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OB30P

MPHTHMU 678.01; 544.23.02/03
YK 541.64 661.857

KOMIIVIEKCBI U ACCOIUATBI ITIOJIMMEPHBIX HAHOYACTHUIL

Bekrypos E.A.!
'Kazaxckuii Hayuonanonwiii nedazoeuyeckuii ynusepcumem um. Abas,
Anmamet, Pecnyonuxka Kazaxcman
e-mail: ebekturov@mail.ru

B cmamve kpamko paccmompenst cunmes u c80UCmM8a aAcCOyUAmMo8 U KOMNJIEKCO8 MAKPOMONEKYIAPHbIX
Hanoyacmuy. Imo — accoyuamsvl 36e30000pazuvix noaumepos ¢ IIAB. Dmo — komniexcol Muyein ¢ UOHAMU
Memanioe Kpacumeneu. Omo — accoyuamvl NOAUMEPHLIX WEeMOK C HAHOHYACMUYAMU Memdaiios. Dmo —
KOMNIEKCbl OeHOPUMEPO8 ¢ NOIUINEKMPOIUmamMu. Omo — MYIbMUCTOUHble CMPYKMYPbl HA  OCHO8E
KOMHIEKCO8 AUHelHblx noaumepos ¢ IIAB. Omo — komniexcvl UOHHBIX HAHO2eAEU C NPOMUBONOLONCHO
3APANCEHHBIMU NOTUINEKMPOTUMAMU.

Knwouesvie cnosa: Komnuexcovl, accoyuamsli, HAHOYACMUYDLI, NOTUMEPHBIE 38€30bl, MUYEILTbI, WEeMmKU,
MYTbMUCIOU, HAHOETU.

Maxanaoa nonumepni nanobenuiekmepoiy KOMNJIeKcmepi JHaHe aAcCOYyUammapbii 3epmmeyee WOoLy
arcacanean. bByn — owcynoviz mapizoi nonumepaepdiy bemmix Oeicenoi sammapmer accoyuamapwsl. byn —
Meman UoHOAPbIHbIY 6OALIUMAPLL MEH KOMNJIEKCMIK MUYennacsl. byn makpomonekynapivl wemraiapobiy
apmypni KoculavicmapmeH accoyuammapwsl. bByn dendpumepnepdiy meman uoHoapvimen noAUUOHOAPMEH
xkomnnexcmepi. ConvbiMen Kamap Coul3blKmbl NOAUMeEPRepoiy bemmik Oencendi 3ammap He2izindesi
KOMNJIeKCMepIiHiy ~ KONKAmnapivl —Kypolivimoapsl. byn uonovl  namobenwexmepoiy — Kapama-Kapcul
3apA0MAn2aH NOAUIIEKMPOTUMMEPMEH KOMNLeKCmepi.

Tipex co3oep: KOMNIeKcmep, —accoyuammap, HaHoOeauweKmep, HNOIUMEPIIK  HCYAObI3UANap,
Muyennanap, wemkaiap, oeHopumepiep, MyimuKamnapivl KYpulisiMOap, Hanozenoep.

In paper, complexes and associates of macromolecular nanoparticles briefly looked through. It is
associates of star-like polymers with surfactants. It is complexes of micelles with metal and dyes ions. It is
associates of polymer brushes with metal nanoparticles. It is complexes of dendrimers with polyelectrolytes.
It is multilayered structures on the base of linear polymers with surfactants. It is complexes of ionic
hydrogels with oppositely charged polyelectrolytes.

Keywords: copmlexes, associates, nanoparticles, polymer stars, micelles, brushes, multilayers, nanogels.

1. Bseoenue. Panee [1] ObUIO paccMOTpeHO 0Opa3oBaHWE M CBOWMCTBA HAaHO Pa3MEPHBIX
MTOJIMMEPHBIX OOBEKTOB, TAaKMX KaK 3Be3M000pa3HbIe TMOJMMEPHI, MUIEUIbI, (UOPHILIBI, HAHO
TpyOKH, IEHIPUMEPHI, MHOTOCIOWHBIE CTPYKTYpbl, HAaHO TeIu. 37ecCh OyayT OOCYXICHBI
dbopMHUpOBaHWE W CBOMCTBA HMX AacCONMATOB W KOMIUIEKCOB C pa3IMYHBIMU HH3KO- |
BBICOKOMOJICKYJIIPHBIMH BEIICCTBAMHU.

Hano pa3mepHblE KOMILIEKCHI W acCOIUAThl JIMHEHHBIX TMOJIMMEPOB JIOCTATOYHO IMOAPOOHO
UCCIIEIOBAIUCh paHee. DTO — HWHTEPIOIMMEPHBbIE KOMIUIEKCHI, CTAOMIM3HPOBAHHBIC HOHHBIMH
B3aUMOJICHCTBHUSIMHU, BOJOPOIHBIME CBS3SIMH U JIp. [2—4].
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3TO — KOMIUIEKCHI U aCCOIIAaThl MAKPOMOJIEKYJI C HOHAMU METaJJIOB, MOBEPXHOCTHO-AKTUBHBIMU
BEILIECTBAMH, KPACUTEISIMU, (PU3MOIOTMYECKHA aKTUBHBIMU BELIECTBaMU | Jp. [5—7].

Bonbioe BHMMaHuE yAEICHO accoldaTaM HAHOYACTHUI] METAJUIOB CO CTAOMJIM3HUPYIOUIMMHU HMX
noiumepamu [8-10].

Accormuar MOJIN-2-aKpuiIaMua-2-MeTHI-1-iporancyinbhoHaTa HaTpus c
[TAB-akpuIoUI0KCHYHACIMITPUMETUIAMMOHUN OpOMUIOM € OMMOJANIBHBIM pacrpezesieHueM
YacTUIl MO0 pa3MepaM IMOJy4YeH METOJOM CaMOOpraHu3aluu Ipu cMmemeHuu pactBopoB B 0,05 H
XJIOPUCTOM HATpUH B crexuomerpuueckoM otHomenun 1:1 [11]. IToaumepusarueii 6uMoIaIbHOTO
(pucynok 1A) acconuara noaumep-mMoHoMepHbii [IAB nosydeH nonuaneKTpoiIuTHbBIN KOMIUIEKC C
YHUMOJIAIbHBIM PAaCIpPEECIIEHUEM U CPEIHUM pa3MepoM yacTull okojio 100 HM ompenesieHHbIM
MeToI0M auHamuueckoro paccestus csera (JIPC) (pucynok 1B). Hanuune ruapodoOHBIX JOMEHOB
B ITOJIMAJIEKTPOJIMTHOM KOMIUIEKCE IMTO3BOJISICT MCIIOJIb30BaTh UX B KAYeCTBE HAHO PEAKTOPOB IS
BKJIIOUEHUSI MarHETUTAa U HAHOYACTUI] cepedpa.
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Pucynok 1 — Pacnipenenenue mo pasmepaM 4acTHUIl KOMILIEKCA MOTUAIEKTPOIUT- MOHOMEPHBII

ITAB (A) u komIuiekca nonudiekTpoauT-nomumepHsiit [IAB (B)

2. Komnnexcul 3630000pasHbix noiumepos

Nzyuena  [12] wMopdosoruss  KOMIUIEKCOB  JIOACHIII-CTUPOJICYIbGOKUCIOTHI €
3Be37000pazHbiM monuMepoM ¢ 4 BerBsimu [IC-60mok-I12BIT u TIC, a Takxke ¢ reTeporeHHOM
3Be3noit ¢ BetBsimu [1C u T12BIT (pucynok 2). B ciaywae rerepo3Besibl Temreparypa Hepexoja
MOPSATOK-0ECIOPSIOK 3HAUUTEIHFHO BO3PACTAET.

/-/
Ty o

Pucynok 2 — Cxema cTpoeHHs KOMILIEKca 3Be31000pa3Hblil monumep — [IAB
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HccnenoBanbl  CTPYKTYpPHO-IMHAMHMYECKHE  CBOMCTBAa  3BE3000pazHOro  MojJMMepa ¢
HEHTPAIIbHBIM KJTUKCAPEHOBBIM SAPOM U JIydaMH MOJU(M300yTHPOUIITUIICHAMUH )-M-TTUIepa3uHa
METOJIOM MOJspu30BaHHON sromuHecueHuuu [13]. IlokasaHo, 4TO B BOAHBIX pacTBOpax 3TU
MaKpOMOJIEKYJIbI CYIIECTBYIOT B BUJIE arperaTroB, BKIIOYAIOLINX MATh Moseky:. [Ipu noGaBienuu B
pacTBOp IOJMMETAKPUIIOBOM KHCIOTBI 00pa3zyercs MuULEIa €O CMEIIaHHOM OIyIIKOH.
CTaOuabHOCTh TaKOM YacTHIbl oOecrieunBaeTcs (HOpMUPOBAHHEM HHTEPIIOJUMEPHOIO KOMILIEKCA
IIMAK u ¢ nyyamu 3Be3[bl U C €€ SAPOM, CTaOMJIM3MPOBAHHOIO BOJOPOIHBIMH CBSI3AMHU U
ruipooOHBIMU B3aUMOAECHCTBUSMH COOTBETCTBEHHO.

Kommnexchl nonoB Tb3* ¢ 3Be31000pasHBIME NMOMMMEPAMH C LEHTPATbHBIM SAPOM 4-TpeT-
OyTuiKaiIuKc [8] apeHaMH M OJIUTOATHIICHOKCUAHBIMU JTy4aMU U3y4€Hbl METOAAMHU CIIEKTPOCKOTUH
BO30OYKIeHUS W JroMuHEcHeHIuU [14]. YcraHoBieHO 00pa30oBaHHE KOMILIEKCOB TOJIUMEPOB C
noHamu Tepbuss cocraBa 1:1 wm 1:2. IlockonbKy HHTEHCHUBHOCTb JIIOMHUHECIEHIIMM HOHA
pelKO3eMENIbHOr0 MeTalyla B IPHUCYTCTBUM IOJMMEpa BO3pacTaeT Ha JBa IOpsAKa, TO 3TH
KOMIIJICKCBI SIBJISIFOTCS IEPCIEKTUBHBIMU B KaueCTBE (DOTOIFOMUHECIICHTHBIX CEHCOPOB.

CynbdonupoBanuem 3Be3/bl [1C monydeH cunbHbINA 3B€31000pa3Hblil MONMANEKTpouT [15]. On
ObUI UCIIOJIB30BaH KaK TEMIUIAT AJI CHHTE3a 3JIEKTPONPOBOISILETO MOJIHaHIINHA.

[TonuanekTposuTHBIE  3BE3Abl  MOTYT 00pa3oBaThb  MHTEPIOJMMEPHBIE  KOMILIEKCHl €
MIPOTHBOIOJIOKHO 3apsHKCHHBIMH HersiMHA. M3ydeHo KomiuiekcooOpaszoBanme 3Be3n I[IAK ¢
pa3nuyHbIM uucioM Jydeit (5, 8 u 21) ¢ nuHEeHHBIM NOoNMH-4-BUHWISTHIIUPUANHANR OPOMUIOM.
[TosydeHbl kKak pacTBOpUMBIE, TaK U HEPACTBOPUMbIE KOMIUIEKCHI JIMHEWHBIN MOJIMMEp-3BE3/1a B
3aBUCHMOCTH OT COOTHOILIEHUS KOMIIOHEHTOB, YMCiIa Jy4yell 3Be3/bl, MOHHOU cuibl [16]. KapTtuna
cxonHa ¢ (hopmupoBanusiMu 119K u3 auHENRHBIX TOTUMEPOB.

Yactuupl fHyca ABIAIOTCS HECUMMETPUYHBIMU CTPYKTYpaMmu, I'Zle M AP0, U KOpOHa MOTYT
COCTOSITh U3 Pa3HBIX MO MPUPOJE KOMIIOHEHTOB Kaxkaas (pucyHok 3). OHH, HallpuMep, MOTYT ObITh
MIOJIyY€HbI PaJUKaIbHON MOJMMEpPU3aLMeEN Pa3HbIX MOHOMEPOB HA I'PAHUIE KUIKOCTb-KUIKOCTb.
B cucreme Boa-Macio ObUIM CUHTE3UPOBAHBI YaCTHIIbI SIHyCa, cofepaKalllie BETBU U3 aKpuIamMuaa
Y TIOJIUCTHPOIIA, PACTIONIOKEHHBIC M0 pa3Hbie CTOPOHBI YacTHibl [17]. YacTuibl SHyca MOryT OBITH
MOJIy4YEHBbI TAaK)KE I0CJIE0BAaTEIbHON NPUBHUBKOW Ha IMPOTHUBOIOJOKHBIE YacTH TOTOBOTO Sjpa
MULEIIBL.

wan max- \
¢ 7 -
P -
¥

Pucynok 3 — Cxemarnueckoe n300paxxeHue 3Be371000pa3Hoil yacTulisl Snyca

CuHTe3upOBaHbl MOJIMMEPHbIE yacTulpl SIHyca (pUCYHOK 3) Ha oOcHOBe mnonu-L-makTunga c
OMHOW CTOPOHBI M  TOJUCTHPONA, (YHKIMOHAIM3HUPOBAHHOTO JIMOO AMHHHBIMH, JHOO
KapOOKCWJIBHBIMH TPYIIIaMu ¢ Jpyrod ctopoHsl [18]. MeromoM mpocBeunBaromiel 31eKTPOHHOM
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Mukpockormuu (IIOM) u ckanHupyromed 531aekTpoHHON Mukpockonuu (COM) mnokazaHo, 4TO
CTOPOHA MOJIMKHUCIIOTHI CEJICKTUBHO CBSI3bIBACT HAHOYACTHUIIHI cepedpa (pUCYHOK 4).

Pucynok 4 — IIOM u COM caumku yactun fAxyca,
OJIHa CTOPOHA KOTOPBIX CBS3BIBACT HAHOUYACTHUIIBI cepedpa

3. Accoyuamsi nonumepuvix Muyel U uemox.

B [19] moka3aHa BO3MOKHOCTh pasfeiCHUS 10 3apsay OPraHHYSCKUX HOHOB IOJTUMEPHBIMH
MUIETIaMU ~ OJIOKCOTIONIMMEPOB B CENEKTUBHBIX  pacTBOpUTENsAX. KaTHOHHBIE KpacuTenu
CBs3bIBalOTCA THAPOPIIbHON o00omoukoit [IAK Omokcomonmmepa ¢ SIpOM  TOJUCTUPOIIA,
aHUOHHBIE Kpacutenu — 00osoukoit [I9U cononumepa ¢ SApOM 1ETUITOKCUOEH3ATbIETHIA.

[TosrydeHbI acconMaThl HA OCHOBE MarHUTHBIX HaHO4YacTHI] Fe3Os (d=2,5 HM) 1 MUTIEIUT ¢ SIpoM
nonuctupona (d~40HM) ¥ ONMyIIKONW W3 MOJIMAKPUIIOBOW KHUCIOTHI TOJIIMHON mpuMepHO 50 HM.
MarauTHble HaHOYACTUIIbI, CBA3aHHbIE MTOJIMAKPUIIOBOM KUCIOTOM, CTAOMIIBHBI B PACTBOPE U JIETKO
BBICISAIOTCS TpH u3meHenun pH [20].

ITomyuens! acconmarsl HaHOYACTHUI] cepeOpa U CTAOWIM3UPYIOMUX UX MOJUAKPUIATHBIX Ienen
in Situ poTOIMYITECHOHHON TMOIMMEpHU3aleill aKkpuaTa cepedpa Ha sgpax MOJUCTHPOIIA TTOKPBITHIX
doroununuaropom [21].

[TonMANeKTpONUTHBIE WHIETKH CTPYKTYPBl SAPO-KOPOHA MOTYT CIYXKUT OJHOMEPHBIMU
TEeMIUIaTaMy JJI PA3JIMYHBIX YacTHIl. BbuiM MosydeHbl TUHEIHbIe arperaTbl HAHOYACTHI] 30J10Ta B
mwmHapuaeckux mietkax  [IBIT - (smpo)-IIC(kopona) [22], 37eKTPONPOBOSIIIMIA  TOTUMEP
MOJIMIHUPPOJT  ToiuMepu3anmern B sape  metku  [14BII ¢ npuButhiMH  1iEmsAMH
nosu(o-metuictupona) [23].

Ha pucynke 5 rmpuBeneHa cxema  TIOJyYeHHs]  HAHOYACTHII  METAJIOB  IIyTeM
KOMILIEKCOOOpa30BaHMs BETBEH OMYIIKM MHUIEIUIBI C MOHAMU METAJUIOB C IOCIEAYIOUIMM HX
BOCCTaHOBJIEHUEM [24].

Counn MeTajlia

PI/IC}/HOI( 5 — Cxema TEMILJIATHOTO CHHTE3a HaHOYaCTHUIl MCTAJIJIOB B MUIIC/IJIaX 6JIOK-COHOJII/IMep0B
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[TonumepHast meTKa U3 BETBEH THAPOXJIOPHA MOJIU-2-aMUHOITUIMETAKpUiIaTa MCIOIb30BaHa
VTS TIOJTYYCeHUS OMMeTaUTHUecKux Hanodactuil Au/Pt [25].

CucreMbl OMHApPHBIX IIETOK, COCTOSANIME M3 TEepMO- M PH UYyBCTBUTEIBHBIX TOJIUMEPOB,
o0namaoT OONBIIMMH BO3MOXKHOCTSIMU H3MEHEHHs] KoH(opMmamwmu mpu u3MeHeHun pH wim
Temieparypsl [26]. DTo mo3BoIISET peryIMpoBaTh 3aXBaT MM BBITECHEHHE CyOCTPaTOB (PHCYHOK 6)
BapbUPOBAHUEM BHEIIHUX YCIIOBHH.

O

O .
c o~ 00
é T D

~~— =ITUITAA O = cyberpar

Pucynox 6 — Cesi3piBanue cyOcTpaTa TEpMOYYBCTBUTEIBHON mosmmepHoii metkoit [IMTTAA
IIPY HOBBIIIEHUH TEMIIEpPaTyphbl

Meroaom in Situ cuntesa nanodactur] Pt u Pd B Gunaproii merke TTUITAA-TT2BIT nony4deHsb
on-off kartanu3aropel, OTKIMKAOUIMecs Ha u3MeHeHue Temmeparypbl [27]. Tombko I12BII
pearupyer ¢ HOHAaMU METAJUIOB, C MOCIEAYIOIIMM HX BOCCTAHOBJIEHUEM. METOJOM AaTOMHO-
cunoBoii Mukpockoruu (ACM) moka3aHO OTCYTCTBME WMMOOWIM3AllMd HAHOYACTUI[ METauia B
monometkax ITMITAA.

Nzyuena peaxnus BoccraHoBieHus 4-uutpodenona B 4-amuHodenon. [lokazano, uro mnpu
MOBBIIIEHUN TeMieparypbl Bbllle 33 °C MpOUCXOJUT YMEHBIIEHHE CKOPOCTH peakluu Hu3-3a
BO3HUKHOBeHHUs Oapbepa wu3 ckomnancupoBanHoro IIMITAA nns muddysun cyberpata K
KaTaan3aTopy (pUCYHOK 7).

O ) C‘ O
oL O o
- OE} - 0 Co O
O o-b O T o0 ~YooYo
RIS FZ 70k (SO S
= IIBIL @ - KaTanu3aTop

O = cyberpar

P HCYHOK 7 — Cxema U3MCHCHUS JIehcTBUA KaTaJIn3aTopa IMPpU MOBLIMICHUUN TCMIICPATYPbI

[TomMAIeKTPOIMTHBIE IETKU TaKKe CITOCOOHBI K 00pa30BaHUIO KOMILIEKCOB C MTPOTHBOIOIOKHO
3apsuKeHHBIMU  TTouaIekTpoauTamMu [28, 29] u ITAB [30], 9To mpHBOAMT K KOJUTAIICHPOBAHHIO
IETOK ¢ OpMHPOBAHHUEM cPep.



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2017, Ne 1 (56)

4. Komnexcol 0enopumempos.

Hcnonb3oBaHue IEHAPUMEPOB, coaepkamuX (YyHKIUOHAIBHBIE AMHHOTPYIIBI, IO3BOJISICT
o0oiTHCh 0€3 OMOJHUTEIBHBIX BOCCTAHOBHUTEICH NPH TOJYyYEHUH HAHOYACTHUI[ METaJIOB.
Jleaipumep SIBJISIETCS OJHOBPEMEHHO M BOCCTAHOBHUTEIIEM HOHOB METAIUIOB, U CTa0MIM3aTOPOM
00pa3yIoNIMXCsl HAHOYACTHUI, MHKAIICYJIMPOBAHHBIX B IMOJIOCTH AeHIpuMepa [31].

Ha pucynke 8 npuBesicHa cxema 00pa30oBaHUsl HAHOKJIACTEPOB METaJIa B 00beMe JICHIIPUMEPA.

metann*

KIIaCTep HaHOYaCTHIT
MeTauia

Pucynok 8 — Cxema oOpa3oBaHus Ki1acTepa HAHOYACTHUI] METaJLIa
BO BHYTpEHHEH cepe neHapumepa

MetonoM camMoopraHu3aluy MOJyYeHbl KOMIUIEKCH! OJUKATHOHHBIX JEHIPUMEPOB IEPBOTO U
BTOPOTO NOKOJIEHUs C aHMOHHBIX [TAB — okTmit-, nonenun- u okTagenui- cyiabparamu Hatpus [33].
PentreHoguddpakrorpaMmMel, IpOCBEUMBAIOIAs  AJIEKTPOHHAs MUKPOCKONMS U JABOHHOE
JTy4enpesoMJIeHHE YKa3bIBAalOT Ha HAJIWYME >KUAKOKPUCTAUIMYECKHX (a3 TeTparoHaibHOM,
reKCaroHaJIbHOM U JIAMEJIJIIPHON CTPYKTYPBI.

[IpeioxkeHa cxemMa MONYYCHUs] HAHOMOPHCTHIX CTPYKTYyp (0=4 HM) myTeMm yjaaieHus
nomeHoB ITAB u3 BHyTpeHnHel chepsl neHapumepoB aeiictBueM Bozbl ¢ pH 9. TlogoGHEI mpuém
npuMeHsuicss aisi BbiTecHeHUs [IAB cCeleKTHBHBIMU pacTBOPUTESIMH W3 HX KOMIUJIEKCOB C
0JI0KCOMOIMMEpPaMH, CTAOMIIM3UPOBAHHBIMU BOJAOPOJHBIMU CBA3SIMHU.

N3ydyeHo komiuiekcooOpazoBaHue aeHapumepa [IOW msaToro mnokoneHus ¢ JUHEHHBIM
MOJIMAKPUIATOM HAaTpus, MOJIMAKPUIOBOM KHCIOTOW, monucTupoiscyiabponatom Hatpus u JTHK
METOJIOMH TMOTEHIIMOMETPUYECKOr0 U TypOuaumerpuueckoro tutpoBanus [34]. TlokasaHo, 4ToO
ruOKHe MaKpOMOJIEKYJIbl IPOHHUKAIOT BHYTPb ACHIApHUMEpa ¢ 00pa30BaHHEM MOJIMAIEKTPOIUTHBIX
KoMIUIekcoB. OpHaKo, JKecTKue nByxcrnupanbHble Moisiekyisl JJHK moryr B3ammopeiicTBoBath
TOJIBKO € 000104KOil neHapumepa. Bo3moxkHO oOpa3zoBaHHME Kak HEpPacTBOPHUMBIX B BOJE
CTEXMOMETPUYECKHX, TaK U PACTBOPUMBIX HECTMXHOMETPUYECKHX TMOJMHOHHBIX KOMILJIEKCOB.
[ToBeneHue cxoxe ¢ 00pa30BaHUEM MOJIUAIEKTPOIUTHBIX KOMIUIEKCOB MEKIY MPOTHBOIMOIOKEHHO
3apsHKCHHBIMU JIMHEHHBIMU TIONMUOHaMu [2—4].

N3ydyeHo  KOMIUIEKCOOOpa3BaHME  KAaTHOHHBIX  BOJOPACTBOPHUMBIX  JEHAPHUMEPOB  C
NOJMMETAKPHIATHBIMU aHHOHaMu [35]. BuskosumMerpuuecku uccienoBana cradbmibHocTh [1OK B
BOJHO-COJIEBBIX pPAcTBOpax, KOTOpas pacTeT C YBEIMYEHHEM HOMepa I'e€HEpaluu JIEHIPUMEPOB.
MetonamMu TypOMIUMETPUM M CEIUMEHTAIlMM YCTAaHOBJIEHO HalU4uWe 3HAYUTEIbHOM Jomiu
(GyHKIIMOHATIBHBIX TPYIII, HETOCTYITHBIX JJI B3aUMOeHCTBUM JeHApuMepa ¢ annonom [IMAK.

[TomyueHsl BOJOpPaCTBOPUMBIE MOJUAIEKTPOIUTHBIE KOMILIEKCH MOIU(EHUICHITUPUIMHAEBBIX
aeHapuMepoB ¢ nonuannoHamu  [36]. HccnmenmoBanoch  BIMSIHHE — MOJISKYJISIPHOTO — Beca
MOJUAJIEKTPOIUTa U HOMEpa reHepauuu AeHapumepa Ha pasmep [IOK. YcranoBneHo Hamuuue
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3HAYUTENIBHON J0NM (YHKIIMOHATBHBIX TPYII HEJOCTYIHBIX JJIsSi B3aUMOJCHCTBUS C aHUOHOM
[IMAK. ITokazaHo 4TO HU3KOMOJICKYJISIPHBIN MOJIMAHUOH JIeTye MPOIUHAET BOBHYTPH JACHAPUMEpA.

W3ydeHo noBeieHrE JIEHAPHUMEPOB C THIPOPUIBHBIM KapOOKCHIATHBIM SAPOM M THIPOGHOOHON
KOPOHOH M3 XMHOKCAMHHOBBIX WM METOKCH()EHHIBHBIX TPYNI Ha TOBEPXHOCTH pasjeiia BoJa-
Bo3ayX [37].

B nnenkax Jlenrmrop-biomkeTr komIiuiekca IEHAPUMEP — HMOH €BpPOIUS  COXPAHSIOTCA
JIOMUHECHEHTHbIE CBOWCTBa EU M ymakoBKa HOBBIX JOMOJHUTENBHBIX CIIOEB HE CHUXKAET ee
WHTEHCHUBHOCTH.

CuHTe3upOoBaHbl MOJUAMUI0OAMUHOBBIE JICHAPUMEPHI Ha CIIMTOM amMuHomojuctupoie. [lyrem
BOCCTAHOBJICHHSI KOMIUIEKCOB THaJUIQJMs C JCHAPUMEPOM ObLIM MOJyYeHbl HaHOYacTHIBI Pd,
crabunmsupoBanubie neHapumepoMm [38]. TlomydeHHBIE CHCTEMBI OBUIM HCIOJIB30BAaHBI KaK
reTeporeHHbie  Katanu3atopbl peakuun Cy3yku. [leHapumepbl BBICOKMX TEHEpaluuid JaroT
HAHOYACTHIIBI, CTaOWJIBHBIE K arjioMepalud U oO0Jajallue XOPOIIMMH KaTaluTHYeCKHUMU
CBOMCTBaMH.

JleHipuMepbl, UMEIONINEe BO BHYTPEHHEHW MOIOCTU (YyHKIMOHATIBHBIE TPYIIBI, CIIOCOOHBIE K
KOMIUIEKCOOOpa30BaHUI0O C HOHAMHM METAIJIOB, C TMOCIEAYIOIIMM WX BOCCTAHOBIEHUEM U
cTabuian3anueil MOryT CIIy>KUTh HAHOPEAKTOpaMu JJis ITpolieccoB KaTanusa [39].

[Ipu coxpaneHuHn pacTBOPUMOCTU JIEHIPUMEPHI JAIOT BO3MOXKHOCTH COYETATh MPEUMYIIECTBA
KaKk TOMOI€HHOIO, TaK W TE€TEepPOreHHOro KaTtaiusa. M3ydyeHo BiMsSHUE BHJAa BOCCTAaHOBUTEI,
CKOPOCTH BOCCTAHOBJICHHUSI HOHOB METaJlIa, KOHIICHTPAIIMK COJIM MeTallla U HoMepa rerepanun (G)
JeH/IpUMeEDA.

Pazmep MeTaiaeHApUMEpPHBIX YacTull, onpeaesieHHbid MerogoM [I19M, cocrasiser 4,8 am (3G)
u 5,7 M (4G), 9TO XOPOIIIO COTNIACYeTCs C JAHHBIMU JIJISl HICXOAHBIX JEHAPUMEPOB.

MertannaeHapumepsl 00J1adal0T BBICOKOW CEIEKTUBHOCTHIO M YHUCIOM OOOpPOTOB KaTalu3a B
HECKOJIBKO pa3 O0JIbIINM MO CPABHEHHIO C MaUIaIueM Ha OKUCH aTFOMHUHHS.

[TAMAM nenapumep, GyHKIMOHATU3UPOBAHHBIN MaNIaMeM U MEJbI0 U WHKAICYyJIMPOBaHHBIN
B HaHOTPYOKH MONHU-T-(PEHWICHa, TMOKa3al KaTAIUTUYECKYIH) aKTUBHOCTh B peakiuu Cy3yku-
Muaypu (pucynok 9) [40].

Pucynok 9 — Cxemarnueckoe n3o0paxxeHue HaHOTPYOKH C BKIIFOUCHHBIM B HEE KaTAIM3aTOPOM

B03MOXHO MONTydeHHEe KOMIUIEKCOB (GUOPUILISPHBIX CTPYKTYP KPEH3UpPOBAaHHBIX MOJMMEPOB C
pPa3UYHBIMH HHU3KO- M BBICOKOMOJICKY/SIPHBIMH COCTHHEHUSIMA B aJCOPOIIMOHHO-aKTHBHBIX
cpenax [41].

KoMmruiekcbl monumep-mojuMep B Kpei3ax MOXHO MOJY4YHTh OO0 100aBICHHEM TOTOBBIX
MaKpOMOJICKYJl BTOPOrO KOMIIOHEHTa B MOPHUCTYIO CTPYKTYpYy Kpeif3oB wiau mytem in Situ
MOJIUMEPHU3AIK MOHOMEpPA B IOpax KPeH3upoBaHHOTO mommepa [42, 43].

10
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5. Mynemucnounsie cmpyKkmypul Ha OCHO8€ NOIUMEPHBIX KOMNEKCO8

Ha pucynke 10 npuBeieHO CTpOEHHE CIOUCTOM CTPYKTYpPbl KOMIUIEKCA MOIH-4-BUHUINIUPUANHA
C meHTaAeuua(eHOIOM, CTAOMIM3UPOBAHHOTO KOOTIEPATUBHON CHUCTEMOW BOJIOPOJHBIX CBSI3CH.
JlamennsipHass MHOTOCIIOWHAsI CTPYKTypa C HNEPUOJUYHOCTBIO 3,5 HM (opmupyeTcs B mpolecce
camoopranusaiuu [44].

Ha pucynke 10 npuBeneHO CTpOCHHE CIOUCTOM CTPYKTYpPbl KOMILIEKCA MOIH-4-BUHUIIITUPUANHA
C MeHTaaeuuapeHosoM, CTaOUIM3UPOBAHHOTO KOONEPAaTUBHOM CHUCTEMOW BOJOPOJHBIX CBS3EH.
JlamennsipHas MHOTroOCIOWHAsE CTPYKTypa C MEpUOJUYHOCTHIO 3,5 HM (opmupyeTcs B mpoiiecce
camoopranu3zaimu [44].

CrpykTypa cTabMIN3UpOBaHA HE TOJBKO KOOMEPATHMBHBIMH BOJOPOJHBIMH CBSI3IMH, HO TaKKe
ruipodoOHOM acconnanyeit yriieBoJopoIHbIX paaukanos [TAB.

[Ipouecc camoopranu3ay OCYILIECTBIIAETCA MOJOOHO CTEKHHIY, KOIZla OouepeHas MOJEKyJia
[TAB cTpeMuTcs 3aHITh MECTO PSAIOM C MOJIEKYJIOH, YK€ CBSI3aHHOM C MOJMMEPHOM 1enblo. 3aTeM
MPOUCXOIUT oOpa3zoBanue HoBoro cios IIAB BcienctBue ruapodoOHOTO B3aUMOEHCTBUS
JUIMHHBIX YTJIEBOJOPOJHBIX PaJMKalioB C TaKOBBIMHU mpeasiaymiero cios. [locne 3aBepuieHus
oOpa3zoBaHus 3TOro cios (eHonbHbie ronoBkU [IAB cHOBa B3auMOJIEHCTBYIOT ¢ aTOMaMU a30Ta
MOJIMBUHUJITUPUINHA ¢ (POPMUPOBAHUEM CJEIYIOLIETO CIOS U T.J.

Pucynok 10 — Hanopa3mepras rpeOHeo0pa3Has CIIONCTasi CTPYKTypa KOMITICKCa
MOJTH-4-BUHUIITIMPUANHA C TIEHTaIeUI()EHOTIOM

MetonoM Mano yriioBoro peHTreHoBckoro paccestHus (MYPP) npu usMmeHeHuun temieparypbl
Obul oOHapyxeH [45] mepexom — mopsgok (ciomcras CTPYKTypa)-Oecnopsiiok  (KiyOKoBas
crpykrypa) mpu 65 °C (pucyHok 11) B cucreme II4BII-nentanenmidenon, obpasyrorei
rpebHeoOpa3HbIil KoMIIeke cocTaBa 1:1, ¢ popMupoBaHueM TaMeIUIAPHON CTPYKTYpPBI IPU HU3KOH
TEMIIEPATYPE.

MHorocnoiHble CTPYyKTYpbl, CTAOUIU3UPOBAHHBIE BOJJOPOJIHBIMU CBSI3IMHU, MTOJTy4YE€Hbl HA OCHOBE
[IBIT[ u 3Be371000pa3HOro MOJIMMEpa € SIPOM MOJUMETUIICHIICECKBHOKCaHa U omymkon n3 [TAK
[46].

MHorocnoiiHble THOPUAHBIE TOJUMEP-HEOPTraHUUECKUE CTPYKTYpPhl MOTYT OBITH MOJTYYEHBI
MOOYEPETHBIM MOTPYKEHUEM IUIACTMHKM cyOcTpaTta (MOAJO0XKKH) B PAacTBOP MOJIMMEpPA, 3aTe€M B
CYCICH3HIO HEOPraHMYeCKOTr0 KOMIIOHEHTa (cepedpo, 30710TO, OKCHI TUTaHa Hu Ap.). llpuuem
KOKIBIH IIAr CONPOBOXAAETCS YBEIMYEHHUEM TOJIIUHBl IUIEHKM NPUMEPHO Ha 2 HM Jif
HEOPraHMYECKOIro KOMIIOHEHTA U Ha 1,6 HM — AJ1s mojmMepa.

11
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Pucynok 11 — Cxema pa3zpyuie cioucroit ctpykrypsl [14BII-ITAB ¢ noBsiieHneM temiepaTypbl

Ha pucynke 12 mpuBeneHa cxema (OPMHPOBAHHS CaMOOPraHHW30BaHHBIX cioeB u3 T102 u
IICCNa. B pesynbTaTe nony4aroTcsi mpo3paydHble MICHKH, cofepxainue 10 120 crnoes (60 6ucnoes)
C TOJIIUHOM Ka)x10ro Ouciios noiauaiekTponut- 1102 okono 3,6 um [47].

nec Ti0,

TOO  guoeEEEoneg e

[ ]
Si, MeTain wiu ap. cybetpar

00000000000000 00000000000000
U T

Pucynok 12 — Cxema nosy4eHusi MHOTOCJIOWHOW CTPYKTYPBI,
BKJTIOYAIOLIEH CII0U MONIUCTHPOICYIBPOKUCIOTH U TUOKCHIA TUTAHA

Ha pucynke 13 mokasaH npouecc BHEIPEHUS MOHOB METajula MEXJy CIOSIMH HOJIMKHCIOTHI U
MOJIMOCHOBAHUSL € OOpa3oBaHMEM  TPOMHOro  MOJIMMEp, METAIMYECKOro  KOMIUIEKca
MYJBTHCIOWHONW CTPYKTYpBl. DTOT KOMIUIEKC HPOSIBHJ BBICOKYIO KaTaJTUTHUYECKYIO aKTHBHOCTH B
peakiuy OKKCIIeHUs Toyona [48].

[Monyuenst [49, 50] Takue ke CTPYKTYyphl C yd4acTHEM HOHOB KOOajabTa MEAM M TalIajus.
W3ydeHo BIMsHUE pa3IUYHbIX (aKkTOpoB (MIpUpojaa MojauMepa, Temneparypa, pH, nonnas cuia) Ha
YHCJIO CJIOEB, UX TOJIIMHY U HIEPIIaBOCTh, a TaKXKe M0100paHbl ONTHUMAaJIbHBIE YCIOBHUS MOTYYEHUS
TPOHHBIX MOJIUMEP-METAJUINYECKUX KOMIUIEKCOB-aKTUBHBIX KaTaJIn3aTOPOB OKUCIIEHUS TOJYyoOJia B
MSTKHX YCIOBHSX. MHOIOCIOMHBIE CTPYKTYpbl Ha OCHOBE TIOJIMCAaXapuaoB (XUTO3aH U
KapOOKCHUMETHIILEIITI0N03a), CoJepKallie aHTUOAKTepHATbHBIA areHT — TPUKJIO3aH, MOKa3bIBAIOT
OoJiee BBICOKYIO aHTHOAKTEpUAIbHYIO aKTUBHOCTD IO CPAaBHEHHIO C KOHTPOJIEM.

12
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LRALLS

Pucynok 13 — BHeapeHne HOHOB MeTaJlila B MHOTOCJIONHYIO IJIEHKY

Ha pucynke 14 noka3zana cxema MOJY4YCHHUsI MYJbTHCIOWHBIX TPOWHBIX TOJTMMEPMETALTHYECKUX
KOMILICKCOB JIBYX BHJIOB, IJIe HAHOYACTHUIIBI 30J10Ta HAXOIATCS JIMOO MEXIY pa3HO3apsKCHHBIMU
MOJIMAJIEKTPOIUTAMH WA MKy uX oucnosimu [51].
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Pucynok 14 — Cxemaruueckoe npejacTaBieHne GOpMHUPOBAHUS MYJIbTUCIONHBIX CTPYKTYP
(IT9U-nano Auw/TIAK)n (a) u (IIU/TTAK-HanoAu)n (b)

Bonbiioii  WHTEpeC MPEACTAaBIASIOT TaK  HAa3bhIBAGMbIC  KOMIUIEKCHI — BKJIFOUEHHUS  TJIe
MaKpPOMOJICKYJIBI HAXOMATCSA MEKAY CIOSMH CHJIMKATOB, CYJIb(PHUI0B, OKCHIOB. IlomyueHsb
KOMIUIEKChI BKJIFOUCHHUS MMOJIMAHWINHA, TIOJIUTHO(EHA, TOJUITUPPOJIa B HAHOPA3MEPHBIX MOIOCTSIX
cynbduna monubOneHa [52]. Takue KOMIUIEKCHI MOXKHO TOJYYHTh M3 TOTOBBIX KOMIIOHEHTOB, a
TaKXe METoJIoM IN Situ monuMepu3anuu.

[IpemioxkeHa caoucTasi HAHOCTPYKTYpa, BKIIIOYAOINAs KBAHTOBBIC TOUKM CEIICHHA KaiMHS,
BHEJIPCHHBIC B CMEKTHYCCKYIO MATPHILy TOJH-4-aKpUIOUIOKCHATKOKCHOCH30MHON KHUCIIOTHI
(pucynok 15) [53].

13
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Pucynok 15 — Cxema crioucToit cTpyKTyphI ouMep —KBaHTOBbIE Touku CdSe

6. Komnexcoobpazosanue nanozenel

HccnenoBanocs B3aUMOJICUCTBUE KaTUOHHBIX HaHoTreJen c JIMHEWHBIM
MOJUCTUPOJICYJIb(OHATOM HATPUSA CO CTENEeHbIO monmMepuzanuu 8 u 2500 mMeTomoMm JiazepHOro
MUKpoasiekTpoopesa. Ilo mMepe yBenuueHHs CoAep)KaHUS NOJMAHUOHA B CUCTeME (-TIOTEHIMAI
BHayaJle HE MEHSETCSI U TOJBKO IpPU JOCTH)KEHUHM HEKOTOPOro KPUTUYECKOTO COOTHOILIECHHUS
KOMITOHEHTOB (Nip=TI0JIMAaHUOH/HAHOTENIb) €ro 3HAU€HUE CHIDKAETCS, MPOXOIUT Yepe3 Hylb U
MpPUHUMAET OTpULIATeNbHbIe 3HaueHust. Ecnu 3nauenue Ny 1 munerinoro [IJIMADMA pasuo 1,4,
TO it HahHorened ¢ 2, 5 u 12% cmmBarens »sra BenuunmHa coctasiasger 0,5, 045 u 0,4
COOTBETCTBEHHO. BenmuumHa Ny, SBISETCS XapaKTEPUCTUKOW MOJMKATHOHA, OTpa)kas JOJI0
aMUHOTPYII, JAOCTYIHBIX JUIsl B3aUMOJAEWUCTBUS C MOJIMAHMOHOM. TakuMm 00pa3oM, JOCTYHHOCTh
aMUHOTPYII HaHOTeJIEeH CUIBbHO CHUXKAETCS MO0 CPaBHEHHIO C JIMHEHHBIM aHAJIOrOM M COCTABIISET
0,35, 0,32 u 0,28 m1st pa3HbIX CTEIICHEW CITHBAHWSL.

B cnydae kommiiekca ¢ HU3KOMOJEKYJSIPHBIM TOJUCTUPOJICYIb(GOHATOM Hatpus (N=8) mosst
JOCTYMHBIX aMUHOTpyM cocTaBisieT yxe 0,75, 0,66 u 0,58, uro cBsi3aHO ¢ OOMNBIIEH CTOCOOHOCTHIO
KOPOTKHX MOJIEKYJI TIOJIMaHUOHA TIPOHUKATh B 00beM HaHoTress [54].

CxonHble pe3ysbTaThl MOJTYYEHbI NMPH HCCIENOBaHUU Bi3auMmojeiictBus runaporens [IBIIJ c
HeOonpmMM ko3¢ ¢unmentom Habyxanun (K=10) ¢ mnoamakpuiaoBoil KHCIOTOH pa3IMuHOrO
MoJieKyJisipHOTO  Beca [D5].  OOHapyXwiu, dYTO THAPOreNlb KOJUIAIICHPYET TOJBKO MpHU
KOMILIEKCOOOPA30BAHNM C OTHOCHTENHFHOro KopoTkumu menmsmu [TAK ¢ M =100 -10%. B ciyuae
mmueitasix [TAK ¢ 6ompmmm M=350-10% u 850-10° na6nromaercs ToapK0 HeGONMBIIOE CHIKeHNE K,
YTO OOBSACHSAETCS B3aUMOJICHCTBUEM B OCHOBHOM Ha MOBEPXHOCTU THUAPOTENS M3-3a 3aTPyIHEHHM
MPOHUKHOBEHUS OOJBIINX MAaKPOMOJIEKYJI B IITyOb THIPOTeIs.

[Tpu B3aumopeiicTBuu pH-uyBCTBUTENEHOTO HAHOTENS B HAOyXIlIeM COCTOSIHUM TpHu HU3KuX pH
C KOMIUIEKCOM (yJIIepeH-IUKIOAEKCTPUH IMPOUCXOIUT Tepexo] (QyiiepeHa U3 KOMIUIEKCa B
HaHorenb. [lomydeHHBI accolMaT HaHOTEIb—(YJIEpEeH NPOSBIAET BBICOKYIO CTAOMIBLHOCTD,
coxpaHssi pH-4yBCTBUTEIBHOCTH M MOXET OBITH TE€HEPAaTOPOM KHCIOpoJda MOJ JeHcTBUEM
dortopaauanuu [56].

Hanorenu MoryT ObITh HCIIOJIB30BAHBI JIJIs1 TIOJTYUYEHHUS] KOMIUIEKCOB C HOHAMU METAJJIOB U Jajiee
ITyTeM BOCCTAHOBJIEHHS HAHOYACTHUI] METAVIOB C OJHOBPEMEHHOW HX CTaOMJIM3alUel MOJIUMEPOM
(pucynok 16) [57].

Hanorens ITHUITAA-maneaTkapOOKCUMETHIIXMTO3aH HCIIOJIB30BAICS KaK MHKPOPEAKTOp JUIS
in situ popmupoBanust HaHOUYacTHUI cepedpa. HacTuiel cTabuiIbHBI B IIMPOKoM uHTepBaie pH 2-10
u temneparyp 15-50 ©°C. Kommosumms, Kak ¥ HCXOAHBIM HAHOTENb, MpPETEpIICBACT

KOH(OPMALIMOHHBINA Mepexo MpH MoBslIeHud TemnepaTypsl npu 32 °C u npu 35 °C npu pH3 u
14
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pHS8 cootBercTBeHHO. OOpa3yroTcss pa3zHOOOpa3HbIE KOMIUIEKCHI UM acCOIMUATBl C PA3TMYHBIMH
HU3KO- ¥ BBICOKOMOJIEKYJISIPHBIMUA COEAMHEHUSIMHU.

Pucynok 16 — Cxema nosryueHust HaHOYacTUI cepedpa B 0ObeMe HaHOTeIs

HanowacTuiiel MeTamioB MOKHO MOJYYUTh TaKXKe B CHIUTON 000s0uke mMuiesl. Ha pucynke 17
MoKa3aHa CXeMa IMOJYy4YCHHUs HAHOYACTHI[ METAJJIOB B CIIMTOW HaHOreleBou obosouke [58].
CHayana mpoCXOTUT KOMIUIEKCOOOpa3oBaHHME HMOHOB MeTamia ¢ (DYHKUMOHAIBHBIMH TPYIIaMU
000JI0UKH, 3aTeM METajul BOCCTaHABJIMBAETCA C (OPMHpPOBAHHMEM HAHOYACTHUII, BKIIOUYEHHBIX B
00BEM CETKH.

PI/ICYHOK 17 — Cunrte3 HAaHOYaCTUIl METaJllla B MULICIIJIC C AAPOM IOJIUCTUPOJIA
1 000JIOYKOM U3 CIIUTOTO IMMOJIMU3OIMPOITMIIaKpUIaMu1a

OcoOblii UHTEpEC MPEACTABISIET ClIy4ail, Korja 000JouKa SBISETCS CTUMYJI-UyBCTBUTEIHHOM,
Hanpumep, cocrosimen u3 [IMITAA, uyBcTBuTENBbHOrO K Temmeparype. [lpm noBblnieHHH
temrnepatypsl Bbimie HKTC npoucxoaut cuibHOE cxkatre 0005109k (pucyHok 18).

Pucynok 18 — KondopmarimonHslii nmepexo/1 TepMouyBCTBUTENbHON 000mouku u3 [TUITAA
mutesibl ¢ aapom I1C, coaepikaiieit HaHOYaCTUIIBI METAJIIA

15
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Ha pucynke 18 BumHa koHTpakius ob6omouku u3 cmmroro [THUITAA, comepkamiero HOHBI
MeTaJula ¢ MOBBIIIEHUEM TEMIIEPATypbl, YTO MPUBOJUT K CHUILHOMY CHIIKEHUIO KaTaJIUTHYECKOU
aKTUBHOCTH. Takas cUCTeMa MOXET CIYXHTb OCHOBO# ON-Off xaramm3aropoB, Tak kak HaOyximas
o0oJtouka CBOOOJHO MPOIYCKAeT pPearcHThl K YacTUIaM KaTalh3aTropa, a CKaras MPEmsTCTBYET
sToMy. COOTBETCTBEHHO BKJIIOYAETCS WJIM BBIKJIKOYAETCS Mpolecc kartanusa. [loarBepxkparoiiue
ATOT MEXaHHM3M pPe3yibTaThl MonydeHbl a1 munen ¢ sapoMm [IC m oGomoukoit u3 [THUITAA,
coJepKaliel HaHOYACTHIBI TaUlaJiusg B PEaKIUU BOCCTAHOBJICHHUS 4-HUTpodeHona. Takum
00pa3oM, ceTKa HaHOTeJIs UTpacT posib HaHopeakTopa [59].

Meramueckue HaHOYACTHUIIBI, CTAaOMJIM3UPOBAHHBIC HAHOTEJIEM Ha OCHOBE COMOJUMeEpa
[TNITTAA-6n0k-114BI1, sBasrommmcs U TeMIepaTypo-4yBCTBUTEIbHBIM M pPH-uyBCTBUTENBHBIM,
WCIIOIB30BaHbl JJIsi PETYJMPOBAHUS KATAIMTUUYECKOW AKTUBHOCTH B PEAKIIMM BOCCTAHOBJICHUS
4-uutpodenona [60].

3axnouenue. Takum  o0Opa3oM, MaKpOMOJEKYJSpHbIE HAHOpPa3MEpHbIE  OOBEKTHI  —
3BE371000pa3HbIe MOJUMEPhl, MHUIEIUIbl, (UOPWILIBI, HAHOTPYOKH, IEHAPUMEpPHI, MYJIbTHCIOH,
HaHOTeIH 00pa3yrT KOMIUIEKChl M aCCOLMATHI C Pa3IMYHBIMH HU3KO- U BBICOKOMOJIEKYJISPHBIMH
COCIMHCHHUAMH, O0O0JIalalolke IIMMPOKHMM Ha0OpOM CBOMCTB, YTO JAaeT BO3MOXKHOCTh HX
MIPUMEHEHHUS B CAMBIX PA3JTMYHBIX 00JACTSIX.
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®U3UKO-XUMUYECKUE CBOMCTBA
I'YMHMHOBbBIX HEO@TECOPBEHTOB
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YUnemumym opeanuueckozo cunmesa u yenexumuu, Kapazanoa, Pecnybnuxa Kasaxcman
e-mail: akkul@inbox.ru

Hccneoosanvl nosepxnocmmo-akmugHsle, cOpoyuonHble, ConoOUTU3UpyIowue 1 oucnepaupylowue ceolcmed
2ymMamos,  cyib@ocymamos U Ux NOIUMEPHbIX ¢hopm u3  evieempuguiuxca yeneni  Lllybapkonbckoeo
mecmopodicoenus (Kazaxcman). Benudunvl no8epxHOCIMHO20 HAMANCEHUS O PA3TUYHBIX 2YMUHOBbIX CUCTNEM U
cynvbghocymama ¢ norumepHuiMu 00baskamu no memoody Bumveervmu usmensiuce ¢ npedenax 39,1-68,5 mH/m,
Kpumuueckue — KoHyenmpayuu — muyenioobpazosanus — cocmasisanu  (0,125-6,25)-103mom/1.  Obpazybl
cynvpocymama umerom 0Oonee 8bICOKYI0O NOBEPXHOCMHYIO akmusHocmb. Co21acHo meH3uomMempuy u3yeHHvle
2YMUHOBblE  Gewecmea  KIACCUPUYUPYIOMCS. KAK  CPeOHeaKmusHvle NOBEPXHOCHHO-AKMUBHbIE GeUjecmEd.
Komnnekcel cymama ¢ nOIUBUHUTOBLIM CRUPIOM U JHCELATMUHOM OEMOHCIMPUPYION 8bIPANCEHHBIIL COPOUPYIOWULL
agpgpexm. Copoyus eymunoswix 00pazyos genona u benzona cocmagisiem 50—75%, neghmeemxocmo — 3,440 2.
Conobunuzupyowyro CHOCOOHOCHb Pacmeopa 2yMama HAmpus PAasiuyHbIX KOHYEHmMpayuii no moayouny u
00veMbl MOIYONA, COMOOUNUSUPOBAHHO0 PACMBOPAMU SyMamd, ONpedesiu ¢ NOMOWbIO pehpakmomempuu.
Hocmamouno vicokass NOBepXHOCMHAS AKMUBHOCMb U COTOOUNUIUPYIOUYAS. CHOCOOHOCTb 2YMUHOBLIX NPO6, a
makdice JlecKull nepexo0 8 aKMueHylo KOLIOUOHVIO (hopmy, Onpeoeisient 803MONCHOCMb UX UCNOTb308AHUS 8
Kavecmee OUCNEP2amopos MHO2OPYHKYUOHATbHO20 —Oelicmeus. Hoevie @opmbr  cymunosvix  eeujecms,
NOJYYeHHble U3 OMX0008 YenedobblyU, npedCmasisiiom UHmepec Kak 0ocmynule u 3¢gexmuenvle copbeHmol -
OdecmpyKmopbl Heghmu u Hegpmeszaepazrenul Ha 6ode. IIpocmas mexHono2us ux nPou3BoOCcmed, O0CHynHOCHb,
HU3KAs CMOUMOCb U YHUKATbHLIL KOMNIEKC C8OUCME Oarom OCHOBAHUE COeNdmb 8bl800 O NepCneKmusHoM
nomeHyuae ux 8 Kayecmee OUCNEep2UPYIouux copbeHmos Oisi yCmpaHerus He@hmaHO20 3aePA3HEHUS HA 800e.

Knwouegvie  cnosa: 2yMunogvle  copbenmbi, cynvocymamel, N0BePXHOCMHO-AKMUBHbIE,
comobunusupyrowue, oucnepeupyowue ceolCmead, O4UCmKa, Heghmsanoe 3azps3HeHue.

Ulybapxon  xen  opuwinbly  (Kazaxcman) — oicendemincen  xoemipaepindeci — cymammapobiy,
cynbocymammapovly JcoHe O0NapObly  NOJUMEPAIK MYpAepiniy — Oemmik-akmueminiK, CcopOYusIbIK,
COMOOUNUBAYUATBIK JICoHE duchepeepiey Kacuemmepi sepmmendi. llonumepnix xocnanapel 6ap apmypii
SYMUHOIK cucmemanap MeH u cyivgozymammap ywin Bumveenvmu adiciven anvikmanean Oemmix Kepiny
wamanapol 39,1-68,5 mH/m apanvievinoa eszeepoi, muyeniamysiny xpuzucmix konyenmpayusiapor (0,125-
6,25)- 10> monv/n wamacein Kypaost. Cynbghocymam yreinepi scozapuipar, 6emmix akmueminix KepcemKeHivmeH,
3epmmenieen 2YMUHOIK 3ammap MeH3UoOMempuss Manimemmepi OOUbIHUWA opmauia Oemmix —aKmueminix
Kacuemin xopcemeoi. 1ymammoviy NOIUGUHUT CRUPMIMEH JHCOHE JHCENAMUHMEH KOMNIeKCmepi aumapivblkmail
copboyusineix 3¢pghexm xopcemedi. enon dncane OeH301 OOULIHUIA 2YMUHOIK YA2LIepOiy COPOYUSBIK UAMATADDL -
50-75%, mynaticvlitbimobiiviebl — 3,4—4,0 2 . Hampuil cymamvlibly JpmMypii KOHYEHMPAYUSIIAPbIHLIY MOTY 0L
OOUbIHWA COMOOUTUAYUATIBIK KADIIeMMINIel JicoHe cymam epimiHOiiepiMen ComoOUTU3AYUAIAHEAH MOJIYONObIH
Kenemoepi  peghpaxmomempust 20icimer anvblkmanosl. I ymun yreinepiniy aumapivikmail s#co2apvl Oemmix
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akmueminiei Jicone aKmuemi KOIIOUOMbIK mypee OHAUl KOwemin COMoOUnU3ayusiiblK Kabitemminici o1apovl
KONMYHKYUOHANObIK acepi bap Oucnepeamopiap peminoe KOIOaHy MYMKIHOICIH atiKbiHOauovl. Kemip eHOipy
KANObIKMAPLIHAH ANbIHAMbIH 2YMUHOI 3aMMapobly dHcaya mypiepi Koaxcemimoi sxcane muimoi copbenmmep-
MYHau Jicone cy Oeminiy MYHAUMeH IACMAHY OecCmpyKmopiapbl pemiHoe Kbl3bleYUbLIblK, MyO0blpaobl.
Onapoviy  KapanaibiM OHOIPICMIK MEXHOI0UACL, KOANCEMIMOINIel, ap3aHObLIbIZbL JHCIHE VHUKALObIK
Kacuemmepi OoUbIHWA JCypei3iieen 3epmmeyaep onapovly cy Oeminiy MYHAUMeH JaCMaHyblH maszapmy
YWin oucnepeuprix copbenmmep peminoe NepcneKmuemi KYHObLIbIZbl MYypPaibl KOPbIMbIHObL Jcacayea Heis
Oepedi.

Tipek co30ep: cymammap, 2ymunoi copbenmmep, cyivghocymammap, 6emmik-aKkmueminix, OUCnepeupiix
copbenmmep, CONOOUTU3AYUS, MA3ATAY, MYHAUMEH TACTAHYbI.

Surface-active, sorption, solubilizing and dispersing properties of humates, sulphohumates and their
polymeric forms from the weathered coals of the Shubarkol deposit (Kazakhstan) are investigated. The
surface tension values for various humic systems and sulphogumate with polymeric additives according to
the Wilhelmi method varied within 39.1-68.5 mN/m, the critical concentration of micelle formation was
(0.125-6.25)-10°° mol/Il.Samples of sulphohumate have a higher surface activity. According to the tensiometry
date, the studied humic substances are classified as medium active surfactants. Complexes of humate with
polyvinyl alcohol and gelatin show a pronounced sorption effect. The sorption values of of humic samples on
phenol and benzene are 50-75%, oil capacity — 3,4-4,0 g. The solubilizing ability of sodium humate of
various concentrations in toluene and the solubilized volumes of toluene with solutions of humate is
determined by refractometry. Sufficiently high surface activity and solubilizing ability of humic samples to
easily pass into the active colloid form determines the possibility of their application as dispersants of
multifunctional action. New forms of humic substances obtained from coal mining waste attract the
attention as available and effective sorbents — destructors of oil and oil pollution on the water. Based on the
results of our studies carried out, the following conclusion can be drawn: a simple technology for their
production, availability, low cost and a unique set of properties of these sorbents testify to their prospective
potential as dispersing sorbents for eliminating oil pollution on water.

Key words: humates, humic sorbents, sulphohumates, surface-active, solubilizing, dispersing properties
eliminate, oil pollution.

[IpumensieMble B HacTosiIlee Bpemsl JJIsl YCTpaHEHMsl OMAcCHbIX HE(TAHBIX 3arpsA3HEHU Ha BOAE
JMCTIEPreHThI-COPOCHTHl HA OCHOBE MOBEPXHOCTHO-aKTUBHBIX BEIIECTB, NPUPOJHBIX U CHHTETUYECKUX
HOJIMMEPOB, OTXOJOB J1epEBOOOPAOOTKH M CEJILCKOIO XO3sICTBA HApsAAY C HNPEUMYILECTBAMH HUMEIOT
HEJIOCTaTKU TI0 He(TEEMKOCTH, MOBEPXHOCTHO-aKTUBHBIM CBOMCTBaM, TOKCHYHOCTH, JOPOTOBH3HE U
nepurmtocty [1-4]. Bonee »ddexkTuBHBIE B CTUMYISIMH HPUPOAHBIX  CAMOOYMIIAOIIMX
MPOIIECCOB OHMOMpenaparsl Ha OCHOBE HE()TEOKUCISIOMNX MHKPOOPTaHM3MOB [5-6], He BBIILIH
MoKa 3a paMKU ONBITHBIX pa3paboTok. I[loaToMy BakHBIM CTaHOBHMTCS pa3zpaboTka Oosee
JOCTYIHBIX TUCTIEPTEHTOB-COPOEHTOB, JIJIs1 KOTOPBIX BO3MOKHA MPOMBIIUICHHAS peain3alusl.

Bo Bcem mMupe HaOmoaaeTcs NOBBILICHHBIH HHTEpec K T'yMUHOBBIM BeliecTBaM (I'B). HakarnmiBaercs
Bce OoJIblIIe JaHHBIX, CBUIETENbCTBYIOIIMX B MOJIb3Y UHTEHCHU(UKAIMK OHoTpaHchopMaIii HEPTSIHOTO
3arpsi3HEHHST Ha BOJIE IO/ JCHCTBHEM TYMHUHOBBIX TpenapartoB [7—12]. YcraHOBIEHO, YTO TYMHUHOBBIC
BEILIECTBA CHOCOOHBI CHMKaThb TOKCHYHOCTh 3MYJIbCHA HE(PTH M HEe(TErpoayKTOB, BHICTYNas B POJH
MOBEPXHOCTHO-aKTUBHBIX areHTOB. VIHTeHCH(UKAIsl SMMMUHUPOBAHUS YTJIEBOJOPOJIOB HE(PTH TECHO
CBSI3aHA CO CIIOCOOHOCTBIO I'YMHUHOBBIX BEIIECTB JIHCIEPIUPOBATh U COMIOOMIN3UPOBATH YTIIEBOIOPOIBI
Het. COBMECTHO C HE(TCOKUCISIIOUIMMHM MHKPOOPraHW3MaMH TYMHUHOBBIE BEILECTBA Hapsmy C
MIEPEUMCIICHHBIMI CBOMCTBAaMU CIOCOOHBI CHM)KaTh TOKCHYHOCTH AMM(aTHYECKHX M APOMATHYECKHX
YIJIEBOJIOPOZIOB M CTUMYJIMPOBATh MPOIECCHl MUKPOOMOIorndeckoro Hedrepaszpymenus. Kpome toro,
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I'YMUHOBBIE BELIECTBA I0CTATOYHO JEUIEBBI U IOCTYIHBL. HETOKCUYHBI, IOCTYITHBI ¥ TEXHOJIOTHYHBL. J[14
UX KpyIMHOMAacIITaOHOro IPOW3BOACTBA HMMEETCS IIMPOKas ChIpheBas 0a3a W3 MAaJONPUTOAHBIX
OKHCJIEHHBIX YTJIEH.

Lenbto paboTbI SIBJIIETCS U3y4eHUE IIOBEPXHOCTHO-aKTUBHBIX, COpOIIMOHHBIX,
COTFOOMIIM3UPYIOIINX U AUCTIEPTUPYIOIIUX CBOMCTB I'yMaToB, CY/Ib(OryMaTroB U UX HOJIMMEPHBIX (OpM
u3 BeIBeTpeIIbIX yriiei 11ly0apKkonbckoro MecTopoxIeH s ¢ coaepKaHueM I'yMUHOBBIX KUcioT 10 80 %.

O6bekThl uccnenoBanus: rymar Harpus (I'Na), cynbdorymar matpus (CI'Na), mommmepnbie
KOMIUIEKCHI TyMaToOB ¢ MOMMBUHUIOBBIM criupToM ([IBC) unu xemarurom (OKJI).

HccnenoBanue mOBEPXHOCTHO-aKTUBHBIX CBOMCTB TYMHHOBBIX 00Pa3IOB MPOBOAMIIH IO METOTY
Bunerensmu Ha TeH3zuomerpe-cequmentomerpe CT-CB-1 (mmpousBonactBo Poccust) ¢ mporpaMmMHbIM
obecriedyeHreM.  YIbTPa3BYKOBOE JHCIEPTUPOBAHHE OCYHIECTBISUIM HA  YJIbTPAa3BYKOBOM
mucriepratope NJI-100-6/2. ComroOnnu3upyromnye CBOWCTBAa TYMUHOBBIX COCIMHEHUN ONpenesuii
10 NoKa3aressiM npenaomieHus Ha pedpakromerpe NJID-22. CopOuuoHHbIe CBONCTBA T'YMHUHOBBIX
o0pa3uioB u3y4yanu 1o ¢eHolny M KepocuHy. OnpeneneHue KpPUTUYECKOH KOHIEHTPAaLUU
MUILEI000pa3oBanus ocymecTBisuin  Ha koHnaykromerpe AHWMOH-4100 mo u3MeHeHHio
3JIEKTPOIIPOBOTHOCTH.

I'ymunoBele  kucnotsl  (I'K)  oTHOCATCS 1O COBpEMEHHBIM  NPEACTABICHUSAM K
CaMOOPTaHU3YIOIIMUMCSI aHHOHHBIM TOJU(PYHKIMOHATIBHBIM HOJIMAIEKTpoauTaM. OHU coaepxkar B
CBOEM COCTaBE KOH/IEHCHPOBAHHBIE apPOMAaTUYECKHUE Apa, TETEPOLUKIIbI U Pa3IMUHbIE IO IPUPOJIE
kuciopoacoaepxkamue rpynnel [13]. Hammuwme runpodmnbHbBIX W TUAPOPOOHBIX Tpymm B
TYMHHOBBIX 00pa3max oOnpeAensioT ux ruapodpmisHo-munodmisHeid  Oamanc (I'JIB) u
MOBEPXHOCTHYIO akTUBHOCTh. [Ipu Benuuune I'JIb ot 7 10 9, OHM MOTYT IPUMEHATHCS B Ka4eCTBE
cmaumBareneit, npu I'JIb ot 15 1o 18 — B kauecTBe conmodunmuzaropa. [ToBepxHOCTHAsT aKTUBHOCTh
00yCJI0BIMBAET COpOMpPYIOIUE, OYHUILAIOIINE, TUCTIEPTUPYIOIINE U JAPYTHe CBOWCTBA I'YMHHOBBIX
o0pa3uoB. [ToBepXHOCTHAsT aKTUBHOCTh BELIECTB XapaKTEPHU3YETCsl BEIMYMHAMHU IOBEPXHOCTHOTO
HaTsHKEHUSI G Ha TpaHWIle pasnena ¢a3 U KpUTHUYECKOM KOHIICHTPAlMEeW MHIICIITIO00pa30oBaHuUs
(KKM), npu 1ocTHX)EHUH KOTOPOH pacTBOpUMbIE (POPMbI TYMAaTOB NMEPEXOAAT B MULIEIIIbI, 00pasys
MULEUISPHYIO (a3y. DMyJIbIUpOBaHUE KUAKUX HEPTIHBIX 3arpsI3HEHUH C MOBEPXHOCTHO-aKTUBHBIMU
rymuHoBbIME BeniiecTBamu (ITAB) conpoBoxaaercs ux pactBopenuem B munieiuiax [TAB [14-18].

OmnpeneneHre MOBEPXHOCTHOW AKTUBHOCTH G TYMHHOBBIX OOpa3lOB HPOBOJMIN IO METOIY
Bunsrensmu ¢ TouHocthto u3Mmepenus +0,1 MH/M. Hekotopble u30TepMbl MOBEPXHOCTHOTO
HaTspkeHus npu 293K oT KOHIEHTpaluu ryMaTHBIX OOpa3loB MpejacTaBieHbl Ha pucyHke 1. Ha
HAa4yaJIbHOM JTal€ [OBEPXHOCTHOE HATSHKEHHME MOHOTOHHO CHIXKAETCsd, 3aTeEM H30TE€PMBbI
XapaKkTepU3yIOTCS PE3KUM TOHM)KEHHUEM MOBEPXHOCTHOTO HATSHKEHHMsI G B OO0JAcTH MallbIxX
xonnentpamuii (102-10° moms/m). B 270l 00macTH OTMedaeTcs Tepexoi HCTHHHBIX PACTBOPOB
IryMaTHBIX 00pa3loB B KOJUIOWAHBIE MULIEIUISIpHBIE pacTBOPHI. [10 M310My KpHUBBIX OBLIM PACCUUTAHBI
KpPUTHYECKUE KOHIeHTparmu MureuiooopasoBanus (KKM). 3HaueHus ux KoONEOMIOTCS B Mpenenax
(0,125-6,25)-107 Mo/ 1T pa3HBIX I'yMHHOBBIX 00pa3oB. BobIe MOBEpPXHOCTHOH aKTHBHOCTBIO
obnazaer cyiab(orymar, cCoaepxKaiiiil JomoJIHUTEIbHbIE CYIb()OTrpyIIIHL.

3aBUCUMOCTH MOBEPXHOCTHOIO HaTshkeHMsI oT KoHueHTpauuu ansa [IBC u IIBC-rymar-natpus
OoJiee CIOXKHBIE, YTO 00YCIOBIEHO MPOTEKAIOIIMMU IpolieccaMul CTpykTypooOpazoBanus B [IBC u
Mexay rymatom U IIBC 3a cuer BonopoaHbIx cBsA3el. BelnunHbl MOBEPXHOCTHOTO HATSKEHUS AJIS
pasHbIX T'YMaTHBIX CHCTEM IIpeJcTaBieHbl B Tabmuue 1. Bce m3ydaemble 00pa3sipl CHHXKAOT
MIOBEPXHOCTHOE HaTshkeHue Bonbl. Ha MexdasHoi rpanune HeTh-BOJa B MPUCYTCTBUU BOJHOTO
pacTBopa rymaTa MmoBEpXHOCTHAsE aKTUBHOCTh CHIKaeTcs oT 46,5 MmH/M no 36,1. Takast ke kapTuHa
HaOII0aeTCs 111 KOMIUIEKCa TyMaT — JKeJlaThHA ¢ He(ThIO.
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Pucynok 1 — M30TepMbl IOBEPXHOCTHOTO HATSYKEHUS BOJHBIX PACTBOPOB
cynedorymara (A), rymara (b), [IBC u IIBC-rymar

CpaBuutenbHo Huskue 3HayeHUss KKM ryMuHOBBIX 00paslioB CBHIETENLCTBYIOT O Oolsee
BBICOKOM 3()(heKTUBHOCTH MX B cpaBHeHHH ¢ Apyrumu [TAB. AmpudmisHbli XapakTep CTpOSHUS
TYMHHOBBIX KHCIIOT CIIOCOOCTBYET (DOPMHUPOBAHUIO CYIPAMOJIEKYJISIPHBIX CTPYKTYp — MHUIEIUT 32
CUeT BaH-JIEP-BAaalbCOBBIX B3auMmojeicTBuid. M3 Tabmuipl 1 Takxke clemyer, 4TO pacTBOPHI
MOJTMMEPHBIX KOMIUIEKCOB I'yMaTa € jK€JIaTUHOM W MOJMBHHUJIOBBIM CHHPTOM MeHee 3(PPeKTHUBHO
CHIDKAIOT TOBEPXHOCTHOE HATSHXKEHHE BOJBL. IJTO CBSI3aHO CHUIKEHHBIMU KOHIICHTPAILUSIMU
(YHKIMOHATIBHBIX TPYNI B MOJUMEPHBIX KOMIUIEKCaX, BCIEACTBHE 0Opa3oBaHUS BOJOPOJHBIX
CBsI3el MEXIy (QYHKIMOHAIBHBIMU TpynmnaMu rymata win cyibdorymara (COOH, OH, SOsH),
xenatuHa wim [IBC (NH, COOH, SH u OH).

Bemunna KKM onpenenser 3¢ ¢GekTMBHOCTh MOIOILETO U OUHIIAIOIIEr0, COPOUPYIOIIEro JIeUCTBHS
ITAB u sBnsercs komtongHo-xumudeckor xapakrepuctukodl IIAB. Bemnmumna KKM cBszana c
rUAPOPUITBHO-TUIO(MIIBHBIM OIaHCOM MOJIEKYJT M 3aBHCHT KaK OT MOJIEKYJSIpHOU CTpyKTypbl ITAB,
TaK U OT BHEIIHUX (DaKTOPOB: TEMIEPaTyphl, COCTaBa AUCIIEPCHOHHON cpenbl. B wactHocTH, Ha KKM
BJIMSET JUIMHA U CTPOECHUE YIIIEBOJOPOAHOIO PAAUKAIA.
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Tabmuua 1 — 3navenus moBepxHocTHOrO HaTshkeHUss M KKM i pasnuuHBIX CHCTEM rymara u
cynshorymara ¢ Jo0aBKaMu

Obpaser o, | KKM107, Obpaser o, | KKM-107%,
MH/m MOJIB/II MHM | yons/n
Bona 72,3
Bona — Hed1h 46,5
pactBop I'Na 60,6 6,25 PactBop CI'Na 57,1 2,00

pactBop I'Na—nedTh 36,1

pactBop XKt 53,5 0,25
pactBop I'Na—XKn 58,5 Pacteop CI'Na-XKn 60,6
pacTBop 37,0 PactBop CI'Na-XKn-uepts | 40,6

I'Na—XKi—nedTth

pactBop [IBC 66,2 0,13

pactBop IIBC-I'Na 68,5 0,13

ITpumeuanue: 1% BoHBIE pacTBOPBI, 00BEMHOE COOTHOIIIEHNE KOMIIOHEHTOB cMece — 5:1.

Bemmuuna KKM omnpenenser 3ppekTMBHOCTh MOIOIIET0 ¥ OYMIIAIOLIET0, COPOUPYIOILIEro AeHCTBYSA
ITAB un sBnsercs xomtonaHo-xumudeckor xapakrepuctukod IIAB. Bemnmumna KKM cBszana c
rUAPOPUITBHO-TUMO(MIBHBIM OIaHCOM MOJIEKYJ M 3aBHCHUT KaK OT MOJIEKYJSIpHOU cTpykTypbl [TAB,
TaK U OT BHEIIHUX (D)aKTOPOB: TEMIEPaTyphl, COCTaBa AUCIEPCHOHHON cpenbl. B yactHocTH, Ha KKM
BIMSET JUIMHA W CTPOEHHME YITIEBOJOPOMHOIO pagvKana. Yem JUIMHHEE YIVIEBOJOPOAHAsl LEINb, TEM
OOoMbIlIE BBIMIPBIII SHEPTUM 3a CUET BBbIXO/A IIENeH W3 MOJSAPHOW Cpelbl U KOre3Wd MX B MULIEILIE.
CooTBeTcTBEHHO, TeM MeHbIle KoHIeHTpaius [1AB, xoropas TpeOyercst asi oOpa3oBaHUS MUIIEILIL.
JlaHHas 3aKOHOMEPHOCTh MPOSBIISIETCS B pe3koM yMeHblneHun BenumurHbl KKM s pactBopoB c
yuactrem [I1BC nmm sxenatuHa B CpaBHEHUH C TYMATOM.

[lo [1aHHBIM TEH3MOMETPUUM TYMHHOBBIE BEIIECTBA OTHOCATCA K CpPEIHEAKTHBHBIM
MOBEPXHOCTHO-aKTUBHBIM BEIIECTBaM. | J1aBHOM OCOOEHHOCTBHIO TYMHUHOBBIX OOpa3liOB SBIISETCS
CIIOCOOHOCTB UX MEPEXOIUTH B KOJUIOUTHOE COCTOSTHUE.

Bemmunaa KKM ryMHHOBBIX BEIIECTB ONpPENESIET BO3MOYKHOCTh HCIIONBb30BaHUS UX B KAayeCTBE
JWCTIEPTeHTOB, cMauuBarenell wim copOeHtoB. B 3aBucumoctn ot Bemmumabl KKM u BenmmumHbI
CHIDKEHHSI TIOBEPXHOCTHOTO HATSDKEHHS! HCIBITAHHBIE TYMHHOBBIE 00pa3libl MOYKHO PacIOiIOXKHUTh IO
3(QPEKTUBHOCTH JUCHEPTUPYIOLIErO ACHCTBHS B CIEAYIOIIEM TMOPsIKE: Cyab(pOorymMar HaTpHs > rymar
HaTpus > cynbhorymMar-xKeiaaThH > rymar-xenatiH. Komiiekesl ryMaToB ¢ MOJIMBUHUIOBBIM CIIUPTOM U
YKEJTATHHOM TPOSIBIISIIOT BBIPaKEHHOE COpOUpYIOILIEe I iCTBHE.

Ha npumepe Gen3ona u ¢eHona u3yueHa copoupyromiasi CiocoOHOCTh Psiia TYMHHOBBIX 00OPa3IOB I10
OTHOLIEHMIO K opraHndeckuM BemectBam. CopOrst cocrasisier S0-75%. Benmuunna HedTeeMkocTH 110
KepocuHy cocrasisier 3,4-4,0 r/r.
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B ocHoBe MexaHuM3Ma JETOKCHUIMPYIOIIEH CHOCOOHOCTH W HWHTEHCHU(HKAIMK MPOLIECCOB
peMenuaniy Here3arps3HEHHBIX CpeJ] TYMHHOBBIMU BELIECTBAMH JIEKAT X MTOBEPXHOCTHO-aKTHBHBIE
U COMIOOMIIM3ALIMHHBIC CBOMCTBA, ONPEIEIISIOIINE CIIOCOOHOCTh UX TOBBIIATh CMAaYUBAEMOCTh BOJIOU
ruapo(OOHBIX MOBEPXHOCTEH, a TAKXKE IUCIIEPIHPOBATh U CONOOMIM3HPOBATH JHCIEPCHYIO (a3y
yrieBoaopoioB [18].

Como0unm3ayss — 3T0 MPOLECcC KOIOMIHOTO PAacCTBOPEHUs], CaMOIPOU3BOJIBHOIO NPOHUKAHMS
HU3KOMOJIEKYJISIDHOTO BEILECTBA BHYTPh MHIEIUT T'yMara — IOBEPXHOCTHO-aKTUBHOI'O BEILECTBA.
ITpoBeneHO nccnenoBaHuE COMOOMIM3AMOHHON EMKOCTH I'yMaTa HaTpys METOI0OM pe(pakToOMeTpun
Ha MpUMeEpe TOyoJa, HE(TSIHOrO YTIIEBOAOPOA, MPAKTUYECKH HepacTBOpuMoOro B Boje. s ero
OTIpeJIeJIEHUs] CMELIMBAM Pa3HbIe KOHIICHTPALWU BOJHBIX PACTBOPOB T'yMaTa HAaTPHs C TOJIYOJIOM H
IIPU TIOCTOSIHHOM BCTPSIXMBAaHUH BBIICPKUBAIU B TEYCHHUE JIBYX CYTOK. 3aT€M PAaCTBOPHI OTACIISLTH
OT OCTAaTOYHOTO TOJIyOJda W OIPENeNsUI  COACpKaHWE COJIOOMIM3UPOBAHHOTO BEIIECTBA
peppakToMEeTpUYECKMM METOJIOM IO IOKa3aTeIl0 MPEJOMJICHUs Ul pa3IMYHbIX KOHLEHTpalun
pacTBOpOB r'ymara HaTpus. PaccunTanbl cOMOOMIN3AMOHHBIE EMKOCTH I'yMaTa Sm, MOJIb/MOJb U
0o0bembl Tommyona (Vy,Mil), COTOOMIN3UPOBAHHOTO TymMaToM. Pacyer comoOn3almoHHON eMKOCTH
rymara Sm 110 OTHOLIEHHUIO K TOIYOJy IPOBEIEHO MO0 (hopMyJIe :

V. -d -100
y
S, = ———————Moib ToJiyoJa/M  OIb TyMara,
M -C

rae d — ymenbHas Macca TonyoJa,
M — MoekyJsipHas Macca CoT0nIn3ara,
C — KOHIIEHTpaLus TymMara, MOJIb/1,
Vy—00beM ToiTyo1a, COMFOOMIN3MPOBAHHOTO PACTBOPOM T'yMara pa3JIMUHbIX KOHIIEHTPALIUH.
Bennunna Vy paccuuThiBaeTcs MO AaHHBIM pPePpPaKTOMETPUUYECKUX HCCIEJOBaHUN IS
KaXJI0OW KOHI[EHTpaluy TymaTa. YeM MeHbIIe KOHIIEHTPANHs TyMaTa, TeM BBIIIE CTOCOOHOCTH K
comobmnmuzanu. C pocToOM KOHIEHTpPAalMHU pacTBOpa TyMmara pacTeT KOJUYECTBO
MOTJIONIEHHOTO ToJiyosia. Ha pucyHke 2 mpuBeIeHBI 3aBHCUMOCTH Sm ¥ Vy OT KOHIIEHTpaIuu
rymara. Kak BugHO, HAOII0/1a€TCSA PE3KOE BO3PACTAHUE COJIFOOUITM3UPYIONIEH ClTOCOOHOCTH JJIst
HU3KUX KOHIIeHTparuii rymarta (0,0781-0,156-10" mons/n), 06ycoBienHOe MPOHHMKHOBEHHEM
TOJIyOJIa BHYTPh MHULEJUIBI, YTO NMPUBOAMUT K BO3pAcCTaHUIO 00beMa MHIlEeNT rymara. Bennuuna
COJIIOOMIIM3aLIMOHHON €MKOCTH TrymaTa JUlsl ero 0ojiee BBICOKMX KOHILIEHTpAlui HaXOAMTCS Ha
OJINHaKOBOM YPOBHE.
B Tabnmme 2 mpenctaBiieHBl pacCUMTAHHBIC 3HAYCHUS CONFOOMIM3AMOHHOW €MKOCTH SM H
00beMa TOTJIONMEHHOTO TONTyona Yy IS Pa3HbIX KOHIICGHTPAIUi ryMaTa.

Tabnuma 2 — 3HaueHUs COMOOMITN3AIIMOHHON eMKOCTH Sm B 00beMa TOTJIONEHHOTO Toyola Yy
JUISl pa3HBIX KOHIIEHTpALUd ryMara

Konuenrpanus
rymara 107, Mous/1 0,0781 0,156 0,313 0,625 1,25
Sm'107%, Monb/MOTTB, 23,13 11,83 2,086 1,045 0,523
Vy - 102, M 0,192 0,196 0,692 0,694 0,695
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PucyHok 2 — 3aBUCMMOCTB COMIOOMIN3AIIMOHHON eMKOCTH (2) 1 00beMa TOIyoa,
CONOOMIM3UPOBAHHOTO TyMaToM (0) OT KOHIIEHTpAIMH r'yMara

JloctatoyHO BBICOKas TIOBEPXHOCTHAS AKTUBHOCTH M CBS3aHHAs C HUM  CONMIOOMIM3HMPYIOLIAs
CITOCOOHOCTh TYMHHOBBIX OOpa3sllOB JIETKO IEPEXOIUTh B AKTMBHYIO KOJUIOMIHYIO (hopMy ompenernsier
BO3MOXKHOCTb X UCIIOJIb30BaHUSI B KAYECTBE AMCIIEPIEHTOB MHOTO()YHKIIMOHATIBHOTO JIEHCTBUSL

[lokazaHa BO3MOXKHOCTb TIPUMEHEHHsI TyMAaTHBIX OOpa3loB B KauyecTBE MAMCIIEPreHTOB He(Tu.
OO0paboTka HeTSHOM TJIEHKH Ha MOBEPXHOCTH BOJBI PACTBOPAMH T'YMATOB MPUBOAMIO K OOpa30BAHHIO
MENKHUX He(DTSHBIX Karlelb, YACIIO KOTOPBIX CHIDKATIOCH MPY YBEIWYCHUH KOHIIEHTPAIMU PacTBOpa rymMara.
Hns rymara u cynborymara MpOMCXOAWIIO TOJMHOE BHIMMOE PACTBOPEHHE HE(MTSIHBIX Kareb.
HcuesnoBeHne He(TSHOrO MATHA MO ACHCTBUEM TYMHHOBBIX OOpa3IOB MPOXOAWIO BO BPEMEHH B
TEUEHHE OT HECKOJBKUX MUHYT 70 60 MHHYT B 3aBUCHMOCTH OT ITPUPOJIBI TYMUHOBOTO 0Opasiia. Hanbomnee
aKTUBHO JIEHCTBOBAIM TymMaT M cyib(orymar. HepacTBoprumble I'yMHHOBBIE OOpaslbl pacHbULsUIM Ha
MOBEPXHOCTH HEPTIHOTO MATHA B BHJE mopoika. HedTh 3a KOpoTKoe BpeMsi BIUTHIBAET MOPOLIOK U B
BHUJIE KOMKa C 00paslioM, MOrpykaeTcs B BOJY U OCelaeT Ha JHe. Brixon HedtH u3 Hee He npoucxoauT. Ha
TIOBEPXHOCTH BOJIbI HE OCTAETCsl HE(DTSHOMN TUICHKH.
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Takum o0Opa3oMm, MOSyYeHHbIE HOBBbIE ()OPMBI T'YMHHOBBIX BEIIECTB M3 OTXO/OB YINIENOOBIYM
[y6apKOIbCKOr0 MECTOPOXKICHHS MIPEICTABIIIOT MHTEPEC KaK JOCTYMHbIE U 3(D(EeKTUBHBIE COPOCHTHI-
JEeCTPYKTOPBI 1Tl HepTH U He(DTAHBIX 3arpsi3HEHHI Ha BOJIE.
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Yuumuieasa npaxmuueckyro yennocme peaxyuu Kabaunuka-@unoca, 6 yciosusx KOMOPOU NOJYYeHbl
PasHoobpasuvie 0-aMUHOGoc@onamol, 8 HACMOAUEM COOOUeHUU 0000WaAlOMCcs HeKOMopble pe3ylbmambl
UCcne008anull no U3yyenuro eé mexawusma. B peakyuu npunumaiom yuacmue mpu KOMHOHEHMA (AMUH,
KapOOHUTbHOE COeOUHeHUe - anboecud Ul KemoH, u gocum), 3auacmyro 8 NPUCymcmeuu Kamaiuzamopos
u pacmeopumerell, Komopvle mMakdice 6HOCAM 6K1a0 6 npomekanue npoyecca. Ochoenas npobnema
onpeoeneHuss MexaHusmMa peakyuu 3aKnoyaemcs 6 mpyoOHOCMU YCMAHOBNIeHUs NOC1e008ameIbHOCMU 6CeX
cmaoui. Kabaunux M.U. u Meodseov T.A. npeononazanu, umo npoyecc obpazoganus amunoghochoramos
ananozuien peakyuu Poouonoea npu nonyuenuu f-amunoxkuciom unu peakyuu 3eIUHCKO20 NpU CUHMmMese
amunonumpunos. @unoc E.K. o0bvicHan nonyuenue amunogocgonamos no muny peakyuu Mannuxa:
CHauana amuM ¢ anvoe2udom 00pa3viom O-AMUHOCHUPM, KOMOPbLI 8 OdlbHelieM 63auUMoOelticmeyem ¢
euopogocghopunvnvim  coeounenuem. HMm dice npeononodxcena cxema NpoOMeKAHUs peakyuu yepes
nPOMENCYMOUHOe 00pa308anue UMUHO8 — NPOOYKIMOS 83AUMOOCUCMEUs. NEPEUYHBIX AMUHO8 C KAPOOHUNILHOUL
Komnonenmou. Onucanvl KCnepuMeHmanvHvle NOOMBEPIHCOeHUs 0OpamumMocmu peakyuu 0Opa306aHus
amunogocgonamos, 6 4ACMHOCMU 6 CAy4de NEPEUYHBIX, MPEMUUHbIX AMUHO8 C ANUpamuyecKumu umu
apoOMAMuYecKUMy  arb0ecudamy Uid KeMOHAMU 8 ONPeOeNeHHbIX YCI08UAX — amMunogochonamol
paznazaiomes Ha ucxoouvle komnonenmel. CredosamenvHno, obpazosanue amurnogocgonama 8 peakyuu
Kabaunuka-@unoca npomexaem no cioicHOMY MEXAHUIMY.

Knroueswvle crosa: peaxyus Kabaunuxa-@uivoca, cunmes, Mexanusm, UMMUHLIL U 2UOpogochammublil,
MHO202Manmblil npoyecc.

Op mypni a-amunogpocgonammap anrvinamuin  Kabaunuk-Quiadc peaxyuscviivly  madiCcipubenix
MAKBI30bLILIZBIH eCKepe OMbIPbin, OYN Xabapaamaoa OHblH MEXAHU3M 3epmmeyiepiiy Ketloip Homudicenepi
orcunakmanean. Peaxyus nezizinoe yur KOMHOHEHM KAmbvlcaobl (aMuH, KapOOHUNLOI KOCLLILIC — AlbOe2Uo
Hemece KemoH dicane pochum), Oipak sxcuipex npoyeccmiy omyine yaec KOCAmvlH KAmaiuzamopiap MeH
epimkiuimep Oe Koadanaowvl. Peaxyus mexanusmin aHblKmayOwvly ey Heeizel Maceneci — Oapivly
camvllapbinbly  Kesekminicin benciney 6Ooavin mabwviiaovl. Kabaunux MU, owcone Meoseov T.A.
amunogoconammapoviy mysiny npoyecci, Paouonos peaxyuscwviHOagvl [-aMUHOKLIUKLIIOAPOLL ALy
Hemece 3eUHCKUL peakyusacblHOagbl AMUHOHUMPUTIOEp cunmesi cuakmel dicypedi oen ounazan. Punoc E.K.
amunogpochonammapoviy  anvinybln Mannux peaxyusicol OOUbIHWIA MYCIHOIpeeH: OIpiHWIOeH, aMun
anvoezuonen Oipee Keiin 2u0popochopunvoi KOCbLIbICnEeH JpeKemmecemin  o-aMUHOCRUPI  My3€0i.
Couvimen bipee o1 apanvlk mMy3iliMoep-umunoep, OIPIHWINIK AMUHOepOiH KapOOHUNLOI KOMHOHEHMAMEH
apexemmeckeHoe2i Mmy3ilemin OHIMOep, apKblibl JCYPEemiH pPeaKyusHvly Omy Cbl30aCblH YCbIHRAH.
Amunogocghonammapoviy my3iny peakyusicblHbly KAUmMbIMObLIbLIZbIHbIY MINHCIPUOENIK PACMATYbl, Heli3iHeH
beneini acaz0aunapoazvl AIUGAMUKATILIK HeMece apoOMAmuKAIblK aiboecuomep Hemece KemoHoapobly
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Oipinwinix, ywiHWinik amundep icagoativinoa cunammanvinzatn. Jemex, Kobaunux-Quioc peaxyuscol
Hezi3inoe aMUuHopochoHammapObiy my3inyi KUblH MEXHUM APKbLIbL OMeOi.

Tipex co30ep: Kabaunux-Qunboc peakyuscol, Cunmes, MeXamusm, UMMUHOIK dcane 2uopodochammuik,
KONCamvlivl npoyecc.

Considering practical value of Kabachnik-Fields reaction under the conditions of which a variety of a-
aminophosphonates have been synthesized, in the present work some results of its mechanism research were
summarized. In the reaction three components (amine, carbonyl compounds — aldehyde or ketone and
phosphite) are participating, often in the presence of catalysts and solvents, that may also contribute to the
process. Basic problem of the reaction mechanism determination is identification of consequence of all
stages. Kabachnik M.1. and Medved T.Y. supposed that formation of aminophosphonates is comparable to
the Rodionov reaction in the synthesis of f-aminoacids or Zelinsky reaction in the synthesis of aminonitriles.
Fields E.K. explained formation of aminophosphonates by Mannich type reaction: at first amine and
aldehyde form a-aminoalcohol, which subsequently interreacts with hydrophosphorilic compound. He also
assumed reaction scheme through the formation of imines — products of interreaction of primary imines with
carbonyl component. Experimental evidences of aminophosponates synthesis reaction reversibility were
described, particularly in the case of primary, tertiary amines with aliphatic and aromatic aldehydes or
ketones. Therefore, formation of aminophosphonates in Kabachnik-Fields reaction takes place with
complicatied mechanism.

Keywords: Kabachnik-Fields reaction, synthesis, mechanism, imine and hydrophospate, multiple-stage
process.

[TorpeOHOCTF B HOBBIX OPraHWYECKUX MPOM3BOIHBIX (ochopa MPOAMKTOBAHA IIUPOKUM
CIEKTPOM HX MOJIE3HBIX CBOICTB, MPUYEM BbIOOp METO/1a CUHTE3a 3aBUCUT OT XMMHUYECKOI0 Kijlacca
BElIECTBa, K KOTOPOMY OTHOCHTCS LiesieBoe pochopoprannyeckoe coenunenue. Hacrosmas padora
ABIIETCS TPOJNOJDKEHHEM coolOmieHus [1], mnocsimeHHOro XuMHH —(OcHOpPOPraHUYECKUX
coequHeHuil. TpyAHO OLIGHUTh MPAKTHUECKYIO0 IeHHOcTh peakiun KaOaunuka-®uinpca,
NOCTYXMBIIEH  TOMYKOM A OypHOro  pa3BUTHSL ~ XUMHUHM  TPAKTUYECKH  TOJIE3HBIX
a-aMUHO(pOCc(HOHATOB, KOTOPBIE 00PA3YIOTCS ¢ JOCTATOUHO XOPOIIMMHU BBIXOAAMH [2].

B peakuuy mpUHAMAIOT yYacTHe TPH KOMIIOHEHTA (aMUH, KapOOHUIIBHOE COSTUHEHHE -allbICT U]l
wi ketoH, u (ocour). Kpome Toro, peaknus Kabaunuka-®duiagca mnpoTekaeT B MPUCYTCTBHU
KaTaJnu3aToOpoB U pPAaCTBOPUTENEH, KOTOpPbIE TAKKE€ BHOCAT HEMAJIOBAXHBIM BKJIaJ B MPOTEKaHUE
npouecca. Kak okazanock, 4To ocHOBHas pobiiemMa ornpeieraeHuss MexanusMma peakuuu Kabaunuka-
dunaca 3aKiIovaeTcss B TPYAHOCTH YCTAHOBJIEHHS TIOCJENOBAaTENIbHOCTH Bcex craauil. /o
Hacmoawezo 6pemenu Hem eOUH020 muenusn 0 mexanusme peakyuu Kaovaunuka-@unoca.

B pabore [3] mpemmaraercs JBa MeXaHM3Ma IMPOTEKAHUS PEAKIUH — HUMMHHBIA H
okcudochoHaTHBII:
RZ\
N 0
imi )l\ I}\P OE
imine - R, H (OEY), R °
> N~
O i
M oH R pr M
Ry H amine IR
hydroxyphosphonate P _OEt ————> 0 OEt
RO Dokt
(0]
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N3nauvanpao Kabaunuk M.M. u Menseap T.5. [4] BbICKa3bIBAIM TPEIIONIOKEHUE, YTO TPOIECC
obpaszoBanust amuHO(pochoHaTOB aHaJoruueH peaknuu PoaMoHOBAa MpH  MOMYYCHHUH
[-aMUHOKHUCIIOT WJIM PEaKuu 3eTUHCKOTO MPU CUHTE3¢ aMUHOHHUTPWIOB [5, 6]. B cBoro ouepens
@unyc E.K. 00bsicHs nomydyenue aMuHo(pochOHATOB MO TUITY peakuuyd MaHHHMXA: CHayajla aMUH C
albJeTUAOM  00pasyloT 0-aMMHOCIMPT, KOTOPbIM B  JaJbHEHIIeM B3auUMOJAEHCTBYeT C
ruipodocHOpuIbHBIM COeTMHEHUEM. VM ke NpenrnosiokeHa cxema IMPOTeKaHWs Peakluu depes
IIPOMEKYTOUYHOE OOpa30BaHUE HMMUHOB — MPOAYKTOB B3aUMOJEHCTBUS NEPBUYHBIX AMUHOB C
KapOOHMJIPHOM KOMIIOHEHTOH [7].

B paborax [8—10] momy4yeHbl SKCHEpUMEHTAJIbHBIE MOATBEPKICHUS OOPATUMOCTH PEAKIIUU
oOpa3zoBaHusi aMUHO(OCHOHATOB, B YACTHOCTH B CIy4yae IEPBHUYHBIX, TPETUUYHBIX AMHHOB C
ann(paTHUECKUMH MM apOMATHUYECKUMH aJIbJACTHIaMH MM KETOHAMH B ONPEAETICHHBIX YCIOBUAX
NpoAayKThl (aMHMHO(OCHOHATHI) pa3iaraloTcs Ha HUCXOAHbIE KOMIOHEHTHI. ClieJ0BaTEIbHO,
obpa3zoBanue amuHo(dochonata B peakuun Kabaunuka-Puiijca BOBce HE O3HA4YaeT NPOTEKaHUE
PEaKIMU O «TUAPOKCU(POCHOHATHOMY» MEXAHU3MY.

Nl_R3 W OR,
)\ H=PQ
1L, ORs Ry DR .1 OR,
H— — = P
OR4 R,—C=N
R, H \
2 O
L . RO N
A 8
R,O
N|_R3 R TRy
RO !
HO\ LORy Ry R, R O/}I) ?I_Rz
P\ 4 0) N
AN
-. “OR, no / R

Ha ocHoBaHMM 3KCIIepUMEHTANIbHBIX JaHHBIX aBTOPbI cTaThH [11] mpennonoxunm, 94To peakuus
MIPOTEKaeT MO CXeMe peakuuud ManHuxa, T.e. (ochUT MpUCOETUHSAETCS K UMUHHEBBIM COJISM.
I'unpokcudocdoHaTsl HE TOJBKO MOTYT OOpPaTHMO pearupoBaTh C APOMATUYECKUMHU KETOHAMHU B
peakuun KaOaunuka-dunaca, HO u HeoOpatuMo 00pa3oBbBaTh (OCHOHATHI, MPUYEM
neperpynmnupoBka B ¢ocdar npoucxoaut B 6 pa3 ObicTpee, YeM pacrnaj Ha UCXOJHbIE PeareHThI
[11, 12]. Koneuno, BeiBojibI Kabaunuka, Mensens u ®ujica, onucaHHbie B X pab0oTax, HE UMEIH
r71yOOKOro MpHOOPHO-IKCIEPUMEHTAIBHOTO HM3YYeHHMsS M, CJe0BaTeIbHO, BOMPOC MEXaHHU3Ma
OCTaBaJICS] OTKPBITHIM.

B HacTosiiiee BpeMs MPHUILIM K BBIBOAY, YTO IOCJIENOBATENbHOCTh MPOTEKAHUS Pa3IMUHBIX
CTaliui MOXET OBITh PA3NMYHOM W MEXaHU3M pEaKIHMH MOKET MEHSTHCS B 3aBHUCHUMOCTH OT
MIPUPOJIBI BCEX UCXOIHBIX BEIICCTB M YCIOBUH peaknoHHOM cpenbl [11].

BrickazaHo mnpeamnosnoxkeHue, 4ro «ruapo@ochoHaTHBIN» MEXaHH3M MPOTEKaeT C aMUHaMHU
JIOCTaTOYHO BBICOKOW OCHOBHOCTBIO, B IIPOTHMBHOM Cllyda€ €CTb BEPOSATHOCTb IPOTEKAaHUS
«MMUHHOTO» MexaHu3Mma [13, 14] Ha ocHoBanuM pe3ysbTaToB AMP wuccienoBanuil cMeleHUs
curnanos docdopa B crnekrpax P mustundocdura B ero cMecu ¢ amuHamu. Kpome Toro, daxt
YBEIIMYEHUsI BBIXOJOB amuHO(pocoHata B peakiuu KabGaunuka-Ouijaca npu UCIONb30BaHUH
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KpayH-3¢upoB [15] ¢ ywyactuem ci1abOOCHOBHBIX aMHUHOB NPUHUMAIOTCS KakK IOATBEPKICHUE
naHHOro BbIBOjA. OnHaKo, HE BCE apryMeHThl, NPUBEJCHHBIE B BBIIICONMHCAHHOW pabore,
npencraBisiorcss  yoemurtenbHeiMu  [11]. Hampumep, aBtopsr [16-19] yTBepkmaror, 9TO
cJ1a000CHOBHBIE aMUHBI MOTYT MPOTOHUPOBATH (HOCPOPUIIBHBIN aTOM KUCIOPO/Ia, a 00pa3yIoLIUiics
IIPU 3TOM aMUJI-aHUOH IPUCOEINHAETCS K KApOOHUIIBHOMY COEIUHEHHUIO.

MHorounciaeHHble MCCIEN0BaHUs CBUAECTEIbCTBYIOT O pEUIatolleld PO OCHOBHOCTHM aMHMHOB.
Bappupys «upupojoi» amMHHa, HOSBISETCS BO3MOXKHOCTb «IIEPEKIIIOYATh» MApLIPYT PEAKLUIO C
OJIHOTO ITyTH Ha JAPYyToH (T.e. MEHATh MEXaHU3M MpoTekaHus peakuun) [11]. B HekoTophIX cityyasx,
CKOPOCTb TNPOTEKAHHs peakuuu Mo O0OMM MaplipyTaM OJMHAKOBa, HalpUMeEp, AJS aHHCOBOTO
anpaeruga [17]. Ho ecnu B kayecTBe aMHHA MCHOJIb30BaTh aHWJIUMH, TO JOMHUHUPYET «UMUHHBIN
MEXaHU3M.

[Ipupona ruaporcudochopuIbHOIO COENUHEHUS TOXKE UIPaeT HE MaJOBAXHYIO pPOIib, O YeM
CBUJICTEILCTBYIOT HCCIICIOBAaHUs, TIPOBEACHHBIC B padote [19].

[To3xe, 3edupos H.C. u MarseeBa E.B. [8] mokasanu, 4To KOHICHCAIMS IMHKJIOTCKCUIAMUHA,
OeHzanpaeruaa U nauankuiapochuTa MpoTeKaeT Mo "UMHHOMY MapumpyTy'", ¥ IPUIUIA K BBIBOAY,
YTO HE CYIIECTBYET HUKAKHX PEaJbHBIX IKCIEPUMEHTAIBHBIX NAaHHBIX JJIs "TuapodochoHaTHbIi "
nytd. CTOMT TakXke OTMETHTh, YTO pEaKIWs NUKIOTeKCHIAMHHA, OCH3alpleruia u
mnoyTwidochuTa, KOTOPYIO MOKHO pacCMaTpUBaTh KakK PACHIMPEHHYIO KOHJIEHCAIMIO peakluu
Kabaunuka-®dunzaca, Tak xe MpOTEKaeT MO0 MMUHHOMY MeXaHu3My [5]. Bmomne BeposiTHO, 4TO
JNEUCTBUTEIBHBII MEXaHU3M 3aBUCUT OT KOMIIOHEHTOB pEaklMH, XOTS '"UMHUHHBIN" MapuipyT
npencrapisercs — Oosee  oOmuM, 4YeM — MapumipyT, — Opearnoyiararomuii  oOpa3oBaHue
a-ruapokcudochonarnoro marepmenuara [19]. Gancarz P. m Gancarz |. obGocHoBamm, 4YTO
oOpatuMoe oOpa3oBaHue o-TUAPOKCU(POChHOHATA MOXKET TaKKe HMETh MECTO, M, €CIU OH
IepecTpanBaeTcsl B COOTBETCTBYOUN ocdar, 3To ctaHoBUTCA "TynukoBbIM" Mapuipytom [10].
MoxHo cka3atb, uTo B peakuuu Kabaunuka-dunaca, MIrkuil Hykieopun (IuanKkuioBblid pocdur)
U TBEpAbI HyKI€op (aMUH) KOHKYPUPYIOT 3a 3JIEeKTpo(hUIbHOE KapOOHMIIbHOE coeiMHEHuE. YeMm
Msirye KapOOHWIIBHOE COEMHEHUE, TeM ObICTpee OH pearupyer ¢ MArkuMm P-Hykieodpwmsiom, u tem
Me/IJICHHEEe OH BCTYIaeT B PEAKLIMIO C AMUHOM CJIOKHOTO(TBEPOr0) HyKjIeopuia.

Pa3yMHBIi TyTh 71 TPEXKOMIOHEHTHOM peaKIMH alblerujaa, amMuHa u aumdtuindochura B
NPUCYTCTBUU CYIb(aTUPOBAHHOTO TUOKcHAa iupkoHus [20] mpencTaBieH Hibke:

7 A+
0 3
H Ny
+
H
N
X
0" 'OC,H;

31



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2017, Ne 1 (56)

Peaknus npotekaer yepe3 rnepBoHaYaIbHOE 00pa30BaHUE UMHHA, K KOTOPOMY B HOCIIEAYIOIIEM
D00aBIAIOT  AUATWIPOCHUT C MONydeHHEeM IeJeBoro o-amuHodocponara. CynbhaTupoBaHHBINA
JTMOKCH UUPKOHUS S((EKTUBHO KATAIM3UPYET CHUHTE3 OHOJOTMYECKH AaKTHBHBIX  O-
aMuHO(OC(HOHATOB ¢ XOPOIIMMHU BBIXOJaMHU MPU KOMHATHOH TemIeparype. DTOT MpOIecC UMeeT
P TPEUMYIIECTB: MSTKHE YCJIOBUS PEAaKIMH, BOIHO-TOJCPAHTHBIA M HDKOJOTHYECKU YHUCTHIH
KaTaJn3arop, a TAaKXKe MpocTas mporerypa ooOpadboTKH.

B pabGore [21] mpuBoauTcs MexaHu3M peakiuu KaGaunumka-®umjgca - B3aUMOACHCTBUS
Oenzanbaeruaa, anmmmna u auatuiadochura B mpucyrcreun Choline Clo-ZnClz (ChClz-ZnCly):

ClyZn,

L
& PR
H
N ’\ ChC1*2ZnCl, “H,0
.OEt
P<

S)
Q Cl: ZnCl,
Cl,Zn
2 I&_,H* OI—IV\/ |
P t EtO” || "OEt
3 OEt O

C
N

B nmanHOW cxeme mnpoaeMoHcTpupoBaHa jBoiicTBeHHas posnb ChCl2ZnCl; xak WX
(pacTBOpHUTEIND), KAK U CIOCOOHBIN KaTaJIM3UPOBaTh MpoLecc cyOcTpart.

HtoroByto cxemy peakuun KaOGaunuka-@uinjaca, BKIIOUYAIOIIYI0 «UMMHHHBIDY (A) u
«ruapodocdatHelii» (B) MexaHU3MbI MOXKHO MPEICTABUTD CIETYIOIIUM 00pa3oM:

R,
R +R4-NH, R om NR
>:O >< W >: 3
R, R 'NHR, R;
OR, OR,
+H—}I)ZO (’)R4\\\ JrH—IIJZO
(l)Rs + H‘I,):O ORs
R5O ‘\\
| +R3-NH, |
O=P OH oo -  O=P NHR,
| -H,0 |
OR, R2 OR, Ro
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KoHeuHo, 3TO — 04eHb YIpOIeHHAs] CXeMa PEaKIuu, B IeHCTBUTEIBHOCTH peakius Kabaunvka-
®duiiica OTHOCUTCS K MHOTOATAITHBIM MPOIIECCaM € JOBOJBHO CIIOXKHBIM MEXaHU3MOM [2,8].
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CHUHTE3 U UCCJEJOBAHUE HOBOI'O IBOMHOI'O COEJJUHEHMS
HA OCHOBE MOHOMETHWJIOJIMOYEBHUHbBI
N PUTOCOEIUMHEHUA INHKA
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Sawuma pacmenuii om Oonesuell u epedumencii s611emcs NePeOCMeneHHoU 3a0a4eti 0Jisk NPOU3B00Cmad
pacmenue8o0cmaa 0Jid NOJYYeHUs 8blCOKUX ypodicaes. IIpompasumenu cemsaH, 6 4aCMHOCMU XTONYAMHUKA
3auuwas cemena om 00ae3Hell, HeeamusHO GIUAIOM HA NOoYBeHHOoe NA00opodue. Heobxooumo cozoanue
npenapamos NOAUGYHKYUOHATLHO20 Oelcmeusl, 0becnedusarowux 00HOBPEMEHHO 3auumy pAcmeHutl u
COXpaHeHUue MNOY8eHH020 NI000poous. Obvexmamu UCCIe008aAHUS SAGNAIMCA. MOHOMEMUNLOIMOYEBUHA
(MMM), obradarowas @pyHeUYUOHBIMU CEOUCMEAMU NPOMUE KOPHEBOU SHUIU U 20MMO3A XAONYAMHUKA,
gumocoedunenue yunka (PCL]) obecneyusarouee noueennoe niodopooue u numanue pacmenuil. B cmamoe
npeocmasienvl OaHHble PACMBOPUMOCIIU U XUMUYECKo20 3aumoleticmeus 6 cucmeme MMM — DPCI] —
600a, npu memnepamype 20 °C. Ycmanosneno obdpazogamie HO8020 OB0UHO20 COEOUHEHUsT COCmAga —
MMM®CL. Ilposedena unmepnpemayusi HNOIYUEHHO20 OBOUHO20 COCOUHEHUS PUIUKO-XUMUUECKUMU
memooamu ananusa. Onpedenero, ymo MMM®@CL] umeem unOUBUOYATLHYIO KPUCMALIULECKYIO DEUlemKY,
KOOPOUHUPYemcs uepe3 KUCI0POO KapOOKCUNbHOU 2PYRNbL U UMeem MeIKOKPUCMAIIUYECKYI0 CIPYKIMYPY.

Kntouegvle cnosa: moHoMemunonmMouesuna, @umocoeounenue YuHKA, O0BOUHOe  CcoeOuHeHue,
U30MepMU4eCcKull aHaIu3, UHMmepnpemayus, peHmeeHogazoswiii memoo, UK-cnexkmpockonuueckuii Memoo,
INEKMPOHHO-MUKPOCKONUHECKUL MemoO0.

OcimOiK WapyaubLIbiebIHOA HCORAPBI OHIM ATy YWLIH 3UsHKeCmep MeH aypyaapoan ocimoixmepoi Kopaay
ome Manvi30bl 6OALIN MAOLLIAOLL. Anatioa mMakma O0dHOepiH 3USHKecCmep MeH aypyrapoan Kopean Yiay
monvipakka kepi acep emeodi. CoHObIKMAaH 6ciMOiKmepoi 3usHKecmep MeH ayblpyiapoan Kopeat Omuipbuin,
MONBIPAKMbIY KYHAPTILIZLIH HCOUMAUMBIH NOJUDYHKYUOHANOLL acepi bap npenapam any Kadicem. 3epmmey
obvexminepi peminoe memenoezi 3ammap anblHObl: MoHomemunoamodesuna (MMM), maveip wipiei men
20MMO30aH KOp2aumvlH QyHeuyuomix xacuemi 6ap, muvipviws umoxocviavicel (MPK), monvipaxmuiy
KYHAPAbizbl MeH OCIMOIKMIY KOpeKmeHyiH Kammamacwvls emeodi. Maxanaoa MoOHOMEmMunoimMoyeeuna —
muipvid pumorocwiivicel — cy ducyueciniy 20 °C memnepamypaoa epiciwmici dicone o3apa apexemmecyi
mypanvl manimemmep Keamipineen. Kanya xocapranean MMM — M®K Kypamosl KOCbLIblC My3inemini
AHBIKMANZAH. ANLIHRAH KOCLLILICIbL 3epmmey (Qu3uUKa-XUMUsAIblK manoay aoicmepimen Jicypeizindi. Kana
Kocapaanean MMM — M@K Kypamovl KOCbLnbiCmbll diceke KPUCaiobl Mopivl eKeHi, KapOoKcul moOulHblH
ommezi apKblibl KOOPOUHAYUAIAHAMBIHBL HCIHE YCaK KPUCMANObL KYPLLIbICIbL €eKeHT AHbIKMANObL.

Tipex ce30ep: Monomemunoimouesuna, Mulpbldl  PUMOKOCHIIbICHL,  KOCAPIAHEAH  KOCHLIbIC,
uzomepmMuanblK manoay a0ici, unmepnpemayus, penmeengasanvix a0ic, HK-cnexmpockonuanwix adic,
27IeKMPOHObI-MUKPOCKONUSLBIK 20iC
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Protection of plants against diseases and pests is atask of prime importancefor production of plant
growing and getting big crops. Seed dressers of seeds, particularly cotton which is protecting seeds from
diseases, negatively influence on soil fertility. Creation of the medicines of multifunctional actionsis
necessaryto provide protection of plants and preserve soil fertility at the same time. Objects of research are:
the monomethylolurea (MMU) which has antifungal properties against root decay and black rust of cotton;
zinc phytocompound (ZPC) providing soil fertility and plant nutrition. Article is informed about data of
solubility and chemical interaction in the system of MMU — ZPC — water, in a temperature of 20 °C.
Formation of new double connection of structure — MMU-ZPC is established. Interpretation of the received
double connection is carried out by physical and chemical methods of analysis. It is determined that
MMU < ZPCs has an individual crystalline grid, it is coordinated through oxygen of carboxyl group and has
microcrystalline structure.

Keywords: monomethyl urea, zincphytocompound, double compound, isothermal analysis, interpretation,
X-ray phase method, IR-spectroscopic method, electronic and microscopic method.

Beeoenue. Jlerpananus mouBbl — pacnpocTpaHeHHOe siBJeHue B Mupe u EBpone. XoTs kauecTBO
IIOYBBl MOXKET OBbITh YIYYLIEHO IIyT€M peKyJbTUBAIMM, OOJBIIMHCTBO aHTPOINOTCHHBIX
BO3JCUCTBUI (B T.4. CEIbCKOXO3AWCTBEHHAs MAEATENbHOCTb, HHbIE BHIbl 3€MJICHOIb30BAHMUSA,
pEeKpealnoHHOE BO3AECUCTBUE U T.Jl.) CHUYKAIOT KaueCTBO MOYBBI, IPSMO WJIM KOCBEHHO BBI3bIBAS €€
nerpagamuto [1].

Jlerpajanus MOYB M MHOTEPS MOYBEHHOI'O IUIOAOPOAMS IMPUBOAUT K YMEHBIICHHUIO 3aracoB
rymMyca U KOJMYEeCTBAa WHBIX MUTATEIBHBIX BEHIECTB — a30Ta, Kajius, Gochopa, MUKPOIIEMEHTOB,
YBEJIMYEHUIO KUCIOTHOCTU II0YB, NEPEYIUIOTHEHUIO IOYB, YXYALICHUIO CTPYKTYpbl IOYB MU
IpaHyJIOMETPUYECKOTO COCTaBa, MEPEyBIAKHEHUIO IMOYB, 3aCOJICHUIO TOYB, UX DPa3pyLICHUIO U
yTpare B pe3yjbTaTe BOJHOW M BETPOBOM 3pO3MH, a TAKKE B BHJE MEXaHHYECKOTO yJaleHUs
IUIOIOPO/IHOTO CJIOSI TOYBBI MPH CTPOUTEIBHBIX M TOPHOI00BIBatOINX paboTax. YacTo nmpolieMsl,
CBSI3aHHBIE C JIeTpajalieil Mo4B, BbI3BaHbl HECOOIIOEHUEM TEXHOJOTUMN BO3/ENbIBAaHUS KYJbTYD,
00ecneurBaIIUX COXpaHEHUE U yIIydIlieHHue TOYBEHHOTO M1oopoaus [2].

WHTeHcuBHAs XUMH3alUsl POU3BOJCTBA PACTEHUEBOJACTBA C MCIOIb30BAaHUEM MECTULIUIOB B
CENTbCKOM XO3SIIICTBE TPHBEII0O KO MHOTUM HETATHBHBIM SIBJICHHUSM, TaKUM KaK 3arps3HEHHE
OKpY’Kalollen cpesibl, Aerpaaanus MoyB, HAKOIUIEHNE ECTUIMIOB B PACTUTEIbHOM Npoaykimu [3].
OCHOBHBIMU TOKa3aTEIsIMM, XapaKTEpU3YIOIMIMMU YypOBeHb U 3((HEKTUBHOCTh XMMHU3ALUHU
CeJIbCKOTO XO3sIICTBA, SBJIAIOTCA: MOCTAaBKA U BHECEHUE MUHEPAJIbHBIX YA0OpPEHUI BCEro, 1Mo BUAaM
Ha eIUHUILY TUIOLIA/IU, IO/ OT/IENIbHbIE KYJIbTYPhI; YAEIbHbIN BeC KOHIIEHTPUPOBAHHBIX U CII0KHBIX
yaoOpeHuit B oOmieM oObeMe MOCTaBKH; NMPUMEHEHHE XUMHUYECKUX M OMOJIOTMYECKUX CPENICTB
3alUThl pacTeHUl OT OoJe3Hed, BpeAuTeNell U COPHAKOB; 3(PQPEKTUBHOCTh NPUMEHEHUS
XMMHUYECKHX BEIIECTB B CEILCKOM X03stiicTBe [4].

3ammTa pacTeHWil OT OOJe3HeW W BpEAWTENIeH SBISETCS TEPBOCTENEHHON 3amaded s
MIPOM3BOJICTBA CEIbCKOXO03SHCTBEHHON MPOIYKIUHU U MOJyUYEeHUsI MAaKCUMAaJIbHBIX 00BEMOB ypOXKasl.
Ha ceromusmHuii JeHb XUMHUYECKHE CpeAcTBa OOpPaOOTKMU  SBISAIOTCS MPUOPUTETHBIMU.
[IpenmnoceBHOE MPOTpaBIMBAaHUE CEMsIH, CESHIEB, KIyOHEH MM paccalbl MO3BOJSET YMEHBIIUTh
MOTEHIMAJIbHBIE TOTepH yposkas Ha 50-55 %.

[IpoTpaBuTenu MpencTaBAsAIOT co00M XMMHUYECKHe TMpernapaTbl 00e33apaXKUBAIOIIEro U
3alIUTHOTO JCHCTBHUIA, KOTOpPBIC, YHHUTOXKAIOT BPEAHBIC OPTaHU3MBI, KaK HA MOBEPXHOCTH, TaK W
BHYTPH CEMsH, 3allMINAIOT HMX OT KOPHEBBIX THWJIEH, TOJOBHEBBIX WHQEKIUH, Oakrepui,
BpeauTene u rpuboB, obutaromux B mouBe [5]. IIpoTpaBuTenu ObIBAIOT y3KOTO U ITUPOKOTO
CIIEKTpa JIeHCTBUS, C OAHON U HECKOJIBKUMH JEHCTBYIOIIMMH BELIECTBAMHU, UMEIOT (YHIMIIUHBIE
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WJIM UHCEKTULHHbIE CBOMCTBA WJIM KOMIUIEKCHOE IEHCTBUE. B COBPEMEHHOM PaCTEHHEBOICTBE
00paboTKa TOCEBHOTO M IIOCAJOYHOTO MaTepHalia HWHCEKTHIMIHBIMA W  (yHTUIIUIHBIMU
npenaparaMu  SIBJISIETCA  OJHUM W3  OCHOBHBIX  3BEHBEB  TEXHOJOTMM  BBIpALIUBAHUS
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYP.

B HenmanekoM mponuiomM ceMmeHa oOpalaThlBaid MPAKTUYECKH TOJIBKO (YHTULUIHBIMU
npenapatamu. M3-3a 0oTCyTCTBHS HEOOXOAMMBIX aKTUBHBIX BELIECTB 3aIIUTY CEMSH M BCXOJOB OT
BpEeAUTENCH OCYIIECTBISUIM MOMOIIbIO OmNpbickuBaHUs. OO0paboTka CEMEHHOr0 M MOCaA0YHOIrO
MaTepuaga IpOoTpaBUTENCH OJHOBPEMEHHO CIOCOOCTBYET MOBBIIIEHUIO CHUJIBI POCTA, BCXOKECTHU
cemsiH. J{iisi mpoTpaBiIMBaHUS HMCIOJB3YIOT MpenapaThl pa3HbIX xumMudeckux rpymm. Ha ocHoBe
OJIHOTO JIEUCTBYIOIIETO BEIIECTBA OHU UMEIOT Y3KUHU CIIEKTpP JACUCTBUS, TO3TOMY Yallle MPUMEHSIOT
KOMOMHHPOBAaHHBIC MHOTOKOMITOHEHTHBIE TIpETaparsl [6].

N3BecTHbI neicTByIONIME BEIIECTBA — MOHO-, JIWMETUJIOJIMOYEBMHBI MW Ha HX OCHOBE
npemnapaTuBHas (opMa IPOTPABUTENS CEMSH XJIOMYaTHUKA ¢ KOMMepueckuM HazBanuem CyHkap-3,
MO3BOJISIIOIINE OJHOBPEMEHHO CHH3UTH OONIE3HW PACTCHM XJIOMYAaTHUKA U YBEIUYUTH YPOXKall U
Ka4eCTBO XJIOMKa-chipua [7].

bonbiioe mnpakTHueckoe 3HAYECHHE HUMEET CO3JaHHE KOMIIO3ULMU MONU(YHKIMOHAIBHOTO
JEHCTBHS HA OCHOBE MOHOMETHIIOJIMOYEBUHBI U (PUTOCOEAUHEHUH MUKPODIIEMEHTOB, 001a0aouux
BBICOKOW OMOJIOTrHYecKOi 3P (PEKTUBHOCTHIO IPOTHB TOMMO3a H KOPHEBOU THUIIU, 00eCneuusaoujux
YBEIMUCHUE YHCIICHHOCTH MOJIE3HON MUKPO(IIOPHI ¥ HAKOIICHUE B TIOYBE OPTAaHMYSCKUX BEIICCTB,
8bICOKOI(DheKmMuUBHbIX Ha 3ACOJCHHBIX 3EMJISIX, B YCIOBUSAX Je(HIMTAa TOJUBHOW BOJIBI, W
MUHEPAIBHBIX YI00PEHUI, CyXOBEEB.

Memoouxa  sxkcnepumenma.  ViccinenoBaHuss — NPOBOAMIM — U30TEPMHUYECKHMM  METOAOM,
OCHOBAHHBIM Ha KOHTaKTe HJKOH M TBepJOoH (a3 10 HACTYIUIEHUS] PAaBHOBECHUS NPH MOCTOSTHHON
temneparype. PaBHoBecue ¢a3z mnpu Ttemnepatype 20 °C B cucTeMe yCTaHaBJIMBaeTCs MpU
HETPEPHIBHOM NIEpEMENTUBAHIH U TEPMOCTATUPOBAaHUH depe3 9 4. OmnpeneneHne cOCTaBOB TBEPIBIX
U KUAKUX (a3 npoBoau 1o CkpeifHeMakepcy W MOCTPOSHHEM JHarpaMMbl paCTBOPHUMOCTH TIPU
20 °C.

PentrenodasoBeiii aHaaM3 OCHOBaH Ha MACHTU(UKAIIUN PA3IMYHBIX (a3 B X CMECH Ha OCHOBE
aHanu3a Ju(paKIMOHHON KapTHHBI, JaBA€MOM HCCIIeAyeMbIM 00pa3LioM.

NK-cieKTpocKOMMYeCKUi METOJ aHajiu3a OCHOBaH Ha 3alucu HH(QPAKPacHBIX CIEKTPOB
MIOTJIOIIEHUS BELECTBA.

N3ydenue tomorpadmu U MHUKPOCTPYKTYPBI HOBEPXHOCTH, NMPOBEACHBI Ha HU3KOBAKYYMHOM
pacTpoBOM 3JIeKTpOoHHOM MuKpockorne JSM-6510LA B KOMIUIEKTE C SHEProJHUCIePCHOHHBIM
PEHTIeHOBCKUM criekTpoMeTpoM («JEOLy, SAnonus).

Pezynemamer u ux obcyscoenue. Ha pucynke 1 mpeacrtaBieHa pacTBOPUMOCTh U XUMHUYECKOE
B3aMMOJIeIiCTBUE B cucteMe MoHoMeTuiIoamMoueBuHa (MMM) — ¢utocoenunenue nunka (OCLL) —
Boza npu Temnepatype 20 °C u ycTraHoBIeHO 00pa3oBaHHEe HOBOTO JBOMHOTO COCTUHEHUS COCTaBa:
MMM-OCI1I.

WuTepniperanyisi TOMYyYEHHOTO JBOWHOTO COEIWHEHUS Oblla TpOBEICHAa XUMHUYECKUM,
peHtreHoda3zoBeiM, HK-CHeKTpoCKOMUYECKUM,  AIEKTPOHHO-MUKPOCKOIIUYECKUM  METOAaMH
aHanus3a.

JlaHHBIE XMMHUYECKOTO aHaiu3a ABoiHoro coeauHenuss MMMe®Cl], rae conepxanne DCI]
cootBercTBYeT 97,2 mac. % u MMM 2.8 mac. % XOpomIo corjacyercsi ¢ pacCieTHbIMU JTaHHBIMU:
@OCII 97.3 mac. % u MMM 2.7 mac. %.
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Ny ML -BCTT

20 ) 60 30 BCIL v

Pucynok 1 — Uzotepmuueckas auarpamMmma pactBopumoctu cuctembl MMM — OCIL] — Boaa
pu 20 °C

NK-cieKTpocKONU4ecKuM  (PUCYHOK 3), d3JIEKTPOHHO-

PentrenodaszoBeiM (pUCyHOK 2),
MUKPOCKOIMYECKUM (PUCYHOK 4) METOJaMH aHaJIM3a OMPEEIIEHO, YTO IBOIHOE COETMHEHUE UMEET

UHIUBUAYAIbHYIO KPUCTAJUIMUECKYIO PEUIETKY, KOOPAUHUPYETCS Yepe3 KUCI0pOo KapOOKCUIbHON

TPYNIbI U METKOKPUCTAIUNIMYECKYIO CTPYKTYPY.

5

160

a— MMM; 6 - MMM-+®CII.
Pucynok 2 — ludpaxrorpammsl
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Pucynok 3 — UK-cniektpsl
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Pucynok — 4 Pe3ynbrarel uzydeHus: Tonorpaguu 1 MUKPOCTPYKTYPBI IOBEPXHOCTH
JIBoitHOro coeauaeHus — MMMe®CI]

UK-criektppt MMM  xapakTepu3yrOTCs  WHTEHCHUBHBIM  TIOTJIONICHHMEM B 00JacTu
36502770 cml, 1880-910 cm! u 620-515 cml. [IBoitnoe coemmHenne MMMedCI] Taxxe
XapaKTepU3yIOTCs MmojocamMu mornomenus MMM, ogHako OHM MpeTepried HEKOTOPBIA CIBHT.
CyIIecTBEHHBIM SBIISIETCS BBICOKOYACTOTHBIM CIBUT BasleHTHBIX konebanmii NHz-, NH- u CN-
rpynn. Yacrora aepopManMOHHBIX KOJeOaHWH I3THUX TPYINI HE Ieperepresia 3HAYMTEIbHBIX
W3MEHEHUH, U3 3ToTO0 cieayeT, uto cBsi3b NH- u CN-rpynm cranu 60ee TpoYHBIME, B TO K€ BpeMs
cBa3b C=0O rpymnmbl 0CIaduiIach, 4TO BUAHO M3 HU3KOYACTOTHOTO CJIBHMIa BaJICHTHBIX KOJcOaHUI
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C=0O rpymnsl Ha 18 cml, otHocuTensHO MMM. Ilpousomuno pasaeneHue MOJNOC TOTNOMIEHHUS

amun-1. Ecin B ciektpe MMM Banentasie xonebanus CO- u CN-rpynm manoxumucs (1663 cvml),
TO JUISL COSAMHEHUS STU KoyebaHus UMeroT aBe nosockl norsomenust CO — 1647 em™, CN — 1675
cmL,

PaccmoTpennbie u3Menenus cnektpa AsoiHoro coeauHennss MMMe®CII otnocutensno MMM
YKa3bIBaeT Ha TO, 4TO KUCI0pog MMM 3aHSIT B KOOPAMHALIMOHHOM CBS3H.

Takum 00pa3oM, Ha OCHOBAHHMH MPOBEJICHHBIX UCCIICIOBAHUN TPOWHOM CUCTEMBI COCTOSIICH M3
MMM - ®CI - Boma mpu 20 °C ycraHoBieHa, 00yacTh 00pa3oBaHUS HOBOTO JBOWHOTO
COCIMHEHHUS — JICHCTBYIOIIETO BEIIECTBA KOMIO3UIUHM MOJU(DYHKIMOHAILHOTO JEHCTBUS —

MMMe@Cll, uaTepnperanuo KOTOPOro MpoBeId METOIaMH (PU3HKO-XUMUYECKOTO aHAIIN3A.
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K BOITPOCY OJHOMEPHOTI'O CJIYYASI MATEMATUYECKOM
MOJAEJIX ITPOLECCA PA3BUTHUSA N'EOJTIOT'MYECKOI'O INIIOMA
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Kazaxcxuii nayuonanvnonl ynusepcumem um. Ano—@apabu, Anmamol, Pecnybiuxa Kazaxcman
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um. K.U. Camnaesa, Armamol, Pecnybnuxa Kazaxcman
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B oannoti pabome npeocmaenen O00uH U3 GAPUAHMOS MAMEMAMUYECKOU MOOenU pPA36UMUsL
INEKMPUUECKO20 pazpsoa 8 YCI08UAX 2a3060U UL 8030YUIHOU CPedbl 8 CyYae 0OHOMEPHO20 PACCMOMPEHUS]
3a0ayu. I[lpoanaruzuposannvle OanHble QUUYECKUX XAPAKMEPUCMUK NPOYecca NO38OJAION COCMABUMb
cucmemy ougpepeHyuanbHbIX ypagHeHull, a maxdice paccmompens 0coOeHHOCMU HeNnOCMOSHCIMEA MACChl
HAYanbHo20 (hpazmMeHma >1eKmpoHO8 U YCMAHOBUMb AHAMU3 €20 pPA3eUMus,  KAK (DYHKYUOHATbHYIO
3A6UCUMOCHIb POCIA PACCMAMPUBAEMO20 pazmenma 6 npoyecce yeeaudenus cunbl noaei. OcobenHocmuio
0aHHOU MoOenu AGIslemcs NooXo0 (pazMeHmapHocmu NOMOKA  91eKMpPOHOS, KaK —ONMUMAibHO
ompadicarowull.  MOMeHmbvl PA308blX NEPex0008 6 YCI0UAX UOEHMUYHBIX PA3IUUHbIM  ACPecamHblM
COCMOAHUAM 8euyecmad.

Kniouesvie cnoea: cucmema OughepeHyuanvublx  YpagHeHuil, HeCaAMOCMOSMENbHbll  paspso,
Camocmosimenvbublil paspso, passumue npoyeccad, (yHKYus Maccol.

Ocul oicymvicma ecenmi Giponuiemoi Kapacmulpy sHca20auvblHoa 2a3 nemece ayd Opmacsl JHca20aviHoa
1IeKmMp paspsiobl OAMYbIHbIY MAMEMAMUKATLIK, YASICIHIK OIp HYCKACLL YCbIHbIAZAH. YPOICMIY (DU3UKATbIK
CUNAMMamaiapoinbly mandanean oepexmepi Oupepenyuanoviy menoey dcyliecin Kypayea, dcaHe Oe
INEKMPOHOAPObIY bacmankvl (pazmeHmmepi CAlIMAbIHbIY MYPAKCHLI30bIK epeKuenikmepin Kapacmuipyad
JHCoHe opic Kywmepin apmmuvlpy 0apblCblHOA KAPACMbIPLIAMbIH (hpasmenmmiy oCyiniy QYHKYUOHAIObIK
mayenodiniei peminde oHvlY 0AMYbIH Mandayovl benzineyee Mymkindik oepedi. Ocwl yneiniy epexuieniei 60.1vin
3AMMbLY IPMYPIL A2Pe2ammplK, HCALOAUAAPLIHA YKCAC HCA20AUAApOa (azaivlk ayblcy Commepin OHMAuibl
Kepcememin peminoe, S1eKMpoHOap aA8biHbIHbIY (DpacMeHmminiK maciii maowvliaob.

Tipex ce30ep: Jughgepenyuandvix menoeynep oicyiieci, oepbec emec paspsao, depbec pa3psao, ypoicmiy
damywl, CATMAKMbLY QYHKYUACDHL.

This paper presents one of mathematical model variants of electrical discharge development under the
conditions of gas or air environment in case of one-dimensional analysis of issue. The analyzed data of
physical characteristics of the process allow to make a differential equation system as well as to consider
mass-variability of electrons initial fragment and its development analysis as functional dependence of
considered fragment evolution in the process of force field increase. The feature of this model is the way of
electron flow fragmentarity as optimally reflecting moments of phase transitions under the identic conditions
to different state of aggregation of matter.

Keywords: differential equation system, non-self-maintained discharge, self-maintained discharge,
process evolution, mass function.
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3aznayeil ABISETCS PAaCCMOTPEHHUE IPOLECCA HECAMOCTOSITEIBHOTO U CAaMOCTOSITEIILHOIO paspsiia
B Ia30BOM ITPOMEXKYTKE.

PaccmaTpuBaeMblil Ipoliecc 3JEKTPUUECKOro paspsla B ra30BOM IPOMEXKYTKE B YCIOBHAX
MaTeMaTHYECKOM MOJEIH MOXXET OBbITh IpPEJICTaBlIeH B pa3pe3e OAHOMEPHOW MOJIENH aHAIN3a
3aBUCUMOCTEH OCHOBHBIX BOJIbTAMIIEPHBIX XapaKTEPUCTHK.

[Ipu npuiioxeHUM HaIpsKEHMsI, B TBEPAOM MaTepuaje KaToAa, CBOOOIHBIE 3JIEKTPOHBI, IO
JEUCTBUEM 3JIEKTPOHHOW AMMCCUM, HANPABJICHHO IBIXKYTCA B CTOPOHY aHoAa. Mopenb paspsia
HaMEpPEHHO YIIPOIIEHA, I03TOMY OITyCKaeTcsl HOAPOOHOCTH HEMOCPEICTBEHHOI'O POLiecca SMUCCUU
AJIEKTPOHOB, MU pAcCMaTPUBAETCS TOJBKO TOT IPOLIEHT 3JIEKTPOHOB, KOTOpPHIE BBUIETAIOT B
HaIPaBJIEHUU aHOJa, T.€. IPUHUMAIOT HEMIOCPEICTBEHHOE YUYacTHE B CAMOM IIPOLIECCE pa3psiaa.

Ha panHOM puCyHKE OTOOpaKeH W3BECTHBIA TpaduK BOJBTAMIIEPHON XapaKTEPHUCTUKU
HECaMOCTOSITENIbHOTO Ia30BOT'0 pa3psa.

A (A M’

Jlapuna

Hackimenne

“PBaxon 7| ]

O [ CHABHOE |
“natod [ov1e |
noae | |

- -
E, E, E (Bim)
PI/IC.l — BOHBTaMHepHaﬂ XapaKTCPUCTHKA HECCAMOCTOATCIIBHOI'O T'a30BOT'O pa3psja.

Taxoxe JaBHO M3BECTHO, YTO JJII HECAMOCTOATCIBHOI'O paspdaa Mpru MajlbIX INIOTHOCTAX TOKaA,
T.. KOTJa OCHOBHYIO POJIb B MCUE3HOBEHUHU 3apsA0B U3 ra3opa3psIHOrO MPOMEXKYTKa HUrpaeT
HpOIECC PEKOMOMHAIINY, UMeeT MecTo 3akoH Oma (J =cE ); TIpU OOJBIIMX TOJAX (E = En)
3akoH OMa He BBIMONHSIETCS — HACTYMAaeT SIBJICHUE HACHIIICHHUS, a TPU MOJSIX MpeBbIIamux En—
BO3HHMKAET JIABUHA 3aps/10B, 00YCIIaBIMBAOIIAs 3HAYUTEIBHOE YBEIHMUEHUE TUIOTHOCTH TOKa. [1]

HJ'ISI CaMOCTOATCIIBHOTO paspsjia B CiIydac CHUIIbBHBIX HOJ'IGI71, YUYUTbIBAsA I'paHUYHBIC YCIIOBUS HaA
karoge (x=0, n=no, C=Ng), MOJYYUM YHUCJIO TAp DJIEKTPOHOB OOECMEUMBAIOINX OOpa30BaHHE
BJIEKTPOHHOW JIABUHBI

n = noe** (¢D)

Uem Oosnbllle pa3HOCTh MOTEHLUHUATIOB MEXKIY DJIEKTPOJaMHU, TeM OOJblle HamnpsKEHHOCTh
anekTpuyeckoro mnoisid. KuHeTnueckas sHeprusi 3J€KTpOHA IEpe] OuYepelHbIM CTOJKHOBEHUEM
MIPOIOPLIMOHANIbHA HAMPSYKEHHOCTH TOJIS U JUTMHE CBOOOIHOIO MpoOera JIeKTpoHa:

’"T = ¢El )
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Ecnu kuHeTHYecKass SHepPTUs JIEKTPOHA MPEBOCXOIUT paboTy Ai, KOTOPYIO HYKHO COBEPIIHTH,
4TOOBI HOHU3UPOBATh HEWTPANIbHBINA aToM (MM MOJIEKYIy), T.e. mMv2>Ai, TO IPU CTOJIKHOBEHHH
JNEKTPOHA C aTOMOM (HMJIM MOJIEKYJIOH) MPOUCXOAUT ero uoHm3arusa. OmnucaHHbd Mpoiecc
HA3bIBAIOT HOHU3AIIMEH IIEKTPOHHBIM y1apom [2-5].

W3 ananmmsa mpoTekaHus Mpoiecca, MO JaHHOMY TpaduKy, MOXXHO 3aMETUTh Kak TOTOK
AJIEKTPOHOB HCIBITHIBAET B pa3pe3e BOJIbTAMIICPHON XapaKTEPUCTHKU 3aBUCUMOCTU HICHTHUYHBIC
(ha30BBIM N3MEHEHHSIM, XapaKTEPHBIM JUIS Pa3JIMYHBIX arperaTHbIX COCTOSHUM BemecTsa. [Iporecc
B 30H¢ OMa HWJCHTUYEH MOBEICHHUIO JKUIKOTO arperaTHOro COCTOSIHUS, B 30HE HACBIIICHUS
YCTOMYHMBOCTh K U3MEHEHUAM (Iedopmariusm) B ycioBusax Oonpmux nosiel (En<E< En) otpaxkaer
XapaKTePUCTHKU Ta30BOW Cpedbl, IpPH TPEBBINICHUH FE7r o0pasyercs IJIa3MEHHOE COCTOSIHHE
BEIIECTBA.

Hcxons w3 aHanm3a 3TUX JIAHHBIX, MOKHO IPEICTABHTH Pa3BUTHE pa3psja B BUIC CHUCTEMbI
muddepeHINaTbHBIX YPaBHEHUI:

dh
— =

dv _ Fr —kov—kv? (3)

dr  m®)

1€ B KAYCCTBC (1)}/HKI_II/II/I MacCChI IpeAIojaracTcsa pacCMOTPETh CICAYIOIIYHO (1)}/HKI_[I/IIOZ

my, rne xe(0; Enj;
m(x) =4 my + ax, rae xe(Em; En]; toe a<<1 4)
m, e*, roe x > Em

@Oynkimer Maccol (M = const) mpencTaBiseTcss HEKOTOPHIH (parMeHT MOTOKa 3JIEKTPOHOB
(aHcamO1b), KOTOPBIM NMPUOIM3UTEIHHO NOCTOSHEH, 1O JOCTH)KEHUS OIpeJIeIEHHON CKOpOCTH (T.€.
B mpenenax 30Hbl Oma); Jnanmee mpuoOpeTaeT paBHOMEPHBIN XapakTep pa3BUTHS Ipolecca
(yBenmuuuBaeT 00BEM CBOEW Macchl 10 BO3HMKHOBEHHUS TMpoOIlecca JIaBUHBI); W Jajnee, Mpu
JOCTUKEHUH CKOpPOCTH JIaBUHOOOpazoBaHUs mgy +ax =m; (1), gocruraer miaa3MeHHOTO
coCTOsIHUS pa3psiza. BooOrie roBops 3T0 pa3BUTHE MOAXOIUT JUIS YCIOBUN Ta30BOT0 HATIOJIHEHUS
TpyOKH, T.K. aHAJIM3 Pa3BUTHUS pa3psaa UMEET B OCHOBE XapakTepucTuku puc.l. s Bo3ayxa Gosee
npuemsieM BapuaHT (5) wim (9), T.K. TpoLecC HACBHIIEHHUS Pa3psIHOTO TMPOMEXYTKa B
HEJIOKAJIM3UPOBAHHBIX YCIOBMSIX NPOMCXOAUT OYEHb CTPEMUTEIbHO. B KauecTBe CKOPOCTHOIO
M3MEHEHHUS IPUHUMAETCS U3MEHEHUS CUIIbI TOKA OT CUJIbl IPUIIOKEHHBIX MOJIeH, re:

X — apryMEHT U3MEHEHUs CHJIbI MOJIeH (COOTBETCTBYIOIIEH Pa3MEPHOCTH).

h — pacctostHue OT HYIIS,

Fr - cuna Toka, ¢ y4eTom Mosiei.

ko, k — koo unmeHTH CONPOTUBICHHS U TOOOBOTO COMPOTHBIICHHS CPEIBI.

O cuiie conpoTUBIICHHUS CPEJIbl IBUKYIIEMYCs Telly U3BECTHO, YTO OHA, BOOOIIE TOBOPs, pacTeT
C POCTOM CKOPOCTH (XOTs 3TO YTBEPXKIECHUE HE SBJIAETCS a0COMIOTHBIM). [Ipy OTHOCHUTENBEHO MaJIBIX
CKOPOCTSIX BEJIMYMHA CHUJIbl CONPOTHBIIEHHUS IPONOPLHUOHAIBHA CKOPOCTH U HUMEET MECTO
cooTHoIeHue, Feonp = KoV, T1e Ko onpenensercs cBoiictBamu cpenbl u hopmoii Tena. Hampumep, s
mapuka Ko = 6mpur — sto popmyna Crokca, rjae L — TUHAMHUYECKas BS3KOCTh CPeIbl, I — payc
¢dbparmenTa (Hanpumep) mapuka. Tak, mist Bo3ayxa npu t = 20 °C u gaBnenuun 1 atm p = 0,0182
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H-cm. O6BIYHO, 11 BO3IYLIHOM M Ia30BOil Cpe/bl, TIPH BO3PACTAIONINX CKOpocTaX kv? >> kyv
(T.K. 3TH cpenpl HE 00JAMAIOT BHICOKMM KOI(DPUIIMEHTOM BSI3KOCTH, KaKas-TMOO OmpeeieHHast
BA3KOCTh CpeIbl B JaHHOM IIpolecce oOpa3yercss TOJNBKO B IUIa3MEHHOM CiIy4ae M K
HEMOCPEJACTBEHHOMY DPAa3BUTHIO DPa3psjia OTHOIIECHUS HE UMEET), B ITOM ciydae KoV MOMKHO
npeHeOpedb (MCIOIb3ys MPUHIIMIT PAHXKUPOBaHUs (HakTOpoB). McXoas W3 MPUHATHIX MPABUII, PO
BEeIMYMHY Kk W3BECTHO CIEAyIONIee: OHA MPOIOPIUOHANBHA IUIONIAT CEYCeHUs Teia S,
TMOTIEPEYHOrO 10 OTHOWICHHIO K NOTOKY, H IIOTHOCTH CPE/BI P M 3aBHCHT OT dbopMBI Tena.

OObyHO TIpeACTaBIAIOT k = O,SCSpCp, rae ¢ — Ko3(pHUIMEeHT JT0O0BOrO COMPOTHUBICHUS —

6e3pasmepen. CreayeT TakKe OTMETUTh, YTO KO3(PPHUIMEHT J1000BOTO COMPOTUBIEHUS C IPU
MaJblX CKOPOCTSIX MMEET pa3MepHOCTh mnopsaka 1 (Hampumep, st mapa ¢ = 0,4), HO npu
JTOCTHKEHHH JIOCTaTOYHO OOJIBIION CKOPOCTH, KOr/ia oOpa3yronecs 3a 00TeKaeMbIM TE€JIOM BUXPHU
ra3a Wiv XUJAKOCTU HAaYMHAIOT MHTEHCHBHO OTPBIBATBCSA OT TEJIA, 3HAYEHHE C B HECKOJBKO pa3
YMEHBIIAETCS, T.€. MPUOIU3UTEIBHO AOCTUTAaeT BelnuuHbl nopsaaka 0,1 nin Huxe. OTHOCUTEIBHO
IJIOTHOCTU Ta30BOM CpeAbl, JUIsi HECAaMOCTOSTENbHOIO Ta30BOTO pas3psia, IPOTEKArUIEro B
pa3psKEHHOM cpejie INIOTHOCTH OYEBUIHO Mallbl, M 3aBUCAT OT HEMOCPEACTBEHHOI'O XapakTepa rasa
B TpyOke. [l caMOCTOATENBHOIO paspsaa B BO3AYHIHOH CPENE, Pgosy = 1,2754xr/™M®  mim
1,2754 10~ 3r/cad.

B cnyuyae ObICTpOro pa3BUTHS CKOPOCTH MaTeMaThdeckas MOJIeldb pPaccMaTpUBAEMOIO
paspsaa (7) B BO3AYLIHOM U Ta30BOM CpeJie HHOT/Ia MOKET YIIPOCTUTHCS A0 CIEAYIOIIEero BUIa

dh
PR

dv _ Fr—kv? ()

dx  m@)

Pemenne nanHoii cuctemsl AuddepeHnanbHbIX YPaBHEHUN TPUBOIUT K CIEAYIOIIUM BBIBOJAM:

1. Tlpu manpix HampspkeHusx oOmiee pernenue (1) Oyaer mpeiacTaBUMO B BUAE JIMHEWHOM
3aBUCHUMOCTH.

2. Ilpu da3zoBom mepexome u3 30HHI OmMa B 001acTh HACBIIEHHUS, OTBEYAIOIIYIO
XapaKTepUCTHKaM Ta30BOM cpenbl YCTOWYMBOW K JAegopmanusM, CilelyeT paccMaTpuBaTh
COOTBETCTBYIOIIME JAHHBIM YCIOBUSM KpaeBble 3a/1a4H.

3. B 3o0me Haceimenus Fr — kgv — kv? = 0, uHorga Bo3moxkHo npubnuxkenue Fp — kv? =0,
um Fr = kv?

4. ®a30BbIil Epexo]l B JIABUHHOE COCTOSIHME TAaK)KE€ CTaBUT BOIIPOC PACCMOTPEHMSI KPaeBBIX
3azad.

5. JlaBUHHOE€ COCTOSIHME€ ONUILIETCS TMOJUHOMHAIBHON 3aBUCUMOCTBIO WM JIMHEWHO C
K03 (HUIIMEHTOM OTIUYHBIM OT CiIydas 1. 1.

HccnenoBanue 1aHHOTO Mpoliecca MPUBOIUT K U3YUEHHUIO XapaKTEPUCTUK HEMOCPEICTBEHHO
Fr:
1. JInst cmaGbIx mosiei:

FT = Cl+kov + kvz, (6)

rae C1= const.
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2. JI1st 30HBI HACHIIIICHUS:

Fr = kov + kv? (7
3. J1ns1 BO3HUKHOBEHHS dPPeKTa MIa3Mbl:

Fr=Ca+kv?, (8)
rae C2 = const uiu Bo3MokHO npeacTaBienue Cz2(X) B IOJIMHOMUAIBHOM BU/E.

Kak dacTtHplli ciydait (0onee MOAXOIAIIMI K Pa3BUTHIO paspsia B YCIOBUSX BO3IyXa)
BO3HUKHOBEHMS pa3ps/ia B YCIOBHSIX OUYEHb CUIIBHBIX MOJICH TaHHAs MOJEb CBEIETCS K BUAY:

dh
=Y
X
dv _ Fr—kv? 9)
dx  Ce™

YTO TIPU BBICOKUX JTUAICKTPUUECKUX XapPAKTEPUCTUKAX CYXOTO BO3JyXa MOXET IPUBECTH K
PE3KOMY Pa3BUTHIO IJIA3MEHHOT'O COCTOSIHUSL.
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BHEJAPEHME 3AMKHYTbIX CUCTEM INTPOMBIIIIVIEHHOI'O
BOJOCHABXEHMA B HEJIAAX HOPMUPOBAHUA
BOAOIIOTPEBJIEHUA U BOAOOTBEAEHUSA
B IPOMBIINIJIEHHOCTHU YEPHOM METAJLTYPT UM

BaiimyxaméeroB A.A.!
YKazaxcxuil nayuonanshoil uccredosamenscxuil mexnuueckuii yuueepcumen
um. K.U. Camnaesa, Armamol, Pecnyoauxa Kazaxcman
e-mail: asset.baimuhambetov@mail.ru

B pabome paccmompeno ucnonvzoéarue 600bl HA NPEONPUSMUSX YEPHOU Memaniypeuu. Buisenenvi
OCHOBHblE UCIMOYHUKU 00PA306AHUL CIOYHBIX 800 HA npeonpusmuu. Bvloop medcdy ochosHbiMU cxeMamu
cucmemvl  NPOMBIUAEHHO20 B000CHAOIICEHUS. NPAMOMOYHASL CXeMd, NPAMOMOYHASL C NOBMOPHLIM
UCNONb308aHUEM 800bl U 000pomHas. Bredpenue 3amMkHymbix cucmem 0OOCHOBbIBAECA HEOOX0OUMOCbIO
VAYYUIEHUS. CAHUMAPHO-CUSUCHUYECKUX U IKOIOSUHECKUX YCnosull Ha npeonpusmusix. Hanuuue xeocmoswix
YCMAHOBOK no360Jsiem coenams cucmemy samxHymou. Co30anue 3aMKHYMOU cucmembl 6000CHAOICEHUs
uMeem Ce0U npeumywecmsa u Heoocmamru. Mcmounuxu sxoHomMuu ceediceil 600bl U COKpaujenus copoca
CMOYHOU 800bl 8 NPOMBLULEHHOCIU.

Knrouessle croea: nopmuposarue, 060pomuoe 6000CHAOICEHUE, CHOYHBLE B00bl, 3AMKHYMbLE CUCTEMBL,
X8OCMOBbLE YCMAHOBKU, IKOIOSUHECKULL dhexm, Manogoonvle u OecCmoynble NPoYeccyl.

Kymvicma xapa memannypeus KaCinopblHOApuiHOA CyObli NAtoalany Kapacmeipsbliosl. Kacinopwinoa
Hezi3el Ko30epi agblHObl CcyAapObl AHLIKMANObl. OHEPKICINMIK CyMeH KaMmamacwvl3 emy apacblHoabl
manoay Heeizei cxeMacwl JHCyleHi: mikeaell Cy a2amvli CXemachyl, Kauma naudaiany Men mikeiel cy aeamolt
cxemacwl dicone auHanvim cxemacsl. Kacinopuinoapvinoa nezizoenedi sicaxcapmy, caHumapavik-2UeUeHanbly
JICOHE IKOJIOUSTILIK IHCAROAUNAPLIH KaAdcemminicimen mYUvlK dcyienepin dxcacay ewneizy. Kytieci mytivlg
Oonybl KaNObIKMbl KOHOLIPRLLIAPObL dHcacay2a MYMKIHOIK Oepedi. Cymen dcabovikmay dicyuecin Kypy
MyuvIKmanzan meH xemwinikmepi bap. Ouepxacinme ko3depi maza cyovl yHemoey MeH KblCKApmyaap
naioananvlizan cyovl akaoa.

Tipex co30ep: Hopmanay, AtHAIMANBL CYMEH KAMMAMACHI3 emy, azblHObl CYaap, MyuslK dcylie, Kalobvlk
KOHOBIPLLIAD, IKONOSUANBIK ICEP, A3 MHCIHE ARbIHCHI3 NPOYECmep.

The paper discusses the use of water on the enterprises of ferrous metallurgy. The basic sources of
wastewater formation in the enterprise. Choice between the basic charts of the system of industrial water-
supply: co-current scheme, co-current with the repeated use of water and circulating. The introduction of
closed systems justified by the need to improve sanitary and environmental conditions on enterprise. The
presence of tailings plants allows to make closed system. Creating closed water system has its advantages
and disadvantages. Sources of economy of fresh water and reduction of waste water are in industry

Keywords: rationing, circulating water supply, waste water, closed systems, trailing plants,
environmental impact, shallow and drainless processes.
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Beeoenue. YepHasi MeTaryprusi OTHOCUTCS K HauOollee KPYyMHBIX moTpeduTeneld Boabl. Boga
ABIISICTCSA 00sI3aTEILHBIM KOMIIOHEHTOM MPAKTUYECKH BCEX TEXHOJOTHYECKUX MPOIIECCOB, TO3TOMY
obOecrieueHre BOJIOW MPOMBINIICHHBIX MPEANPHUATHI B 3aJaHHBIX KOJIHYECTBAX W 3aJaHHOTO
KauecTBa MpU COOIOICHUH TPeOOBaHMIA TEXHOJIOTHH U HAJICKHOCTH SIBIISICTCS BaXKHEUIIIEH 3a1adeit
CUCTEMBI BOJIOCHAOKEHHUSI.

[IpropUTeTHBIMU HamNpaBiICHUSAMHU pPa3BUTHS B 00JacTM HOPMHPOBAHHUS BOJONOJIB30BaHUS
SIBJISIETCSl BHEJIPEHUE TEXHOJIOTHMH BBICOKOKAYECTBEHHOM OYMCTKM BOJbl HAa METAJUTYpPrHYECKUX
MNPEANPUATHIX C TMOCIEIYIOIMIMM €€ HCIOJb30BAHHUEM B 3aMKHYTBIX CHCTEMax BOIOCHAOKEHUS,
obecriedeHre BHEPEHUS Ha NMPOU3BOACTBE MEPEIOBBIX MATOBOAHBIX M OECCTOYHBIX TEXHOJIOTHHA U
CUCTEM IIOBTOPHOI'O HCIIOJIIB30BAHMS CTOYHBIX BOJ, OCYLIECTBIEHUE IIOBCEMECTHOIO IIepexoja Ha
3aMKHYTBIE CHCTEMBI BOJOCHA0KEHHS TEXHOJIOTHYECKUX MTPOIECCOB.

KoHeuHoli 1enpro SBISIETCS CO3/IaHUE CHCTEM BOJHOTO XO3MHCTBA MpeAnpHsITHd 0e3 cOpoca
CTOYHBIX BOJl B BOAOeMbl. CHCTEMbI 3aMKHYTOI'O BOJOCHAOKEHHUSI — 3TO OCHOBa (POPMHUPOBAHUS
palMOHAIBHOTO BOAOIOIB30BAHUS M BOJOOTBEICHNS Ha IPOMBIIUICHHBIX Npeanpuatusx. Hanuumne
3aMKHYTOM CHCTEMBI BOJHOIO XO3AWCTBAa SBJSETCA OJHUM M3 BaXXHEMIIMX IOKa3aTeseu
TEXHUYECKOI'O YPOBHSI NMPOMBILUIEHHBIX Npeanpuatuil. X BHeApeHHe MO3BOJIAET PE3KO CHU3BUTH
KOJMYECTBO CTOYHBIX BOJ U YMEHBUIUTH MOTPEOICHUE CBEXEHl BOABI, YTO JaeT 3HAUUTEIHHBIN
9KOJIOTHIECKUi 3 PeKT.

Ocnognas uacmes. IIponecc nosyuyeHus: YepHbIX METAJUIOB COCTOUT, KaK M3BECTHO, U3 JI0OBIYU U
MOATOTOBKU CHIPbsSI M TOIUIMBA, BBIJIABKM YyTyHa M CTajd, IEpeesa MOCieIHENd B NMPOKaTHbIE
npodwin U u3zenus. TOIUIMBOM CIY’KUT B OCHOBHOM KOKC, IOJIy4aeMblii U3 CIELUANbHBIX yIel
Ha KOKCOXMMHUYECKHUX 3aBOJaX, a B MIOCJIEIHEE BPEMSI — TAKXKE U IPUPOAHBIN ra3.

CyMMapHOe KOJIMYECTBO BOJIBI, pacXomyeMoii Ha 1 T ctamu, coctaBnser 200-220 M3, Pasznuuaror
CJIEYIOIINE BUBI BOABI, UCIIOJIB3YEMBIX HA MPEAIPUATHAX:

— NUTbEBast — IpeJHa3HAYCHHAs ISl YAOBIETBOPEHUS X035IICTBEHHO-IIMTHEBBIX HYX/I pad0OUnX U
CIIy)KalllUX, a TaKXe s OTIENbHBIX TEXHOJOTMYECKHX IpPOLECCOB, TPeOOBaHUS K KauecTBY
noTpe611eMoil BOJIbl, KOTOPBIX OJU3KO K TpeOOBaHUSAM KadeCcTBa MUTHEBOM BOJIBI;

— TEXHOJIOTUYECKYIO CBEXYIO — 3a0MpaeMyl0 U3 MPUPOAHOIO MCTOYHUKA U TOJABAEMYIO IJIf
HCIIOJIb30BaHUs B IPOM3BOJCTBEHHBIX LIETAX;

— TEXHOJIOTMYECKYIO IPUTOTOBIEHHYI0 — IIOJIy4aeMyK H3 TEXHOJIOTMUECKOM CBEXEeW WIn
MIUTHEBOM C UCIIOJIb30BAHUEM PA3JINYHBIX TEXHOJOTMYECKUX IPUEMOB BOIOIIOATOTOBKY;

— 000pOTHYIO (LIUPKYJISIMOHHYIO) — UCIIOJIb3YEMYIO0 B 0OOPOTHBIX CUCTEMAaX BOJOCHAOKEHHUS;

— TIOCNEAOBAaTENbHO HCIOJIB3YEMYK — TPHUMEHSEMYI0 IOOYEPEeTHO B  HECKOJIbKUX
MMPOM3BOJICTBEHHBIX TIpoIleccax 0e3 MPOMEKYTOUHOM OOpabOTKH C OTBEACHHEM B CHCTEMBI
KaHaJIu3aluu;

OCHOBHBIMU MCTOYHMKaMH 00pa30BaHUSl CTOUYHBIX BOJ Ha MPEANPUATUAX YEPHOH MeTauTypruu
SIBJIIOTCSI TOMEHHBIE 11€Xa, CTajlelIaBUIbHbIE [IeXa U IPOKATHBIE 1IeXa.

CrouHble BOJABI B JIOMEHHOM MPOM3BOJCTBE OOpa3zyOTCs HpPU Ta3004YHMCTKE JTOMEHHOIO rasa,
THJIPABINYECKOM cOOpKE OCEBIIEH MbUIM W MPOCHITU B MOJOYHKEPHBIX MOMEIICHUAX, a TAaKXKe OT
YCTaHOBOK I'PaHyJISALUU TOMEHHOTO IUIaKa U Pa3IMBOYHBIX MAILIWH.

Ha 1000 M3 ounmaemoro raza o6pasyerca 4—6 m°> crounsix Boa. CTOKH OKpalleHbl B KPacHO-
OypbIif LIBET, [l HUX XapaKTEPHO BBICOKOE COJIEP/KaHUE B3BEIICHHBIX BEIIECTB, KPOME TOrO B HUX
IPUCYTCTBYIOT HOHBI KaJIbIIHsI, MArHUS, XJIOPUABI U CYJIb(DaThI.

B nporecce rpaHyNSINN JOMEHHOTO IUTaKa CTOYHbIE BOJABI 00pasyloTCs B KOJHuecTBe 2 M° Ha
1 T rpaHyIMPOBAHHOIO IIIAKA.
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CrouHble BOJBI PA3TUBOYHBIX MAIIMH IOTYYAlOTCS OT OXJaXIEHHUS UYyryHa, pa3lIMTOr0 B
MYJIbJIbI Ha MAIlIMHE, U OT OXJIAXKJIEHUSI CIIMTKOB YYTyHA IMOCJIC MAIIMHBI HA BaroHax C MOMOIIBIO
NYIIHAPYIOUIUX YCTPOUCTB.

CrouHble BOJBI B CTaJCIUIABUJILHOM TIPOM3BOACTBE OOpa3yrOTCS TPU OYHCTKE Ta30B
MapTEHOBCKUX IeYei, KOHBEPTOPOB M DJIEKTPOILIABMIIbHBIX MeueH, OXJIKICHUH U THIPOOUYUCTKE
U3JIOKHUL, YCTAaHOBOK HENPEPBHIBHOM DPA3MBKU CTAIM U NMPU OOMBIBKE KOTIIOB-YTHUIIM3ATOPOB.
VY ienbHbli pacxod BOAbI B CUCTEMAX Ta300YUCTKU MIPUHSAT 2 M Ha 1000 Mm° raza.

Jlig yTUIIM3aluy TeIuia OTXOMASIIUX ra30B MOYTH 332 BCEMU MAapTEHOBCKUMH I€4aMU, MHOTUMU
HarpeBaTeIbHBIMU T€YaMU U KOHBEPTOPAMHU YCTAaHABIMBAIOT KOTJIBI-yTHIU3aTOpPHl. B pe3ynbrare
WX OOMBIBKM OOpa3ylOTCS CTOYHBIC BOJBI, 3arpsi3HEHHBIC MEXAHHMYECKUMU W XHUMHUYECKUMU
npumecsaMi. KomuuecTBO CTOKOB OT IPOMBIBKU OJHOTO KOTJIa COCTaBJIsAeT B cpeaneM 70 m>/dac.

OOBeM CTOYHBIX BOJI OT OJHOW YCTAaHOBKH HENPEPBIBHOW PA3IUBKH CTAd COCTABISCT [0
300 m®/uac.

CrouHble BOJABI MPOKATHBIX ILIEXOB OOPa3yrOTCS NPHU OXJIAXKACHUM BAJIKOB, IIEEK BAJKOB H
MOJIIUITHIKOB, CMBIBE U TPAHCIIOPTUPOBKE OKAJIMHBI, a TAKXKE MIPH OXJIAXKJICHUU BCIIOMOTATEeNbHBIX
MEXaHU3MOB (ITWJI, HOXKHUIL U JIp.). B TpyOomnpokaTHOM MpOM3BOJCTBE 00pa30BaHUE CTOYHBIX BOJI
JIOTIOJTHUTENBHO CBSA3aHO C MPOILIECCOM TUAPABINYECKOTO UCIIBITAHUS TPYO.

[TpokaTHBIE EXU SIBISFOTCS 3HAYUTEITHHBIMU TOTPEOUTEISIME BOBI. KOMYECTBO CTOYHBIX BOJT
OT JTHX IIeXOB KoyeOercs oT 3 10 16 M° Ha 1 T IPOKATaHHOTO METANNA, a B IIENIOM 00BEM CTOYHBIX
BOJ IHpoOKaTHOro mnpousBozicTtBa cocraBiasier or 30 mo 50 % oOwmero ux KoJMYeCTBa OT
METAJLTyPTHYECKOTO 3aBO/IA C TIOJHBIM TEXHOJIOTHYESCKHM IIUKIIOM.

[Ipu TpaBnenun tepsercs ot 0,5 1o 2,5 % metamia, a pacxol KUCJIOT cocTaBusgeT 1,5-2,5 % ot
MAaccChl MTPOTPABICHHOTO METaJlIa.

OO0beM CTOYHBIX BOJI, KOTOPBIA 00pa3yeTcss OT MPOMBIBKH METalljia TIOCIe Omepaluii TpaBleHus,
coctapnser 3 M® Ha 1 T 06paGoTaHHOro KHCIOTOH MeTamna. Ha cOBpeMeHHBIX 3aBOJaX 00BEM
IPOMBIBHBIX BoJ gocturaet 300-400 m*/uac u Gornee.

CHcTeMBI TPOMBIIITICHHOTO BOJOCHA0KEHHUS YCTPAUBAIOT IO ONPEIEIICHHBIM CXeMaM, KOTOpPbIe
MPEJICTAaBISIIOT COOOM  COBOKYHMHOCTh COOpPY)KEHHH BOJOMNPOBOJA M  IOCIEAOBATEIbHOCTH
pacmojioxkeHus: uX Ha MecTHOCTH. CyIIecTBYIOT 3 OCHOBHBIC CXEMBI CHUCTEMBI MPOMBINIIICHHOTO
BOJOCHAOXKEHUS: TPSIMOTOYHAS CXeMa, MPSMOTOYHAs C TOBTOPHBIM HCIIOJNIB30BAHHEM BOJBI U
o0opoTHas.

[IpsmoTouHas cucTeMa TOApa3yMeBaeT pa3OBO€  HCIONB30BaHHE CBEXKEH BOJBI B
METAJLTyprHYECKOM ITHKJIE, €€ OYUCTKY U COPOC B BOJIOEM.

[TocrmenoBarenpbHBIE  CHCTEMBI  BOJOCHAOXKEHHWS, KOTOpBIE  MPEAyCMATPUBAOT  IOCIE
WCIIOJIb30BAaHUS BOJIBI B KAKOM-JTMOO TEXHOJOTHYECKOM IPOIlECCe e¢ TIOBTOPHOE NIPUMEHEHHEe 0e3
OYHUCTKH U OXJIAXKICHUS Ha JIPYTHUE TEXHOJIOTHUSCKUE TICITH.

Haunbonee coBepiieHHBIM SIBISETCSI OOOPOTHOE BOJOCHAOKEHHE, B CIIydae KOTOPOTO BOJA,
UCIIOJIb3yeMasi B KaKOM-JIMOO TEXHOJOTHYECKOM IPOIIecce, TOCIe OYUCTKU WU OXJTKICHHS WIIH
MocJie OJJHOBPEMEHHO U OYHMCTKH, U OXJIAXKJICHUS UCTIOIB3YETCsI B TOM K€ MPOU3BOJICTBE HA TE Ke
TEXHOJIOTHYECKHE HYXAbl. B 3TOM ciydae M3 BOJHOTO OOBEKTa B TMPOIECCE DKCILTyaTalllH
MIPOU3BOJIAT 3200p TONMBKO 3—5 % 0O0IIero KOIM4ecTBa BOJbIL.

Jns cozmaHust OOOPOTHOM CHUCTEMBbI HCHOJB3YeTCS TO O00CTOATENbCTBO, uyTOo 75-85 %
TEXHUYECKON BOJbl B TEXHOJOTMUYECKHX alllaparax TOJbKO HArpeBalOTCS U TOCIE OXJIaXACHUS
MOTYT HCIIOJIb30BAaThCA TOBTOPHO. B 1MaHHBIX cucTeMax MOMKHO HCIIOJIb30BaTh M Ty 4YacTh
TEXHUYECKOH BOJIbI, KOTOpas 3arpsi3HAETCS] CPABHUTENBHO JIETKO YJAISIEMbIMU IPUMECSMHU.
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OOOpOTHBIE CHUCTEMBI OTKPBHIBAIOT OOJBIINE BO3MOXXHOCTH B YJICIICBICHUU CHCTEMBI
BOJIOCHA0)KEHUS, COKPAILICHUH TTOTPeOICHHs CBEXKEW BOJIbI U COPOCOB 3arpsi3HEHHBIX CTOKOB.

Xots 3T0 60sIee MPOrpecCUBHAs CUCTEMAa BOAOCHA0XKEHHS, IOCKOJIBKY OHA JAA€T CYIIECTBEHHYIO
SKOHOMHMIO BOJHBIX PECYpPCOB, Y 3TOH CHUCTEMBI €CTh CBOU HEAOCTAaTKU. Boja mocreneHHO MeHseT
CBOM KayeCcTBa U CTAHOBUTCSI HEMIPUTOAHOM ISl UCIIOJIB30BaHUs, a YaCTh €€ BOOOIEe TepseTcs Mpu
WCIApEeHUU U KamleJlbHOM YHOce B arMocdepy. s BOCIOIHEHHS 3TUX MOTEPh U BOCCTAHOBJICHUS
KauecTBa BOJbl OCYIIECTBISIOT «IPOJYBKY» CHCTEMBI, TO €CTh YacTh OOOpPOTHOIl BOIbBI
cOpachIBaeTcs, a cucTeMa MOIMUTHIBAECTCS CBEXKEH YUCTON BOIOM.

Haubosnee 11eHHBI C 9KOJIOrMYECKON TOYKU 3pEHHsI 00OPOTHBIE CHCTEMBI 0€3 cOpoca MPOTyBKH —
OeccTouHble cHCTEeMBbl. B 0€CCTOUHBIX (3aMKHYTBHIX) CHCTEMaX BOJOCHA0XKEHUS HA MPEIANPUATHIX
BMECTO CBEXEH BOJABI HUCIIOJIB3YETCS OYMILEHHAs 10 HOPM KadyecTBa TEXHUYECKOW BOJBI CMECh
MPOMBIIIJICHHBIX W OBITOBBIX CTOYHBIX BOJ, MPEIBAPUTEIHLHO MPOIMISANas OUOIOTHYECKYIO
OUHUCTKY.

Buenpenne 3aMKHYTBIX CHCTEM OOOCHOBBIBAE€TCS TEXHUKO-IKOHOMUYECKUMHU pacyeTaMu,
IpU4YeM B psle CIy4aeB [PUMEHEHHE TaKUX CHUCTEM, JaKe IpPU HUX HKOHOMHYECKOU
HEIEeNIecO00Pa3HOCTH, IUKTYETCS HEOOXOAMMOCTBIO YIYUYIICHHsS CAHUTAPHO-TUTUEHHUYECKUX H
9KOJIOTUYECKUX YCIIOBUM HA NPEAIPUITHSIX.

Ho mns Havana HeoOX0IMMO OJHOBPEMEHHO PEIaTh JABE MPOOICMBbI:

1. u3MEHATh OCHOBHYIO TEXHOJOTHIO C I€JIbI0 ONTHUMAJIBLHOTO HCIOJIB30BAHUS CHIPHEBBIX
pPEeCypcoB U BHEIPEHUS MAIIOBOTHBIX U O€3BOIHBIX IPOIIECCOB;

2. CO03/1aBaTh COBEPIICHHYIO 3aMKHYTYIO CHCTEMY OUYMCTKH M IOCIIEAOBATEIHLHO-TIOBTOPHOTO
WCII0JIb30BaHUSI BOJIbI B IPOU3BO/ICTBE.

Haubonee crnoxxHON W BaXHOW 3a/jayeil SBISETCS pelIeHHe MEepBOil MpoOJIeMbl, TaK Kak OHa
OXBAaThIBAET MPAKTHYECKHU BCE OTPACITH SIKOHOMUKHU.

Co3nanve 3aMKHYTOM  CHCTEMBbl BOJHOIO  XO3SIIICTBAa  IpEeJyCMaTpUBaeT BHEIPEHUE
3 PEeKTUBHBIX, TIpeXaAe BCero (U3MKO-XUMHUYECKHUX, METOJOB OUYHUCTKH CTOYHBIX BOJ,
YCTaHOBJICHME HAay4YHO OOOCHOBAHHBIX MpPENEIbHO JOMYCTUMBIX KOHIEHTpAalUUH  COJEeH,
He(TePOAYKTOB U APYTUX KOMIIOHEHTOB B 00OPOTHOM BOJIE C YUETOM €€ SIUIEMUOTIOTHIECKON U
TOKCHUKOJIOTMYECKON O€30MacHOCTH AJ Ka)XJ0ro 3aMKHYTOro LHMKJA, CO3JaHHEe MaKCHUMAaJbHO
BO3MO’KHOI'O KOJIMYECTBA JIOKAJIbHBIX 3aMKHYTHIX IIUKJIOB C MHOTOKPAaTHBIM MCIIOJIb30BAHUEM BO/IbI
B HUX, U3BIICYCHHE U3 CTOYHBIX BOJ IIEHHBIX KOMIIOHEHTOB, MEPEPabOTKY C LETbI0 YTUIU3AIUU
BBIZICJICHHBIX OCAJKOB U 3aCOJICHHBIX BOJ. ECTECTBEHHO, YTO B 3aMKHYTBIX CHCTEMax J0Jis
000pOTHOTO BOAOCHAOKEHUS JOKHA OBIThH JOBEJEHA JI0 MPEACTbHON BETUYHHEI.

OTnuuuTeNnbHON OCOOEHHOCTHIO 3aMKHYTBIX OECCTOYHBIX U OE€30TXOJHBIX CHUCTEM BOJHOTO
X035IMCTBA SBISCTCA HEOOXOAMMOCTh UMETh B MX COCTaBE TaK Ha3bIBAEMbIE XBOCTOBBIEC YCTAHOBKH,
HaJu4he KOTOPHIX W TIO3BOJISIET CHeNaTh CHUCTEMY 3aMKHYTOH. K HUM OTHOCATCS YCTaHOBKH
nepepaboTKH W YTHUJIM3alUA KOHIEHTPUPOBAHHBIX OTPAOOTAaHHBIX TEXHOJIOTHYECKUX PACTBOPOB,
00€3BOKUBAHUS U CYLIKU 0CaaKoB. Hannume Takux yCTaHOBOK YCIIOXKHSIET U YAOPOXKAET CUCTEMY,
KOTOpasi MO CYIIECTBY MPECTABIAET XUMUKO-TEXHOJIOTUYECKUH KOMIUIEKC (1I€X) MO MPOU3BOACTBY
grcToi BoAbl. KpoMme MOBBIIICHHBIX KAaMHUTaIbHBIX M JKCILTyaTallUOHHBIX 3aTpaT, HEOOXOAMMO
BBICOKOIIPOU3BOJIUTENBHOE 000pyIOBaHUE (MEXaHMUYECKOTO OOE3BOKHBAHUS, OOECCOIMBAHUS H
1p.), CIOKHBIE MPUOOPBI U CPENCTBA BBHIYMCIUTEIHHON TEXHUKH, BBICOKOKBATU(DHUIIMPOBAHHBII
oOciyXuBarounii nepconan. B aTom ciayyae 11ex BOJOCHA0KEHNS CTAaHOBUTCS U3 BTOPOCTENIEHHOTO
OCHOBHBIM. OpraHm3aius 3aMKHYTOM CHCTEMbI TpeOyeT OJHOBPEMEHHOW MpOpabOTKH BCEX
AJIEMEHTOB BOJIHOTO XO3MCTBAa B UX B3aWMOCBSI3H, @ HE TOJBKO €€ OTAEIbHBIX YacTed (YHUCTBHIX U
IPA3HBIX OOOPOTHBIX LIUKIIOB, JIOKATbHBIX COOPY>KEHU 110 OYUCTKE CTOKOB U JIp.). JlelcTBUTENBHO,
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B CHCTEME TIPOM3BOJUTCA OYHMCTKAa BCEX JIMBHEBBIX BOJ, Ha XBOCTOBBIX Yy4acTKax
nepepadaThIBalOTCS BCE OTXO/IBI OT JIOKAJBHBIX IIUKIIOB U pyroe. Bc€ 3To A0KHO OBITH YBSI3aHO B
eJUHOM XO3IMCTBE.

Taxke CymecTByeT J0CTaTOYHO METOJIOB IO CHUKEHHIO BOJOMOTPEOJCHUS U 3arps3HEHUs
NPUPOIHBIX UCTOYHUKOB BOABI. B 4acTHOCTH U1 METaJUTypruu 3TO:

1. BHempeHHE «CyXUX» METO/OB Ta300YMCTKU IIO3BOJISIET COKPATUTH BOJOINOTPEOJICHHE Ha
15-20 %;

2. WCHIOJIB30BaHME BOJOBO3IYIIHOW MPOMBIBKH METAIIa B IIPOLIECCE MPOKATKH U TPABICHHUS;

3. apuMeHEHHE KacKaJHBIX M MPOTHBOTOYHBIX CUCTEM IPOMBIBKH METaJIa;

4. aocnenoBarenbHas Tepenada M3OBITOYHOW MIIM TPOTYBOYHOH BOABI OT MOTpeOUTENel c
Oosee BBICOKMMHU TpeOOBaHMAMU K KaueCTBY BOJbI TOTpeOHTENsIM C Oojiee HU3IKUMHU
TpeOOBaHUSAMU;

5. aepexoX OT JIOKAJIBHBIX K LEHTPAIM30BAHHBIM CHCTEMaM BOJOCHA0XKEHHs TPYII IIEXOB C
UICHTHYHBIMU TPEOOBaHMSAMH K Ka4eCTBY BOABI (IIPH 3TOM MPOUCXOIHMT YCpPETHEHHE KadyecTBa
BOJIBI, YTO, KaK IIPABUIIO, CIIOCOOCTBYET €€ CTaOMIN3aIMi 1 MHTEHCU(UKAIMHY TIPOIEcCa OUUCTKH);

6. HCKIIOYCHHE BOJBI U3 MPOLIECCOB IPAHYJIAINH IJIAKa;

7. pacxom BOJbI, WAYIICH Ha OXJAXKICHUE METATypPrHUECKHX arperaroB, MOXXET OBITH
3HAYUTEIBHO COKPAIICH 3a CYET PACHIMpEHHsI 00beMa BHEAPEHHS HCIAPUTEIBHOTO OXJIAKICHHUS
JOMEHHBIX, MAPTEHOBCKUX U HArpEeBaTEIbHBIX ITEUYEH.

Bui6o0. B HacTos11ee BpeMst MPaKTUYECKU OTCYTCTBYET MHCTPYKTUBHO-CIIPAaBOYHAs JIUTEPaATypa,
KOMIUIEKCHO  OCBEILAIOLIAs  BOIPOCHl  HOPMHUPOBAHUSA, PALUMOHAIBHOIO WM 3KOHOMHOIO
UCIIOJIb30BaHUs BOJHBIX PECYPCOB B IPOMBIILICHHOCTH, OCHOBAaHHAs HA CUCTEMHOM IIOAXOAE K
BOIPOCAaM HOPMUPOBAHUS, OTPaXKaIOLIasi COBpPEMEHHbIE U HOBEUIIINE TOCTHKEHHUS B 3TOH obiacTu.

OcHOBBIBasiCb Ha IIPOTPECCHBHOM TEXHMKE, TEXHOJOTMHU, OpraHM3alMM Tpynaa, Ha
HCIOJIb30BAHUH TIEPETOBOTO OMbITA U IOCTHIKEHUN HAyKU U TEXHUKU B 00JACTH BOJIONOJIB30BAaHUS
U BOJOOXpaHbl, HOPMBI BOJOINOTPEOIICHNUS W BOJOOTBEIEHUS CIIOCOOCTBYIOT CHUCTEMATUYECKOMY
MOBBIIECHUIO PAIMOHAILHOCTH BOJOIMOJIb30BAHUSA M CHIDKEHHIO CE0ECTOMMOCTH IMOJayu U
oTBesieHUs BOJbl. OJTHUM U3 HCTOYHUKOB SKOHOMHH CBEXEW BOJIbI U COKpallleHus: cOpoca CTOUHOMN
BO/bI B IPOMBIIUIEHHOCTH, SBISETCS OOOPOTHOE HCIOJb30BaHME BOJ. Y CTAaHOBJIEHHE
MIPOTPECCUBHBIX HOPM pacxojia cBexeil n 000pOTHOW BOJBI NMPHU 3TOM HMOOYXkIaeT K MPUMEHEHUIO
Oosiee COBEPIIEHHBIX TEXHOJOIMUYECKUX CPEICTB, NPOIECCOB M BHEAPEHHIO OECCTOYHBIX
TEXHOJIOTUH U CUCTEM BOJOCHAOKEHMS.

B nmepcriekTuBe BHEIpEeHUE 3aMKHYTBIX CUCTEM NPHUBEAET K MOJHOMY MCKIHOYEHUIO MONaJaHus
3arpsA3HEHUN CO CTOYHBIMM BOJAMH B OKPYXXAKOLIYK0 Cpey MW IPAKTHYECKH IOJHOMY
MPEeKpalEeHNUI0 TOTpeONeHUsT CBeXeW BOJAbl Ha TEeXHUYEeCKHe HyXabl. [l BocmosiHeHus
0€3BO3BpaTHBIX MOTEPh OYIYT HCIOJIB30BATHCS OUYMUIICHHBIE JIMBHEBHIE, TPEHAXKHBIE U OCOOECHHO
XO035IIICTBEHHO-OBITOBBIE CTOYHBIE BOJIBI.
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O PASPABOTKE YKPYIIHEHHBIX HOPM BOJONOTPEBJIEHUA
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B cmamve paccmampusaiomcs 60npocvl npocpeccusHbiX HOPM U HOPMAMUBO8 6000NOMpeONeHUs U
60000meedeHus (Oanee HOPMbL 6000NONL306AHUS), KOMOpble AGNAOMCA 0a30u O  pe2yIuposaHusl
UCNONIL308AHUS U OXPAHBI BOOHBIX PECYPCO8.

Haémca  onucanue  meopemuueckozo,  pacuemHO-AHATUMUYECKO20,  ONBIMHO20,  PACYEMHO-
CMamucmuyeckoeo U Mamemamuko-Cmamucmuyeckoe0 Memoo0o8 HOPMUPOBAHUS B8000NOMpedNeHUs U
60000meederus 68 npomviuneHHocmu. Hcciedosana pons HOpm 68000nompedneHus U 80000MBeOeHUs 8
UHOYCMPUATTbHO-UHHOBAYUOHHOU paseumuu cmpansl. TIpoananusuposanvi 060cHosanus evlbopa ompaciell
NPOMBIUIEHHOCMU U 9KOHOMUKU, 1O  KOMOpbIM — mpedyemcsi  paspabomra  YKPYNHEHHbIX — HOPM
6o0onompedaenus u 60000meedenUs U blOOpounble 00CIe006aHUs OMOeNbHbIX npednpusmuil. H3yueno
HOpMUpoBanue 6000nompedaeHUs U 0000MEEOeHUs 8 KOMMYHANbHOM Xo3Aaticmee. Paspabomansi memoowt
onpeoeneHusi YKPYNHEHHbIX HOpM 600onompebnenus u 6000omeedeHus. Bvloenenvt obwue memoowvl u
NO0X00bl HOPMUPOBANUS 8000NOIb308AHUSL.

Kniouesvie cnosa: sooonompebnenue, 60000meedeHue, B00ONONb30BAHUE, VKPYNHEHHblE HOPMUL,
HOpMUpo8anue 600o0nomped.aeHue, NPOMbIULIEHHOCHb, KOMMYHAbHOE X035UCMEO0.

Maxanada cy xoprapvlH Kopeay dicoHe OHbI NAUOALAHYObl pemmey YWiH CyOobl IKemy JHCIHe CYObl
MYMbIHYObIY HOPMAMUBIE HCIHE NPOSPECCUBMI HOPMANIAPBIHBIY CYPAKMAPbl KAPACMbIPLLIEAH.

OHoipicmik KacinopbiHOapoagvl Cyobl IKemy HcaHe cy0bl MYMbIHY HOPMAIAPLIHbIY MEOPUSIbIK, eCenmiK-
AHATUMUKATBIK, MAANCIPUOENIK, eCenmiK-CIMAMUCIUKAIbIK HCOHE MAMEMAMUKAIbLIK — CIAMUCMUKATbIK
adicmepi Oepineen. Memnexemmiy UHOYCMPUANObI — UHHOBAYUALBLIK OAMYBIHOALL CYObl MYMULIHY JHCIHE
CyObl oKemy HOpMAapsl 3epmmenzeH. JKeke maHOaIbiHbIN AlbIHEAH OHOIPICMIK KICINOPLIHOApOa&sl Cyobl
aKemy JHcaHe CyObl MYMbIHYOblY IpileHOIpileeH HOPMALAPLIH 3epmmeyol maian ememin SKOHOMUKA JHCIHe
eHOIpic canranapvbin mayoay neeisi manoanzan. Kommynaniowvlx wapyaublivlkmagsl cyovl JKemy JHcaHe Cyobl
mymuiHy Hopmaiapwvl 3epmmenzer. Cyovl aKemy JicaHe CyObl MYMbIHYOblH IpIleHOIpiicen HOPMAIAPbIH
anvikmay a0icmepi onoencen. Cyovl MYMulHYOblH JHCATNGL 20icmepi MeH ¢y HOpMaiay macinoepi
AHBIKMANZAH.

Tipex co30ep: cyobli mymviHy, CyObl aKemy, cyObl NAUOANaHy, IPiniHOIpiieen HOpMAa, CyObl MYMbIHYObl
HOpMANAay, OHOIPICMIK KICINOPbIH, KOMMYHANObIK WUADYAUBLILIK.

The article deals with the advanced standards and water consumption and wastewater standards (the
standards of water), which are the basis for the regulation of the use and protection of water resources.
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A description of the theoretical, computational and analytical, experimental, computational and
statistical and mathematical-statistical methods of rationing water consumption and wastewater industry.
The role of water consumption and wastewater standards of industrial-innovative development of the
country. Analyzed justify the selection of industries and the economy, which requires the development of the
integrated water use and sanitation standards and sample surveys of individual companies. Studied the
regulation of water consumption and wastewater in municipal services. The methods of determining the
integrated water consumption and wastewater standards. Identify common methods and approaches of water
rationing.

Keywords. water use, sanitation, water management, integration rules, rationing water consumption,
industry and utilities.

[IporpeccuBHblE HOPMBI M HOPMAaTHBBI BOJOMOTPEOJEHUS M BOJOOTBEACHMS (J1ajee HOPMbI
BOJIOIOJIb30BAHUSA) SIBISIFOTCS 0a30i perynpoBaHUs UCIIOJIB30BAHUS U OXPAHBI BOJHBIX PECYPCOB.
OHU NO3BOJIAIOT JAaTh OLIEHKY pPAlMOHAJIBHOCTH HCIIOJIb30BaHUSA BOJHBIX PECYPCOB, BBISIBUTH
pe3epBbl PKOHOMUU MPHUPOJHON M CHUXKEHHS cOpoca CTOYHBIX BOJ, a TakXke pa3padoTarb
MEPONPHUSTHS IO YCTOMYNBOMY BOAOIOIb30BAHHUIO.

C pa3BuTHEM UHAYCTPUATIHLHO-UHHOBAILMOHHOTO Pa3BUTHSI CTPaHbl POJIb HOPM BOJIONOIb30BAaHUS
OyZeT TOCTOSIHHO BO3pacTaTh, TaK KaK POCT OOBEMOB BOJOMOTPEOJICHHS W BOJOOTBEACHUS U
YCII0)KHEHHUE UX CTPYKTYpPbI TPEOYIOT CTPOrHUX KOJIMUECTBEHHBIX MHIUKATOPOB BOIONOJB30BAHNUS.

B sr1oit cBsa3u, Hamu B KasHUTY BoeimonHsiercs padota mo pa3paboTKe yKPYIMHEHHBIX HOPM
BOJIOTIOTPEOJICHHS ¥ BOJIOOTBEICHUS B OTpaciisiX SKoHOMUKHM KazaxcraHa.

B cootBercTBUM ¢ TexHuueckum 3amanuemM Komwurera mno BoaHbiM pecypcam MCX PK u
KaJIeHAapHBIM IIJIAHOM PabOoThI MO 1-My 3Tary BBIOJTHEHBI:

1. AHanmu3 OTe4ecTBEHHOM M 3apyOeKHOM HOPMATHBHO-TEXHMYECKOW JIMTEpaTyphl IO
HOPMHPOBAHUIO BOJONOTPEOIEHUsT W BOJOOTBEACHUS B OTPAciiX MPOMBIIIJICHHOCTH U
KOMMYHAJIBHOM XO3SICTBE.

2. O6ocHoBaHMEe BBIOOpA OTpaciied MPOMBINUICHHOCTH W HOKOHOMHKH TI0 KOTOPBIM
TpeOyeTcst pa3paboTKa YKpYHHEHHBIX HOPM BOJONOTPEOJIEHUS U BOJAOOTBENEHUS U BBIOOPOUHBIE
o0ce10BaHus OTAENIbHBIX IPEITPUSITUH.

3. O6ocHoBaHME 1 BBIOOp METOOB ONpE/eNeHHs] YKPYITHEHHBIX HOPM BOAONOTPEOICHUS U
BOJIOOTBEICHUSI.

AHanus mokasay, 4To COCTOSHME HOPMHPOBAHHS BOJAOIOJB30BAaHUS Ha PSAJE NMPOMBIIUIEHHBIX
OpEeaNpusATH  M300MIIyeT MHOXKECTBOM  HENOCTaTKoB. Hampumep, A HPOMBIIIICHHBIX
NpennpusaTHii, Hauboyiee CYIIECTBEHHBIM W3 HUX SBISUINCh HEYNOPSJAOYHOCTh CTPYKTYpPbI
YAENbHBIX HOPM, CBSI3aHHAs C BBIIYCKOM MPOAYKIMH M TPOU3BOJCTBEHHOW NEATEIbHOCTHIO
MpEeNNpusaTH, B pe3ylbTaTe dYero yJeidbHble HOPMBI MPEANPUATUN OJHOPOAHBIX OTpaciiel
OKa3bIBAIOTCS HECOMTOCTABUMbBIMHU.

B GonpmmHCTBE CilyyaeB HOPMBI YJEIBHOTO Pacxoja BOJAbI Jake ISl BOJOEMKUX MPOIECCOB U
oliepaluii, 0Ka3bIBaIOLIMX PEIIAOIIEE BIUSIHUE HA YPOBEHD UCIIOJIb30BAHMS BOBI IPEAIPUITHIA, HE
HUMEIOT JOCTATOYHOTO HayYHOr0 00OCHOBAHUS.

Ha MHOrux npeanpusiTusix 3HayuTEIbHAsI YacTh PACXOAYE€MOM BOJbI COBEPIIEHHO HE OXBayeHa
HOPMaMU U HE JIMMUTHPYETCsS, B pE3yJbTaTe€ YEro, TaK Ha3bIBAEMOE «HEHOPMHUPYEMOE
notpebaenue» cocrapiseT 10 20 % u 6ombIe B 0011eM 00beMe TOTPEOICHUS BOIBI.

B Hacrosimiee Bpems MNpPakTHYECKHM OTCYTCTBYET WHCTPYKTHMBHO-CIIPABOYHAsl JIMTEpPATypa,
KOMIUIEKCHO  OCBEIAIOIIAsi  BONPOCHl HOPMHUPOBAHUS, PpALHUOHAIBHOTO W 3KOHOMHOIO
WCIIOJIB30BaHUsI BOJAHBIX PECYPCOB B MPOMBIIUIEHHOCTH, OCHOBAaHHAs HA CUCTEMHOM IOAXOAE K
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BOIPOCAaM HOPMUPOBAHUS, OTPaKaloIIasi COBpEMEHHbIE U HOBEHIIINE TOCTHKEHHUS B 3TOM 00acTu.

OTcyTcTBHE HAyYHO-OOOCHOBAHHBIX HOPM BOJONOTPEOJICHHUSI M BOJOOTBEACHUS U OTPACIEBBIX
METOAMK MO WX pa3pabOTKe TOPMO3UT BHEAPEHHE CUCTEM 3KOHOMUYECKOTO CTHUMYJIMPOBAHUS
PalMOHAIBHOIO UCII0JIb30BAaHUS BOJAHBIX PECYPCOB B IPOMBIIIIIEHHOCTH.

OOecnieueHre eIMHCTBA METOAOJIOIMH pacuéTa HOPM BOAONOTPEOJIEHUS W BOJOOTBEINCHUS B
PasNUYHBIX OTPACISAX U IOAOTPACIAX IPOMBIIIJIEHHOCTH BBI3BIBAET HEOOXOJUMOCTb CO3JIaHHE
OTpPACJEBBIX PETIAMEHTOB IO Pa3pabOTKe HOPM BOOIOJIb30BaHUSA HA €IUHONH METOH0JIOTHYECKON
OCHOBE.

Hopmuposanue s6o0onompebnenus u 60000meeoeHUs 8 KOMMYHAIbHOM Xo3Alicmee. B mpakTHke
IIPOEKTUPOBAHMSI PACUETHBIE PACXOAbl JUISl KHJIOM 30HBI HACEJIEHHBIX MECT IMPUHUMAIOTCS Ha
OCHOBE HOPM BOJOIOTPEOIIEHNUS, PETIIAMEHTUPYEMBIX JeHCTBYIOIUMU «CTPOUTEIBHBIMU HOPMaMuU
u mnpaBwiamu» (CHull). Onnako ycranaBmuBaembie 3TuMu CHull HOpMmaTuBBI UIs pacuera
HApYXHBIX ¥ BHYTPEHHHX CUCTEM BOJOCHAOXKEHHSI HEYAOBIETBOPUTEIBHO «CTBIKYIOTCS» MEXKIY
co0oif, He OTBEYAIOT B JOCTATOYHOW Mepe TpeOOBaHHUSAM CETOAHSIIHEr0 JTHS W PasHATCS C
YpOBHSIMU (paKTUUYECKOTO BOAOMOTPeONIeHUsT HaceneHueM B psange ciaydaeB Ha 100 u Oonee
npoueHToB. [Ipu 3ToM He SICHO KakoBa B (PAKTUUECKHUX YJIEIbHBIX pacxoiax AOJs MOTEepb BOJIBI U
CKOJIbBKO W3 HHUX OOYyCIJIOBIEHO-TEXHOJOTUYECKM HECOBEPIICHHON OSKCIUlyaTallue CHUCTEM
BOJIOCHA0)KEHUS; KAaKOBBI JIOJDKHBI OBITh OOOCHOBAaHUSI M YPOBEHb TEXHOJOTHUYECKH aJeKBATHOTO
HOPMUPOBAHUSI MCXOJ W3 OPraHU3alMOHHO-TEXHUYECKUX BO3MOXXHOCTEH CETrOAHSIIHEro U
MIEPCIIEKTUBHOTO 3TANloB 0OpbOBI ¢ MOTEPSIMU BOJIbl. VI3 BCEro 3T0 BO3HUKAIOT BONPOCH! PEAIbHOCTU
M KadecTBa BO3JCUCTBHUA NPOEKTHBIX HOPMATUBOB HAa OOpHOy C MOTEpSAMU BOIBI, a TaKkKe
NEePCHEKTUBBI U TUHAMUKH (DOPMUPOBAHMSI HOPM BOJONIOTPEOICHNS HACETICHUEM.

AHanmu3 NpakTUKW SKCIUTyaTallud CUCTEM BOJOCHAOXKEHMs IOKa3bIBAaeT, YTO JIO IOCIEIHEro
BPEMEHH HKCIUTyaTallMOHHBIX HOPM BOJONOTPEOIeHN, KaK (PYHKIIMOHATIBHO-1IEIEBOrO HOPMaTHBa,
(dakTdecku He ObUTO, a JIJIsi BCEX JKCIUTYaTallMOHHBIX IeJiel HCIOJIb30BATUCH (GOPMAIbHO TIEpe
YTBEP)KJCHHbIE TPOEKTHbIE HOpMaTuUBbl. B TO ’ke Bpems, Tekylias NIpPOU3BOJACTBEHHAs H
XO35IIICTBEHHO-(DMHAHCOBAsE  JI€ATEIbHOCTh OpraHU3alUi, SKCIUIyaTUPYIOLIUMX HapyXHbE U
BHYTPEHHHUE CHUCTEMbI BOJOCHAOXKeHUs, TpeOyeT (UCXO0/s, B MEPBYIO OYepeb, U3 HEOOXOAUMOCTH
00pbOBI C TOTEPSMHU BOJIBI) MCIIOJIB30BAHUS TEXHOJIOIMYECKHM OOOCHOBAHHBIX SKCIUTyaTallMOHHBIX
HOpPM BojonoTpeOieHuss HaceleHueM B >kuiauiiHoM ¢onuge (OHBHXx), xotopble mo cBoum
YHUCJICHHBIM 3HAYCHUSIM HE MOTYT CErOJ{Hs ObITh OJIM3KMMHU YPOBHIO COOTBETCTBYIOLIUX MPOSKTHBIX
HopMm (ITHBHx) CymHocTs 3TOTO OT/iMuus o0ycnoBieHa Tem, 4to ecnu oT [IHBHxk tpebyercs
OTpeIe]ICHHOE TPEBBIICHUE HAJ YPOBHEM (PAKTHUUECKOTO BOJONOTPEOICHUs (BEPOSTHOCTHBINA
3armac HaJeKHOCTH), 4YTOOBI MPOEKTUPOBATh CHUCTEMY, obecreynBaronlyo Oecrnepe0oiHOCTh
BojocHaOxkeHus, To DHBHX nomKHBI periiaMeHTHpoBaTh TaKHE HOPMATHBBI, KOTOpPbIE OYyIyT
MeHbIIe (PAKTUUECKUX YJIENbHBIX PAcX0/J0B Ha BEIWYUHY MOTEpPh BOJA, peajbHO yCTPAHUMBIX B
KOHKpETHBIX YCJIOBUAX. ToNbKO mocie 3TanHoi oTpaboTku periamenta, DHBHx Bcraer 3amaua
KOPPEKTUPOBKH YpoBHs cooTBeTcTBYroMX [THBHx.

Takum  00pa3oMm, KpoMe€ COOCTBEHHO TEXHOJIOTUYECKMX  HEIOCTaTKOB  IPOEKTHOTO
HOPMHPOBAHHUS, HBIHE ACUCTBYIOLIUE MPUHIMIIEI (POPMUPOBAHUS HOPM HMEIOT ONPEACICHHYIO
(YHKIMOHATIBHO-IIENIEBYI0O HEAOCTATOYHOCTh M CHUCTEMHYIO He3aBepIIeHHOCTh. CIoKUBIIEeCs
MOJIO)KEHHE OOBSCHSAETCS TEM, YTO MPOBOJMBIIMECS pAaHEE UCCIEIOBaHUS 10 H3YyUYEHUIO
BOJIOINOTPEOIEHUSI HACEJIEHHEM HOCHUJIU OTPAaHUYEHHBIN XapakTep U ObUIM HAIPaBJIEHBI HA PEIlIeHUe
XOTSl M BaXHBIX, HO OTAEJIBHBIX YACTHBIX 33Ja4. JTO CBS3aHO C TE€M, YTO JI0 HEAABHEIO BPEMEHH,
BCJIE/ICTBUE psila OOBEKTUBHBIX MPUYMH (B TOM 4YHCIE OTCYTCTBHSI pa3pabOTaHHBIX METOJIOB
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CHCTEMHOT'0 10/1X0/1a) OBIJIO OYEeHb TPYIHO (hopMyTupOBaTh HAYYHO OOOCHOBAHHBIE KOMIUJIEKCHbIE
IEJICTIONIOKECHNS, @ TAaKXKE OTpadaThiBaThb METOJMKH CHCTEMHOTO INPOBEJCHHUS HCCIEAOBAHUHA WU
BHEIPEHHE TMIOJIyYEHHBIX pe3ynbraToB. Kpome Toro, B HMCTHMHHOM Macimrabe mpolieMa
COBPEMEHHBIX PECypcocOeperaromux 1 MHTEHCUBHBIX METO/J0B IPOHM3BOJACTBA U PACIpEeIICHUS
BCTaJIa JIMILb B MOCTIEAHUE TO/BbI.

N3noxeHHoe IMOKa3bIBa€T, 4YTO HMEETCS ONPEIEICHHBIM KOMIUIEKC aKTyalbHBIX 3aJad
pecypcocOeperaroniero  SKCIUTyaTallMOHHOTO, IPOEKTHOTO ¥ YIPaBIEHYECKOrO0 XapakrTepa,
KAueCTBO pEIIEHUS KOTOPbIX MOKET OBITh YIYUYIIeHO IpPU COOTBETCTBYIOLIEH MpopaboTke
TEXHOJIOTUHM HOPMHUPOBAHHSI BOJOIOTPEOICHHS HACETICHUEM, HAJ0JII KOTOPOTrO MPUXOAUTCS OKOJIO
70 % BOABI, MOJ1aBAEMON KOMMYHAJILHBIMH BOJIOIIPOBOJIAMH.

W3ydenuto © aHamM3y NPUYMH POCTa YAETHHOTO BOJOIMOTPEONCHUS B  pa3IMYHBIX
KJIIMMaTHYECKUX pPEruoHax MOCBALIEHBI JIOCTATOYHO MHOIO Hay4dHbIX pabor. B To ke Bpems, B
Kazaxctane 3TOT BONpPOC [0 HACTOAILIET0O BPEMEHHM JOCTATOYHO HE HU3Yy4alCsl BCIIEICTBHE
pPa3IMYHBIX OOBEKTHBHBIX M CYOBEKTUBHBIX MpHuMH. ClieyeT OTMETUTb, 4YTO CHUCTEMBI
BOJIOCHAOXKEHUsI KPYHHBIX TopoaoB Kazaxcrana ObUTH 3alpOEKTHPOBAHBI U MOCTPOECHBI B MOJTHOM
COOTBETCTBHUHM C POCCHHCKMMU.HOpMaTUBaMu Oe3 yué€ra cnenudukd KiumaTa, yKjiana >KU3HU
HaCEJIeHUs, JAeMorpaduyeckol W HKOHOMHUYECKOM TMOJUTUKH CTPaHbI, a Takke OcoOeHHOCTel
MHOT'OBEKOBBIX HallMOHAIbHBIX TPAJAULIUMI.

Obocnosanue 6vib0pa ompaciei NPOMbIUIEHHOCMU U IKOHOMUKU, NO KOMOPbIM mpebdyemcs
paspabomka  YKPYNHEHHbIX HOPM  8000ONOmMpeONeHuss U B80000MBedeHUs U  BblOOPOUHbLE
o0bcnedosanuss omoenvHvlX npeonpusamuti. Boga wucmonb3dyercs B HPOU3BOACTBE JUIsl BEChbMa
pa3HOOOpa3HbIX Iieei. B kauecTBe OCHOBHBIX KaTeropuil MpOM3BOJICTBEHHOTO BOJIONOTPEOICHUS
MOTYT OBITh Ha3BaHBl: KCIOJB30BAaHHE BOJABI JUIS OXJKICHHS, AN TMPOMBIBKH, 3aMOYKH,
YBIOKHEHUS, U1 TapooOpa3oBaHusl, A TUAPOTPAHCIIOPTA, B COCTaBE MPOU3BOIUMON MPOLYKIIHH
U T. 1. Mcronp30BaHue BOIBI U OXJIXKIECHUS UMEET MAacIITaObl, 3HAYUTEIHHO MPEBOCXOIAIINE
MacmTaObl BCEX OCTAJIBHBIX BHUJOB MOTPEOICHUS BOJIBI, IPUYEM YJICIBHBIA BEC 3TOW KaTeropuu B
o0uieM o0beMe MpPOU3BOJACTBEHHOTO BOJOCHAaOXKEHMs mpojoikaer pacth. K aroil karteropum
OTHOCATCSl PAcXOJ0OBaHWE BOJBI JUISI KOHJIEHCAIMW T1apa, OTXOMSIIEr0 OT TapoBBIX TYpOWH
ANEKTPOCTAHIIMNA, M UCIOJIb30BAaHUE BOABI ISl OXJAXKIEHUS PpA3TUYHBIX Teued, MaluH |
anmapaTtypsl (MeTayutyprudeckasi, HedrenepepadbarbIBaromas, XMMHUYECKas MPOMBIIIICHHOCTh U
ap.). Boma mist mpoMBIBKM, 3aMOUYKH M T.II. PACXOJyeTcs B OONBIIMX KONHMECTBAX Ha HYKIbI
OyMaXHOW,  IIEJUIIOJIO3HOM,  IIepcTeoOpabaThiBaole,  TEKCTHIBHOM  MPOMBIIIIEHHOCTH,
MIPOMBIIITIEHHOCTH NCKYCCTBEHHOTO BOJIOKHA U JIP.

PacxomoBanme BOIBI Ha THUAPOTPAHCIIOPT PA3IMYHBIX MAaTEPUAIOB HMMEET MECTO B CaMbIX
Pa3zHOOOpa3HBIX OTPACISX MPOMBIIUICHHOCTH (B TOM YHCIIE MUIAKOOJIOYIAJIeHHE HA TETUIOCHIIOBBIX
CTaHIUX, TPAHCIIOPTHPOBAHHUE IIIJIaKa B JOMEHHBIX II€XaX, OTXOJJ0B 000TaTUTENHHBIX (haOpHK U T.
1.).

ITpu o6ocHOBaHMHU BBHIOOpPA OTpaciel MPOMBIIUIEHHOCTH U SKOHOMHKH, IO KOTOPBIM Tpedyercs
pa3paboTka YKpPYHMHEHHBIX HOPM BOJONOTPEOICHHS U BOJOOTBEACHUS U BHIOOPOUHBIE
o0cIieI0BaHus OT/AEIbHBIX IPEANPUATUNA HEOOXOIUMO UCXOIUTh U3 CIEIYIOUINX COOOpaKEHHIA:

— KaxoB yznenbHBI Bec paccMaTpuBaeMO OTpaciy MPOMBIIUIEHHOCTH B 0OIIeM oObeme
MIPOMBIIIJICHHOTO Tpou3BocTBa Kazaxcrana.

— KaxoB ynenbHbIi Bec BOAONOTPEOICHUSI pacCMaTPUBAEMON OTPACIH MPOMBIIIICHHOCTH B
ob1eM o0beMe BOJ0NOTpeOIeHNs IPOMBIIIIJICHHOT0 MTpon3BoAcTBa Kazaxcrana.
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- Kaxos y,[[GJIBHI:IfI BC€C BOIOOTBCACHUA, B TOM HYHCJIC 3arpsA3HCHHBLIX CTOYHBIX BOJ
cOpachiBaeMbIX B BOJHBbIE OOBEKTBHI, PacCCMATPUBAEMOM OTpACiIM MPOMBIIUIEHHOCTH B 00IIEM
o0BbeMe BOJOOTBECHHUSI POMBIIIIIEHHOTO Npou3BoicTBa Kazaxcrana.

PaccmoTpens! 001ie XapakTepUCTUKA M HEKOTOPBIE MOKa3aTeld Pa3BUTUSI HauOoJiee Ba)KHBIX
oTpaciie npombinuieHHOCTH Kaszaxcrana. B pe3ynprare aHanu3a HamMu MPEIJIaracTcs B KauyecTBE
00BEKTOB HCCIEIOBAHUS U pa3pabOTKU CIEAYIONIHE OTPACTH IPOMBIIUICHHOCTH U SKOHOMHKH:

— DJHepreTuka

—  YrojpHas oTpacib

—  4YepHas MeTaJulyprus

—  I[BeTHas METaJulyprus

— He(Terazosas OTpacib

—  XUMHYECKasi IPOMBIIUIEHHOCTh

—  HedTeXUMHUYECKas OTpacib

- TCKCTUJIbHAA IMTPOMBIIIJICHHOCTDb

- MUIICBasd MPOMBIIIJICHHOCTD

- KOMMYHAQJIBHOC XO03sHCTBO

Paspabomrxa memooos onpedenenus yKpYNHEHHbIX HOPM 800ONOMPEONeHUS U 80000MBEOCHUSL.
s HaydHOTO OOOCHOBAaHWS YKPYITHCHHBIX HOPM BOJIONIOTPEOJICHHS W BOJOOTBEACHHS (Iayiee
BOJIOTIONIB30BAaHUSI) BEChbMa aKTyallbHA 3a/a4a yIIyOJNeHWs METOIOJOTMYECKMX OCHOB U
COBEPIICHCTBOBAHUE CIICIIUAIBHBIX METOOB MCCIe0BaHu. MeTo 1 Tpr3BaH BEIPa0OTATh CHCTEMY
Pa3IMYHBIX CPEIICTB U IPUEMOB M3YUYCHHS M 0000IIECHUS 3aKOHOMEPHOCTEH B Pa3BUTHH MPOIIECCOB
BOJIONIOTPEONIEHUsI U BOJOOTBECHUS, JaTh BHITEKAIOIIEe M3 TEOPUU OIMMCAHUE TOTO, KaK JOJKHA
MPOSBIATHCA HAay4YHass W TpakTU4ecKas IesATeNbHOCTh JIoAe B cdepe ee MPUIOKEHHS K
pa3paboTke MEepOINpHUSATHI MO PalMOHATLHOMY HCIOJIB30BAHMIO M OXPAaHE BOJbI, B YaCTHOCTH
YCTaHOBJICHUIO OOOCHOBAaHHBIX HOPM ¥ HOPMATHBOB BOJOMOTPEOJICHUS W BOJOOTBEICHWS.
MeToloM HAayKH HOPMHPOBAHHS  BOJOTOJB30BAHUS  SBISETCS  JIMAJCKTUYCCKUN  METOJ,
MTO3BOJISIFOIIAN TIPOHUKATh B CYyTh U3yYaeMbIX SBJICHHH U (PAKTOPOB, OTHOCSIIMXCS K IIPOIECcam
BOJIOTIOTPEOJICHUS ¥ BOJIOOTBEICHUSI.

OH peanu3yeTcss HA OCHOBE HCIONB30BAHUS KaK OOIIMX HAyYHBIX METOJOB M TMOAXOAOB K
WCCIIETOBAHUIO, TaK U CHEIHU(PUIECKIX METOIOB U TIOJIXOJI0B, CBOMCTBEHHBIX HAyKe HOPMHUPOBAHUS
BOJIOTIOJIb30BAHHUS.

B HOpMuUpOBaHWU BOAOMOJB30BAHUS HCIIONB3YIOTCS OOIICHAYYHBIE METOJbI HCCIEAOBAHUN
(aHamu3, cWHTE3, abCTparupoBaHWE, IMOCTPOCHHE THITOTE3, MPOBEPKA MX C TOMOIIBIO JIOTUKA M
HAOJTIOJICHUS W T.JI.) U OOJNBIINHCTBO aHATUTHYECKUX METOJIOB, MIPUMEHIEMBIX B TEXHUYCCKUX U
CTaTHCTUKO-DKOHOMHUYCCKUX  HMCCIEAOBAHUAX  (IKCIEPUMEHT, OOOOIIeHUs, TPYIIHPOBKH,
CUCTeMaTH3alusl W KiIacCH(UKAIUsA, BBIABICHUEC TEHICHIMHA, aHAJIOTHHA, MHOTOBApHAHTHOCTH,
CTaTHUCTUKO-MaTeMaTUUECKHUE METO/IbI, CHCTEMHBIN aHAIN3).

B uymcrne o0mmMx METOAOB W TOAXOAOB HOPMHUPOBAaHHUS BOJAOIOJB30BAHUS MOXKHO TaKke
BBIJICTTUTH CIIEAYIOIINE:

— pacyeTHBI METOJl, OCHOBAaHHBIM Ha J/JAaHHBIX pacdeTra IO BCEM HOPM O0pa3yromuM
JJIEeMEHTaM ¢ Ha aHaluu3e YCJIOBHH  XO3SMCTBEHHO-OBITOBOTO M MPOU3BOJICTBEHHOTO
BOJIOIIOTPEOJICHHUS U BOJIOOTBEICHUS;

— CHCTEMHBIH TIOIXOJ, CYTh KOTOPOTO 3aKJII0YaeTCs B PACCMOTPEHUU HOPMHUPOBAHUS
BOJIOIOJIb30BAHUS KaK JUHAMUYECKU PA3BUBAIOIIETOCS IIEJIOTO M HCCIIEIOBAHUH €T0 BO BCEX CBSI3SIX
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1 3aBUCUMOCTAX IMPU UCIOJIB30BAHUH HC TOJIBKO I[aHHOI>'I HO U APYIruX HAYK, U3yHarOIIUX 3TH KC
SIBJICHUS,

- CTPYKTypHBIﬁ moaxod, 3aKJIH4YacTCsad B HMCCIICAOBAHUHW HOPMHUPOBAHHA BOAOIIOJIB30BAHUA
IIyT€M €ro pasjloXKeHUs Ha COCTABIAIOIIME CTPYKTYPHBIE DJIEMEHTBI U WX HM3Y4YEHUS BO
B3aMMOCBA3H, IIOCKOJIBKY B PCAJIBHBIX YCIIOBUAX Ka)KI[bII;'I JJIEMEHT BO3II€I>’ICTByeT KaK Ha BCC OPyruc
AJIEMEHTBI, TaK ¥ Ha BOOIOJBb30BAHUE B LIEJIOM. TeM caMbIM CO37aeTCs BO3MOXHOCTH BCKDPBITH
3aKOHOMEPHOCTH, CBSI3U DJIEMCHTOB HOPMHUPOBAHUS BOJIOTOJIB30BAHUS, & TAKXKE UX COOTHOIICHHE U
CyOOpIuHAITIIO

—  HAy4YHBIA SKCHCPHUMEHT, KOTOPBIH CIIYKUT sl 00OOIIEHHS M TPOBEPKH TEOPETHUYECKUX
BBIBOJIOB HAYKH HOPMHUPOBAHHA BOAOIIOJIbB30BAHUA. OH MOXeT MMpOBOAUTHECA Ha YCIOBHBIX
CTATUCTUYCCKUX U 3KOHOMHUKO-MAaTEMATUYCCKUX MOACIAX B J1a60paToprIx YCIIOBUAX, @ TAKIKC Ha
CIEIHATbHO BBIICISCMBIX ydYacTKax, B I€Xax, Ha MPEANPUATHAX, B BOJOXO3SHCTBEHHBIX M
BOJIONTPOBO/IHO-KAHATN3AI[MOHHBIX KOMILICKCAX.

— B YaCTHOCTH, JUIS YCTAHOBJICHHUS WHAWBUIYaIbHBIX OAAaHCOBBIX HOPM BOJOMOTPEOJICHHS H
BOJOOTBEJCHUS B MPOMBIIUICHHOCTH PEKOMEHAYETCS MPHUMEHSTh CICAYIONIME METOIbI:
TEOPETHUYECKHA, PACUYCTHO-aHATUTHYCCKUN, OTYETHO-CTATUCTUYECKUN M IKCIECPUMEHTAIbHBIH
METO/IBL.
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B nacmosuwee epems ace 6onee akmyanbHbiMu CIMAHOGAMCA 3a0a4Y ONMUMUZAYUY, NOUCKA, PEaru3ayuu
pacnpeoeiennvix U (unu) napanienvHulx cucmem. MHocue u3 HUX Je2KO peanusyemvl NpoCMbLMU
MAMeMaAMU4ecKuMy Memooamu, HO HeKomopwvle 3a0aqu mpebylom xk cebe 0coboeo nooxoda. dmu 3adaqu
aubo He pazpeutumvl NPOCMbIMU Memooamu, 1ubo ux peuwienue nompedyem 3HAYUMENbHO2O 6peMeHU U
0bvema pecypcos.

Tenemuueckuti (I'A) ancopumm s615emMcs MOWHBIM UHCIPYMEHMOM 01 IB0TIOYUOHHOSO Peulenus
cnooicHbix 3a0ad. O onupaemcs Ha COBpeMeHHble NPeOCMABNeHUs O MEeXAHUSMAX D8ONIOYUU U 2eHEeMUKU.
Tenemuueckutl anreopumm npeoHasHayen Ol NOUCKA IKCmMpemyMma CRodcHuix @yuryutl. CroscHocms
ONMUMUSUPYEMOUE (PYHKYUU Onpedesiemcsi KAK KOAUYeCmE8oM NEPEeMEHHbIX, MaK U HAIuduem JOKATbHbIX
aKCmpemMymos. B 3adauax —onmumuzayuu  APOCMPAHCMBO NOUCKA Modcem Oblmb  NpaKmMuyecku
Oe32panuinbiM, NOIMOMY HEBO3MOICHO O00KA3AMb, 4MO HatldeHHoe ¢ nomowppio I'A pewenue seisemcs
Haunyuwum. OOHako maxoe 00KA3AMenbemeo 00bIYHO U He MPebYemcs, 6aiCHO IUllb, Ymodvl HallOeHHOe
peutenue 8 00CMaAmo4HOU CImeneHu y0061emeopsio cCMulCiy peuiaemotli 3a0aqu. Ilosmomy 2oeopsm, umo c
nomowvio I'A MOACHO NOIYUUMb KEAZUONMUMATLHOE DeuleHuUe.

3aoaua oannol cmamsu cocmoum 6 uzyueHuu Meopemuyecko20 acneKma UCNOIb308aHUSL 2CHEMUYEeCKUX
aneopummos, a maxk oJice 8 NPAKMUYECKOU pearuzayuu  3a0ayu ¢ UCNOTb308AHUEM 2EeHEeMUUeCKO20
aneopumma.

B npoyecce usyuenuss paznuunvlx noOxXo006 K peuleHuro makux 3a0ay 6bl08USAemcs cunomesd uymo,
peuterue 3a0ay 803MOMHCHO C NOMOWBIO 2EHEMUUECKUX ANICOPUMMO8

Kniouesvie cnosa: cememuueckuil  aneopumm, — Kpoccosep,  Mymayus, —NOnyiayus, — omoop,
Memasgpucmuyeckue aieopummbl, SUOPUOHBIIL ANCOPUTNM.

Kasipei yaxoimma, 6Oapiviy Ken e3ekmi OHMAUIAHOLIPY, 130ey, mapamyovl dcy3e2e dculpy, HCIHE
(Hemece) napanienv ocylienepin npobremaza aunarvin  omulp. Onapdely Kenwiiniei Kapanaivim
MamemMamukanvlx a20icmepoi dcyseze acvlpy oHau, Oipax Keubip mancelpmanapvl epexuie macindi maian
emedi. byn minoemmep xapanativim adicmepmen weuty MyMKiH emec, 0Xapovl weuty eddyip yaKvlm nem
pecypcmapobl manan emeoi.

T'enemuxanvix (I'A) aneopummi 36010YyUAIBIK KypOeii MiHOemmepoi weuly Yuin Kyammuol Kypaivl O0Ibin
maboviiadvl. On 280110YUSL JICIHE 2eHeMUKA MEeMIKMepin abiMObl MYCiHyee Hezizoencen. DKCmpumymosl
Kypoeni QYHKyuaniapvin i30ey YuiH 2eHemuKanvlk aneopummi natdanramsviiadvl. OHMAulaHObIPpLLISAH
yHKYUsICLl  KypOeniniei QuHLIMANLIIAD CAHBIHA JHCOHE JHCEPRLNIKMI  WeKmeH KamblCYbIMEeH peminoe
anvikmanaovl. Tanceipmanap oymauranoblpy KeHicmik iz0ey MYMKIHOI2l ic Jcy3inoe weKci3, COHObIKMAaH
MYMKiH emec Oen mabviiean, I'A wewimi ey dcakcol wewin Oonvin mabdwviiadvl. Araioa, mMyHOai Oanen
manan emiimenoi, mexk MmaObLIean wewimM NCemKilikmi Oapedicede KaHAAMMAHObIPCA, UWeUIIemit
ecenmep. COHObIKMAH, OHbIY KOME2IMEH K8A3U-OHMAllibl WeiMin anryea 601adbi 0etioi.
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Ocbl banmoulyy MeopusiiblK, ACNEKMICI 2eHeMUKAILIK ancopummoepoi Nauodaianvin, COHbIMEeH Kamap
2EHEMUKANBIK, ANCOPUMMHIY NPAKMUKATBIK MIHOemmep 3epmmey 00abln maduLiaobl.

T'enemuxanvix anecopummoepoin KomezimMen ap mypai macinidoepoi 3epmmey npoyecinoe — wewimoi
bondrcall anamuls.

Tipex co30ep: ceHemMuKanvlK ai20pumm, Kpoccosep, Mymayus, ipikmey, eubpuomi aneopummi,
MEMAaIBPUCMbIK ANOPUMMI.

Now more and more urgent are tasks of optimization, search, implementation of the distributed and (or)
parallel systems. Many of them are easy to implement simple mathematical methods, but some tasks require
a special approach.

Genetic (GA) algorithm is a powerful tool for evolutionary solutions to complex problems. It is based on
the current understanding of the mechanisms of evolution and genetics. Genetic algorithm is used to search
for the extremum of complex functions. The complexity of the optimized function is defined as the number of
variables and the presence of local extremes. The problems of optimization, the search space can be virtually
limitless, so it is impossible to prove that found using GA solution is the best. However such proof usually is
also not required, it is important only that the found solution sufficiently satisfied to sense of a solvable task.
Therefore, they say that with the help of GA can be obtained quasi-optimal solution.These tasks can not be
solved either by simple methods, or their solution will require considerable time and resources.

The task of this article consists in studying of theoretical aspect of use of genetic algorithms, and also in
practical realization of a task with use of a genetic algorithm.

In the process of studying various approaches to solving these problems it is hypothesized that the tasks
solution is possible by means of genetic algorithms

Keywords: genetic algorithm, crossover, mutation, population, selection, metaheuristic algorithms,
hybrid algorithm.

HecmoTpst Ha TO, UTO T€HETHUYECKUE aJTOPUTMBI OBUTH OTKPBITHI OTHOCHUTENILHO HEIAaBHO, OHU
yK€ TMOJIY4YWIH IIUPOKOE pACIpOCTPaHEHHWE IPU pPELIEHUH 3aJady ONTUMHU3ALUN HErJaJKuX
GyHKIMH Wi QyHKIUN ¢ OOJIBIIMM YUCIIOM JIOKATbHBIX 3KCTPEMYMOB.

e  YucienHble MeTOAbl — PAaCCMOTPUM UYHCICHHOE PEUICHHE CUCTEMBbl AU(PPEepeHInaTbHBIX
YpPaBHEHUU.

Hanpumep: Pemenue 3agaHHON cucTeMbl OOBIKHOBEHHBIX UG (depeHIMAIbHBIX ypaBHEHUN
(O1Y) meronom Pynre- Kyrra 4-5-ro nopsiaka.

BBIMomHUM YCITOBHYHO MUHHUMHU3AIHIO (YHKIIUH METOJIOM TeHEeTHYecKoro aroputma B MatLab.

f(x)=20 +e— 20 exp [—0,2 /iz xf}— exp (iz cos (znxi)\, x e (-30;30)
n . \n i=1 )

[Tpu 5TOM QyHKIUSA IPUHUMAET BUJ!
x=sym('x',[1 2]);
ezmeshc(gafunc(x));title(‘gafunc(x)"); grid on;

3nmecey gafunc ( X ) — 3aJlaHHass HAMH UCXOAHast QyHKIIHS:

functiongafunc=gafunc(x)
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n=length(x);
gafunc=20+exp(1)-20*exp(-0.2*sqrt(sum(x.*2)/n ))-exp(sum(cos(2*pi*x))/n);

[Momyvaem crnenyrommii rpaduk:

gafunc(x)

Pucynok 1 — ®yukuus gafunc(x) npu n=2

OuyeBuaHO, YTO TJIO0ATHPHOTO MUHUMYyMa JaHHas (YHKIUS TOCTHUTaeT B OECKOHEYHO MaJoit

OKPECTHOCTH TOYKH X = (0,0).

Kaxnas ocoOb xapakrepusyercs HabOpOM H3 N XpOMOCOM C BEUIECTBEHHBIMH TI'€HAMHU.
KonnyectBo ocobeit B momymsmun — 20 mryk. HavanpHas momyssiuus co3laeTcs CilydaiHbIM
o0Opa3oMm, yuuThiBasg orpaHuyeHus. Cenekuus poauTened Juid CJIEIYIOIEro MOKOJIEHUS
MIPOU3BOJUTCS TYpPHUPHBIM OTOOpoM ¢ 4 ocol0smu B TypHupe. /[Be nyumme ocoOu (3HaueHHe
1eneBol QyHKIMU MUHUMAJIBbHO) OyIyT rapaHTUPOBAaHO (JOPMHUPOBATH CIEAYIOIINE TOKOJIEHUE NTPU
cenekumu. Jlonsg mytupyroumx ocobeit B mokojaeHuu pasHa 0.2. J{is MmyTanuu BeIOEpeM aaropuTM,
YCTaHABIIMBAIOMIINI JIOI0 MAaTUPYIOIIMX O0COOEH B COOTBETCTBUM C YHCIIOM IMPUTOJIHBIX 0COOEH B
MPOLUIOM TOKOJIEHUH; IIar W3MEHEHHs TI'eH YIOBJIETBOPSET OrPAaHUYEHUSM Ha HUX 3HAUYECHUS

(x e (-30,30) B Hamewm ciyyae). Mcronb3yercs 0THOTOYEUHBI KPOCCHHIOBED.
Kputepuii OCTAaHOBKM TEHETHYECKOTO QJITOPUTMA: €CIIH CpeJHee 3HAYCHHWE IPUTOTHOCTH

o -6
nocienHux 50 3HaueHMi MeHblle 10 , TO alrOpUTM OCTaHaBJIMBaeTcs. Pe3ynpTar onpenenseM
KaK CpefHee 10 25 peleHu.
JIng pemieHuss 3amaud  MUHHMHU3AIMM  HMCHOJB3yeM BCTpoeHHyIo ¢ynkmmio Matlabga .

[TapameTpsl 3ajmauu 3amaeM ¢ TOMoOLIbI0 (QYyHKUMH gaoptimset. Hacrpoliku ¢yHkunn

gaoptimset OyZyT OAMHAKOBBIMH Ui JI000ro n. M3MeHAThCS OyAeT TOIBKO 3HAYCHHE
mapameTpa n npH BeizoBe GyHkimu (ga(gafunc,n,options). (Tabmuma 1).

'enernuecknii aJrOpuT™M JaeT BeCbMa TOYHOE pelIeHue mpun = 2. Eciu mpocTpaHCTBO
penieHnii uMeeT OOJBIIYI0 Pa3MEPHOCTh, TO TOYHOCTh CHUIKAETCS. DTO MPOHMCXOJUT BCIICIACTBHUE
YBCIIMUCHUSA BCPOATHOCTHU MTOMMAAaHUSA B JIOKAJILHBIN OKCTPEMYM.
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Tabmuma 1 — Kog mporpammet

2part_main.m

n=2,

x=zeros(n,25); val=zeros(1,25);
options=gaoptimset('PopulationType','doubleVector’);
options=gaoptimset(options,'CrossoverFcn’, @crossoversinglepoint);
options=gaoptimset(options,'CreationFcn’', @gacreationuniform);
options=gaoptimset(options,'PopulationSize',20);
options=gaoptimset(options,'SelectionFcn',@selectiontournament);
options=gaoptimset(options,'EliteCount’,2);
options=gaoptimset(options,'CrossoverFraction',0.8);
options=gaoptimset(options,’'MutationFcn',@mutationadaptfeasible);
options=gaoptimset(options,'StallGenLimit',50);
options=gaoptimset(options,'TolFun',10"-6);
options=gaoptimset(options,'PlotFcns',@gaplotdistance);
a=linspace(-30,-30,n);

b=linspace(30,30,n);

for i=1:1:25
[x(:,1),val(i)]=ga(@gafunc,n,[],[].[1.[].a,b,[],0ptions);
end

IIpu 3HaueHUM n = 2 MPOU3BEAEM CEPUIO 3aITyCKOB F€HETUYECKOT0 aJITOPUTMAa MIPH Pa3IMUHBIX
3HA4YeHUsAX KonaudecTBa mokoneHuilP : 10, 50 m 100. B kaxaom cimyuyae pesynbraT Oyaer
OTIpEIEIIATh KaK CPEeIHEE MO S5 peIIeHUSIM.

C pocTtom KoMYeCTBa MOKOJIEHUM TOYHOCTh pelIeHHs HoBblmaercsa. OQHaKo 3Ta 3aBUCUMOCTh
He nuHelHa. Tak, HauMHasg ¢ ONpPENEIeHHOIO YuCla MOKOJICHUH, €€ NalbHENIee yBEIUUEHUE HE
IIPUBOJUT K POCTY TOUYHOCTU. DTO CBSI3aHO C TE€M, YTO JOCTATOYHO MAJIbIX 3HAYEHHUH MPUTOJHOCTHU
ocoOeill, ee nanbHelIIee N3MEHEHNE POUCXOANUT KpaiiHe MEIEHHO.

e [IpumMeHeHHe reHeTHYECKHX AJTOPUTMOB IS TeHepauMu TecToB. PaccmMoTrpum meton
reHepaluy TECTOB JUIS OJMMIMAIHBIX 3a7ad IO IPOrPaMMHUPOBAHHMIO C IPUMEHEHUEM
TEHETUYECKUX AJITOPUTMOB. DTH TECTHI MIPEIHA3HAYEHBI ISl BBISIBICHUS PEIICHUH OJIMMIIMAIHBIX
3aja4, Hed(PPEKTUBHBIX IO BpeMEHH BbIMOJHEHUs. [IpemtoskeHHBII MeTon OBUT HMPUMEHEH K
reHepaluy TEeCTOB Ul pEeaJlbHOM OJMMIIMAJHON 3aJaud U IMO3BOJIMI «yOHTb» BCE H3BECTHbBIE
pelIeHus.

Uucno TecToB, Ha KOTOPOM IMOTpedyeTcss NMPOBEPUTH pEIICHHE, MOXKET OBbIThb BEIHKO IO
CPaBHEHHIO C COpeBHOBaHHEM. B To ke Bpems, Oojblnas yacTb 3THX TECTOB MOTpeOyeT Oosblie
BpEMEHHU Ha paboTy ¢ Qaitnamu win npeoOpa3oBaHUE JaHHBIX B CTPOKOBBIN (hopMmat, yBETHUUBAs
TaKkuM 00pazoM TpeOyemoe Jisl BIpallliBaHMsI TOKOJECHHS BPEMsI B HECKOJIBKO pa3s.

CoBpeMeHHbIE METO/IbI pEIIeHUS 3a7aul O PIOK3aKe MOTYT pelIaTh OOJbIINE YK3EMIUIAPHI 3aa4
3a BpeMmsi, MPOIOPIUOHATIEHOE pa3Mepy BBoa (mopsaka ceKyHabl st N = 105 Ha 0ObIKHOBEHHOM
HaCTOJIbHOM KOMIIBIOTEPE).
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OpHako nydiine U3 3TUX PELIEHUI HMMEIOT OLIEHKY AaCHUMIITOTHYECKON CIOKHOCTH IMOPSAIKA.
BoNbIIMHCTBO COBPEMEHHBIX HACTOJBHBIX KOMIIBIOTEPOB CIIOCOOHBI MPOW3BOAUTH mopsiaka 109
AJIEMEHTApHbIX OlepalMii B CEKyHAY. OKCIEpUMEHTbl C pEHICHUSAMM 3a7aud O pIOK3aKe
IIOKAa3bIBAIOT, YTO HAMXYJUIME IK3EMIUIAPHI 33aUl O PIOK3aKE€ MOYKHO PELIUTh 32 pa3yMHOE BpeMs
npu nopsake orpanudeHuil N < 50. [laxe npu HMCHOIB30BAHUU CBEPXOBICTPBIX MHOTOSIIEPHBIX
KOMIIBIOTEPOB MJIM UX KJIACTEPOB I10 MPUYMHE SKCIIOHEHLUAIBHOTO poCTa MOTPedIIieMBbIX PECYPCOB
c yBenuueHHMeM N 3Ta OLIGHKa HE MOXET OBbITh CKOJIb-HHOy/Ib CYLIECTBEHHO YyilyulleHa. B
OJIMMIIMAJHBIX 3aJayax OrpaHUUYEHHE [0 BPEMEHH OOBIYHO HAXOJUTCA B Ipelese OT OAHOM 110
Jecatu cekyHJ. B Hameil 3amade Mbpl OyJeM BapbUpOBaTh OrpaHHMUYEHHE 10 BPEMEHH B JTHX
Ipesienax B 3aBUCHMOCTH OT ITIOCTaBJICHHOM 3a1auu.

[Ipeyaraercss KOMMPOBaTh B OCOOM T€HETHYECKOI'O AITOPUTMA JIMIIL HaOOp NpEeAMETOB, a B
KayecTBE BMECTHMMOCTH pPIOK3aKa OpaTh MOJOBHHY CYMMBI BECOB AITHX HpeameroB. K maHHOM
3a/la4e NPHUMEHSAIOT BapHalMI0 KJIACCUYECKOIO0 T'€HETUYECKOrO0 aJIrOpuTMa, B KOTOPOH BMECTO
OUTOBBIX CTPOK paccMaTpUBAINCH Obl CTPOKM U3 MpeaMeToB — mnap uucesn. Ocodu reHeTuyeckoro
aJITOPUTMAa UMEIOT JPEBOBUAHYIO CTPYKTYypy. Kaxnas ocoOb mpenctabiser co0oi MOJBEIIEHHOE
JIEPEBO, B KOTOPOM KaX/10M BEPILIMHE COOTBETCTBYET HEKOTOPAs [1OCIIE0BATEIBHOCTD IIPEAMETOB.

B kauecTBe omneparopa CKpELIMBaHUS MCIONb3YETCSd CTAaHAAPTHBIA JUII TE€HETHMYECKOIrO
IIPOrpaMMUpPOBAaHUs  omepaTop oOOMeHa mojalaepeBbsMU. BpIOOp moagepeBa OMHMCHIBAETCS
CIIeyIOIKUM 00pa3oM: €C/IM B JIaHHBII MOMEHT aJIFOPUTM paccMaTpUBaEeT JIMCT JIepeBa, TO OH U
Oyzer BBIOpaH B KauyecTBE NojjiepeBa. Eciam e alropuTM paccMaTpUBAaeT y3ell JepeBa, TO C
BepoATHOCThIO (.5 BbIOMpaeTcss NOANEPEBO C KOPHEM B 3TOM Y3Jie, MHA4€ PABHOBEPOSITHO
BbIOMpPaeTCsl OAMH U3 IOTOMKOB U MpoLeAypa BbiOOpa mpojoinkaercs. Bec u cTOUMOCTh KakJ0ro
IIpeMeTa He JOJKHA BBIXOIUTH 3a paMkH [ 1;R], a grcio npeaMeToB HE TOJKHO MpeBIIaTh N.

Tectupyemble pelieHHs HEOOXOIUMO CHAOAUTH CUETYHMKOM <«3JIEMEHTApHBIX JelcTBui». B
HEKOTOPBIX MECTaX TECTUPYEMOTO PELIEHHS ITOT CYETYUK HEOOXOIMMO yBETMUYMBATh HA BEJIMUYUHY,
XapaKkTEepU3yIOIIyl0 KOJMYECTBO  OINEpaluii, MpOU3BEACHHBIX alropuTMoM. I[IpumeHnenue
JPEBOBUJHONW CTPYKTYpbl OCOOM, HANOMMHAIOIIEH OCOO0b TI'€HETHYECKOTO MpPOrpaMMHUpPOBAHUS,
MTO3BOJIMJIO CJIEJIaTh ONEPATOPbl CKPEIIMBAHNS U MyTallUK IPOOJIEMHO-OPUEHTHPOBAHHBIMH.

e [IpumMeHeHHe reHeTHYECKHX AJTOPUTMOB K pellleHHI0 MOAM(PHUIMPOBAHHOI 3a1a4u 0
HasHavyeHusix. ONTHMHU3AalLMOHHBIE 33Jaud (OPMYIUPYIOTCS Kak Mpodiema BbIOOpa JIydILEro
JOMYCTUMOIO pelieHus. [l ompeneneHus] MOHATUS <«JTy4lIero» 4YacTo MNPUXOJUTCS BBOJUTH
KpUTEpUHA ONTHUMAIbHOCTH ( (MM HE OJUH, a HECKOJbKO KpPUTEPHUEB OINTUMAIbHOCTH) —
KOJINYECTBEHHBIN MIOKA3aTeNb, IOCPEICTBOM KOTOPOT'O OCYIIECTBIISETCS 0ObEKTUBHOE U3MEPEHHE B
HEKOTOpPOI 4MCIOBOM mikaie Y OAHOTrO Hambosiee BaXKHOTO JUIS MCXOJHOW 3aJa4yd BBIXOJHOTO
napametpa yi. [lon m3meperuem mo mikane Y moHuMaercs oToOpaxkeHue @, KOTOPOe KaKIOMy
peleHnio XED CTaBUT B COOTBETCTBHE YHCIOBYIO OleHKy Q(X)EY Takum o06pa3oM, dTOOBI
OTHOUICHHS MEXKIYy YHCIOBBIMH 3HaueHusMH Q(X) COXpaHsuid OWHapHBIC OTHOIICHUS
MIPEIOYTEHUS MEX]Y PEIICHUSIMHU:

[ ]

x1 «ryame» x2 (x1 P x2) Q(x1)>Q(x2);
x1 «me xyxe» x2 (x1 R x2)& Q(x1)>Q(x2); 1)
x1 «xBuBaneHTHO» X2 (x1 [ x2) & Q(x1)=Q(x2).

N3 cootHOmenwii (1) cienyer, 4To MEXaHU3M BBIOOpA «IYYILEro» PEIIeHUs] CBOAUTCS K OTOOPY
T€X U TOJNBKO TeX pELIeHUH, KOTOpble [IOCTaBIsAIOT HauOoJsblliee 3HAYEHHE KPUTEPUIO

onTUMabHOCTH Q B 001acTu mmoncka D:
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Q*=Q(xx)=maxxeDQ(x), )

e xX* — OnTUMalibHOE perenne; Q*=Q(x*) — HanboJIblIee 3HAYCHUE KPUTEPHST ONITUMATIBHOCTH
cpenu Bcex 3HaueHui kpurepus @ B obnactu moucka D.

Bripaxkenue (2) siBisieTCsl MaTEMaTHUECKOM 3aMMChI0 MOAETH MPUHATHS PEIICHHs, Ha3bIBAaEMOM
AKCTpEeMalIbHOM 3ajjauell OAHOKpUTEpUAIbHOIO BbIOOpa. B ToMm ciydae, korna obnacte mnoucka D
COCTOHT M3 CYETHOTO YHCIIa PEUICHHH, MPUHITO TOBOPUTH O 3aj1ade (2) Kak O 3ajade AUCKPETHOMN
ONITUMH3AIIHH.

Hcxonnbie 3a7jauu ONTUMHU3AIMKA MOTYT UIMETh OTPaHUYEHUS, KOTOPBIE JTOJKHBI ObITh OTPasKEeHbBI
IpU TEHETUYEeCKOM Moucke. J[nd 3a7a4 ¢ pemeHusMu- epecTaHOBKaMHU (3a/1aya O Ha3HAYCHUSX,
3ajaud  TEOPHM pACIUCaHMsI) MPH KOJUPOBAHUU HCHOJIB3YIOTCA METOABI, TapaHTUPYIOIINE
JOMYCTUMOCTD PELICHUS, Ha3bIBa€MbIE TAKXKE JEKOAepaMHU, U CIEIHAIbHBIE ONEPaTOPhl KPOCCOBEPA
u mytanuu. Jlekoaep mMoauuuupyeT MPOCTPAHCTBO MOKMCKA TaKUM O0pa3oM, YTO TapaHTHUPYET
MoJIydeHue Jomyctumoro peuieHus. [lo cytu, nexomep MOXKET COCTOATH M3 HaOOpa MHCTPYKIIHM,
MO3BOJISIIOIIUX TOCTPOUTh KOAMPOBKY JOMYCTHUMOIO pELIEHUS U TIEPEeBECTH KOIAUPOBKY B
JOITyCTUMOE PEIICHHUE.

e [IpuMeHeHMe reHeTHYECKHX AJTOPUTMOB /Js TeHEePAIlMH ABTOMATOB NPU MOCTPOEHUH
MO/IeJIl MAKCUMAJILHOTO NPaBA0NoA00Us U B 3aa4ax ynpaBjeHus. [ eHeTHUYECKIE alrOPUTMbI
BBIOpaHbl KaK METOJ MPOEKTHUPOBAaHUS aBTOMATOB. BpiOuparoTcss nBe o0jacTu MpPUMEHEHUS
TCHETHYECKUX ITOPUTMOB U TOCTPOCHHS aBTOMATOB — MOCTPOCHHE MOJENEH MaKCHMalbHOTO
NpaBaOMoONOOMs W pelIeHWe  3a7ad  ONTUMAIBHOTO  yNpaBJICHUS. Y CTAaHABIMBACTCA
HEMPUMEHUMOCTh anroputMa bayma-Benma ams mocTpoeHHs HEKOTOPOTO Kiacca 3a/1ad CKPBITHIX
MapKOBCKUX Mojeneil. Jlamee paccmarpuBaeTcsi METOJl, B KOTOPOM T'€HETHYECKHE alTOPUTMBI
UCIONB3YIOTCA Ui BhIOOpa HauyalbHBIX MapaMmeTpoB anroputMa bayma-Bemma. Takas
Moau(UKaIK MPUBOAUT K 3HAYUTEILHOMY YIYUYIICHUIO PE3yJIbTaTOB paboThl. anroputMma bayma-
Benmra. ABTopoM mpeznaraercs MpUMEHSATh PACCMOTPEHHBIA METOM JAJSl PElleHUs] MPAKTUYECKOM
3a/1auM — HaXOKJIEHUS OITMOOK B aBTOMATaXx.

PaccmarpuBaeTcsi oguH TUN BO3MOXHBIX OIIMOOK — HEYYTEHHBIM Tmiepexoasl. OcoObio
TEHETHYECKOTO aITOPUTMA SIBIISIETCS] KOHEYHBIN aBTOMAT C BBIACIICHHBIM HaYaJIbHBIM COCTOSTHHEM.

CocrostHust aBTOMaTta OBIBAIOT TPEX THIIOB: XOPOIIHWE, IUIOXHWE M MPOMEKYTOUHBIC  THUIIBI
COCTOSIHUH COOTBETCTBEHHO. {715 Mpeickazanusi MPUroIHOCTH MpaiiMepa He0OXOIMMO TIOJaTh €To
Ha BXOJ] aBTOMAaTy, CUHTas CyMMapHOE KOJIUYECTBO XOPOIIMX U TUIOXUX COCTOSIHHM, B KOTOpHIE
MEePEeXOIUT aBTOMAT IO MEpe YBENUYECHHsI MPUHUMAeMOro mpedukca. EcIu KOMHMUecTBO IUIOXUX
COCTOSIHUM MPEBOCXOJHUT KOJIMYECTBO XOPOILIUX, TO MpaiiMep cuuTaeTcss He nmoiaxoasumm. Eciu
KOJIMYECTBO IJIOXMX COCTOSHUM MEHBIIE KOJMYECTBA XOPOIIMX, TO CYUTAETCS YTO Mpanimep
noaxonut ans [1L[P. B ciyuae jxe paBeHCTBa He JaeTcsl OTBETa Ha BOIIPOC KiacCU(PHUKAIUH.

Pa3pafoTka mpoToTHNA CHCTEMBI /sl ABTOMATH3HPOBAHHOIO COCTABJIEHUSI PaCIMCAHMIt
MamuHHOro Tuna. CymecTBYIOT pa3InYHbIe TUIIBI TEOPUN PACTICAHUS:

— CeTeBOe TUTAaHUPOBAHKE WITH TIOCTpOoeHne paciucanus st mpoekra (Project scheduling) (PS);

— KaJIeHJapHOe IUIAaHMPOBAaHME WJIM TOCTPOEHUE pacnucaHus g npubopoB Machine
scheduling (MS);

— coctaBieHue BpeMeHHbIX Tadmuil (Time Tabling);

— mocraBka ToBapoB B Marasuubl (Shop-Floor Scheduling);

— COCTaBJICHHME paCMHCaHUil JBW)XEHHUS TpaHCHOpTHBIX cpeactB ( Transport Scheduling),
UKJIMYECKUE paciucanus 11 TpancmopTHeIx cpeacts (Vehicle Routing);
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B otmmume ot (Project scheduling), rme st BbINOJIHEHHS OJHOM pabOTHI Tpedyercs
OJHOBPEMEHHOE YYacTHe  HECKOJBbKHX HCIONHUTENEeH, B 3ajadax uisi OpuOOpOB  KaKaoe
TpeOoBaHne OOBIYHO BBINOJHIECTCA (OOCITYy)KMBAaeTCs) €IUHOBPEMEHHO TOJIBKO Ha OJHOU
npubope(MaIuHe).

s 3amau  Machine Scheduling wucnonuautensmu  sBasitorcss  IIpuGopbl, MamuHbel WM
[Ipoueccopsl.

3aoauu ons oonoeo npubopa. VIX xapakTepHoii 0COOCHHOCTBIO SIBIIIETCS TO, YTO OJHOBPEMEHHO
npuOOp MOXKET OOCITY)KHUBaTh (BBITIOIHATH) TOJBKO OJHO TpeOOBaHUE. AJTOPUTMBI MX DPEHICHUS
UCTOJNB3YIOTCS JUIsl pelieHust 0oJiee CIOKHBIX 33/1a4, TI03TOMY OJHONPHUOOPHBIE 33Ja4H SBISIOTCS
(byHIaMEHTaIbHBIMU.

3a0aua ons napannenvuvix npubopos. JloctymHo N mpudbopoB. Mexay TpeOOBaHHSIMH MOTYT
OBITH 33/1aHBI OTHOIICHUS TpeAmecTBoBanms. Kaxknoe TpeboBaHEe MOKET BBIIIOIHATHCS Ha JTI000OM
npubope. Eciim npuOOpbl UASHTHYHBI, TO BpeMsi 0OCITy>KUBaHHs TPEOOBaHHS HE 3aBHCUT OT BHUA
000pyI0BaHUS.

e BosmoxnocTn reHeTHYeCKHX aJIrOpUTMOB st pelieHus 3a/1a4d
MHOTOKPHUTEPHAJbLHOI ONTUMH3AIUH HHBECTHLIMOHHOTO MOpTdes.

B nacrosimee Bpemst MI'A ycIOBHO pa3J/ielieHbl Ha JIBa MMOKOJICHHS, TIPUYEM BTOPOE IMOKOJICHUE
SIBIISICTCS Pa3BUTHUEM COOTBETCTBYIOIIMX AJITOPUTMOB TEPBOTO 3a CYET HCIIOJIB30BAHUS CpPEICTB
peammsaiuun B MI'A  crparerumm osnutu3ma, BTopuuyHOoW momynsiuud  ([Tapero-apxuBa) wu
CICUATBHBIX METOJIOB €€ 00Pa0OTKH.

PaccmarpuBaemas 3amaya ontumusannu MII ocHOBBIBaeTCs Ha IBYXKpUTEpHAIbHOW Mozenu [
MapkoBuiia ¢ HE3HAYUTEIHHOM KOPPEKTHPOBKOM (BMECTO IOMCKA JOJEH KaXKIOTO U3 BHUIOB
¢unancoBeix aktuBOoB B WII ompemensercs WX KOJIMYECTBO), YYHTHIBAIOIIEH IOCTYITHBIC
(dakTHUeckne aaHHBIE TIO (UHAHCOBBIM aKTHMBaM, IpeljlaraeMbIM Ha pPBIHKE IICHHBIX OyMar.
OCHOBHBIMU MapaMeTPaMU MOJEIH SBIISIOTCS:

U - o0beM (QUHAHCOBBIX CpeACTB i (OPMUPOBAHHS MHBECTHIIMOHHOTO MOpPTQEns; a, —

HauaJlbHas CTOMMOCTb OJHOM €IMHUIIbI HEHHBIX Oymar Buza i (i= 1..n, ganee n = 15); x, — o6bem
npuobpeTaeMbIX (DMHAHCOBBIX aKTHBOB BHJA 1; [X, ,, X, ,] — HWKHAA U BEPXHsA IpaHuIa 00bEMOB
LEHHOW Oymaru Buja 1; g, — OXKHAaeMmas CpeIHss JTOXOJHOCTb 10 i-My akTuBy; fl =g —max —

ONTUMU3UPYEMBI KPUTEPHUHN <«JIOXOTHOCTBY» HWHBECTULIIMOHHOTO mopTdemns»;, f2 =s —min —
ONTUMU3UPYEMBIN KPUTEPUN «PUCK MHBECTUIIMOHHOTO TTOPThEs.

Hna ouenkn HaugeHHslx HWII  wcnosmb3yrorcss  cooTBercTByromue npuHounel  [lapero-
JOMUHHMpOBaHUsA U [lapero-onTUMaIBHOCTH OTJIMYME OT psAAa APYrMX B JAHHOW MOJEINIH
ontumusanuu UIT ve Tpedyercs nznavansHoro 3aaanus JITIP sxemaemMbpIx 3HaU€HUH JOXOJHOCTH U
JOIIYCTUMOI'O0 PUCKA, CWIBHO 3aBUCAIIMX OT CTOXAaCTUYECKHM HU3MEHSIOIIMXCS WHBECTUIIMOHHBIX
Bo3MokHOCTeH. OcHOoBHOe yuactue JIIIP mpeamonaraercsi HEmoCpenCTBEHHO Ha CTaauu BhIOOpA
pELIEHHT M3 MHOKECTBAa HAWJICHHBIX AJIbTEPHATUB, YTO, B IEJIOM, CHUXKAET IMCHUXOJOTHYECKYIO
Harpy3Ky OTBETCTBEHHOCTH Ha JKCrHepTa. Takum o0pa3oM, pe3yJbTaT PEHICHUs] paccMaTpUBaeMOi
3a7a4¥ 3aBUCUT OT YMCJIa U TOYHOCTH HaWJeHHbIX [lapeTo-onTuManbHbIX pemeHuid. B kadecTse
YUCJIEHHBIX METOJOB [UI IIOJYYECHHMS TAaKUX PEIICHUH NPUMEHSUIMCh PA3JIUYHBbIE MOJEIU
MHOTOKPUTEPHAIBHBIX T€HETUYECKUX aJITOPUTMOB.

I'mOpuaHbIi anropuT™ - Ui pelieHus 3a7a4l KOMMHUBOSDKEpPAa HA OCHOBE ABOJIIOLIMOHHOTO U
poeBOro Meroa0B. MypaBbUMHBIA M TE€HETHUYECKUW AJITOPUTMBI SIBISIOTCA AJIbTEPHATUBAMU IS
peleHns 3a1ad JAUCKPETHOM ONTUMH3AIMU. ['€HEeTMYECKHl aJIrOpUTM — 3TO SBPUCTHUYECKHI
QITOPUTM TIOMCKA, WCIOJb3yEMBIN Uil PEIICHUs 3aad ONTUMHU3AIUMU U MOACIMPOBAHUS MYyTEM
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cllyyailHOro moaoopa, KOMOMHUPOBAHHUS M BapHallMd HCKOMBIX MapaMeTPOB C HCIOJIb30BAHUEM
MEXaHU3MOB, aHAJIOTUYHBIX €CTECTBEHHOMY OTOOPY B MPHUPOJE, & MyPaBbHHBIN, B CBOIO OYepellb,
HCIOJIb3YET NOBEIEHYECKUE MHCTPYMEHTHI JACLIEHTPAIN30BAaHHON CaMOOPTraHU3YIOUIENCsS KOJIOHUU
MypaBbeB JJIsl TIOMCKAa ONTHMAIBHOTO MapuipyTa B rpadoBoil moaenu. IIpennoxen ruOpuaHbIA
QITOPUTM DELIEHUS 3aJayd KOMMHUBOSDKEpAa Ha OCHOBE MYPAaBBUHOTO UM TI'€HETHYECKOIO
QITOPUTMOB, IPU O3TOM THOpUIAM3ALMS  3aKJIIOYaeTcs HE TOJBKO B IOCIEA0BAaTEIbHOM
WCIIOJIb30BAaHUU OIIEPaTOPOB MYPaBBMHOI'O M TE€HETUYECKOIO aIrOPUTMOB, HO U YYETOM
IeHEeTUYECKOM MH(OpMalMM areHTOM MYpPaBbUHOIO ajIropuTMa MpU MPUHATUM pEIleHHs B
Ipouecce MNOCTpoeHHUs MyTu. Oneparopbl TI'E€HETHUYECKOTO aJIrOpUTMa HCIOJIB3YIOTCS M
PEKOMOMHALIMY PEUICHUH-KAaHAWIATOB, MOJIYYEHHBIX B XOj€ pabOThl MypaBBUHOTO alropuTMa.
IIpencraBieHa 3BpUCTHKA OLICHKH HAaWJEHHBIX PELIEHUI areHTaMH MYpPaBbUHOI'O ajlrOpUTMa s
JABHEUINICH MX CEJIEKIIMH TCHETUWYSCKUM allfOPUTMOM. B Xone mponenaHHOW paboThl ObLIa
paspaborana nporpamma OBM, peanu3syromas onucaHHblii anroputM. [IpenctaBieHo cpaBHEHHE
pe3yJabTaTOB TECTUPOBAHUS MYpPAaBbUHOTO M THMOPUIHOIO aJrOPUTMOB Ha MEXIYHAapOAHBIX
O6eHumapkax. llodydyeHHble B XO/€ 3KCIEPUMEHTOB pe3yJbTaTbl IOKa3ald, YTO T'MOPUIHBIN
JITOPUTM OCYULIECTBJISIET TOUCK pelleHui Oojiee KayeCTBEHHO, 4eéM OOBbIUHBIH MypaBbUHBIN
QJITOPUTM.

MeTta’BpucTHYECKHE AJTOPUTMbI — KaXJas METa’BPUCTHKA HMMEET CBOM COOCTBEHHOE
MOBE/ICHUE U XapakTepucTUku. OJTHAKO BCE METa’BPUCTUKH UMEIOT Psii OCHOBHBIX KOMIIOHEHT U
BBITIOJIHSIOT OIEpaIiy B MpeesiaX OrPaHUUYEHHOTO Yncia KaTeropui

1. Uannuanuzauusa. MeToq HaxoKIeHUs] Ha4albHOIO PELLIEHUS.

2. OkpectHoctu. Kaxiomy pemieHnto X cOOTBETCTBYET MHOXKECTBO OKPECTHOCTEN U CBS3aHHbBIE
¢ aumu niepexoabl: {N1,N2,...Nq}.

3. Kpurepuii Bb160pa OKpECTHOCTH ONpeAeseTcs B ciaydyae Hanuyus 0ojiee OAHONH OKPECTHOCTH.
OTOT KpUTEepHUil JOIKHBI YKa3aTh HE TOJIBKO BBIOMPAEMYIO OKPECTHOCTh, HO M YCJIOBUS €€ BblOopa.
AnbTepHAaTUBBl BapbUPYIOT OT «HA KaXJ0M WTepauun» (Hampumep, FeHETUYECKHEe METOAbI) 0
«TIpY IAHHBIX YCIOBUSIX».

4. Otb6op xanauaatoB. OKpPECTHOCTH MOTYT OBITh OYeHb OOJBIMIMMU. Torga OOBIYHO
paccMaTrpuBaeTcsl TOJIBKO MOJMHOYKECTBO NEPEXOJ0B Ha KakaoW urepanuu. COOTBETCTBYIOLIMM
CMCOK KaHAugatoB C MoXeT ObITh HOCTOSHHBIM M OOHOBJISIEMBIM OT HMTEpallud K HUTepanuu
(HampuMep, TaOYINOMCK), WIM K€ OH MOXET ObITh IOCTPOEH Ha KaXI0M HOBOH wuTepauuu
(HampuMep, reHeTHYeckue Meronabl). Bo Bcex ciydasx kpurepuil BbIOOpa OIpenenseT, KakuMm
00pa3oM MOTYT OBITh BBIOpaHBI PEIICHNUS ISl BKIIOUEHHSI B CITUCOK KaHIHJIaTOB.

5. Kputepuii npunstus. [lepexo/pl olleHUBAIOTCSA ¢ TOMOIIBIO GyHKIUU J(X, Y) 3aBHCAIICH OT
TaKMX MapaMeTpoB JBYX pELICHMH, Kak 3HaueHue IeneBoil (QyHkuuu, mrpadsl 3a HapyLIeHHE
HEKOTOpBIX OTpaHMYeHUN U T.N. BuiOMpaeTcs Hawmiydilee pelieHHe MO OTHOUIEHHIO K 3TOMY
KPUTEPHUIO (C YyUETOM HEOOXOIMMOCTH MPEIOTBPALICHUS 3aIUKINBAHUS).

6. Kpurepun octaHoBKH. MeTadBpHCTHKAa MOXET OBITh OCTAHOBJICHA COTJIACHO pa3-JTHYHBIM
KPUTEPUSIM: BpEMs BBIUMCICHUH, YMCIIO UTEPALIMNA, TEMIIBI YITyUIIEHHS] PELICHUS

e [IpumMeHeHHe reHETHYECKHUX AJITrOPUTMOB B aHaau3e 0esomacHoctu AJC. [Ipu stom I'A
METO/]I AOJKEH OPraHUYHO COYETaTh!

— cuctemubiii koj (Hanpumep, RELAPS/PARCS, MELCOR, T.1.) aisi 1€TepMUHUCTUYECKOTO
aHaJIM3a aBaApUNUHBIX IIPOLIECCOB.

— QITOpUTM ToucKa rinobdanbHoro ontumyma (I'A) niast uaeHTUUKAIMKM ONMACHBIX aBapUITHBIX
IIOCJIEI0BATEIbHOCTEM.
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OcnosHble mpyoHocmu:

— OoJbIIas pa3MEPHOCTh MPOCTPAHCTBA HEOTPEACTICHHOCTEN — CIIPOKIIATHE Pa3MEPHOCTH

— HEe MOHOTOHHBII XapakTep U3MeHeHus: (HYHKIUU MPUCITIOCOOIEHHOCTH HA MPOCTPAHCTBE
HEOIPEIETEHHOCTEN

— CJIOKHBIN TUI TPaHMI] 00JIACTH OTKa3a, MHOKECTBO HECBSI3aHHBIX 0o0JacTel oTKasa

— CWJIbHAS Bapualysl YyBCTBUTEIBHOCTH (DYHKIIUH MPUCIIOCOOICHHOCTH ISl PA3IMYHBIX
rapaMeTpoB

— CyILIECTBEHHAs! KPOCC-KOPPEIISLHS MEXKAY BXOTHBIMU MTapaMeTpamMu

— 00J1aCTH MaJIOi BEPOSTHOCTH

[Tpu MonenMpOBaHUH CUTYAIIH HEOOXOAUMO PEIIUTh 3a1a4u:

— HeoOxoIMMa MO (UKALINS Ta-aJTOPUTM TJI00ATFHOTO MMOUCKA

— KpOCC-BaJTUAalINsI BEPOSITHOCTHBIX OLIEHOK — HECKOJIBKO METOJIOB OLIEHOK

— TapaJIeIbHbIC BEIYUCIICHHUS.

Iapannenvhnovie gviuucnenus. BecbMa >QQEeKTHBHBI sl TaHHOTO Kjacca 3afad —TPaKTHYECKH
JMHEWHAs 3aBUCUMOCTb IPOU3BOIUTEIFHOCTH OT Y3JIOB.

PaccmarpuBaercs BO3MOKHOCTH Tniepexona Ha MPI-uccienoBanue COCTOSHUN CHCTEMBI C
HU3KHMH BEPOSITHOCTSAMH — yBeITMUeHUE pazmepa nomyisiun ['A.

— Peanuzanus pacueToB B 00ake — OCHOBHAsI Mpo0OJieMa — MCIOIb30BaHHE CUCTEMHBIX KOJOB —
KOMMEPYECKOTO M OTPAHMYCHHOTO HCIIOJIHb30BAHM.

— Monundukaius reHeTUIeCKOTo alropuTMa.

— Buenpenune anroputma uaeHTrUKaUN odIacTeil 0TKasa.

— Ilouck «Hambonee OMACHBIX CIEHapUeB» M HIEHTUUKALUA «00JacTeil OTKa3a» MOMKET
noTpeboBaTh OTIWYAIOIIUXCS 3HaYeHuit ['A mapameTpos.
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3AJJAYA YCTOMYUBOCTHU KPYTOBOM T'OPU30OHTAJIBHON
BBIPABOTKHU I''TYBOKOI'O 3AJIOKEHUS

Kypmanko:xkaesa A.A.l, Macanosa A.K.2, Kum H.X. !

YKaszaxcxuii nayuonanshuiil uccredosamenscxuii mexnuueckuii yuugepcumen,
Anmamuwi, Pecnyoauxa Kazaxcman
2 Anmamunckuil ynusepcumem suepeemuxu u ceasu, Aimamul, Pecnybnuxa Kazaxcman
e-mail: kurmankozhaeva _a@mail.ru, masanova.aida@mail.ru

Paccmampusaemes cmamuyeckas 3a0a4a MEXAHUKU 20PHBIX NOPOO 00 YCMOUYUBOCHU 20PUZOHMATIbHOU
He3aKpensieHHOU 8blpabomKu, NPOUOeHHOU 8001b NO NPOCIUPAHUIO NOPOO HAKIIOHHO-CIOUCHIO20 YHPY2020
Maccusa. B nonepeunom ceuenuu 6bipabomxu 8bINOAHAEMCA Yciosue niockou degopmayuu. Maccug 6
OKPeCmHOCMU 8bIpAOOMKU MOOEUPYEMCs YIPYeUM OOHOPOOHbIM AHU30MPONHLIM MENOM C HAKIOHHOU
NJIOCKOCMbIO U30MPONULL.

Tlpu nocmpoenuu ypasneruil ycmouuugoCcmu  yY4umvléaemcs HeUHeUHAs 3a6UCUMOCTb OedhopMayuil om
nepemewjenui u aunetinwill 3axon I'yxa. Ipumensemea MKD — memoo KOHEUHbIX d1IeMEHMO8.

Pewaemcs 0606wennas npodnema Ha CcoOOCMBeHHble 3HAYEHUs, 20e HAXO0OUMCs HAUMEHbUIUL
KpUMu4eckuii napamemp, ¢ noMoubio KOmopo2o SbIHUCISIIOMCS KPUMU4eckue Hazpy3ku u hopmvl nomepu
yemouuusocmu. llpusoosames yucieHuvie pacuemvl KpUMUYECKoU GHeWHel HA2PY3KU 6 3A8UCUMOCIU OMm
NPUBEOEHHBIX NAPAMEMPOE8 AHUZOMPONUU.

Knioueevle cnosa: mpauceepcanvhHas U30MPONHOCIL, YPABHEHUsT YCMOUYUBOCIU, 20PUZOHMALIbHAS
8blpabomKa; Mampuya HcecmKocmu;, 0000ujenHble KOOPOUHAMbBL, COOCMBEHHbIE 3HAYEHUs, Memoo
KOHEUHBIX IIeMEHMO8.

HTvimbip maccuemiy kobeceH-KabamuibiCbl CO3bLIBIN Hcamy OOUbIHUIA OOUNAT COKKEH MAY HCbIHbICHIHbIY
KONOeHiy OeKkimiimecen OHOIPYOIH mMAy JICLIHbICHL  YUliH  MEXAHUKAHbIY — CIAMUCMUKAIbIK — ecedi
Kapacmuipvinaovl. Kenoeney xumadagvl oHoipyoe dicasvik oeghopmayusi wapmsi opbiHoaniaosl. Kabammoi
May JHCLIHLICMbL MACCUE WIMPEK MAHAUBIHOA U30MPONUAHLIY KUSAUL JHCAZLIKMBIELIMEH WbIMbID OipmeKxmi
anuzomponmsl deHeze niwinoenedi.

I'eomempusnvix coizvikmul ecenmiyy MKD Kon0anuliyviMeH YIKeH OpblH ayblCmblpyaapoa JicaHe as
depopmayusndazvl OPHLIKMBLILIKMbLY, MEHOEYIHIY Cbl3blKmbl OOJII2IHIN KYPbLIbIMbL KeAmipiaeoi.

Menwikmi maHOepee Keneumineen Maceneniy canobl wewimi mabvliean, MyHOA ey Kiuli Kpusucmik
napamemp Kome2iMeH ecenmeniHemin KpUsUCMIK CAIMAK neH OPHbIKMbLIBIKIMGL HCOLANMYbIHbIY (OpMAacsl
maovinzan. Kenmipineen anusamponusnviy napamempiepine 6atianbiCmbl KPUSUCIIK CbIPMKbL CATMAKMbIY
CanovlK ecenmemenep Keamipineoi.

Tipex coe30ep: uzomponmol Kueaul, OPHbIKMbIILIK MEHOeYl;, Kammuyliblebl Mampuya,; Kea0eHiy maHoama
Oeximinmezi; Hearnvliama KOOPOUHAMMAPSH, 63 MAHBI3bL, OONI2IHIY KYPLLIbLLMbL.

The static problem of mechanics of rocks about stability of horizontal loose tunnel mine (drift) gone
lengthways on strike of rock of inclined-laminated elastic massif is considered. In cross-section of the mine

66


mailto:kurmankozhaeva_a@mail.ru

N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2017, Ne 1 (56)

tunnel the condition of flat deformation is satisfied. The laminated rocky massif in a vicinity of the drift is
modelled by an elastic homogeneous anisotropic body with an inclined plane of isotropy.

At construction of the equations of stability the nonlinear dependence of deformations on movings and
linear Hook law is taken into account. The MFE — a method of final elements is applied.

The generalized problem on eigen values where there is the least critical parameter with which help the
critical loadings and forms of loss of stability are calculated is solved. Numerical calculations of critical
external loading depending on the resulted parameters of anisotropy are resulted.

Keywords: transversely isotropic; equations of stability; stiffness matrix; horizontal loose tunnel mine
(drift); generalized coordinates; eigenvalues; method of final elements .

B mexanuke TOpPHBIX IOPOJA OAHUM M3 OCHOBHBIX OGT:CKTOB HCCIICAOBaHUA SABJIAIOTCA T'OPHBIC
BbIpaOOTKH. Pa3pymienne ropHOro MaccuBa Bo3j€ BHIPAOOTKH MOXKET MPOU30MTH MPH JOCTHKCHUN
B MaCCHUBE HaprDKeHHO-I[C(i)OpMI/IpOBaHHI)IM COCTOAHUEM KPUTHYCCKUX 3Ha‘-IeHI/H>'I,
COOTBETCTBYIOIINE JIOKATHHON MOTEPE YCTOWYUBOCTH BO3JIC BBIPAOOTKH, KOTOPOE MPUBOJUT K €€
paspyuenuto. MccnenoBanuo 3Toi cUTyalu MOCBAIEHA JaHHas paboTta ¢ nmpuMeHeHueM MKD
Ha OCHOBE BapHaIlMOHHBIX TPUHITUIIOB.

PaccmarpuBaercst crarudeckas 3aa4a 00 yCTOMYUBOCTH TOPU3OHTAIBHON KPYTOBOM BHIPAOOTKU
(mTpeK) riIy0oKOro 3aJI05KEHUS, MPOHICHHON BJOJIb 10 MPOCTHPAHHIO MTOPOJT HAKIIOHHO-CIIOUCTOTO
yOpyroro MaccuBa. B momepedyHOM cedeHMM BbIPAOOTKM BBINOJHSETCS YCIOBHUE IJIOCKON
nedopmariiu.

u=u(x,z), v=0, w=w(x,z) Q)

Hedopmarsi  MEIKOCIOUCTOrO MAacCHMBa OIMCBHIBAETCS YPAaBHEHMSIMU TpPaHCBEPCAIbHO-
M30TPOITHOTO TeJa C HAKJIOHHON TIOCKOCTBIO M30TPONHH 10 00001IeHHOMY 3aKoHy ['yka [1]

|Faﬂ| |FD“ D, DH]
|o.|=| P Dy Dy e )
o] Lo 0y pu]lr.]

rneD, = D, (E ,E,,G,,v,0,,¢) — KOIQOUIKEHTB YIPYTOCTH, 3aBUCSIME OT Monysel FOura

(E12) B TUIOCKOCTH M30TPONUU U MEPHEHIUKYISPHO K Hel, Moaynsa casura Gz, koaddunueHToB
Ilyaccona vi,v2 ¥ yIJla HakJIOHA IJIOCKOCTH U30TPOIIUU (.
Ha ne3akperieHHOM KOHTYpe mITpeka (I=R) rpaHuuHble yCIOBHS 33Jal0TCs B BUJE:

c,=7,=0 ©)

— Ha OECKOHEYHOCTH:
o, =—-yH =P, o =-1_yH =0,

z - X,y x,y

Tz:AryH’ T :T:O (4)

X

/i€ Y-TJIOTHOCTB Cpefbl, Ax-KoadpuimeHt 60koBoro otmnopa, H-riryonHa 3a105keHus BRIpaOOTKH.
3ajgaya ynpyrol yCTOMYMBOCTHM TOPU3OHTAJIBHOM TOJOCTH 3aKII0YaeTcsi B HAXO0XKJICHUU
KPUTUYECKHX BEJIIMYMH BHEIIHEW Harpy3ku P, Q u3 (4) mpu KOTOpBIX HapsIy C HEM3MEHEHHOM
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dbopMoil KOHTypa TOJIOCTH MOTYT CYyIIECTBOBaTh apyrue. [[msi pemieHus 3amad yCTOWYHMBOCTH
MPUMEHSIETCS METO]T KOHEUHBIX YJIEMEHTOB B BAPUALIMOHHON (hOPMYITHUPOBKE.

CrnenyeT OTMETUTH, UTO MPHU NOTEPE YIPYTrol YCTOWYMBOCTHU MOJIOCTH B pabOTE BHYTPEHHUX CUJI
YUHUTBHIBACTCSl KaK JIMHEIHAas € Tak U HeJIMHeWHash KOMIIOHEHTa €n 3aBUCHMOCTH AeopMaiuii oT
nepemMenieHui [2], a Takke JUHEWHBIN 3akoH ['yka 3aBUcUMOCTH aedopMaiiuii OT HaNpsOKEHUH B
y371aX N KOHEYHBIX 2JIEMEHTOB MaccuBa (2) uepe3 0000IeHHbIE KOOPAUHATHI (

E=¢e, +e,

( ) ( 2 )

I {| ‘e | (5)
e, = w_, | e = ;\ w’ . |

k”z‘*W,xJ L2(u’:u” +w,zw’x)J

1 1

= —J'a(eI +e )ds = —q (K, +K_)q
2" 2
(6)

q' =[q, - qn],qi:[uij, i=1,..n

3necy Ko u Ko - MaTpuiia ®ecTKoCTH U reoMeTpHuecKas MaTpuila (Ha4yalbHBIX HAMPSKEHHUIA).
Pabora Baemmux ycwmid P, Q wu3 (4) Ha cMmemeHusax Ui MpeacTaBisieTcs yepe3 000OIIeHHBIE
KOOp/AMHATHI (!

1
U :;jP“dS:thAp (7
Taxum 00pa3oM, MOTeHLMAIbHAS HEPTUs 1eopMalvy Ipu MOTepe YCTOMYUBOCTH €CTh:
1
=4-U=-"q'"(K,+K)q-q'Q, (8)

B nuHeliHON TeopuM yCTOMYMBOCTH, JOMYCKAETCs, YTO HANPSHKEHUS NPONOPLHOHAIBHBI

HArpy’KeHHUIO Kak B paborax [3,4], T.e.:

P=AP, q=A1q,, K_ = iAK , (9)

S

U3 ycnoBus, 4To MpH TIOTEpe yCTOWUMBOCTH paBHOBecHe HeiTpambHO, OI1=0 u3 (8) , (9)
nojryyaercsi 00001eHHas pobyieMa Ha COOCTBEHHBIE 3HaueHus [4,5]

1
;(K0+/1Ks):0 (10)
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Takum 0Opa3zom, MpH JIMHEapu3aluy 3a7a4da YIpyroi yCTOMYUBOCTH CBOJAUTCS K HAXOXKICHUIO
HAaUMEHBIIETO KPUTUYECKOTO IapameTrpa, C IMOMOLIbI0 KOTOPOIO ONPEIEISIIOTCS KPUTHUYECKHE
Harpy3k# U (OpMbl IOTEPU YCTOWIUBOCTH U3 (9).

B tabauie 1 mpuBeseHbl CpaBHUTENIbHBIC TECTOBBIC PacyeThl KPUTHYECKOH Harpysku P/E mpu
TUAPOCTATUKE Uil W30TponHOM cpenwl [1] m u3 pemenus (10) mans pasueix N (komuuecTBO
KOHEYHbIX 35ieMeHToB B MKD). Pa3nuuue B pacueTHBIX TaHHBIX OT TECTOBBIX OOBACHSAETCS YUETOM
HEJIMHEWHBIX JedopMaluil B ypaBHEHHUSIX YCTONYUBOCTH.

Tabnumal — TecToBble pacyeThl

\ r N=180 N=220 N=140
0,0 0,198 0,1983 0,233 0,2187
0,2 0,181 0,1874 0,2217 0,2070
0,3 0,174 0,1862 0,2219 0,2066
0,4 0,167 0,1905 0,2289 0,2112

B rtabnuuax 2,3 mpUBOIATCS YHUCICHHBIE pacyeThl KPUTHUYECKOW HArpy3Kd AJs MPOTSKEHHON
MOJIOCTH B HAKJIOHHO-CIIOMCTOM MAacCHBE C HECIUIONIHBIM CHEIUICHHEM CJOEB IS Pa3IMYHBIX
mopon mpu ¢=0. Ax=2,5. Moxenp Takoro MaccMBa paccMmaTpuBaeTcsi B paborax [3], Kak
m3otpornHoe Teno (E,v) ¢ cucremoil MBOSKONEPUOAMYECKUX IENIeHd, U KOTOPOE MPUBOIUTCS K
SKBUBAJIEHTHOMY CIUIOIIHOMY TPaHCBEPCAIbHO-U30TPOITHOMY Ty C MPUBEIECHHBIMHU TTapaMeTpaMu

aHU30TPOIHHU

E, = E,
E,=E,/(Av’+ A,y +A,),
G, =G, (A, +A,)

AA = A (@ /a)

OTu mapaMeTpbl CyIIECTBEHHO 3aBUCAT HE TOJBKO OT BUAA IOPOJ, HO U OT T€OMETPUH IIIeNeH,
BO-BTOPBIX, IPH ®=62 — aHU30TPOIUs ILEJIEBATON CpPEAbl UCYE3AET, Iie 2a — AJUHA IIETH, O —
paccTosHHE MEXIy ILIENSIMH, TO €CTh C pocToM )/a aHU3OTPONMHOCTb CPEIbl MOHIKACTCS, U
CJIEJOBATEIBHO, ITOBBIIIAETCS 3HAUEHNE KPUTUUECKOMN CHJIBI.

Tabauua 2 — PacuerHblie mokasareiu

Q/a anespoiut | Ilecyanuk Aprunut W3BecTHSIK
2,5 0,465 0,659 0,470 0,4673
3,0 0,554 0,555 0,558 0,555
4,0 0,661 0,663 0,6627 0,660
6 0,749 0,754 0,748 0,747
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Tabmuma 3 — [laaable Mo cpene

Qla AneBponut AJeBpoIuT

AHU30TPOITHBIN M30TPOIHBIN
2,5 0,1350 0,4140
3,0 0,1733 0,4654
4,0 0,2290 0,5560
6,0 0,3000 0,6611
o0 0,3633 0,7480

Takum O6p2130M, HpI/IBCILCHHI)If/i aHaJIM3 JaHHBIX IIO3BOJIACT CACIaTh BbIBOA, YTO JdaHHaA
MaTeMaTH4YCCKasd MOJCIIb IO3BOJIACT paCCMATPUBATL BIIMAHUC HaAKJIOHHOM CIOHMCTOCTH MacCCuBa, €€
TPCIIMHOBATOCTH HAa 3HAYCHHUH KPUTHUUYCCKUX BHCIUIHUX CHJII IIPU ITOTCPE YCTOI‘/‘I‘II/IBOCTI/I.
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HCIOJb30BAHUE BO3MOKHOCTEM MMAKETA STATISTICA
ITPU NTPOI'HO3UPOBAHUU I'OJTOCOBOI'O TPADUKA

Jlemuuckasa D.M.
Anmamunckull uHcmumym 3Hepeemuxu u ceszu, Aimamet, Pecnyonuka Kazaxcman
e-mail: ellale50@mail.ru

B cmamve obocnosana neobxodumocmv npeockazauus 3nauenuti cemegoeo mpaguxa. Ilpedcmasnen
nO0X00 K NOCMPOEHUI0 MoOenell NPOSHOZUPOBAHUS BPEMEHHBIX PAO08, OMPANCAIOWUX DYHKYUOHUPOBAHUE
cucmem MmobunvHol ceazu. Ilpu nocmpoenuu Mmooleneu UCNONL308AH MEMOO IKCNOHEHYUANbHOO
cenadcueanus. B kauecmee uncmpymenma ucciredosanus eviopan naxem npoepamm STATISTICA.
Ilpeocmasnenvl 0CHOGHblE 5Manvl NOCMPOEHUs MoOenell NPOSHOZUPOBAHUS 20110C08020 Mpaghuxa,
00cyHcUBaEM020 onepamopom menekommynukayuil. Ilpuseedensvt pesyromamol UCCIE008aHUI KAYecmed
npoeHo3uposanus mpagura. Beiaenenvt moodenu, obecneuusarowjue HaubOIbULYIO MOYHOCHb NPOSHO3A.

Knioueswie cnosa: mobunvrnas céazv, mpagux, npocHosuposanue, epemennvle psaosl, MOOeiuposanue,
cmamucmuyeckas UHPOpMayus, Kaiecmeo yciye.

Heninik mpaguxmi 6onxicay KYHObLIBIKMAapObl 63eKminicin HeeizOelidi. ¥snvl Oailnianvlc dHcyiienepin
JHCYMBLCIH KOpcememin yakblm Oipkamap 601xcay mMooenvoepin KYpblLIblcblHa KosKapac. Modenvoepin Kypy
IKCNOHEHYUanobl mezicmeziut 20ic Koaoauwviiaovl. fuuimu—sepmmey xgypanvl peminde STATISTICA
bagoapramanviy 6ymansl mayoan2as. TenrekOMMYHUKAYUALbLIK ONepamop Kbi3Men Kepcememin OayblCmblk
mpaghuxmi  Ooncamobl MoOenvOepin Kypy Heeizei kezenoepi. biz zepmmey canacvin mpagux Oondicay
Homudicenepin YcolHamul3. bonoicamvinbiy scosapsl 0210i2iH KAMMAMACHI3 AHLIKMAIObI MOOENbOepL.

Tipex ce30ep: yanvl 6aiinamvic, mpaguxk 0Oo0HCAY, VAKbIM Cepuschbl, MoOeiboey, CIMamuCmuKaibly
aknapammoi, Kbl3mMemmepOoil canachbi.

The article substantiates the relevance of the prediction values of network traffic. The presented approach
to building models to predict time series, reflecting the operation of mobile communication systems. In
constructing the models used exponential smoothing method. As a research tool, selected program
STATISTICA. The main stages of building predictive models of voice traffic served by the
telecommunications operator. We present the results of research quality traffic forecasting. Revealed
models, those provide the highest accuracy of the forecast.

Keywords: mobile communication, traffic, forecasting, time series, modeling, statistical information, the
quality of services.

CyliecTBeHHOE BIIMSHHE Ha KadyecTBO pabOThl MOOWIBHOM CBSI3M OKa3bIBAIOT CTPYKTypa M
IMHaMuKa cereBoro Tpaduka. Jlng oOecneueHuss cTaOWIBHOM W HaJeKHOW pabOTHl CeTH
HE00X0IMMO UMETh OOBEKTUBHYIO HH(OpMaIuio 00 0KMIaeMOM ypOBHE TpaduKa B MPEICTOSAIINX
nepuonax. OOycnoBaeHO 3T0 TeM  (aKTOpOM, 4YTO BaXKHEMIIUM  HapaMeTpoM IIpu
(YHKIIMOHMPOBAHUU CETU CIY)KUT Harpyska, cosjgaBaemas aOoHeHTamu. MmeHHO 5Tum
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napaMeTpoM  OmpezenseTcs 00beM

yIpasJsirorero ooopyaosanus [1].

H€06XO[[I/IMOFO KOMMYTAaIllMUOHHOTO, JIMHEWHOTO n

OmneparopaM U TpoBaiiepaM yCIyr TEJICKOMMYHHMKAUA HEOOXOIMMO 3HATh MPOTHO3BI
MPECTOSIIEH 3arpy3Ku CeTH, YTOObI UMETh BO3MOXKHOCTD TJIAHMPOBATH €€ JaJIbHEHIIee pa3BUTHE.
BbIIBUTH BO3MOXKHYIO 3arpy3Ky y3/10B KOMMYTALlMHU, KaK BXOJSILUM, TaK U UCXOAALIUM TpapUKOM,
[IO3BOJISIET UCCIIEZIOBAaHUE CETEBOrO0 Tpaduka B MEPUOJA IKCIUIyaTallud CTATHCTUYECKUMU
METOJIaMHU.

Kak mokazan 0030p aureparypsl, B HACTOsIIEe BpeMs HE pa3paboTaHO oOLIied METOIUKU Ui
IIPOTHO3UPOBAHUS U aHaIM3a ceTeBoro Tpaduka. Kaxasiii 00bekT uccienopanus Tpedyer ocodoro
IIOAXO0/a IPU ITOCTPOCHUHU U UCCIIEA0BAHUU MOJIEIEN IIPOrHO3UPOBAHUS.

B HacTosmeil paboTe BBIIOJIHEHO KPATKOCPOYHOE MPOrHO3UPOBAHUE TOJIOCOBOTO Tpaduka ceTH
MOOWIJIBHOM CBSI3M Ha OCHOBE CTaTHCTHYECKOW HH(OpMaIuu, cOOpaHHOW MOCYTOYHO B TEUCHHE
Mmecsina. PazpaboTka moaeneii mpoBoAUIach Ha OCHOBE PE3yJIbTaTOB PabOTHI OHOTO U3 OIEPATOPOB
MOOMJIBHOM CBSI3H, MperocTaBisomero ycayru no texHojorusm 3G u 4G. CraBunachk 3a1ada —
paccumMTaTh OXHJlaeMble 3HaueHus Tpaduka Ha 1-3 cyTok Bnepen. JJuHamuka roiocoBoro Tpaduka,
IIepe1aBaeMoOro IOCPEICTBOM Pa3IN4HbIX TEXHOJIOTHM, ITPeICcTaBIcHa Ha PUCYHKax 1 u 2.

Line Plot (Spreadsheet8 1v*30c)
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Pucynok 1 — Jlunamuka rosocoBoro Tpaguka (3G)

PeBynLTaTBI pacuc€Ta CTaTUCTUYCCKUX XAPAKTCPUCTHUK HCCICOYCMBIX COBOKYHHOCTCI\/'I JaHHBIX

MATEMAaTHYCCKOIro OXHWIaHHuA, MHUHUMAJIBHOI'O W MAaKCUMAJIbHOI'O 3Ha‘-IeHHI>i,

CTaHJApTHOIO
OTKJIOHEHUSI KOJIMYECTBA 3BOHKOB B CYTKH IPHUBEJICHBI B Tadmume 1.
Tabnuna 1 — CtarucTudyeckue XapakTepUCTUKU FOJI0COBOTO Tpaduka
Texno— | KomnuectBo | Maremarnueckoe | MunumanbsHoe | MakcumanbHoe | CranpgapTHoe
gorus | HaOmOJeHUi OKHJaHUE 3HAYEHUE 3HAYCHUE OTKJIOHEHHE
3G 30 503 248 615 61,13
4G 31 86 50 124 14,63
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Line Plot (SpreadsheetS 1v*31¢)

100 .
AN \/ A
j 80 \\o/ \ J \/ Oy /‘[ 'c/’/\)

Pucynok 2 — Jlunamuka rojiocoBoro tpaguka (4G)

Count

Cpennee KoIM4YecTBO 3BOHKOB B CyTKH cocTtaBuiio 503 mo Texnosnoruu 3G u 86 1o TeXHOIOTUU
4G npu ko3 unrenTax Bapuanuu 12 u 16 COOTBETCTBEHHO.

Jlyis ompeneneHuss METoJa TOCTPOSHUST MOJENed MPOTHO3HPOBAHMS, MPOBOAMIACH IPOBEPKA
BPEMCHHBIX PSJIOB HAa HAJIWYUE TPEHIOBOW COCTABISIONMIEH CIMOCOOOM COTIOCTABJICHHS CPETHHUX
ypOBHei#l ¢ ucnonb3oBanreM Bo3MmoxkHocTel maketa STATISTICA [2].

C »TOl TEeNbI0 HCCeayeMble PSIbl pa30MBaINCh HA JBE PAaBHBIC YACTH, KaKIas W3 KOTOPBIX
paccMmarpuBaigach Kak CaMOCTOSTEIbHAs CTAaTHCTHYECKAs COBOKYIHOCTB, TIOYHHSFOIIASICS
HOpPMaJbHOMY 3aKOHY pachpefeneHus. PacCUuThIBaIUCh CpeJHUE 3HAYEHHUS B KaXKIOH U3
copMHUpPOBAaHHBIX COBOKYITHOCTEH, W TpoBoawiachk mpoieaypa t—test for independent samples
(pacuer t—kpuTepus sl HE3aBUCHUMBIX BBIOOPOK). Pe3ynbTaThl TeCTUpOBaHUS MPEICTaBICHBI Ha
pucyHkax 3 u 4.

T-est for Independent Samples (Spreadsheet3)
Mote: Variables were treated as independent samples

Mean Mean t-value df p Valid M ValidN | Std.Dev. | StdDev. F-ratio p
Group 1 vs. Group 2| Group 1 Group 2 Group 1 Group? | Group1 | Group2 | Variances | Varances
mlvs, m2 508.9333 4974000 0.510028 28 0.614029 13 13} 50.56745] 71.30704 1.999637 0.207189

Pucynok 3 — ®parment okHa nmakera STATISTICA ¢ pesynbratamu TectupoBanust (3G)

T-test for Independent Samples (Spreadshest2)
Mote: Variables were treated as independent samples

Mean Mean | twalue |df p Valid M | Valid M | Std.Dev. | Std.Dev. | F-ratio p
Group 1 vs. Group 2 | Group 1| Group 2 Group 1 | Group 2 | Group 1 | Group 2 | Variances | Variances
M1 vs. 2 [82 466671 89.37500) -1.33110 29 0193528 15 16 17,9600 1021029 3.072102 0.038732

Pucynok 4 — ®parment okna nakera STATISTICA ¢ pesynbraramu tectupoBanus (4G)
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s ronocoBoro tpaduka (3G) momyuena t—craructuka CrproneHTa tpar = 0,51. ITockombky
KPUTHYECKOE 3HAueHHe {—CTATHUCTUKM TPEeBBIIIAEeT (HaKTHUECKOE, MEXKAY paccMaTpUBAEMbIMU
CPeAHHMMH BEJIMYMHAMU CYIIECTBYET JOCTOBEPHOE Pa3Inyhe U HAJIMYWE TPEHIOBOW KOMIIOHEHTHI B
MCXOJHOM BPEMEHHOM MOKHO UCKJIIOUUTh.

Bo BpeMeHHOM psiy, YPOBHH KOTOPOTO COOTBETCTBYIOT KOJHUYECTBY 3BOHKOB B CYTKH,
MOCTYMAONMX 10 TexHosoruu 4G, Takke HE COICPKHUTCS TPEHAOBAs COCTABISOINAS, YTO
noaTBepkaaercs pacueramu 1o nporpamme STATISTICA, npuBeieHHBIME Ha pUCYHKE 4.

Pacder aBTOKOppENAIMOHHBIX (QYHKIUI HCCIENyeMBIX PSIOB IMOKa3al OTCYTCTBHUE CE30HHOM
COCTaBIISIIOLICH B 000MX psAAax, OTPAKAIOUINX IUHAMHUKY TOJIOCOBOTO Tpaduka.

Cpenu MHOXKECTBA MoOJeNel, TMO3BOJISIONINX pPACCUYUTATh KpPAaTKOCPOUYHBIH TMPOTHO3 IO
BPEMEHHBIM PSJIaM BBISIBICHHOW CTPYKTYpPbI, XOPOIIUM KaueCTBOM OTiH4aeTcs Mojenb bpayna [3].
Ona OCHOBaHa Ha METOJIE TPOCTOTO SKCIOHEHIMATBLHOTO CIIAKUBAHHSA, COTJIACHO KOTOPOMY
YPOBHH BPEMEHHOTO psijia INPEIBAPUTEIBHO YMHOXKAIOTCS HA BECOBBIE KOX(PPHUIIMEHTHI TaKUM
o0pa3om, uTo HauboJee CTapbie JaHHbIC UMEIOT HauMeHbIHH Bec. CHIDKEHHE BECOB YPOBHEH psjia
MPOUCXOJUT IKCIOHCHIIMAIBHO W 3aBHCHT OT BBIOPAHHOW BEJIUYMHBI KOHCTAHTHI CTIIQ)KUBAHHS,
u3MeHstonierics B npezaenax ot 0 1o 1. Mojaens bpayHa OTHOCHTCS K KJIacCy aJIaiTHBHBIX MOJIEIICH,
B KOTOPBIX TPU BBIYMCIICHUH TPOTHO3HOHN OLIEHKH YYUTBHIBAIOTCS MPEIbIAYIIANA MPOTHO3 U BHOBb
MOCTYTNHBIINE JaHHBIE.

bbutn paccumTaHbl NMPOTHO3HBIE OLEHKM MO MozaensM bpayHa co 3HaueHHSIMH KOHCTaHTHI
crnaxuBanust 0,1; 0,5 u 0,9 mns ronocosoro tpaduka 3G u 4G. Haubosree TOYHBINA MTPOTHO3 OBLT
MOJIyYeH TMpH 3HAYCHHSIX KOHCTaHTHI criaxuBanus a = 0,5 mna tpaduka 3G m 4G. Onenka
TOYHOCTH IMPOTHO3a OINpEelesylach HA OCHOBE pacdera OIMOOK MpOorHo3upoBaHus. I'paduueckoe
oToOpakeHHe MOCTPOSHHBIX MOJIeNIeH MpUBeIeHO Ha PUCYHKaX 5 U 6.

oﬁ(}gopk? - Exponential smoothing: S0=501,2

Exponential smoothing: S0=501,2 ‘
No trend, no season ; Alpha=500
M
700 v v v v v v v v v v 200
650 {150
600 1 100
550 t 3 150
- S DU U A [N
500 | AT 0
»
e
S 450 50 =
4
400 -100
350 1-150
300 ¢ -200
250 250
200 -300
0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
— M(L) Smoothed Series (L) Resids (R)

B Exponential smocthing: $0=501.2 \'E] Exponential smoothing: S0=501.2 ;Spmoeshoenz | Exponential smoothing: 50=501.2 (Spreadsheet 1) |

Pucynox 5 — MoaenupoBanue ronocosoro tpaduka (3G) mpu o = 0,5
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Exponential smoothing: S0=86,03

No trend, no season : Alpha=500
M

140 - . - . - - . . 80
130 }
160
120 }
110 } 140
1 L
00 1 5
o ) A WS F— ' LY S S LA | W— I——
80| & 1°
70 | -20
60} :
.40
50
40 - - - - : - - - -60
0 5 10 15 20 25 30 35 40 45

— M (L) ---- Smoothed Series (L) Resids (R)
Pucynok 6 — MoxenupoBanue royiocoporo tpaduka (4G) mpu a = 0,5

Ha npuBenennbix pucynkax kpubas M (L) oTpakaer GpakTHUeCKHUil TOIIOCOBOI TpapuK, KpuBas
Smoothed (L) — skcroHeHIMAaNBbHO CrIIaXKEHHBIH, a KpuBas Resids — oTkioHeHHe (pakTHUECKOro
TpauKa OT CIrIIaXXKEHHOTO.

IIpu mporHo3upoBanuu Ha 1-3 cyTok ommbOka mporHo3a He mnpesbimaer 4%. Ilpu Gonee
JUINTEIbHBIX MEpPUOAAaX IPOTHO3UPOBAaHUS TOYHOCTh IPOTHO3a 3aMETHO CHMXaerca. Mopemu
Bbpayna ¢ xonctanTamu criaaxkuBanus 0,1 u 0,9 obecrieunBaroT MeHee KaueCTBEHHBIH MPOTHO3.

[Ipenyiaraemast MoJiesib, OCHOBaHHAsI HA METO/E SKCIIOHEHIINATBLHOTO CTIIaKUBAHMSI, MOXKET OBITh
UCMOJb30BaHA IMPU ONEPAaTUBHOM YIPABICHUH B CETAX MOOWIBHOW cBsi3u. llpu 3TOM
KpaTKOCPOYHOE MPOrHO3UPOBAHME JIOJKHO OCYLIECTBISATHCS OINEPAaTUBHO M HENPEPHIBHO MpU
MOCTYIUIEHUN HOBBIX CTaTUCTUYECKUX JAHHBIX.

[Ipenckasanue 3HaueHWi Tpaduka Ha NPEACTOSAIIME MEPUOAbl BPEMEHM JaCT BO3MOXKHOCTh
orepaTopaM TeJIEKOMMYHHUKAllMii CBOEBPEMEHHO MPUHUMATh YIPABICHUYECKUE pEIIEeHUs 110
00€CreYeHnI0 KOMMYTAIMOHHOW €MKOCTH, HEOOXOIMMOW [uis OOCIYyXHBaHUS IOCTYMAIOLIETO
Tpaduka. [IpuMeHeHHMe MaTeMaTHYEeCKOro armapaTa, [O3BOJIIOLIET0 Ha OCHOBE HMelollencs
CTaTUCTHYECKON MH(OPMAIIMK OCYIIECTBUTH MMPOrHO3UPOBAHUE CETEBOTO TpaduKa, HAIIPaBIeHO Ha
3¢ dEeKTUBHOE HCIIOJIB30BAaHUE HMEIOIIUXCS PECYpCOB U, B KOHEYHOM CYeTe, Ha IOBBIIICHUE
Ka4yecTBa MPEA0CTABIAEMBIX YCIIYT.
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OIIPEJIEJIEHUE CUJIbl PE3AHUS ITPU HAPE3AHUU IIEJIEHA
B TOPOXHBIX IIOKPBITHUAX

JIn C.B., Hum B. M.
Kaszaxcras aemomobunvro-oopooicrnasn axademusi um. JLB. I'onuaposa (KazA/[H),
Anmamei, Pecnyonuxka Kazaxcman
e-mail: lee.sergei@list.ru

Ilonepeunoe ceuenue pabouezo opeana (PO) mawunvl npeocmagnsem cobol NAOCKYIO Mpey20nbHYIO
Gueypy. Touku amoii gpuzypol npu 6pawyamenbHoM 08UNCEHUU BOKPY2 08VX NAPATIENbHBIX OCell ONUCHIBAIOM
Kpuevle JUHUU — 2UNOYUKIOUObL C NpAMOJUHEUHbIMU eemesamu. bokoevie obpasylowue ceuenus
nepexkamvl8aromcs no dIMUM 6emeam, Kaxk no nanpasiarowum. Mmenno sma ocobennocms dsudicenus PO (no
83AUMO02UOAIOWUM KPUBLIM) UCHONLIYEMCS 6 wienepe3nou mauiune. B pabome daémcs onpedenenue cunvl
pe3aHus pomopHbiM paboyuM OpeaHoM ¢ Yukiouoanbhvim osudicenuem. Cuna pesanus onpeoeniemcs c
VUEMOM NPOYHOCMHBIX C8OUCME acgharomobemona. llpu onpedenenuu cunvl pe3anust YYumsl8daiucy cnocoo
6030eticmeusi PO ¢ yukiouoanbHulM 08UNCEHUCM PEdCYWUX dJIeMEHMO08 Ha paspadamuleaemMvlii Mamepuanl u
mpaexmopuu 0gudicerus: PO.

Knwuesvie cnosa: mawiunsl cmpoumenbHo20 HPoOU3E00CMEd, HPOU3E0OUMENbHOCHb, YUKIOUOANbHOE
osudicere, pabouull OpeaH, OCHOBHbIE NAPAMEMPbL, CULA PE3AHUSL, OOPOICHOE NOKpbIMUe.

JKymvic opeanvbi MAuWUHAHbIY KOJOEHeH KUMACLL me2ic yuoypoliuimsl niwini 6oavin madwviiaosl. Tikeneil
Gunuanoapel 6ap 2unoyuKIOUObL — eKi NAPALIelb 0Cb AUHALACBIHOA AUHAIMATIbL KO32ALbIC OV KOpCemKiul
bann Kucelx cunammaiiovl. baseimmaszenumsiy-ax ocvl Quiuanrdapvina OONIMIH KALbINMACMbIPY HCASbL
poar. On Mawunaoa KOIOAHBLIAMbBIH JCYMBIC OP2aHbl KO3EAIbICHIHBIY OCbl epeKuienici 60avin madwvliaob.
JKymvicma oicep Ka3y MAWUHACHIHLIY POMOPILIK JHCYMbIC OP2AHOAPbIH  JHcemindepy CYpaKmapvl
3epmmenedi, POMOPAbIK INE6AMOPOLIH HCYMbIC OP2AHbL HCAHA KOHCMPYKIMUGMI UlewiMMeN Keimipineoi.

Tipex ceo30ep: mawwuna cacay oHOIpici, eouimoiniei, cycloidal xozzamvic owcemeeiniy, Heeizel
napamempaiepi, Kyut Kecy, ol ycmi.

The cross section of the working body machine is a flat triangular shape. The points of this figure with the
rotational motion around two parallel axes describe curves - hypocycloid with straight branches. The side
roll forming section to these branches as guides. This feature movement working body used in slot-cutting
machine. In the given definition of a rotary cutting forces working body with cycloidal motion. Cutting force
is determined by taking into account the strength properties of the asphalt concrete. In work questions of
perfection rotary working bodies of digging machines are investigated, the new constructive decision of
working body rotary elevator is resulted.

Keywords: machine building production, productivity, cycloidal motion actuator, the basic parameters,
cutting force, the road surface.

Tpaexropust neuxenuss PO MalinHbl B 3HAUUTEIBHON CTENEHHU ONPENENSET €€ HarpyKEHHOCTb.
B Hamewm ciydae TpaekTopus pe3aHus poropHoro PO ¢ IMKIOMJAIBHBIM JBUKCHHEM IJUCKOB
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o0pasyercsl B pe3y/bTaTe COYETaHMs OCTYNATENBHOIO IBMKEHNS MAIMHBI CO CKOPOCTBIO v~ U

aw

CJIOKHOI'O Bpamarc/IbHOIO ABWXKCHUSA POTOpa CO CKOPOCTBIO » Ha PHCYHKE 1 moka3ana
IIYHKTUPHBIMU JIMHUSAMMU.

conp 01

rl

O — uentp Bana koneca; C — ueHtp carrenutra;, CM — paccTOSHHE OT OCH CaTTENHUTA JI0
pexymiero snementa; CM = a, OC = e (9KCUEHTpHUCHUTET); R — paguyc GOIBIIOr0 HEMOIBUKHOTO
KoJleca; [ — paguyc caTTennra; X Y, — KoopauHaTHble ToukH C; X Y - KOOpIAMHATBI TOYKU M

PEXKyYyLICro d3JIEMEHTA, ¢, @, — YI'OJ [IOBOPOTA U YIJIOBAS CKOPOCTh BOAWJIIA, ¢,w — YI'OJ IIOBOPOTA U
yriaoBast CKOpPOCTb CaTTCIMTA, v . — CKOPOCTb TOUKH C orHOCUTENHHO TOYKH O LOEHTpa BaJia KOJIECa,

V.. — CKOPOCTb TOYKH M (pexyllero »aeMeHTa IUckoBoro PO) orHocutenbHO Toukn C LEHTpa

caTTenuTa; v, - aOCONIOTHAs CKOPOCTh TOYKH M (pexymiero sieMeHTa auckoBoro PO)

M

OTHOCHTEILHO TOUYKH O IICHTpa Baja KoJeca;, h -I‘J'IY6I/IH3. pe3aHusA, M; Ppe — KacaTciibHas

3,01

COCTaBJIArOIIasd CHJIbI pE3aHUA Ppw , H, P HOpMaJIbHAsA COCTaBJIAOIIAA CUJIBI PE3aHUS PW

s 1

pez ,02

H; F — KacaTcCJibHas COCTaBJIArOIIas CHJIbI 06]].[651 COIIPOTUBJICHUA F H.

conp ,01 conp 2

Pucynok 1 — Cxema k onpeaeneHno KHHEMaTHYeCKUX MapaMeTPOB U CUJIbI PE3aHUs
nuckoBoro PO ¢ MUKIONIAIBLHBIM IBHKEHUEM
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Hamnpasnenue BpamaTenbHOro ABUKEHUS B HUKHEH 4acTH POTOpPA COBIIANAET C HAIPABICHUEM
IIOCTYNATEJILHOIO IIEPEMEIICHUS MAlllMHbI, @ B BEPXHEH — IPOTUBOIIOJIOKHO €My. Tpaekropuu
ONMCBIBAIOTCA TOYKOM M Ha IPOJOJDKEHHE paaudyca KaTsIIeucs OKPYKHOCTH caTejUIuTa Ha
paccTostHuM a oT e€ nenTpa [1].

W3 pucynka 1 BuaHO, 4TO Tpaekropus IBHKeHUS pe3noB PO ¢ HUKIOMIAIBHBIM ABU)KECHHE
PEXYIIUX AJIEMEHTOB UMeeT (pOpMy MPaBHIBHOIO YETHIPEXYTOJIbHUKA C IUIAaBHBIMU M1E€PEXOJaMH B
BEpPILHHAX.

IIpu ompeneneHny CUIIbl pe3aHusl yUUThIBAIMCH criocod BozzaelcTBus PO Ha pazpaOaTbiBaeMblit
Matepuan u Tpaekropust apukenus PO. Cuna pe3anust Ppe; pu BHEAPEHUH B JOPOKHOE IMOKPBITHE
C OIpeeNieHHBIMH JIOMYLICHUSIMH, MOXET OBITh OIpenelieHa Ha OCHOBAaHHHM TEOPEMBI O
KMHETUYECKOM 3HEPrUy MaTEpPUAJIbHOW TOYKU: M3MEHEHUE KMHETHMYECKOW SHEPrUM ABUXKYILEHCS
MaTepUalbHOM TOYKH, KOTOPAas COCTOMT M3 KHUHETUYECKOM OJHEPrMy BpALIEHHUS poOTOpa M
KMHETHUYECKOW 3HEPruM MOCTYNATeIbHOIO JIBUKEHUS paBHO, paboTe MPUIIOKEHHON K Hel CUJIbl Ha
MIPOMIEHHOM 3TOM TOYKOH MYyTH.

Torma npUMEHHUTENBHO K HAalLIEMY CIIy4ar0 TEOPEMA BBIPAXKACTCsI PABEHCTBOM:

2 + 2 =4= Ppes‘Ol : Lpes ! (l)
rac J . —— MOMCHT MHCpIHH JUCKOB POTOPA K CaTCIIIINTA, KF'MZ;
v, — CKOPOCTb BPAIIECHHS CATEILINTA, M/C;

A — pabora, 3aTpayeHHas Ha pe3aHue JOPOKHOIO MOKPBITHS, [IK;
® — YTJIOBasi CKOPOCTb caTeJInTa, paj/c;

L - IIyTb pE€3aHus, M,

pes

P . o — KacaresibHas COCTaBJIAIOIIas CHiIbl pe3anus P, H.

pes ,01

V Hac v, = o -r ; TOraa paBeHcTso (1) mpumer BuA:

M r? J
[ + ]wz = Pp€3 o1 Lpe3 ) (2)

Tornma

—J a)l = Ppef,Ol ' Lpes ' (3)
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[Tocne mpeobpazoBaHuii, HA OCHOBE TEOPEMBI 00 M3MEHEHUU KHHETUYECKOW SHEPTUU MOTyUruM
CHJIy pE3aHUs:

Ppes ,01 = ] (4)

rze R — paanyc 3y0uaToro Kojeca, M;
r — paguyc caTeJInTa, M;
®, — YTJIOBasi CKOPOCTh BOAMIIA, cex |

1 —Macca gucka u Cpe3acMOro JOpOKHOTO ITIOKPBITHA, I =m s T M, , K[

a 2

CKOpPOCTh OTOPACHIBAHMS MOYKHO BBIPA3UTh YePEe3 CKOPOCTh pe3anust (v o ) pucysok (2, B).

omob

|

pe3

P/m.m W C

pes

A
Y

20 0

V..

PucyHok 2 — CxeMmsl K ONPEAEIICHUIO CUIIBI PE3aHUSL IOPOKHOTO OKPBITHS

Hcnons3ys TeopeMy CUHYCOB, ITOTYYUM:
sin &

v =v —,
sin (6 +6)

omé pes
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IZIe & — yTOJI pE3aHus;

6 — Yroj MeIy TPAaeKTOPHEN CTPYKKU U IOBEPXHOCTH PE3aHUs.

PaccmoTpuM TpeyroabHuUK AA4BC . M3 3TOro TpeyroibHHKA, HCIOJB3YS TEOPEMY CHUHYCOB,
HAXOJUM Y4acTOK PE3aHusl AJIMHOMU:

sin (&6 + 6
s (5 +0)

sin 6
Torma orOpaceiBaeMblii 00beM achanbTOOETOHA PABEH:

V=F

cp ’ pes

rone F_ — CpCaHsAs IIoIIaaAb IOIMCPEUYHOIr0 CCUCHUA CPC3a.

cp
OTCIO,I[a CpeaHsAasa Macca Cpe3acMOro 10pOKHOI'0 IMOKPLITHA 6y,[[eT PpaBHaA:

sin (5 + @)
cp .ga}/ o—’
sin 6

rze y — IVIOTHOCTH acanbTo0eToHa (JOPOKHOTO TIOKPBITHS).

KacarenbHas cocrapistoiias Cuiibl pe3anus mpu BHeapeHuu PO B 10p0oKHOE MOKPHITUE TPUMET
BUJI:

Ppm,o1 = ) (5)
Lpez
503041
Mm +F, -f-y-mhz W )
| ’ sin 0 ) +JC||'(R—r)Tw2
| 2 2 |L r J '
Ppw,ﬂl :L J ! (6)
L

Pabounii opran menaepe3Hol MalllMHbI BBIIOJIHEH B BUJIE TUCKA TPEYTOJIbHOM BBITYKIION (hOPMBI,
KOI/la JIMHUU TUIOTPOXOWJI, ONMHMCHIBaEMbl€ BEpIIMHAMU BHYTPEHHHUX OTrMOAroOuuX, OJIM3KHU IO

R 4 .
dbopMe K TpaBHWIBHOMY YETHIPEXyTONbHUKY (mpu — = —). Torma, mocie mpeoOpazoBaHUA
r 3

dopmyusl (6), ¢ yuerom, uto P, =085P  , IOIy4HM:
sin( 0 +6
0,06-a)12|—mp0m +F, (-7-7( )—|-(r2+.]c)
_ L sin 6 ’ (7)

pes

pes
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I7ie & — yroq pe3aHus, rpazm;
6 — YroJ MeIy TPaeKTOPHEN CTPYKKU U IOBEPXHOCTH pe3aHus, Ipaj;
¢ — JJIMHA CEYEHMsI Cpe3a, M;

F ,, — CPEIHsS IIOIA/b ONEPEYHOTO CEYEHNUS CPesa, M

7 — INIOTHOCTH acanbTOOETOHa, KI/M>,

W3 Beipaxkenust (7) BUAHO, YTO CHJIA PE3aHUsl YBEIMYHMBACTCS C BO3PACTAaHHEM CKOPOCTH
pe3aHus. YBEITUYEHUE CHIIBI PE3aHUs C BO3PACTAHHEM CKOPOCTH PE3aHHS MOXHO OOBSICHUTH
YCIIOBUEM MEXaHUKH TpoIlecca — 3aTpaTaMu 3HEPTUU Ha COOOIICHHE ABMIKCHUS OTICIISFOIIMMCS
KycKOM ac(anbTo0eToHa W (PHU3MUECKUMH MPUYMHAMH, 3aKIIOYAIOIIMMUCS BO BHYTPEHHHX
U3MCHCHHUAX B aC(i)aHBTO6eTOHe, MPOUCXOAAIINX B PE3YJIbTATC U3MCHCHHA CKOPOCTU BO3I[CﬁCTBH$I
Ha HUX BHEWHUX cuil. llpu mamoil ckopocTH NpMIIOKEHMsI HAarpy3kd (B HaIleM cCilydae — MaJlod
CKOPOCTH pe3aHMs) CKOPOCTh pa3pylleHus (OTACICHHs OT MacCuBa KYCKOB ac(haibToOeTOHA)
Oosibllie CKOpOCTH pe3aHus. [lodToMy pe3elr BCTpeyaeT CBOEW BEPXHEH 4YacThl0 KYCKH
acambTOOCTOHA, YCIEBIIME OTACIMTHCS OT MaccuBa. EcCiM CKOpOCTh NPUIIOKEHUS HArpy3Kd
MPEBBIIIACT CKOPOCTh pa3pylieHus ac(haabTOOETOHA, TO Pe3Ily HMPUXOAUTCS MPOJBUTATHCS Yepe3
cpeny, HE pPa3pyMIUBIIYIOCS WM Pa3pylIIMBINYIOCS YacTUYHO, IPEOAOJIEeBas COMPOTUBICHUE
OoJbIIel BETMYMHBI, YeM MIPHU MEJICHHOM pe3aHuu. B 3TuX ycloBHsIX paspylieHHne mpuodperaeTt
XapakTep XPYNKOTO pa3pyllieHWs, C HWHTEHCHUBHBIM H3MEIBYCHHEM H pa3OpachiBaHHEM
OTZIETISIOIIMNXCA KYCKOB acaibToOeTOHA.

Boi6oowi

1. Omnpenenena cuna pe3anusi poTopHbiM PO ¢ IUKIOWAANBHBIM JABMKEHHEM IUCKOB. [lofg
JEHCTBHEM IUKJIOUJAIBHON BBIHYXKIAIOMICH CHIBI POTOPHOTO pPabOuero opraHa COBEPIIAIOTCS
KojeOaHus, TMepenarIrecs paspe3aeMoMy acalbTOOETOHY, UTO TMO3BOJISIET TOJBOJAUTH
JIOTIOJTHATEIBHYIO DYHEPTHIO, YBEIMYUBAIONIYIO MTPOU3BOIUTEIIEHOCTh U 3()(PEKTUBHOCTE paboyero
mporrecca.

2. TlonTBepkaeHa 3aBHCHMOCTH CHIIBI Pe3aHHs OT ckopoctu BpamieHus PO, cwma pesaHus
YBEIMUMBACTCSI C BO3PACTAaHUEM CKOPOCTH pe3aHus. Takyr 3aKOHOMEPHOCTh MOXKHO OOBSICHHTH
0COOBIMU  YCIIOBHSIMH MEXaHHKH pabodero mpolecca pe3aHus JOPOKHOTO  MOKPBITHUSA,
MPOUCXOJSIINX B pe3ylbTaTe IUKIMYECKOTO HM3MEHEHHUS CKOPOCTH BO3ICHCTBHS PEXKYIIHX
AJIEMEHTOB Ha ac(aabTOOETOH.
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KOMIIVIEKCHBIE CUCTEMBI OTOBPA’KEHUA UHOOPMAILIUN
KAK JOIIOJIHUTEJIBHOE CPEJACTBO PEHIEHUA
IKOJJOI'MYECKUX ITPOBJEM MET'AITIOJIUCA

Cyaeiimenos U.2.}, Myn I'.A.%, lllaaTeikosa JI.B.}, Kaéaymes 11.B.?,
MpeikThifaeBa K. K.2, YmbiTnekosa A.B.2, Uriukos U.B.1, Ilanuenxo C.B.}, Bakupos A.C.!
YAnmamuncruii ynusepcumem snepeemuxu u ceszu, Anmamet, Pecnyénuxa Kaszaxcman
2 Kazaxckuil HayuonanvHuill yuugepcumem um. ano-Papabu, Anmamul, Pecnybnuxa Kazaxcman
e-mail: sherniyaz.kabdushev.hw@gmail.com

IIpeonooicen HOBbIL NOOXO0 K peanusayuu KIUMAMUYecKux YCMaHo8OK 8 YCI0BUAX 20POOCKOU Cpeobl.
1100x00 ocHosbisaemcs HA CONPANCEHUU CUCEM OMOOPAdCeHUs UHGoOpMayuu, 8 KOmopwix Mamepuaiom
015l IKPAHA CHYAHCUM MENKOOUCHEPCHAs 68004 ((POHMAHHbIE YCMAHOBKU) C CUCHEMAaMU OMOOPAd*CeHUs
unpopmayuu, obecneyusaowux KoMmep4eckyo npusiekamenbHoCms 3a cuem npoxkama pexiamul. Taxoi
nooxo0 obecnevusaem paspeulenue 0aA306020 NPOMUBOPEUUS MENCOY HEOOXO0OUMOCMbIO PEeULeHUs.
9KONOUYECKUX NpobNemM Me2anoauca u 3KOHoMuyeckumu gaxmopamu. Ouucmra 20po0CcK02o 6030yXd
ocywecmenaemcs 3a cyem UCHONb308ANHUS CUCTEM, 00ecneuusalowux peyuxi 600bl Kak paboueo
sewecmea Ol CUCEMbl  BOCHPOU3BeOeHUs. u3o0padicenus. D@gekmuenocmsv OYUCTIKU — 8030VXA
oocmueaemcsi 3a cyem UCNONb30BAHUS MeNKOOUCNEPCHOU 600bl, 4mo obecneuugaem npuemiemyro
cKopocme noenoujenusi epeonsix eewecms. Cucmemvl OUUCHKU 600bl NOCMPOEHbI HA OCHOBE NOCIEOHUX
00CMUdICEHUL KA3AXCMAHCKUX (DUBUKO-XUMUHECKUX WKOL 8 OAHHOU 001aCcmu.

Kniouegwie cnosa: cucmemvr omobpasicenuss ungpopmayuu, empogoe conpomusieHue, apxumexkmypHoe
oghopmaenue meeanonuca, paccesinue céema, OYUCMKA 20POOCKO20 6030YXd.

Kananvix opmaoa, knumammuix, KOHOBIPEbIIAPOL iCKe ACbIPY OAbIMbIHOA Hcana macin ycvlnvlieat. byn
Macin aknapammul Kopcemy Jicyuenepin cynmacmoipyea Hecizoenedi. OHOQ IKPAHHLIY Mamepuanvl
peminoe, HCAPHAMANBL HCANOAY APKACLIHOA —KOMMEPYUSAILIK MAPMbIMObIILIKMbL KAMMAMACHL3 ememiH,
aknapammsl Kepcemy oicytienepimen bipee ycaxoucnepcmi cy Kvismem emedi (Cy-0¥pKax KOHObIPSbLIAPYL).
Mynoaii moacin, mezanoaucmiy 35KOIOSUANBIK MICENeNEPiH ey JHCIHe IKOHOMUKATLIK Dakmopuap
apacelHoagel Heziszi Kapama-KauubliblKmapobl uieulyoi kammamacwlz emeoi. Kananvix ayaner mazanay,
Oetineni Katmanay scyiecine apHalan €y Peyukiin JHCYMbICUbl 3ammap peminoe KamMmamacsl3 ememin
Jicyiienepoi Konrodamya Hezizoencen. Ayanvi mazapmy bencendinici, Kayinmi sammapobvl CiHIipyOiH KOaallbl
AHCBLLIOAMOBIZbIH KAMIMAMACHI3 ememit, ycakoucnepcmi cyovl KoI0any apkacvinoa dcyseze acaovi. Coyzvl
aHcvLI0apoa cyovl mazapmy Jcylienepi, ocvl obnvicmazwl Kazaxcmanovix gusuxa-xumusnvly mekmenmepoiy
Jlcemicmixmepiniy He2iziHOe CAlbIHAH.

Tipek co30ep:axnapammul Kopcemy dicyuenepi, dceil Keoepaici, Me2anoaucmoly cayiemmik 6e3eHoipinyi,
AHCAPLIKMBIY WUAWBIPAYL, KATALIK AYaHbl MA3anay.

A new approach to the implementation of climate systems in the urban environment was proposed. The
approach is based on interaction with information display systems in which material for the screen is finely
dispersed water (fountain installations) with information display systems, providing commercial
attractiveness due to advertising.This approach provides the solution of basic contradictions between the
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necessity to solve environmental problems of the metropolis and economic factors. The purification of urban
air is proceeds due to using systems that recycle water as a working medium for image display system. The
efficiency of air purification is achieved through the use of finely dispersed water, which provides an
acceptable rate of absorption of harmful substances. Water purification systems were built on the basis of
the latest achievements of Kazakhstani physico-chemical schools in this area.

Keywords: the information display systems, wind resistance, architectural design of the metropolis, the
scattering of light, the purification of urban air.

B mnacrosmee Bpems cucTeMbl OToOpakeHHs HWHGOpPMAlLMM, B YaCTHOCTH, DSKPaHbI
3HAYUTENIbHBIX PA3MEPOB CTAHOBSATCS HEOTHEMIIEMBIM DJIEMEHTOM apXUTEKTYPHOTO O(pOpPMIICHHS
KpynHbeiX roposioB [1-3]. [Jns r. Anmarel, mpuMepamu SBISIIOTCS CBETOJIMOJHBIE SKpaHbl, B
pasnM4HOe BpeMs pa3MelleHHble Ha mnepecedeHuun yiu. JKentokcan u mp. CarmaeBa, Ha
nepeceueHuu yia. @ypmanosa u np. CatnaeBa U T.4.. 3HAUUTEIbHOE YUCIO JUCIUIEWHBIX SKPAHOB
WCIIONB3YETCAd TAaKXKE B KAueCTBE TaK HA3bIBAEMBIX «PACTSDKEK» (CHCTEMBI BOCIPOU3BEIACHUS
M300paKEHUH, pa3MemaeMble HEMOCPEJACTBEHHO HaJ MPOE3KEH YacThl0 MHOTOIOJIOCHON
MarucTpaim) mo mp. aab-dapadbu B r. ATMaTsl U T. 1.

DKpaHbl KPYHOHBIX (OT 7 M MO KaXJOMYy W3 HU3MEPEHHUN) pa3MepOB BBIMOIHIIOT HE TOJIBKO
ACTeTHUYECKYI0 (GYHKUHIO. Bo-TepBBIX, UX JKCIUTyaTalyds HPUHOCUT 3HAUYUTEIBHBIA JOXOJ OT
Mpokara pexjiaMbl. Bo-BTOPBIX, TaKHe CUCTEMbI UCTIONIB3YIOTCA JUISl IPOKATa COIMATIbHON PeKIaMbl
(HampumMmep, MpomaraHia 3J0pOBOro o0pasza XU3HM), TaK AN arutauuud (Hampumep, B XOJe
BHIOOPOB PA3MYHBIX YPOBHEH), B TOM 4YHCIE, i Pa3bsICHEHHUS TMOIUTHKHA, MPOBOIUMOMN
rOCy/JapCTBEHHBIMH OpraHaMu (HalpuMep, HAJIOrOBOM M TaMOXXEHHbIMH ciykOamu). B
JUTEpaType TaKkke OOCYXKIAAIOTCS BOIMPOCHl JKCIUTyaTalldd CHUCTEM TakKOTro pojaa B IENsIX
OTIOBEIIICHMS HAaceICHUS B o0ecriedeHrus] O€30IMacCHOCTH KU3HEACATSIbHOCTH [4].

N3BecTHBI Takke MHOTOUYMCIECHHBIE MPUMEPHI HCIOIB30BaHHUS SKPAHOB (MIPEUMYIIECTBEHHO
CBETOJIMO/HBIX) JJIsi COMPOBOXICHHS KOHIEPTOB, PA3IUYHBIX MOy W T.A. COOTBETCTBYIOIIUE
BOIPOCHI TAK)Ke 00CYkKIAIOTCS B HACTOSAIIEE BpeMsl B tuTeparype [5].

K skcrutyaranuu 5KkpaHOB CYIIECTBYIOIIUX THIOB (K MX YUCIY MPEUMYIIECTBEHHO OTHOCSATCS
CBETOJIMOIHBIE KPaHbI [6]) MPEIbIBISIOTCS BECbMa KECTKUE TPEOOBaHUS.

Bo-miepBbix, TpeOyeTcss MOHTaX aJIeKBAaTHBIX HECYIIUX KOHCTPYKIUN, 00€CTeunBarOmnuX
YCTOMYMBOCTh CHCTEMBI BOCIPOU3BEACHUS HW300paKEHUN TMPU 3HAYUTEIBHBIX BEIMYMHAX
BETPOBOI'O COMNPOTHUBJIEHUS, OOYCIOBJIEHHOTO 3HAYMTENIBbHON MAapyCHOCTHIO 3KpaHa OoNbIION
TUJIOLIA/IN.

Bo-BTOphIX, TpeOyeTcs MOUCK aIeKBaTHOM IUIOIMIAIKU I pa3MEIIeHUs dKpaHa, YTO CBS3aHO U
C HaJM4YHUEeM TPOMO3JIKHUX MOHTKHBIX KOHCTPYKIUN, U apXUTEKTypHBIMU TpeboBanusmu [1-3]. A
UMEHHO, CYIIECTBYIOIINE TUIBI IIMPOKOPOPMATHBIX NUCIICHHBIX SKPAaHOB, B CHITY 3HAUUTEIHHOMN
TOJIIIUHBI ¥ Ta0ApUTOB, KaK MPABHIIO, Pa3MEIIAIOTCS MO0 Ha OTACIBbHBIX KOHCTPYKIHUAX, TH00 Ha
MIIyXUX CTEHaxX 3JaHui. OTU ke (pakTophl HaJIaraloT CEphbe3HbIE OTPAHMYECHUSI Ha pealn3aluio
Menuadacanos [2], caepkuBasi pa3BUTHE JaHHOW 00acTH TeXHUKH. CyIecTByeT Takxke mpodiemMa
CHWXEHUS dHepromnoTpedaeHus [7].

Takum oOpa3oM, Ha pbIHKE MHUPOKOYOPMATHBIX JHUCIUIEHHBIX HKPAHOB €CTh pealibHas
npo0yieMa, cBsI3aHHAs CO 3HAUYUTEIHHBIM BETPOBBIM COMPOTUBICHUEM TAKUX CHCTEM OTOOpaKEeHHS
MH(OPMALIMK CO CIOKHOCTSIMH HMX COIPSKEHHUS ¢ KOHKPETHBIMH 3/IaHUSMH U apXUTEKTYpPHBIMHU
ancamOnsiMu. JlaHHyI0 mpoOIeMy MPEANoiaraeTcs pelinTh, MEpeliss K 3KpaHaMm, B KOTOPBIX
0a30BBIM MaTepUaIoM, O00ECHEUYHBAIONINM CO3[aHUE HYXHOW OCBEIIEHHOCTH, SBJISETCS BOJA B
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JTUCTIEPCHOM COCTOSHUH. DJTO 00ecreynBaeT CYIECTBEHHbIE KOHKYPEHTHBIC MPEHMYIIECTBA,
paccMaTpuBaeMbIe HUXKE.

OTMCTI/IM, 4TO B HACTOAIICC BPCMA CYHICCTBYIOT MHOI'OYMCICHHBIC CHCTCMBI, B YaCTHOCTH,
Pa3NIUYHOrO POJa CBETOAMOIHBIE IIOY, B KOTOPBIX 3PENUIIHBIN 2P PeKT oOecreunBaeTcs 3a cUeT
COIPSDKEHUSI CBETOBOM TEXHUKH C (oHTaHAMH. KOHKpPETHO, B 3THUX CHCTEMax HETPUBUAIbHBIN
3penuiuHbiil 3 dext(pucynku 1, 2) mocTuraercs 3a CUeT PACCESIHHUSI H3ITYYCHHsS] ONTHYECKOTO
JMara3oHa Ha CTPYSX BOJBI.

Pucynoxk 1 — CeTo-(oHTaHOBOE 1I0Y C YIPABISEMbIMU BOJSHBIMU CTPYSIMH

i

AR |

Pucynok 2 — BoasiHoi 3aHaBeC pacCEeMBaIOIINI CBET, U3JIyYaeMblil CBETOBOM TEXHUKOM
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OpnHako, aHHBIE CHCTEMBI HE 00ECIIEYMBAIOT MOJTHOIICHHOTO BOCIIPOM3BEICHUS M300paKECHU B
CTaHJAPTHOM TEJIEBU3MOHHOM Qopmare, Kak »3TO [eNaloT TPEACTABICHHBIE Ha PBIHKE
CBETOJIMOAHbBIE DKPaHBbI.

B nanHolii pabGoTe mpeanmaraercss CHUCTEMa, KOTOpash MO3BOJSET NPEONOJIETh YyKa3aHHBIHN
HEJIOCTATOK.

Ee ocHOBHBIE penMyIIECTBA COCTOAT B CJIEIYIOLIEM.

Bo-niepBbix, 3HaUUTENTBHBIE pa3MePhl OTAEIBHBIX MUKceNnel (0T 33 MM) MO3BOJISIOT PEAIU30BaTh
9KpaH B BuAe (OHTAHHOW PEHIETKH, B KOTOPOW MOHTHUPYIOTCS CBETOM3IYYarOUIHe 3JIEMEHTHI
(cBerommonsbl). IIpocTpaHcTBO BHYTpHU COOCTBEHHO NMHKCEEH 3aHMMAET paclbuisieMas BoJa WIH
BOJISIHAsL CTPYs C 0COOOW a’dpoAMHAMUYECKOW (HOpMOI, mMpuueM MUKCETh BOCIPHHHMAETCS KaK
OCBEILEHHBIM 3a CYET IPOLIECCOB pPACCESIHMs CBeTa. Tako MOAXO0J aBTOMAaTHMYECKH IO3BOJISIET
CHH3UTHh BETPOBOE COINPOTUBJIICHHE, a, CIIEJOBATEIbHO, M TpPEeOOBAaHMUsSA, TPEABABISIEMBIE K
MIPOYHOCTU HECYUIMX KOHCTpyKuui. Kpome Toro, pemerka, cCOCTaBiI€HHas H3 CPaBHUTEIBHO
ToHKUX (Mmenee 10 MM) HecymMX KOHCTPYKUMH mpu o030pe ¢ paccrostHus Oonee 10 M
BOCIIPUHHUMAETCS KaK MPaKTUYECKHU Mpo3paydHas (MoJo0HO TOMY, KaK KpyKEBHBIEC IITOPHI HA OKHE
TOJIBKO B HE3HAUUTEIILHOM CTENEHU 3aTPYIHSAIOT 0030p).

Bo-BTOpBIX, mIar pemeTky YBEJIMYMBACTCA OO JBYKPATHOTO JIMHEHMHOrO pa3Mepa IHUKCENs
(Hampumep, 66 MM NpU pPACCTOSHUM MEXIy MUKceasMu B 33 mm). D10 obecrieuuBaer
JIOTIOJIHUTENIPHOE CHUKEHHE Beca KOHCTPYKIMM, a TakKXKe [OBBIIIEHHE €€ BHU3yallbHOMI
MIPO3pPAvYHOCTH. YBEIWYCHHE [Iara PenIeTKH TOCTUTACTCS 32 CUET UCIOIb30BAHMS CIIEHU(DUIECKIX
CBETOBOJIHBIX JIEMEHTOB, PACCMATPUBAEMbIX HUXKE.

B-TpeTbux, ONTUMU3HUPYIOTCS TapaMmeTphl CBETOpacceuBaoIield cpeabl, (hopmupyemoii
pacnbuiieMoi BOJOW WM BOJISHOM CTpyeil ¢ ocoboi aspoanHaMuyeckoil (GopMoil. A MMEHHO,
BOJa HAChIIAETCS My3bIpbKaMH BO3[AyXa, 4YTO oOecreuynBaeT HEOOXOTUMBIH  YpPOBEHBb
CBETOpaCCEesHUS.

B-ueTBepThIX, IPOCTPAHCTBEHHOE paCIpee/ieHue U3IyUYeHUs, TEeHEPUPYEMOI0 CBETOANOIaMHU,
ONTUMHU3UPYETCS TpU TMOMOIIM CHEIUAIbHBIX CBETOBOJAHBIX JJIEMEHTOB. briaromaps sTomy
U3JTy4Y€HUE HaIlpaBisieTcs MaKCUMaJbHO TOYHO HaTe 00JACTH MPOCTPAHCTBA, KOTOpPbIE 00JIalat0T
MaKCUMaJIbHbIM K03 (uLeHTOM cBeTopaccessHusa. KoHkpeTHas KoHUrypanus CBETOBOAHBIX
3JIEMEHTOB BBIOMpAETCA MUCXO/sl MMEHHO U3 3TOro TpeOoBaHMsA. DTOT MOAXO0] 00eCIeUnBaET TaKKe
peanu3aluio PeuIeTKH C YJABOECHHBIM IIAaroM, TaK KaK HCIIOJIb30BAHME CBETOBOJHBIX 3JIEMEHTOB
ONMOKMpYeT UX TMapa3uTHOE BJIHMSHUE JApPyr Ha JApyra. Hago oTMeTHTh, 4YTO B KadecTBe
CHEIHMAIBHOTO CBETOBOJHOTO OJJIEMEHTa HJisi OJOKMPOBKHM Mapa3uTHOTO BIUSHUS COCETHUX
MUKCeNIe BO3MOXHO TaKXe HCIOJIb30BaTh CaMy BOJSHYIO CTPY0, M0J00paB CIENUATBHYIO
OapbepHyt0 GOpMY paccerBaHUsI.

B-nateix, npeasiaraemMblii MOAXOJ MO3BOJISIET MCIOIB30BaTh SKpaH MpeAjaraéMoro THUIMa Kak
KJIIMMaTHYECKYI0 YCTAaHOBKY, a TaK)XK€ KaK YCTaHOBKY IO OYHMCTKE I'OpPOJICKOrO BO3ayXa (3a cyeT
o0OecnieyeHre perupKyasauud Bojbl). [Ipu ycinoBHUM J0OCTaTOYHO MIMPOKOTO PaCHpOCTPAHEHUS
TaKUX CUCTEM OHHM B COCTOSIHUM OKa3aTh 3aMETHOE BIIMSIHUE HA MOBBIIICHUE KaYyeCTBA KU3HU.

Peanuzanus mnpennmaraeMoil CHUCTEMBI CTAHOBUTCS BO3MOXKHON Onarojgapsi COBPEMEHHBIM
JOCTHXKEHUSM (PU3NUYECKON XUMHUU TIOTUMEPOB, T/Ie aKTUBHO Pa3BUBAETCS HAYYHOE HAIpaBIICHUE,
CBA3aHHOE C BHEJIPEHUWEM HAHOYACTUIl B TMoJUMepHble MmaTpuibl [8—10].9T0 moO3BOJISAET
peann3oBbIBATh ~ TEXHMYECKUE  CUCTEMBl  pPA3IMYHOIO  HA3HAY€HUs, B TOM  YHCIIE
CBETOPACCEUBAIOIIME IEMEHTHI C 3apaHee 3aJaHHbIMU cBoMcTBamu [11-15].

B 3TOM KOHTEKCTE yMECTHO OTMETHTb, YTO MpHU pa3paboTKe CBETOTEXHHUYECKHX CHCTEM
OCHOBHBIE yCHJIMS 3aTPAuMBaIOTCSl B OCHOBHOM Ha COBEPIIEHCTBOBAHWE COOCTBEHHO CBETOIMOOB
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[16-18]. CooTBEeTCTBEHHO, TOJAXOIBI K pEAIM3alH IKPAaHOB, NPEACTABICHHBIX Ha PHIHKE B
Hacrosimee Bpems [19, 20], ocHOBaHBI Ha MPSIMOM BOCHPHUATHH HAONIOAATENEeM H3ITydeHHUS
CBETOAMOAOB,  (OPMHUPYIOIIUX  OTACIbHbIE  NHUKCENUW  (KaK  MpaBWIO,  HUCHOJIB3YIOTCA
RGB-xoMmoHeHThI uiar HaOOPHI U3 TPEX CBETOIMOIOB PA3IUYHBIX [[BETOB).

BMmecte ¢ TeM, COBEpIIEHCTBOBAHUE UMEHHO CBETOJMOJHBIX KPAHOB HE 0053aTENIbHO JOKHO
UATH UIMEHHO B 3TOM HamnpasieHHuH [21]. B yacTHOCTH, IEPCIIEKTUBHBIM SBJISIETCSA UCIIOJIb30BAaHUE
Pa3IMYHOIO POJia CBETOBOJHBIX CHUCTEM, OOECHEUMBAIOUIMX ONTHUMM3ALMIO HMPOCTPAHCTBEHHOIO
pacnpenieneHus U3Iy4eHHus onTH4ecKoro auanas3osa. (C TOUYKHM 3peHHs] BOCIPUATHS N300pakeHus
Habmonarenem.) Takwe CHCTEMBI MOTYT KOHLEHTPUPOBAaTh ONTHYECKOE H3JyuYeHHE B
OIIPENIEICHHBIX 00JACTSIX MPOCTPAHCTBA (IPUMEHUTENIFHO K CHCTEME PaccMaTpUBAaeMOro THMA —
B 00J1aCTH PaCHBbIICHUS BOABI 1151 KOHKPETHOT'O TUKCEIA).

[lonuepkHeM, UTO Ha CUCTEMBI PACCMATPUBAEMOIO THUIIA CYIIECTBYET BIOJIHE OIPEAEIECHHBIN
COLMAIBHBIM CHpPOC, TaK Kak HX pealu3alus CBs3aHa C pEIIeHUEM KOHKPETHOH 3KO0JIOro-
SKOHOMHYECKOH  mpobiembl, TeM k€  (aKTopoM  ONpeAensieTcss  3KOHOMMYECKas
3aMHTEPECOBAHHOCTH 00LIECTBA (PELICHUE 3HAYMMOMN IKOJIOTHYECKOH poOaeMbl 6€3 NPUBICUCHUS
JIONOJTHUTENbHBIX (PUHAHCOBBIX CIOXKEHUMN).

D10 o0ecreuuBaeTCsi BO3MOMKHOCTBIO  CYILIECTBEHHOIO  PACIIMPEHUs pbhIHKA  CObITa
MIMPOKO(YOPMATHBIX CHCTEM BOCIIPOU3BEICHHS N300paKEHHH 3a CUET CYIIECTBEHHOTO YBEITUYCHUS
Yyclla apXUTEKTYPHBIX aHCcaMOJiel, B KOTOPBIX TaKOI'O POJia CUCTEMBbI MOTYT pa3Mmeuiarses. (Jto
00yCJIOBIIEHO BO3MOKHOCTHIO BIIMCHIBAaHHS pa3pabOTaHHOW CHUCTEMBI B MPAKTHYECKH JIOObIE
Y4aCTKH F'OPOACKON 3aCTpOIKH.)

Crenyer noqu4epKHYTh, YTO KJIMMATUYECKHE YCTAaHOBKH, B 0OCOOEHHOCTH OOecIieunBaroIue, mno
KpaifHell Mepe, YaCTHYHYIO, OUMCTKY 3arpsi3HEHHOTO TOpPOJICKOTO BO3/1yXa, 00JaJaloT BBICOKOI
CcTOMMOCThI0. OHM NMPAKTUYECKH HE TOJIYUYHIIM PacHpOCTpaHEHHUs OCOOEHHO B TaKUX ropojax Kak
Anmartsl, TJe HabI0jaeTcs BeCbMa BBICOKMI YpOBEHb 3arpSA3HEHHOCTH, YTO MOKA3bIBAIOT MPsIMbIe
HaOJIIO/IEHUS C OKPYXAIOLIUX FOPOJI Top.

OKcrulyaTaliysi TaKMX YCTAHOBOK, pEalM3yeMbIX TOJBKO [UISl PELIEHUs 3a/ladyd OYHCTKH
BO31yXa, HE 00J1a/1aeT NPSAMOI peHTa0eIbHOCThIO, X BIMSHUE HA SKOHOMUKY MOXKET OBbITh TOJIBKO
KOCBEHHBIM (Uepe3 IMOBBIIIEHNE KauecTBa YEJIOBEYECKOIo KamuTaja), T.e. UMEeT MECTO BIIOJHE
OIpeJIelIeHHOE MTPOTUBOPEUHE MEXTy SKOHOMUYECKMMHU U KOJIOTHUYECKUMHU COOOpakeHUSIMH.

[Ipennaraemblii MOAXOJ pa3pelIaeT AaHHOE MPOTUBOpEYME, TaK KaK OUYUCTKA TOPOJICKOTO
BO3JyXa INpH HCMOJb30BAHUU TaKUX YCTAaHOBOK, SIBISIETCS JONOJHHUTEIbHOU MpedepeHunmet,
BBITEKAIOIEH M3 XapakTepa HUCIOJIb3yEeMON CHUCTEMBI, OHa He TPeOYeT OTAEIbHBIX KAaMUTAIbHBIX
BIIOKEHUH.

[To mpoBe/leHHBIM OIIEHKaM, 3aMeHa CYIIECTBYIOIIUX PEKIAMHBIX YCTPOMCTB Ha MpejiaraeMble
B MaciiTabax r.AJIMaThl MO3BOJIMT CHU3UTH CTEMEHb 3arpsi3HEHHOCTH IO TaKUM BEILEeCTBaM Kak
JTMOKCHUT cephl Oosiee uem Ha 50%.

Eme oana mpoGiema, HENOCPEJICTBEHHO pellaeMas 3a CYeT MpeasiaraeMoro IMoAXoaa —
CHIDKEHHE ce0eCTOMMOCTH 3KPaHOB HA €IUHMILY IJIOLIaId, JOCTUraeMas, B TOM 4ucle, 33 CUeT
CHIDKEHHMSI BETPOBOTO CONPOTUBJICHMS, U, CIEA0BaTeNbHO, TPEeOOBaHUNH K YCTONYMBOCTH
HKCIUTYaTUPYEMbIX KOHCTPYKIIUH.

OTO BBITEKa€T U3 TMPSIMOrO COIMOCTaBJIEHUS C CYLIECTBYIOIIMMHU Pa3HOBUAHOCTSIMHU
MenuadacanoB (MMPoKOHOPMATHBIX IKPAHOB, UCIIOIB3YEMBIX ISl apXUTEKTYPHOTO O(OpMIICHHS
TOpOJCKON 3acTpoiiku). VX mnpuMeHeHHe 3aBUCUT OT (OpMBI 3KpaHa, W OT TOTO, KaKylo
CBETOIPOHMIIAEMOCTh XOTeN Obl YCTaHOBHUTH 3akazuvk. OJHAKo, Takas XapaKTepUCTHUKA Kak
paccTossHHE MEXIy MUKCeIsIMHU IpUMEHMMa K Jiro0oMy Meauadacamy, T.e. CYIIECTBYET
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BO3MOXHOCTD ITOJIB30BaThCA YCPCAHCHHBIMUA (HO Ppa3siInuHbIM HpOI/ISBO,Z[I/ITCJIHM) nokazareisiMu. B
tabimie 1 mpuBegeHa CTOMMOCTH OOOpymoBaHus Menuadacaga Ha | M? aus  pa3IUYHBIX
MEXKIHUKCEIBHBIX PACCTOSIHUN U TpeOyeMoii sIpKOCTH (IIPEIIoiaraéMbIX YCIOBHI AKCILTyaTaIum).
HNannas Tabmuna cdopmupoBaHa aBTopamu [2] Ha ocHOBe HWH(GOpPMAIUU, MPEAOCTABISIEMON
MOCTaBIIMKAMU ¥ (PUPMaMU-TIPOU3BOTUTEIISIMH.

Tabmuma 1 — CtoumocTh o0opynoBanusi Meauadacana ¢ y4eTOM MEKIUKCEIbHBIX PACCTOSHUN U
SPKOCTH.

Paccrosinue PaccrosgsHue MexJy MIUKCEJIsIMH 10 TOPU30OHTAINA, MM
IO BEPTUKAJII, MM 25 37,5 50 70 80 100

25 $3600| $2900 | $2400 $1856 $1664 $1520

37,5 $3000| $2180 | $1790 $1456 $1362 $1268

50 $2480| $1856 | $1560 $1304 $1232 $1160

70 $2008| $1536 | $1304 $1154 $1104 $1052

80 $2064 | $1442 | $1232 $1104 $1060 $1016

10 $1720| $1348 | $1160 $1052 $1016 $1000

cBeTJioe BpeMdA CYTOK, cOJIHeUHasdA cTopoHa (ApkocTh dostee 3500 ra/m?)
cBeTJIoe BpeMsA cYTOK (ApkocTh okoso 3000 xx/M?)
TeMHOe BpeMs cCYyTOK (ApKocThk MeHee 3000 kx/M?)

BugHo, 4TO CTOMMOCTH 3KpaHa OIpelensercs OaleKo HE TOJbKO YHCIOM IIHMKCEIleH,
NPUXOASIIMXCS Ha OJUH KB.M. 3HAUUTENbHBIA BKJAJ BHOCIT TaKK€ MOHTA)KHbIE M HHBIE
BCIIOMOTaTeNlbHble KOHCTPYKIMH. ba3oBeIM MoKka3zaTteneM i SKOHOMHYECKHX OIIEHOK SIBIISIETCS
CTOMMOCTb KpaHa C PacCTOSHUEM MEXIy NMUKceIsIMH B 37,5 MM (U1 npejuiaraeMoil pa3paboTku
OHO COCTaBJIAET ONM3KYI0 BENWYMHY — 33 MM). DTO MaKCHUMaJbHOE pPacCTOSIHUE, NMPU KOTOPOM
9KpaH OCTAETCs MPUTOAHBIM JUISl SKCIUTyaTalluy B CBETJIOE BPEMS CYTOK, KaK BHJIHO U3 TaOJIUIIBL.

CebecToMMOCTh TpeaiaraeMoro skpaHa cocrasisier $650 mporuB ykazaHHOro B TabiHIe
3HaueHuss $2180, uro oOecrmeunBaeT BO3MOXKHOCTBH JUISi BBITECHEHHSI KOHKYPHPYIOLIHX
IIPOU3BOJUTENEMH, 110 KpailHEN Mepe, ¢ BHyTpeHHero pbiHka PK.

DKpaH NpeiaraeMoro TUla KOHCTPYKTUBHO INPEJCTaBISIET cO00M pelieTky, BHYTPH KOTOPOI
pacrnojiaratoTcsi M3Jay4yaTeld W CUCTEMBbl MOJayu BOJbl. MOXKET MOHTHPOBAThCS KakK pEIIeTKa,
oropakuBaroliasi mapku, Qgacaabl aJMUHUCTPATUBHBIX M UHBIX OOIECTBEHHO 3HAUMMBIX 3IaHHM,
TaKk KaK aXypHOCTb pELIETKH HE NPEnsITCTBYeT 0030py U JIETKO MOXXET ObITh BIHCAaHA B
MPAKTUYECKH JII0O0N apXUTEKTYPHBIH aHCaMOJIb.

OTO  J0Ka3bIBAlOT  HEMOCPEACTBEHHO  (oTorpaduu  OTAETBHOIO  MOJYJS  JKpaHa,
IIPE/ICTABIICHHbIE HAa pUCYHKax 3—5, W3 KOTOpPBIX BHJHO, YTO IPEJICTAaBIEHHAas CUCTEMA
BOCIIPOM3BENECHUSI H300paKeHUH B pabdoyeM COCTOSIHUM HCIOJB3YeT BCIO IOBEPXHOCTb,
3aMoNHAEMYI0 CTPYSIMH BOAbl (puUCyHKH 3, 4), a B BBIKJIIOUEHHOM COCTOSSHUM (PUCYHOK 5)
IpesicTaBseT co00l aXypHYIO PELIeTKy, KOTOPOH, K TOMY K€ MOKET ObITh MpHUAaHa pazIudHast
KOH(uUrypanus.

Taxum o0pa3om, CylIeCcTBYeT BO3MOXKHOCTh PEaln30BaTh KOMIUIEKCHbIE CUCTEMBI 0TOOpaXKeHUs
uHpOpMaIMY, BBIMOMHAONIME HeNbli psa ¢GyHKIUH. OCHOBHOW HX OCOOEHHOCTBIO SIBISETCS
BO3MOKHOCTB PEIICHUS SKOJIOTUYECKHX MpoOsieM Oe3 JOMOIHUTENbHON HArpy3Kd Ha TOpPOJCKOM
OI0JKeT, YTO 00ecreYnBaeTCs NOCTYIIICHHEM CPEICTB OT MPOKAaTa PEKIaMBbl.

87



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2017, Ne 1 (56)

- ‘T;- ;—-“;; =

e
| RE A "' "'fmm-

=

Pucynok 4 — CeToBasi aHuManus Oerymiei CTpoku (3amedariieHa OykBa «Y»)

CylIecTBeHHO TaKXke, 4YTO MpPeIOKEHHAs KOHCTPYKIHUS CHCTEM OTOOpakeHus WHGOpMaIiH
MO3BOJISIET BIIUCHIBATh €€ B MPAKTUUYECKH JIFOObIe TOPOACKHE aHCaMOJIM 3a CUET Majoro BETPOBOTO
COIIPOTUBIJIEHHUS, A TAKXKE 3@ CUET aXYPHOI'0 XapakTepa HECYIINX KOHCTPYKIIMM.
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It is shown that the strategy of «small businessy, informed theoretically grounded in the monographs
dedicated to the problems of formation of knowledge economy in conditions of the emerging post-industrial
society may find concrete embodiment in various forms. One of such forms is the organization of cognitive-
entertaining tours on the basic directions for the tourist industry of the RK.It is shown that the
implementation of the proposed approach does not require additional costs from the state.The training
function of the tourism industry can be provided mainly through the use of modern information technology.
Thanks to these technologies, it becomes possible to link existing courses in basic disciplines and products
promoted to the market by the tourism industry. As an example of the implementation of the proposed
approach, the course «History and Philosophy of Science» is considered, which allows direct interfacing
with the products of the tourism industry related to excursion services in Prague.

Keywords: post-industrial education, quality of education, tourism products, tourism industry, history
and philosophy of science.

Hamyuivl nocmunOycmpusnbly K02am sHca20aiviHoa OiniM IKOHOMUKACHIH KATbINMACMbIpY Macenenepine
ApHANEaH, epmepekme MOHOZPpAPUANAPOa He2i30eNceH «WagvlH Ou3Hecy Cmpameuscvl 2p Mmypii
opmanapoa nakmel icke acamvinOvlebl Kopcemineen. Mynoaii gopmanapowiy  6ipi  Kazaxcman
Pecnybnuxacvinvly mypusm canacviHuiibly 0a3anvlK 6a2blmmapsbl OOUBIHUG AKNAPAMMBIK HCIHE OUbIH-
cayvlx mypaap yuvimoacmoipy 6onvin maodowliadvl. ¥Colnbliean maciioi icke acvlpy memieKem mapanviHan
KOCOLIMIUA WbIRLIHOAD Manan emiimeuminoiei kopcemineen. Typucmmix uHOYCMPUsHbIY OKbIMY QYHKYUACH
bacvimM mypoe 3amMauHayyu aknapammuly MexHoI0SUANaposbl KOI0aHy ecebinde dcyseze acyvl Mymkin. Ocbl
MeXHONI02USNAPObIY APKACLIHOA KOJLOAHLICMAZbL 0A3AblK NoHOep OOUbIHWA KYPpCmap MeH MYypPUucmmix
unOyCcmpus OOUbIHWA CAMBLIAMBIH OHIMOED JHCYObIH KAMmMAamacsl3 emy MyMKiHOizi myaosl. ¥covlHblIaH
macindi icke acwlpy Mvlcaavl peminde Ilpaca Kanacei OOUbIHWA IKCKYPCUATLIK KbI3Mem KOpCemyMeH
baunanvicmvl Mypucmmix uHoycmpus eHimoepimen mixenel myuinoecyze akenemin «Tapux oicone 2oinvim
Gunocousicoly Kypewl Kapacmulpuliaobl.

Tipex co3dep: nocmundycmpusiivlk 0inim oepy, binim bepy canacel, mypucmmix oHimoep, mypucmmix
UHOYCIPUSL, 2bLILIM JHCIHE MAPUX PULOCOPUACDL.
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THokazano, wmo cmpamecusi «MAnbIX Oel», paHee Meopemudecku 0OO0CHOBAHMAS 6 MOHOZPAPUusx,
NOCBAWEHHbIX ~ NPOONeMAM — CMAHOGIEHU — IKOHOMUKU — 3HAHULL 6  YCI0BUAX — CKIAObI8AIOUe20Cs.
NOCMUHOYCIMPUATBLHO20 00WeCmEad, MOICem HAUMU KOHKPemHble 80NI0WeHUs 6 pasIuyHblx ghopmax. OoHotl
U3 Maxkux hopm A6IAEMCs OpeaHu3ayus NO3HABAMENbHO-PA3BIEKAMENbHbIX MYPO8 HA 6A306bIX Ol
mypucmuyeckou undycmpuu PK nanpaenenusax. Iloxazano, umo pearuzayus npeonazaemoco nooxood ue
mpebyem OONOIHUMENbHBIX 3ampam co CmopoHsl 2ocydapcmea. Obyuarowas (yHKyus mypucmudeckou
unoycmpuu  modicem Ovlimb  00ecneyeHa NpeuMyWecmeeHHo 3a CYem UCHOTb308AHUSL COBPEMEHHBIX
uHpopMayuoHHbIX mexnonocull. brazooaps smum mexnonocusm NOAGIAEMC 803MONCHOCHL 0becneuumy
CconpsdICeHue CyWecmsayioumux Kypcog no 06azosvim OUCYUNIUHAM U NPOOYKMbL, HPOoOGuzaemvle HA PbIHOK
mypucmuyeckou  uHoycmpueii. B xauecmee mpumepa  peanusayuu  npeonazaemozo  nooxooa
paccmampugaemces Kype «Mcmopus u ghunocoust Haykuy, 0onyckaowull HenoCpeoCcmeeHHoe CONPINCEHUE
€ NPOOYKMAMU MYPUCIIUYECKOU UHOYCIMPUU, CEI3AHHBIMU C IKCKYPCUOHHBIM 0OCaydcusanuem no 2. llpaea.

Knwuesvie cnoga: nocmundycmpuaivroe 00pasosanue, Kauyecmeo O0OYYeHUs, MYpUCudecKue
NPOOYKMbL, MYPUCMUYECKAs UHOYCMPUs, UCMOpUs U Guiocopus HayKu.

Currently, in Kazakhstan at the level of the country's top political leadership, a course has been
taken to develop the knowledge economy. From the point of view of macroeconomics, the
formation of the knowledge economy is intended to ensure counteraction to the crisis phenomena
characteristic of the world economy as a whole.

However, it is necessary to take into account that the solution of this large-scale task falls on the
historical period when the institutions inherent in the industrial era of the development of
civilization have lost much of their efficiency, and the institutions complementary to the post-
industrial epoch are far from being fully developed.

Consequently, it can be argued that the question of the nature of post-industrial education
remains open for discussion. At this stage of the research, only the most general conclusions can be
drawn [1,2]. In particular, it can be argued that the rigid "administrative vertical”, characteristic of
the higher education system of the industrial era, is no longer operational in an extremely dynamic
post-industrial labor market, when it is almost impossible to determine in advance the set of
competencies that a young specialist should possess.

This conclusion, substantiated, in particular, in the monographs [1, 2], leads to the following
conclusion. Speaking about the formation of the knowledge economy, it is not possible to propose a
common strategy that could be implemented centrally through the use of an administrative
resource. The picture created by the post-industrial labor market is too complex for those methods of
analysis that are traditionally used by departmental science. Rather, the strategy of post-industrial
education should focus not on developing recommendations common to all institutions associated
with higher education, but rather on a mosaic pattern emerging from «small businesses».

In this paper, using a concrete example, it is shown that the strategy of "small businesses” can
not only be fruitful, but also mobilize resources that previously remained outside the field of view
of higher education.

According to estimates, which can be done based on publicly available resources, tourist flow
from Kazakhstan to the Czech Republic, is about 10 000 people a year. About 20 % of them are at
the age group, relevant to students in bachelor's and master's degree. Given the nature of the
relationship between the structure of income Kazakhstani families and their desire to grant the heirs
of higher education, it can be assumed that in the year the Czech Republic is visited by about 2 000
students, which accounts for a significant proportion of their total number.
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This is a resource that can be fully utilized in order to improve the quality of education in
Kazakhstan. Indeed, a significant part of the tourist facilities in Prague is directly connected with
the history of the formation of science. In particular, it was in Prague that such thinkers as Tycho
Brahe and Johannes Kepler worked, whose works laid the foundation for Newtonian mechanics. In
Prague there is also a significant number of tourist sites associated with the history of the formation
of chemistry (museums of alchemy), etc.

Tourists coming to Prague, including from the Republic of Kazakhstan, usually visit all several
sites; They are included in the standard tourist products. A striking example here is the
«astronomical clock», located in the most visited place for tourists. Prague — on the Town Hall
building (Figure 1 illustrates the attendance of this tourist site, Figure 2 — the clock itself).

However, these products are currently being formed without any connection with the curriculum,
and most often even without the participation of specialists in the field of history, in particular, the
history of the formation of science. In particular, this is typical for products developed for Russian-
speaking tourists, in which the guide's narrative about the role and significance of such devices as
an astronomical clock (Figure 2) is often simply incompetent and, as consequence, uninteresting for
real. The most visited Internet resources also tell about the Prague chimes as well as about some
curiosity, focusing the reader's attention on entourage, and not on the essence of the matter.

Meanwhile, the major role in the creation of thisclock (more precisely - the device that provides
the interest of wide circles of medieval society to the problems of astronomy created in 1410) was
played by the lecturer of Charles University, mathematician and astronomer Jan Shindel.

Figure 1 — Tourist stream in front of the Town Hall, Old Town Square, Prague

A consistent story about the design of thisclock can be made more than fascinating for the
listener, even remotely imagining the dramatic events associated with the formation of the
heliocentric theory. In this design, as in a drop of water, not only the astronomical views of those
years, but also the struggles of ideas are reflected. It is she who can be seen and fully understood by
a trained listener, but the existing products of the tourism industry cannot do this.

In particular, these products do not clearly show the connection between such objects as the
Prague chimes and the Charles University located literally next door (Figure 3), which is also
included in the program of many walking tours around the capital of the Czech Republic.
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Figure 2 — One of the main tourist sites in Prague is the astronomical clock (Prague chimes)
on the Town Hall building

Figure 3 — Elements of antique masonry in the walls of later buildings, Charles University, Prague
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To an even greater extent, what has been said above refers to such an object as the Kepler
Museum. This museum is also located in close proximity to one of the main attractions of Prague —
Charles Bridge, which is widely represented in the information space of the Republic of Kazakhstan
(down to the level of public catering establishments).

Figure 4 — The flow of tourists on the Charles Bridge, Prague

Visiting Charles Bridge is an indispensable element of almost all existing tourist products (its
popularity is illustrated in Figure 4), but located only five minute distance the Kepler Museum is
not given due attention (Figure 5).

Figure 5 — Desert arch leading to the Museum of Kepler

However, a consistent guide story about the achievements of Kepler, accompanied by visual
illustrations, is able to play a very significant role in training future specialists of almost any
technical and natural-science profile.Thus, the historical significance of such a large-scale figure as
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Kepler, does not ignore any textbook on the history and philosophy of science, but too dry and
«abstract» presentation makes the relevant material difficult to understand.Theoretically, excursions
devoted to memorials of the history of science (Figures 6, 7) could provide a «recognition effect»,
clearly showing the student that the questions he is studying are not at all something abstract and
not relevant to the present.It is permissible to say that almost all the tourist facilities located in the
center of Prague, and visited within the framework of typical walking tours, have this or that
attitude in the history of the formation of science, more precisely to that period that led to the
industrial revolution.In particular, in the Cathedral of Our Lady before Tynska (Figure 8) it is the
tomb of TihoBrage, whose astronomical observations formed the basis for Kepler's laws, which, in
turn, became the basis for the creation of Newton's mechanics.

Thus, it is the well-known and frequently visited attractions that are a good basis for the
interrelated triad «training course — virtual museum tours — a product of the tourism industry»,
which is discussed below. It is necessary to change the format of tourism products only slightly,
which can be done on the basis of interactive courses of lectures on relevant disciplines.

f

Figure 7 — The monument in the form of astronomical instrument
in front of the Museum of Kepler, 4, Charles street, Prague
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Figure 8 — Tourist flow in front of the Church of the Virgin Mary before
Tyn — the dominant of the Old Town Square of Prague

So, one more example of the visited tourist object is the Prague museum of alchemy (Figures 9,
10). The stories of guides devoted to alchemy are also mainly based on the narrative of various
curiosities, the attempts of the alchemists of the past to deserve the attention of those in power with
the help of the «philosopher's stoney, ensuring the transformation of base metals into gold and other
well-known facts. However, the exposition that is present in the museum at the present time is quite
enough to build an adequate narrative about the history of the actual chemistry, why the value of
this tourist object can only grow, especially for a pre-prepared listener. This, in turn, is provided
automatically, provided that interactive training courses are created that provide the opportunity to
interface with the products of the tourism industry.

Figure 9 — Element of the exposition of the Prague Museum of Alchemy
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Figure 10 — Element of the exposition of the Prague Museum of alchemy

It is interesting to note that in an unprepared listener this museum often evokes negative reviews
(an example from the site of tourist service: «550 kroons from the family — this is a dubious
entertainment is not worth it, several wax figures in the entourage can be viewed and cheaper»).
The existence of such reviews speaks just about the fact that all parties benefit from the
interconnection of products of the tourism industry with training programs.

Thus, the above shortcomings can be eliminated, while improving the quality of products
provided by tour operators, and providing a much better assimilation of educational material, at
least in such disciplines as «Classical Mechanics», «History and Philosophy of Science», etc.
Simplifying if Kazakhstan's young people still spend money on the services of tour operators, it
makes sense to give it the opportunity to benefit from it, and not at the expense of the main purpose
of the tourist trip.

Let us also emphasize that the tourist facilities of Prague are far from being exhausted by the
period of the development of science that preceded the industrial revolution. They are the most
famous and often visited (for these reasons, the examples discussed above were chosen), but there
are a significant number of less known objects belonging to a later period. For example, one of the
founders of the kinetic theory of gases, Ernst Mach in 1879 held the post of Rector of Charles
University in Prague, the figure 11.

The work of Ernst Mach is closely related to the issues dealt with in the typical courses on the
history and philosophy of science. Namely, within the framework of this course, as a rule, issues
related to the formation and development of positivism are considered. The philosophical views of
E. Mach, as we know, had more than a significant impact on the development of those sections of
philosophy that sought to comprehend the achievements of scientific and technological progress
during the heyday of the Modern Age.Namely, the philosophical views of this thinker became the
basis for the «second stage of the development of positivismy (empirio-criticism) as interpreted by
modern textbooks on the history and philosophy of science [3]. The term empirio-criticism,
sometimes called Machism by the author of the basic concept, is well known to the Russian-
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speaking reader through numerous references to V.lI. Lenin's work «Materialism and Empirio-
Criticismy. Such references are still often appear in the educational and philosophical literature.

Figure 11 — Memorial tablet dedicated to Ernst Mach

Thus, it is possible to link existing products of the tourism industry and improve the quality of
education with relatively simple means. In particular, this refers to a discipline such as «History and
Philosophy of Science», since practically in all its sections in Prague there are significant tourist
sites that make it possible to give the edict discipline visibility and provide increased interest on the
part of the students.
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MPABWIA O®OPMJIEHUS CTATEN

1. Kypnan «M3Bectus HTO «Kaxak» myOiMKyeT HamucaHHBIE Ha PYCCKOM, Ka3aXCKOM,
aHIVIMACKOM M KOPEHWCKOM s3bIKaX OpUTMHAJIbHBIE CTaTbM, 0030phl. XKypHan naer mH@popmaiuio,
CBSI3aHHYIO C JIEATEIbHOCTBIO O0IECTBA.

2. B opurvHanbHBIX CTaThsAX MOTYT PacCMaTpUBAaThCs PE3YJbTaThl KAK TEOPETUUYECKUX, TaK U
npuknaaasix HAP.

3. ABTOpBI, XKejarollue OIyOJUKOBATh OO30pPHYIO CTaTblo, JOJDKHBI IPEABAPUTEIBHO
COIJIacOBaTh €€ TEMAaTHKy, IPEICTaBUB aHHOTauuio Ha 1-2 ctp. B o030pax ciaemyer ocBemarh
TEMBI, IPEJCTABISAIONINE JOCTATOYHO OOLIMI MHTEpeC 10 BHIOPAHHOM TEMAaTUKE UM OTpaskKaroline
KaKoW—1100 BaKHBIN aCIIEKT IPUMEHEHMSI B IPOMBIIIIIEHHOCTH, CEJIbCKOM XO3SIIICTBE, MEIULINHE U
T.4. Jlomyckaetcs 000011eHne pe3yIbTaTOB MHOTOJIETHUX UCCIIEI0BaHUN HAYYHBIX KOJUIEKTHBOB.

4. OObeMm cratbu He Jo/pkeH mnpeBbimarh 10 crpanmn ¢opmata A4. CraThs HOKHA
HauMHaTbCs C BBEACHHUA. B HeM JOMmKHbI OBITH JaHb: COZAEp)KaTesIbHAs IOCTaHOBKA
paccMaTpuBaeMoro B CTaTh€ BOIIPOCA, KPATKUE CBEJEHUS 10 €r0 UCTOPUH, OTIMYHE MpejiaracMon
3ala4yd  OT YK€ M3BECTHBIX, WJIM IPEUMYIIECTBO M3JaraéMoro MeEToAa II0 CpPaBHEHUIO C
cymiecTByromuM. OCHOBHas 4YacTh CTaTbU JIOJDKHA COJAEp)KaTh (OPMYJIMPOBKY 3agaud U
IpeiaraéMblii METOJ €€ PELeHUs], 3aKJIIOUNTENbHAsl YaCcTh — KpaTKoe 00CYXK/IEHUE MOJIyYEHHbIX
pe3yJabTaTOB M, €CIM BO3MOXKHO, NPUMEp, WILIIOCTPUPYIOMUN UX 3((HEeKTUBHOCT U CHOCOOBI
IPUMEHEHHUS.

5. Bce cratbu npoxoasaT HMEHHOE pelieH3UpOBaHuUE.

6. ABTOpPBI MOTYT TPEICTABUTH JJCKTPOHHYIO BEPCHI0 CBOCH CTaThbW 10 aJpecy:
izv.ntokaxak@mail.ru

TpedoBanus k opopMiIeHHI0 pyKOonHCei

CTaThbu TPEACTABISIIOTCA B DICKTPOHHOM BHJE B TekcToBoM pemaktope Word 97, dhopmyssl
HaOuparoTes ¢ momoripio peaakropa MS Equation 3.0 (2.0) uimn Chem Draw.

HIpudt Times New Roman 12 pt. Mexctpounslii uHTepBan oauHapusiid. [Tomns: Bepxuaee — 2,0
cM, HmkHee — 2,0 e, eBoe — 2,0 cm, mpaBoe — 2,0 cm. AG3arr — kpacHas ctpoka — 0,5 cwm.

TekcT cTaThy JOJIKEH HAYMHATHCS C YKA3aHUS:

c nesou cmoponsl — uHaekcoB MPHTH u YK, nuowce npusoasarcs:

—  Ha3BaHHE CTaThH (IIPOIMCHBIE OYKBBI, (POPMATUPOBAHHUE T10 LIEHTPY),

—  (damMuIUK 1 HHUIHAJIBI aBTOPOB (TIPOITMCHBIE/CBETIIbIE, POpPMATHPOBAHHE TI0 LIEHTPY),

- Ha3BaHUC OpraHrU3alliy U €€ MCCTOHAXOXKICHUC,
e—mail aBTopoB

—  pe3tome (KpaTKoe H3JI0KEHHE COIACPKAHWs CTAaTh, [IAOIIee MPEICTABICHHE O TeMe U CTPYKType
TEKCTa, a TAK)Ke OCHOBHBIX pe3ylibTartax, /—10 mpensoxeHmii),

—  KJIIOYEBBIE CIIOBA, 00ECIICUNBAOIIHE TIOJTHOE PACKPHITHE coepxkanusi cTathh (710 cioB),

—  TEKCT CTaThH,

—  CIIMCOK JIUTEPaTyphl,

—  @.M.0. aBTOpOB, Ha3BaHWE CTAaThH, PE3IOME, KIIFOUEBHIE CIIOBA Ha TPEX S3BIKaX (HA Ka3aXxCKOM,
AHTTIUICKOM U PYCCKOM).

PucyHku 1071KHBI OBITH MTPEICTAaBICHBI B OT/IEIBHOM (haiiie.

Cratbst ipencrasisiercs B doc wiu docx dopmarte, a Takxke uaeHThuuHas konus B pdf dopmare,
Ha DJJIEKTPOHHBIA ajapec XypHala, B OTIENbHBIX (hailnax IyOMUpYIOTCS PUCYHKH, TaOJIUIBL,
rpaduKy, CXeMbl, a TaKKe MPUBOMAATCSA CBEACHHS 00 aBTOpax (UMs, OTYECTBO, yu€Has CTEIMEHb,
Y4YEHOE 3BaHUE, CITYKEOHBIH aipec, MECTO PabOThI, TOJDKHOCTD U TENE(POHBI IS CBSI3H).

Ccbulk Ha JHTEpaTypHblE HCTOYHHKKM B TEKCTe MPHUBOAATCS B KBAJAPATHBIX CKOOKax.
bubnmuorpaduueckuit cnucok odopmisiercs B cooTBeTcTBUM ¢ TpeboBanmsmu ['OCT 7.1-2003
«bubmuorpaduueckas 3anuch. bubnuorpaduyeckoe omucanue: oOmmue TpeOOBaHUS M IpaBHIIA
COCTABJICHUS.
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