIOIINE TIPH ATOM 3aTPyIHEHUS
1 KaK OLIEHUBAIOT UCTIONIB3YEeMbIe CIIOCOOBI MX MPEOIOTIEHHSI.

Peanm3amust 5Toif WHHOBAIIMOHHOMN NEATEIBHOCTH TI0 BBEICHUIO
HOBBIX CTaH/IapPTOB MPEAIOIAraeT pelIeHue CIeIyIOIUX eiarorunye-
CKHUX 3a1a4: 1) BBIABICHHE aKTyallbHBIX IOTpeOHOCTEN MTpeodpazoBa-
Huii B OO Kak Meaarorndeckoi CUCTEMBI; 2) OTpeeICHIE NMEIOTINX-
csl BOBMOXKHOCTEH U1l TpeOyeMbIX MpeoOpa3oBaHMii; 3) MiIaHUpOBa-
HHE MOJEPHHU3AIMN BCEX KOMITIOHEHTOB TEJarOTHYEeCKOl CHCTEMBI C
yueToM OOBEKTHUBHBIX MOTpeOHOCTEH M BO3MOKHOCTeH. [Ipu sTOM,
3¢ (eKTUBHOCTh pelIeHNs] 3TUX 3a/ad M KadeCTBO WHHOBAIMOHHOW
JeSTebHOCTH 0 peali3allii HOBBIX CTaHAApPTOB OOyCIIaBIMBaeTCs
ypoBHeM roToBHOCTH OO K COOTBETCTBYIOIINM JICHCTBUSIM.
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B namem wnccnenoBanun rotoBHocTs OO K MHHOBAIIMOHHOW Jies-
TEJILHOCTH TI0 peajM3allii HOBBIX CTAHIAPTOB OIpEAEISIETCS B BUIEC
WHTErpaTHBHON XapaKTEePHCTHKHU €€ COCTOSHHS Kak IeIaroruuecKou
CHCTEMBI C COCTABIISIIOIIMMH KOMIIOHEHTaMH (LICJICBOH, COAeprKaTelib-
HBIW, IPOIIEAYPHBINA, OPTaHU3AIMOHHO-YIIpaBIeHYecknii). Bce komrio-
HEHTBI Ipefronaraor rotoBHOCTs OO K MOAEpHU3ALUH CTPYKTYPHBIX
cocTaBisTIoNMX obpaszoBarensHoro mporecca 1K megarorndecknx n
PYKOBOZSIIIMX pabOTHUKOB cdepbl 0OpazoBaHHs: 00pa3oBaTeIbHBIC
LENH U crtocoObl UX OLICHUBAHMS, COACPIKAHUE 00pa30BaTENIbHBIX MPO-
rpaMM, IpUMeHsieMble oOpa3oBatenbHble TexHonornn, MOC (puc. 1).
Ortcrona komMnoHeHTaMu roToBHOCTH OO Kak MHTETpaTHBHOW XapaKTe-
PHUCTHKH BBICTYIIAIOT:

— TOTOBHOCTb K MOAEPHM3ALMH LIEJIEBOIO KOMIIOHEHTA, IPe.IIo-
Jlararollero NnpuBeIeHue 00pa30BaTebHbIX LiENelH B COOTBET-
CTBHE C IMCIONIMMUCS IOTPEOHOCTAMH U Bo3MokHOCTsIME OO;

— TOTOBHOCTh K MOJIEPHM3AIMH COJIEP)KAaTEIbHOIO KOMITOHEHTa,
CBSI3aHHOTO C OOHOBIICHHEM COAEPKaHMsI 00pa30BaTeIbHBIX TPO-
rpamM Kypcos T1K;

— TOTOBHOCTh K MOJECPHHM3ALMU IPOLEIYPHOr0 KOMIIOHEHTA,
IIPEAYyCMaTPUBAIOILEIO YCOBEPILICHCTBOBAHUE CIIOCOOOB Olie-
HUBaHUS 00pa30BaTeNbHBIX LeJeH 1 NPUMEHsIeMbIX 00pa3oBa-
TEBbHBIX TEXHOJOTHIA.

— TOTOBHOCTB K MOJIEPHH3AIIMH OPraHU3aLHOHHO-YIIPABIEHYECKOTO
KOMITOHEHTA, OTIpeiesisitolero co3nanue oiaronpustaoi MOC.

Hcnonb3yeMble B HallleM UCCIIEJOBAHUN HHTETPaTHBHBIE XapaKTepH-
CTHUKH BblJIeNeHbI cortacHo pexomenaanusiM FO.C. TioHHMKOBa 10 IPOeK-
THUPOBAHHIO MHTETPATHBHBIX IIeJarornyeckux mnpoueccos. [Ipu BeiGope
OJIOYHOTO TIOCTPOCHUS TPOEKTHUpyeMoro Tporiecca rotoBHOCTH OO K
VHHOBAIIIOHHOM JIESITEIbHOCTH HaMH OBUTO TIPHHSATO BO BHUMAaHHKE TTPO-
TYKTUBHOCTh TaKOTO TpescTaBieHus, npemioxkenHoro A.A.Kupcano-
BbIM 1 JK.A.3al1eBoii 110 MOJISIIMPOBAHHMIO TIPOIecca 00yUeHHSI.

BrlnenenHble HAMU KOMIIOHEHTBI ME1arOTHYeCKON CHCTeMBI (1ie-
JICBOH, coneprKaTesIbHbIH, MPOLEAYPHBIH, OpraHU3alMOHHO-YIpaB-
JICHYECKHIA) BOILIM B COCTAB TPEX OJIOKOB: OPMEHTHUPOBOYHOTO, Opra-
HU3ALMOHHOTO, TEXHOJOIMUECKOTO.
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[ KOM]’IOHEHTBI TOTOBHOCTH K “HHOBHHHOHHOﬁ AEATEJTbHOCTH MPH PE€ATH3aIHH HOBBIX CTAHAAPTOB ]
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HMEIOIIIMHCS porpaMm Kypcos 00pa30BaTCIbHBIX
NOTPCOHOCTMH U K TEXHOJIOTHI
Bo3moxkHOCTsIMH OO

T
BJIOK 11

OpraHu3annoHHO-
ynpaBjeH4YecKui
KOMIIOHEHT

MOJEPHH3ALHS

HMH(QOPMAILMOHHO-

00pa3oBaTeIbHOIM
cpeabt

[ TToka3aTe M TOTOBHOCTH K HHHOBH““OHHOﬁ AEATETbHOCTH NMPH peaTH3alHH HOBBIX CTAHAAPTOB J

Puc. 1. Mogens roroBaoctr OO K MHHOBALIMOHHOM €ATEIbHOCTH

110 peain3allui HOBBIX CTAaHIaPTOB

aJEKBATHOE a[EKBATHOE aJEKBATHOC
HOHHMAHHE MOHHMaHHE MOHHMAHHE AIEeKBaTHOE
TOTPEOHBIX MOTPEOHBIX MOTPEOHBIX HOHMMAHHE
npcobpasoBaHuii npeobpasoBaHuii npeobpasoBaHuii noTpeGHBIX
ueneii B CONEPIKAHMS cnoco6oB npco6pasoBanmii
COOTBETCTBHE C 00pa30BaATENBHBIX OICHUBAHHA TENeit HH(OPMAIHOHHO-
UMEIOIHMHCS MPOrpaMM KypcoB M TIPHMEHSEMBIX 06pa30BATCIBHOI
MOTPeGHOCTSIMU 1 00pa30BaTeNbHBIX cpest
BO3MOYKHOCTSIMH TEXHOJIOTHii
I | | |
aJICKBATHOC aJICKBATHOC
aJEKBATHOE HOHHMAHHE MOHHMAHHE AICKBATHOC
MOHMMAHHE BO3HHKAIOIIHX TIPH BO3HHKAIOIINX TIPH OHHMAHHE
BO3HHKAIOMIUX TIPH peanuzanun TPUMEHEHHH BOSHHKAIOIINX MIPH
OCYLICCTBICHHI COACPIKAHMS cnoco6oB cosnanuu MOC
uenei 00pa3oBaTeIbHBIX OLICHMBAHUA LIENEH 1 3aTpyAHCHMIL
3aTpPyAHEHHUI TporpaMm KypcoB 00pa3oBaTeNbHBIX
TIK 3atpynnenuit TEXHONOTHIt
3aTPyAHEHUI
1 1 I |
aJIeKBATHOE aJIeKBATHOE aJeKBAaTHOE ANEKBATHOE
MOHHMAHUC MOHHUMAHUC HOHHMaHUC OHHMaHHC
MCTIOTB3yEMBIX HCTIONB3yEMBIX UCTIONB3YEMBIX HCIIONb3YeMBIX
croco6os croco60s coco60B CIIOCOBOB
TPEOTONECHUS TPEOTONEHUS TPEOTONCHHUS npeoxoneHus
3aTpyAHCHUIT IpH 3aTPyAHCHUIT TIpH 3aTPYAHCHUH npu 3aTpyAHEHHUIT
peanusanuu uenei peanuzanuu OLICHUBAHHH LENCH 1 BOSHUKAIOIIMX NIPH
ConepIKaHHA HCTIONb30BaHHH cosmanuu MOC
00pa3oBaTENBHBIX 06pa3oBaTeTBHBIX
mporpamMm Kypcos ITK TEXHONIOTHIt
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1. Opuenmuposounsiii 610K COCTABISIET Yyenesoll KOMNOHEHM, OT-
paXKarOIIUH TeJarOTUYECKY0 HAIIPAaBIEHHOCTh, 00NN 3aMbICE]I, CO-
MIPSKCHHOCTH TIeNICH 10 BRIICIICHHBIM TI0Ka3aTesIM U (PyHKIIMOHATh-
HYI0 3HAYUMOCTh TOTOBHOCTH OO K WHHOBaIlMOHHOH JIESATEIILHOCTH
[0 peasu3aliil HOBBIX CTAHNIAPTOB JIS JTOCTIDKEHHS] KOHKPETHBIX
pe3yIbTaToB.
1I. Opeanusayuonmusiti 610K COCTABISIET OpP2AHU3AYUOHHO-YRPAS-
JIeHYeCKUll KOMNOHeHm, TIPENIOoJaralonil co3/laHue MpPOTpaMMbl
rotoBHOCTH OO K WHHOBAaIlMOHHOH JEATEIHHOCTH MO peah3alliu
HOBBIX CTaHJAPTOB, KOOPIUHAITUIO U KOOTICPAIIHIO TIEIarOTHICCKUX U
PYKOBOZSIIIIUX paOOTHUKOB ¢ OpraHamu ympasienus u apyrumu OO,
ucnosb3oBanue MKT.
111. Texnonoeuueckuii 610K COCTABIISIOT COOEPACAMEbHBIL U NPOYe-
Oypubitl Komnonenmoi. CodeporcamenbHulil KOMNOHEeHn TAET TIPEICTaB-
JieHne 00 0COOEHHOCTSIX OreHKH roToBHOCTH OO K MHHOBAI[MOHHOM
JeSITeTEHOCTH TT0 Pean3alliil HOBBIX CTaHIApPTOB HA OCHOBE BhIJIEIICH-
HBIX TIOKa3aTelel, ero JIOTUKO-COJACPKATEIbHON OCHOBE, DJIEMEHTAX,
YPOBHAX H MacmTtabax. [Ipoyedypruvle xapakmepucmuxu IarOT BO3-
MO>KHOCTB TIPEICTABUTH COBOKYITHOCTH CITOCOOOB, CPE/ICTB, PHEMOB U
(hopM opraHu3aIUH MpOIEyphl olleHKH rotoBHOCTH OO K MHHOBAIH-
OHHOM JIEATETFHOCTH TI0 Pean3allii HOBBIX CTaHAAPTOB.
[Mokazarensimu rotoBHOCTH OO K MHHOBAIIMOHHOM JIESTEIILHOCTH
[0 peaju3alfii HOBBIX CTAHJAPTOB M MOJICPHH3AINH €€ COCTABHBIX
KOMIIOHEHTOB BBICTYMAIOT:
— aJIeKBaTHOE TIOHMMaHUE BHECEHHBIX N3MEHEHNH B KayK/IbIi U3 CO-
CTaBJISIOIINX KOMIIOHEHTOB TIEIAarOTMYECKON CUCTEMBI B COOTBET-
CTBUU C €€ O0OBbEKTUBHBIMH TIOTPEOHOCTSIMH 1 BO3MOKHOCTSIMHU;

— aJeKBaTHOE NMOHMMAHWE BO3HUKAIONMINX 3aTPYTHCHHUHA TPH Ka-
YECTBCHHOM BHEJ[PEHUU PeoOpa30BaHuUl;

— aJIeKBaTHOE TIOHUMAaHHE HCIIOJIb3YeMbIX CIIOCOO0B MX MPEOIo-
JICHHSL.

OuenuBanue roroBHOCTH OO K MHHOBalMOHHOM JI€SITEIbHOCTH 10
peanu3aiyi HOBBIX CTAHJAPTOB OCHOBBIBAIOCH HAa pa3pabOTaHHOM
WHCTPYMEHTapHuH (C MOKa3aTeNsIMHU, KPUTEPHUSIMH, IIKaJaMH), CTaB-
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M 3(Q(GEKTHBHBIM CPEJICTBOM CPAaBHHUTEIBLHOTO aHAIIM3a ISl OTpe-
JIEJIEHUS UX Pa3IUUni.

JaHHble CyXJ€HUs CTajlu OCHOBOM Hallled TMIOTE3bl O TOM, YTO
Hay4YHO-000CHOBaHHOE MpoeKTUpoBaHue roroBHOcTH OO K MHHOBa-
LUOHHOM NEATENBHOCTH 110 PEATN3allii HOBBIX CTaHIapTOB, OIpee-
JIileMO€ B BHJIE€ MHTErPaTHBHOIN XapaKTEPUCTHKU €€ COCTOSHUS Kak
[IEIarOTUUECKOM CHCTEMBbI C COCTAaBJISIOLIMMHU KOMIIOHEHTaMu (Lie-
JIEBOM, COZAEpKATENbHbIM, IMPOLEIYPHbIN, OPraHU3alMOHHO-YIIPaB-
JICHYECKUH) M ¢ MOKa3aTesIMM OLIEHUBAHUS 110 COCTaBICHHOMY WH-
CTPYMEHTapHIo, B paMKax pa3paboTaHHOW WHHOBAIIMOHHON MOJENN
LenocTHol cucteMsl ynpasieHus [IK negarormdeckux m pykoBozs-
X paOOTHUKOB B (hOpME CETEBOTO PETHMOHAIBHOTO OOBETUHEHUS
OO, ciny)uT 3¢ PHEKTUBHBIM CPEICTBOM CPAaBHUTEILHOTO aHAIN3A IS
ONPENENICHUS UX Pa3IUIUi.

JanHasi rumore3a Hauuia NpaKTHIecKoe 000CHOBAHUE B XOZE SMITH-
pudeckoro uccaenosanus roroBHocTH OO K HHHOBAIIMOHHOM AeATElb-
HOCTH T10 peajn3allii HOBBIX CTaH/IapTOB, PE3YJbTaThl KOTOPOTO CTaIN
OCHOBOM AJIsI HAyYHOH pa3paOOTKM MHHOBALMOHHON MOJENH LeNOCT-
HOl cuctembl yrpasienus [1K negarornyeckux v pyKoOBOISIIMX pa-
OOTHHKOB CHUCTEMBI PErHOHAIBHOTO 00pa30BaHMs, OPUECHTUPOBAHHON
Ha COBEPIICHCTBOBAHNE CUCTEMBI YIIPABICHUS UX Pa3BUTHEM (pucC. 2).

Ha xoHCTaTHpyIoI1eM dTare OnbITHO-IKCIIEPUMEHTATbHON pabOoThI
UCXOHBIN ypoBeHb ToTOBHOCTH OO K HHHOBAILIMOHHOM e TEIbHOCTH
10 peasu3alii HOBBIX CTaH/IApPTOB ONpEAENUICSd Ha OCHOBE JaHHBIX
AHKETHOI'O OIpOca MEAArOrNYeCKUX U PYKOBOISIIUX KaJIpoB, padoT-
HUKOB OpraHa yrpasieHus: oopazoBanneM. PopMUpoBaHHE BOIIPOCOB
AHKETHI OCHOBBIBAJIOCh HA MHCTPYMEHTAPUU OLIEHKH roToBHOCTH OO
K NHHOBAIIMOHHOM JI€ATEIbHOCTH.

OrneHka roTOBHOCTH K MOJIEPHU3ALIMN LIEIEBOT0, COIEP/KATEIbHO-
T0, IPOLEIyPHOTO, OPraHU3alMOHHO-YIIPABIEHYECKOTO KOMIIOHEHTOB
M€aroruueckoi CHCTEMBl OCYIIECTBISUIACh MO COOTBETCTBYIOIIMM
MoKa3aTessiM Ha OCHOBE CYXJEHWUW PecroHJeHTOB. B kadecTBe m0-
MOJTHUTENFHON HHPOPMAIIMU UCTIOJIb30BAITUCH IAHHBIE ONIPOCHBIX Me-
TOZIOB, MOJYYCHHBIC C y4acTHeM OakalaBpoB M MaructpaHTtoB Al'Y,
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TMeIaroruuecKoi Oecenbl 1 HaOMIOIeH!SI 32 IS TETTbHOCTBIO 11E/1aroroB
OO PA B xoz1€ pa3innuHbIX (eaepanbHbIX 1 PErHOHaIbHBIX KOHKYPCOB
(«HoBoti mKosie — HOBBIE YUUTEIS, « Y UUTEIb TOAA)), TPOXOKICHUS
kypcoB I1K no Bonpocam peannzannn @I'OC B cOOTBETCTBUM C IJa-
HOM paboThl MuHHCTEpcTBa 00pa3zoBanus u Hayku PA [3; 6].

He ocrtanaBnuBasich Ha OCHOBHBIX pE3yJbTaTax AMIHMPUYECKO-
IO WCCIIEJIOBaHMS, ONMMMCAHHBIX B HIDKECIEAYIONMEM pa3lieie CTaThH,
3/1eCh KPaTKO MPEICTaBUM OCHOBAHHBIE HAa 3THX JIAaHHBIX OT/EJIbHBIC
HCCIIeNIOBaTeNIbCKAE MaTepuaibl, HA OCHOBE KOTOPBIX pa3padarbiBa-
Jlach ”HHOBAILIMOHHAsI MOJIEb LIETOCTHOM cucTteMbl yrpasieHus 11K
[eIaTOTMYECKUX M PYKOBOJSAIINX PAOOTHUKOB 00pa30BaHUsI.

[Ipu pa3paboTke MHHOBAIIMOHHON MOJENIH OBUIM YYTEHBI TPY-
HOCTHU MPAaKTUKU OOy4YEeHHMsI B peanu3aluy TpeOOBaHUI HOBBIX CTaH-
JAPTOB B COOTBETCTBUH C 3allPOCAMH COBPEMEHHOTO OOIIECTBAa, BbI-
SIBJICHHBIE HA OCHOBE KOMITJIEKCA SMIUPUYECKUX METOAOB (TIeJaroru-
yeckasi Oecena, HaONMIONEHUE 33 JEATEIHHOCTHIO TEJarorH4ecKux H
pykoBomsimux padotHukoB OO PA, onpocHble MeTOBI). 3HAUUMOCTb
pa3paboTaHHOW aBTOpaMU MHHOBAIIMOHHOW MOJIENH, MPEIyCMaTpH-
Baromei cozganue MOC ¢ mpuMeHEeHHEM PECYypCOB CETEBOTO OObe-
quHeHnsa OO, Bo3pacTaeT B YCIOBHSIX IMPOUCXOAALINX U3MEHEHHH B
pOCCHICKOM crcTeMe 00Imero u mpodecCHOHATEHOTO 00pa30oBaHUS
¢ yuerom HammonansHoi#l cuctemsl yunutensckoro pocta (HCYP)[4;
12]. be3ycmoBHO, 4TO HUCTIOIL30BAaHUE PECYPCOB CETEBOTO OOBLEIIHE-
Hus OO COAepUT MOIIHbIE MEXaHU3MBbI I pealn3allii LEeNeBbIX
YCTaHOBOK OOpPa30BaTeNbHBIX M MPOPECCHOHANBHBIX CTAaHAApPTOB B
KOHTEKCTE COI[MAJIM3ALNN BCEX yYAaCTHUKOB 00pa30BaTeIbHOIO Mpo-
necca. KommnekcHbl moaxon xk moaenuposanuto mnpouecca [IK B
dhopme cereBoro 00beauHeHust OO jieaeT BO3MOXKHBIM CO3[aHHE 11e-
JIOCTHOU pernoHanbHOM cucteMbl yrpasnenus [1K negarornueckux u
PYKOBOASIINX PAOOTHUKOB B COOTBETCTBHH C BEI30BAMH COBPEMEHHO-
ro BpeMenu 1 HCVYP, paspemaromieil TpyAHOCTH CONPSAKEHUS JTOKY-
MEHTOB B c(hepe TeTarOTHIeCKOT0 00pa30BaHus ITyTeM YCTaHOBICHUS
muddepeHnanny ypoBHel BiajeHus TpopecCHOHATBHBIMU KOMITE-
TEHIMSIME C YYETOM CIIOKHOCTH MX OBIIA/ICHUEM.
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| MunucrepcTBo o6pa3oBanusi 1 Hayku Poccuiickoit @exepauunu |
I
| MunucTepcTBO 00pa3oBaHus M HayKu Pecny6iaukn Aabires |
¥
| Anpireiickuii pecny0JHKAHCKHIi MHHCTHTYT NOBBILIEHHS |
|
| Jla6opaTtopust monutopunra APUIIK |

—I CereBoe peruoHaabHoe o0beannenne 00 |—| HenTpsr APUIIK |
O0611e06p. WKOIBI 1
| baszosas OO - APUIIK | / Pa3paboTka u peann3aLus \
I nporpamm JITIO B cooTBeTCTBUN C
Tpebopannsamu PIOC u IIC
| ATY | Ilenaror ¢ yuetom HCYP mnsa

TIcuxonoro-Meanko-
I [ neparoruvdeckas

neJarorn4eCKux 1 pyKOBOIAAIINX
PpabOTHHKOB (AUPEKTOPA,

| Bysbi-naptHepst | ROMuCCHA 3aMECTHTENH, CTIELUATTICTHI,

1 METOIUCTRI, yIUTEIISA-

BO \ NPEIMETHUKH ) /

I
CIIO )
Pa3paboTka y4eOHO-METOAMIECKHX

MaTepHualoB, KOHCYJIbTHPOBaHUE

VposHu B3anmozaeiicreus: (enepanbHblii,
PEruoHaIbHBIN, MYHULUIIANBHBIHA, IIKOIbHBIN

Pernonaabubie CTA’KHPOBOYHbIC HHHOBAIIMOHHBIC IVIOINAAKH |
|
Kommieke kaapoBeIX, ICHXOI0r0-NeAarorn4eCKux, METOA0IOrHYECKHUX,
OpPraHN3allMOHHBIX, YIIPABIEHIYECKHX, THIAKTHKO-METOANIECKIX,
(uHAHCOBBIX, MaTePHATBHO-TEXHUUECKUX, PECYPCHBIX YCIOBHIA

Puc. 2. lHHOBaIIOHHAS MOJIEITb IETOCTHOM CHCTEMBI YIIPABICHNUS TTOBBIIICHHEM
KBaNM(UKAINH NeJarOrMYeCKUX U PYKOBOASIINX PAOOTHUKOB B YCIOBHSAX CETEBOTO
PETHOHANBHOTO 00bEeANHEHHST 00Pa30BaTeNbHBIX OPraHU3aINil

Ha Heo6xonuMocTh Hamu4us B KaKIoM pernone PO kauecTBEHHO
pabotaromux nHCTUTYTOB [IK memaroroB oOpaTmiia BHUMaHUE TJIaBa
Muno6pnayku P® O. BacunbeBa Ha npomeameii B Coun B Havane
TEKYIIET0 To/]a MEKPETrnoHaIbHON KoH(pepeHn «Pa3Butue ennHom
CHUCTEMBI OIIEHKH KaueCTBa 0Opa30BaHUS: OIBIT U TICPCIICKTUBED [4].

Pe3yabTarhl Hcciie1oBaHUs U UX 00CYKIeHUE
C yu4eToM HE3aBEpUICHHOCTH MPOBOAMMON pedopmanuu B chepe
poccwiickoro oopazoBanus (BBenenue [1C Ilenarora, Hapsmy ¢ peanu-
3anueit ®I'OC, u cranosnenne HCYP) u nponomxkaromieiicst paboTsl



90 International Journal of Advanced Studies, Vol. 7, No 2, 2017

aBTOPOB, B CTATb€ IMPCACTABJICHBI IMTPOMCIKYTOUHBIC PE3YJIbTATbhl HMC-
CJIeZIOBaHUSs, ONpeesatonre (OPMUPOBaHNE YIIPABICHUECKON CTpa-
TETUH OTepeKaroIIei MOJEpHU3AINN 00IIEero U MPOPeCCHOHATHLHOTO
oOpa3oBaHus Ha TeppuTopun PA.

B xoze sMmpraeckoro WCciIeI0BaHus BBISBICHBI CTATUCTHYECKH
3HAYMMBIC Pa3IMuYUsl YPOBHS TOTOBHOCTH IEAarOTHUECKHX M PYKO-
BOIAIINX PAaOOTHUKOB K MHHOBAIIMOHHOW JESTEIHOCTH, OOYyCIIOB-
JICHHBIC pa3jindyusMu B TOTOBHOCTHU 00 k MOJACpHU3AIIUN CUCTCMbI
YIPaBICHUS PA3IMYHBIMH aCTIEKTaMH ITeAaroruieckoil CUCTeMBbI (110
MoKa3aTessiM TOTOBHOCTH K OOHOBJICHHUIO €€ KOMITOHEHTOB). Onpee-
neHre ypoBHsS rotoBHOCTH OO K MHHOBAIIMOHHOMW JIEATEIBHOCTH I10
Pa3IMYHBIM TOKA3aTessIM OCYIIECTBISUIOCHh MO pa3paboTaHHOMY HH-
CTPYMEHTapHIO Ha OCHOBE CyMMHUPOBaHHUs 0aJJIOB [0 COOTBETCTBYIO-
M nokazaressaM. O6muit 6amn roroBHOcTH OO K MHHOBAIMOHHOM
ACATCIIBHOCTU PACCUUTBIBAJICS 110 HHTGI‘paHbHOﬁ mIKaJe.

Onpenenenue paznnuuii Mexxay OO B TOTOBHOCTU K HHHOBALIMOH-
HOH JACATCIIBHOCTHU IO p€ain3allui HOBBIX CTAHAAPTOB IIPOBOAUIOCH
o craructudeckomy kpurepuro Kpackama-Yomnmmca. [lomydeHHbie
CTaTUCTUYCCKHUC JAaHHBIC MMO3BOJINIIN BBIJICIUTL I'PYIIIbI OOc¢ pas3ian4-
HbIM YPOBHEM T'OTOBHOCTH K WHHOBAllMOHHOM JESATENLHOCTH (BBICO-
xuit — 10%; cpemnanii — 40%; HU3KHUI — 52%) HA OCHOBE PE3YITHTATOB
COOTBETCTBYIOIMX KOMIIOHEHTOB.

BrisiBiIeHre OCHOBHBIX MPUYHH MpakTHUECKuX 3arpyaHernin OO
K pcajm3anuu HHHOBaHHOHHOﬁ ACATCIBbHOCTH 110 BBECACHUIO HOBBIX
CTaH/IapTOB TIO3BOJIIIIO BBIJCIUTH CTATUCTHYECKH 3HAYMMO pa3iinda-
IoLIMecss YPOBHH TI0 KaXXJIOMY U3 napameTpoB. Ha ocHoBe kputepus
x* IInupcona n H-kputepus Kpackana-Yonnuca mpoBoguiack OLEH-
Ka 3HAYUMOCTH pa3inyuil 1o BeleneHHbIM TpynmnamM OO ¢ pa3HbIMH
YPOBHSIMU TOTOBHOCTH, ITOKa3aBIasi HAJIS)KHOCTh Pa3IUYUi IO COOT-
BETCTBYIOIIUM ITapamMeTpam.

B pesynbrare sMImprueckoro MCCieA0BaHUS ObUIa YCTaHOBJICHA
cBsi3p ToToBHOCTH OO K MHHOBAITMOHHOW JEATETHHOCTH TIO peajiu-
3allMM HOBBIX CTaHJAPTOB C MHTECHCHBHOCTBHIO MPEeOOpa3oBaHUN IO
[IEJIEBOMY, COJEPKATEIbHOMY, IPOIIeyPHOMY, OpPTaHU3AIlHOHHO-
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YIPaBICHYECKOMY KOMIIOHEHTaM I1eIarOTHUeCKON CHCTEMBI, 00yCIIo-
BHBIIAs HEOOXOAMMOCTH Pa3pabOTKU LETOCTHON CHCTEMBI yIpaBJiie-
uus [IK memarormuecknx M pyKOBOASIIMX PAOOTHUKOB B YCIIOBHSIX
CeTeBOro pernoHaiabHoro ooseannenus OO.

3akaouenmne

B 3axsmroueHny 0TMETHM, YTO IOy YEHHBIE PE3YIIbTaThl SMIHPUIECKO-
IO UCCIIEI0BaHMS TOATBEPINIIN CIIPABEIIMBOCTh BBIIBUHYTOH THIIOTE3bI
0 3aBHCUMOCTH YpOBHA roToBHOCTH OO K MHHOBALIMOHHOM J€ATEIBbHO-
CTH OT aJIEKBATHOTO MOHUMAaHMs PYKOBOAAIIMMH U IEaroruuecKuMu
paboTHHKaMU TpeOyeMbIX Uil SPPEKTHBHON peai3alliii HOBBIX CTaH-
JapTOB MPeoOpa3oBaHMi B PA3NIMYHBIX KOMIIOHEHTAX IeIaroruaecKou
CHCTEMBI M OCO3HAHMUS BOSHUKAIOLINX MPAKTUUECKUX 3aTPyAHEHNH U3-3a
OTCYTCTBUSA LIEJIOCTHOM cucteMbl ynpasienus [1K. Pesynbrars! smnupu-
YEeCKOro dTara MCCIeOBaHus MPU3BaHbI CTaTh OCHOBOM /ISl Iepexoa
CHCTEMBI 00I1IeT0 U TpoecCHOHATLHOTO 00pa3oBaHmst PA Ha KadecTBEH-
HO HOBBI ypoBeHb. J{71st aT0or0 paspaboraHa aBTOpcKas HHHOBAIIMOHHAS
MOJIeNb LeNIOCTHOM cucteMsl yrpasnenus [IK neparornueckux u pyko-
BOJSIIIX paOOTHUKOB B (DOPME CETEBOTO PErMOHAIBHOTO OOBCAMHEHHS
OO PA c npumenennem coBpemeHHbIx KT u cetn HTepHeT.

Passutue nenocrHoit cucrems! ynpasnenus 11K negarornueckux
U PYKOBOISIIMX paboTHUKOB oOpasoBanus B PA cnocoOcTByeT mo-
BBILICHHUIO YPOBHS MX FOTOBHOCTH K peaau3alyy TpeOOBaHUI CTaH-
JTapTOB HOBOTO MOKOJIEHUs ¢ yueToM craHosseiics HCYP. nnoBa-
LIMOHHAsI MOJIEJIb COOTBETCTBYET IPOBOJUMOI B CTpaHE €AMHOU ro-
CYIapCTBEHHOMU MOJUTHKE B 00IaCTH 00Iero U MpogeCCHOHATBHOTO
oOpasoBanusi, 3adukcupoBanHoii B @3 «O06 obpazoBanuu B PO». B
KOHTEKCTE 3TOTO 3HAYMMOT'0 HOPMAaTHBHO-IIPABOBOTO aKTa, UIMEHHO C
3¢ PEKTUBHOCTHIO CUCTEM PErHOHAJIBHOTO 00pa30BaHUsl CBSI3BIBAIOT-
Cs YCIIEXH B COIIMAJIbHO-?KOHOMUYECKOU, MOJUTHYECKON, MEXKIyHa-
poanoii obnactsax. Otcrona depepanbHas U pernoHANbHAS POrpaM-
MBI oOpazoBarmst 10 2020 roma SBISIOTCS OpTraHHU3AIMOHHO-YIIPaB-
JICHYECKOM OCHOBOM TOCYJapCTBEHHOHN MOJIMTUKU B 00JacTH 00IIEro
u ipopeccuoHaTbHOTO 00pa3oBaHus B PA.
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[IpencraBieHHbIe B CTaThe MPOMEKYTOUHBIC PE3YIBTaThl HCCIIE0-
BaHMs HE MCUYEPNBIBAIOT PELICHUE MOCTaBICHHON MPOOIEMBI U CITy-
JKaT OCHOBOH yrpasieHueckoi ctparerun OO Ha Tepputopun PA mpu
pELICHUN aKTyaJbHBIX YIPABICHYECKHX 3a7ad B 00pa3oBaTelbHON
cthepe B kouTekcte HCYP u popmupoBanrs WHHOBAITMOHHON HHGPa-
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