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CoBpeMeHHass TEXHUKA U TEXHOJIOTUHU: MPOOJIEMbI, COCTOSHIE M TEPCIEeKTUBbI: MaTepHuaibl
11 Beepoccuiickoit HaydyHO-TeXxHUYecKor KoHpepenmuun 18-19 aexabps 2013 r. / Ilox pen. k.T.H.,
nonenta H.M. YepkacoBoii / PyOuoBckui HMHAYCTpHANIbHBIA HMHCTHTYT. — PyOmosck, 2013. —
295 c.

B cOopHuk MmarepuanaoB Hay4YHO-TeXHHUYECKOW KoH(pepeHuuun «CoBpeMeHHas TEXHHKA WU
TEXHOJIOTUU: MpPOOJEMbl, COCTOSHHE W MEPCHEeKTUBb», IpoxoauBuied B PyOnoBckoM
uHaycTpuaabHoM uHCeTHTyTe 18-19 nekabps 2013 roma, BOUUIM CTaTbu y4YEHBIX, aCHUPAHTOB U
CTYZEHTOB By30B Poccuu, NOCBAIIEHHBIE PA3IMYHBIM HAPABICHUAM €CTECTBEHHbBIX U TEXHUYECKUX
HayK.

Marepuansl  KOHQEpeHIMM  MOTyT  OBIThb  HHTEPECHBl  CTYAEHTaM, AaclUpaHTaMm,
MPEIoIaBaTeNsIM [IKOJI, CPEAHUX CHEIHMATbHBIX U BBHICIINX y4eOHBIX 3aBEJCHUN, ITUPOKOMY KPYTY
quTaTenen.

CTIINCTHKA TEKCTOB COXPAHEHA B ABTOPCKOM peJaKIuM.
Touka 3peHus pelaKkUUU He BCEra COBNA/AaeT ¢ TOUKOI 3peHusl aBTOPOB.

HayuHnble pegaKkTopsbl:

OoyxoBa I'.A. — x.¢.-M.H., IOIEHT, 3aBeAylommas kadenpoii «Bricmas maremaTnka, Gpusnuka u
XUMUs», IIpefcenaTeNb ceKun «PyHaaMeHTalbHble U IPUKJIIaIHbIe UCCIEA0BaHMs B COBPEMEHHON
MaTeMaTuke, pu3uKe, XUMUN»

Yepuenxkass H.A. — Kk.T.H., goueHT kadeapbl «HazemHbIE TpaHCIOPTHBIC CHCTEMBIY,
npeacenarens cekuuu «I[IpodieMbl 3K0I0rHYecKoil 6€30macHOCTHY
Mlamoxk A.B. — K.T.H., JoueHT, 3aBenyromuid kadenpoii «TexHWKa U TEXHOJIOTHUHU

MAalIMHOCTPOCHUA UM  IMHUUICBBIX  IMPOU3BOACTBY, npeaceaarcib  CCKUUKU ((HpOFpCCCI/IBHI)Ie
TE€XHOJIOTUU B COBPEMEHHOM MAIIMHOCTPOCHUM

IInomannoB A.H. - k.1.H., npodeccop xkadenapsl «HazeMHbIE TpPaHCHOPTHBIE CHUCTEMBI»,
npencenarens cekuuu «Ha3emHble TpaHCTIOPTHBIE CUCTEMBI»

Yepkacoa H.U. — Kk.T.H.,, JOLEHT, 3aBeayromas kapeapoil «IIEKTPOIHEPTETHKAN,
npejcenaTenb CeKIUN «DIEKTPOIHEPreTHKa U AIEKTPOTEXHUKA

JleHuceHko A.A. — K.T.H., JIOLIEHT, 3aBeayromuil kadeapoil «CTpOUTENbCTBO U MEXAHHUKAY,
npeaceaareiib CCKIuu ((COBpCMeHHI)Ie CTPOUTCIIbHBIC TCXHOJIOI'MH, MAIlIMHBI, MCXAHU3MBbI»

Aynnuk E.A. — k.Q.-M.H., J1o1eHT, 3aBenyromas kKapeapoil «lIpuknanHas maremaTHKay,
npencenarens cekuuu «MHGopMaloHHbIE TEXHOIOTHH B COBPEMEHHOM MHPE»

I'punenko B.B. - K.T.H., 101eHT, Kadenpsl «Te€XHUKAa U TEXHOJOIMH MAIIMHOCTPOCHUS U
IIUIIECBBIX IIPONU3BOACTBY, npeaceaarcib CCKIIUH ((HepCHeKTI/IBI)I Pa3sBUTHUA MalIMHHO-
anmnapaTrypHoro opopMIICHHs MUIIEBbIX TPOU3BOJCTBY

© PyOnoBckuii HHAYCTPHAJIBHBIN HHCTUTYT, 2013
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Cexnus 1. PYHAAMEHTAJIBHBIE U ITPUKJIAJHBIE UCCJIEJOBAHUSA
B COBPEMEHHOU MATEMATHUKE, ®PUUKE, XUMUHU

IIpencenarennb cekum: KaHAUAAT PU3UKO-MATEMATHUYECKUX HAYK, 3aBeAYIOIIAs
kadeapoun «Bpicmiaa maremaruka, ¢usuka u xumus» OO0yxoBa I['aauna
AJIeKCAHIPOBHA

MATEMATHYECKOE MOJIEJIMPOBAHUE ITPO®UJISA CKOPOCTH
HEJUHEMHOM BAZKOYIPYI'OH KUJKOCTH C NCIIOJIb30BAHUEM
COBPEMEHHOI'O ITPOTPAMMHOI'O OBECIIEYUEHUASA
H.M. Asetucsan, A.H. Llpirankos, B.C. Camoiinos
Pybyoeckuii unoycmpuanonwiti uncmumym (uuan)

@I'HOY BIIO «Anmatickuti 20cy0apcmeeHHblil
mexuudeckuu ynugepcumem um. U.H1. I[lonzynosar

B cratee omnuchBalOTCS pe3ynbTaThl MOJEIUMPOBAHUS JIMHAMHMKU IOJIMMEPHOU Cpelbl,
HAaXOJIIEHCS B BSA3KOTEKYYEM COCTOSHMM. J[MHAMUKA MOJMMEPHOM Cpelbl, HaXOJsSUIeHca B
BSI3KOTEKYYEM COCTOSIHMM, OIIMCaHa B paMKaxX PEOJIOTMYECKOW MOJENI HEIMHEHHON BSI3KOYIpyrou
YKUJIKOCTH C OJJTHUM TE€H30PHBIM BHYTPEHHUM TEPMOJIUHAMUYECKUM MTAPAMETPOM.

[TonumepHble MaTepuanbl M U3JENHUS Ha UX OCHOBE HAxXOIAT Bce Oouibliee
IIPUMEHEHUE Ha MPAKTUKE. DTO CBSI3aHO HE TOJIBKO C TEM, YTO OHHU HCIIOJIB3YIOTCS B
Ka4eCcTBE 3aMEHUTENIEHN AepeBa, METAJIIOB, PACTUTEIBHBIX BOJIOKOH U IIP., HO U C TEM,
YTO TMOJUMEPHl JEMOHCTPUPYIOT PsII YHUKAJIBHBIX CBOWMCTB, ITO3BOJISIOLINX
HCIIOJIb30BaTh HMX B KAyeCTBE MATPHUIbl MpPU IMPOU3BOJCTBE HAHOMATEPUAIOB H
HAaHOKOMITO3UTOB. UTO MPHUBOJUT K YBEIUYEHUIO MHUPOBOIO IMPOU3BOJICTBA
MOJIMMEPOB M K HEOOXOJUMOCTH Pa3padOTKU HOBBIX TEXHOJIOTMM WX MepepadOTKH.
OgHuM U3 NPEeUMYLIECTB UCIOJIb30BAHUS MOJUMEPOB SBISIETCS TO, YTO OHU JIETKO
NepexoAsT B BSI3KOTEKY4Y€€ COCTOSIHME, YTO CYIIECTBEHHO YIPOILIAET UX
nepepaboTKy. OTO TOBBIIIAET AKTYyaJIbHOCTh 33Jaud O MAaTeMaTH4YeCKOM
MOJEIIMPOBAHUU JAWHAMUKUA TOJUMEPHBIX CpEl, HaXOISAUIMXCS B BSA3KOTEKYy4eM
COCTOSIHHH.

IIpu onmcaHuu TEYEHUN PACTBOPOB M PACILUIABOB JIMHEMHBIX MOJUMEPOB B
pa3IMyYHBIX y3JIaX TEXHOJOTMYECKOro OOOpYAOBAaHHS BaXXHYIO pOJIb HIpaeT
(GopMyJIMpOBKa  PEOJOTHYECKOIO  OMPENEISIONIEr0  COOTHOLIEHMS,  KOTOPOE
YCTaHABIMBAET CBA3b MEXJY KHHEMATHYECKHMMH XapaKTEPUCTHKAMU IOTOKAa H
BHYTPEHHUMU TEPMOJUHAMUYECKUMH ITApAMETPaMHU.

B Hacrosimiee BpeMsi MOXHO OTMETUTh HAJIMYHUE YCTOWYMBOIO Pa3BUTHS
MaTeMaTUYECKUX METO/0B B 00JaCTH MOJIEIUPOBAHUS OTUMEPHBIX KUAKOCTEH. ITO
CBA3aHO C NPUMEHEHUEM MHUKPOCTPYKTYPHOIO  TMOAXOAA K  IOJYYEHHUIO
PEOJIOTMUECKUX OMPEEISIONUX COOTHOUIEHUN M BBIpaXKaeTcsi B TOM, UYTO YJAl0Ch
chOpMyIUPOBATh 3aMKHYTYIO CUCTEMY YpaBHEHUH IWHAMUKH U BBIIIOJHUTH PsiJ
HETPUBUAJIBHBIX  pacueToB  Ha  0Oa3ze  3Tod  cucrteMbl. JlocTOMHCTBOM
MUKPOCTPYKTYPHOTO MOAXOAA SBJISIETCSI BO3MOYKHOCTBH IPOCIEIUTH CBSI3b MEXKIY



Makpo- M MHUKpPO- XapaKT€PUCTUKAMH IOJUMEPHOW CHCTEMBI, @ €ro OCHOBY
COCTaBJISIFOT YPAaBHEHUS IUHAMUKH MaKpOMOJIEKYJIBI.
JUis MaTeMaTH4ecKoro MOJEIUPOBAHMSI B KAueCTBE PEOJOTHYECKOW MOJAENU

BbIOpaHa MoauduuupoBaHHas Mojeinb BunHorpamoBa-IlokpoBckoro, kak XOpoOIIO
3apEeKOMEHJIOBaBIIas ce0si MpU ONUCAHWU CTAlMOHAPHBIX M HECTAIMOHAPHBIX
BUCKO3UMETpHUeckux (pyHkiuii. PaccmatpuBaiiach cucteMa ypaBHEHHH B YaCTHBIX
MPOU3BOJIHBIX TIEPBOTO MOPSIKA, JJIS PEIICHHs] KOTOPOil ObLI MCIOJIb30BaH METO]I
KOHEUHBIX AJIEMEHTOB.
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Puc. 1. Bnustnue rpaarieHTa 1aBieHus Ha BUJT TPO(UIIS CKOPOCTH MPHU PA3TUIHBIX
pPacCTOSIHMSX JI0 OCH KaHalla

[TapameTrp A — TpaagMEeHT MOABICHUS XapaKTEPU3YeT THUAPOJIUHAMUAYECKHE
CBOMCTBA MOTOKA U JIOCTATOYHO MPOCTO MOYKET U3MEHATH CBOU 3HAYCHUS B OIbBITAX.
[TosToMy paccMaTpuBaiOCh BIUSIHUE 3TOTO MapaMeTpa Ha BUA NPOuUiis CKOPOCTH.
PaccunTanHas 4UCIEHHO 3aBUCUMOCTH W=W(X,y) MpEACTaBIseT COOOW TIAJKYIO
MOBEPXHOCTh C OJHUM MaKCMMyMoM, jgocturaembiM B Touke (0,5; 0,5).
MakcumanbHOE 3HAUYEHUE CKOPOCTHM PACTET C POCTOM MEpenana AaBjIeHUs A.
[Ipodunb ckopoctn w=w(X,y) CUMMETPUYEH OTHOCUTEIHHO IUIOCKOCTEH X =05 u
y=05. Ha pucynke 2 mnpeacTaBieHbl CEUYEHHsS] MNPOPUIST CKOPOCTH W =W(X,Y)

TJIOCKOCTHIO Y =0,5 111 pa3InuHbIX 3HAYCHUH TIepernaaa JaBiIeHUs A.
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Puc. 2. TIpo¢uns ckopoctu
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Tak)ke MOKHO OTMETHTBH, YTO NPH MajbIX 3HAYCHUAX Iapamerpa A cedeHus
npouiIs CKOPOCTH MAaJl0 OTJIMYAlOTCS OT I1apaboJIM4ecKoro, a ¢ pocrom A
OTKJIOHEHHE OT Mapaboianueckoro mpouis yBEIMYMBAETCSA, KaK 3TO BHUIHO M3
pUCYyHKa 2.

OTtMedyeHHOE  371eCh  OTKJIIOHEHHWE  CeUeHWH mpoduias  CKOPOCTH  OT
apaboINIECKOTO HAOIIOMACTCS M B OKCIIEPUMEHTANBHBIX JTAHHBIX [4,5].

COMSOL Multiphysics — »To MolHas HHTEpPAaKTHBHAs cpema JuIs
MOJICTTUPOBAHUSI W pacuyeToOB OOJBIIMHCTBA HAYYHBIX M WH)XXCHEPHBIX 3ajad,
OCHOBaHHBIX Ha MU depeHITNATBHBIX YPAaBHEHHMSIX B YacTHBIX Mpou3BOoAHBIX (PDE)
METOJIOM KOHEYHBIX 3JICMCHTOB.

Ha «Bxom» kaHala mojaeTcss TPEYTroJbHBIA MPOGWIh MPOJOIHLHOW CKOPOCTH
(puc. 3). Ha «BpIXOme» kaHala HEOOXOIUMO TIONYYUTh YCTAHOBHUBIIEECS TEUCHHE
MOJIMMEPHOHN Cpe/ibl, UMEIOIIeH TapadondecKuii poduib MPOAOIBLHON CKOPOCTH

(puc. 4).

y . .
Puc. 3. TpeyronabHbIit poduinb Puc. 4. [1apabonunueckuii
CKOpOCTH pouIIb CKOPOCTH

BBonum Bce HEOOXOauMBbIE MapaMeTpbl MOIUGUIIUPOBAHHON PEOJIOTHUECKOM
Monenu Bunorpanosa-IlokpoBckoro [1] B cpemy wmoapemnpoBanuss COMSOL
Multiphysics.  BbimonHuB — pacdyer 3agaud  CpeACTBAMHM  MAaTEMaTHYECKOro
MPOrpaMMHOr0 o0ecreyeHus1, oJIy4aeM pe3ysbTaT, H300paKeHHBIN Ha puc. 5.

Puc. 5. Pe3ynbrar pacuera
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OCOBEHHOCTH PACITIPEAEJEHUA NOHHBIX ®OPM MbBIIIBAKA
III) BCUCTEME BOJA — AHTUIIUPUH — CYJb®OCAJINIINIIOBASA
KHUCJIOTA
H.B. bpakcwmetiep, C.B. Temepen
OI'bOY BIIO «Anmatickuti 20Cy0apCcmeeHHblll YHUBEPCUME »

B pabote oOcyxaeHsl ocodeHHocTH pactpenencHus noHHbIX Gopm As (III) B cucreme Bona

— AHTUIHMPUH — CYJIb()OCATUIMIIOBAS KUCIIOTA.

MetoznoM BoJbTaMIIepoMeTpun ompeneneHa 3pdexTuBHocTh u3BnedeHus As (III) in situ B
THIPaTO-COJIbBATHBIM KOHLEHTPAT OpraHuuYecKoil ¢aspl, (Qopmupyromuiics B HUXKHEH YacTu
CHCTEMBI BCJIEJICTBHUE MPOTOJIMTUUYECKOTO B3aMMOAECHCTBHS MEXK1y KOMIOHEHTaMHU.

Ha MonenpHBIX crcTeMax METOJIOM «BBEIEHO-HAMIEHO» OTPENIEICHbI CTENCHb M3BJICUCHHS
(89 £ 3%) u korddunmeHT pacnpenenenus (25 + 6) MplbsIka. BeanunHbI cTeneHn u3BIeYeHust As
(II), BBOmMMOTO B BHUAE XJIOPHIHOTO KOMIUIEKCA, CBHJAETEILCTBYET O MOOOYHBIX PpEAKIHIX
okucneHus MOHHBIX popm As(II) mo As(V) pacTBOPEHHBIM KHCIOPOJOM B KUCIBIX XJIOPHIHBIX
pacTBopax.

Mertoanyeckas 4acThb

AHAIUTUYECKUM  CUTHAJl  MBIIIbIKA  PETUCTPUPOBAIM C  TMOMOUIBIO
KOMITBIOTEPHOTO ~ aHaiu3aropa «IkorecT-BA»  cTekoyriepoAaHsiM  pabodyum
ANEKTPOJOM,  XJIOPUACEPEOPSIHBIM  JJIEKTPOAOM CPaBHEHUS M IJIATUHOBBIM
BCIIOMAraTeNbHbIM d7ekTpogoM. Jlist B3stust amaksor 1'CO  ImrAs(Il)s cm’
WCMOJIb30BaIM jJo03aropbl mnunetounsle Thna II 1 mo TY 64-13329-81 ¢
JIMCKPETHOCTBIO yeTaHoBKH 7103 0,01 — 1,00 em® (10-1000 mxo). JIj1st IPUrOTOBJICHHS
KHCJIBIX BOJHBIX XJIOPHUAHBIX PAcTBOPOB HCHOJb30BAIN XJIOPOBOZOPOIHYIO
KOHIICHTPUPOBAHHYIO KUCJIOTY, «X.9», p20 = 1190 kr/m’, TOCT 3118-95, paz0aBsis
10 Heobxoaumoi kouneHtparuu, au6o 0,1 M HCl roroBwnmm u3 ¢Quxcanana.
AHTUNIUpUH — (QapmakonedHslii npenapar. CynbdocanuuuiaoBas KdcJIOTa —
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muruapart, «4.1.a.» FOCT 4478-78. Ins BoccranoBieHus malibsika(lll) go apcuna —
menouHor 3%-Hblii menoyHoi pactBop NaBH,, KOTOpBIM rOTOBUIM M3 THAPOOKHUCH
Hatpus, «4d.g.a.», ['OCT 4228-77 wu Ooporumpunga HaTpus, «4d.g.a.». Ilo
JUTEPaTyPHBIM JTaHHBIM [ 1], 3JIEKTPOAKTHUBHBIM MBIIIBSIK B CTCTICHU OKUCIeHUs (+3)
npu B3aumozercteuu ¢ NaBH, Ha 99,9% xuMnueckn BocCTaHABIMBAETCS 10 apCUHA:
AsO, + NaBH; + HCI — AsH; + NaBO, + CI" + 2H (aTomapH®blIii)

ApCUH KOHIIGHTPUPOBAJIM B TMPHUIICKTPOJHON 0OJACTH TMpHU MOTEHIMANe
crexioyriepoaHoro snekrpoaa (-1,4B) B Teuenue 30 cekyHJ OTHOCHUTEIBHO
XJIopuacepeOpsiHoro 3yekTpona cpaBHenus [2]. Ilpu snekTponm3e apcuHa B
ANEKTpOAE MpoTekana cienyromas peakius BocctaHoBieHus As(IIl) mo As(0) u3
rupuaa B paboueM pacteope: AsH; — As’ + 3H' + 3¢ (E’= - 0,54 B [3, C. 233])
Pa3BepTky mnpoBOAWIM M3 KAaTOAHOM 0O0JIaCTH B AHOJHYIO C HCIOJIb30BAaHUEM
KBaJIpaTHO-BOJIHOBOT'O PEXXUMa PETUCTPAIIMU BOJBTAMIIEPHBIX KPUBBIX CO CKOPOCTHIO
50 mB/cek. Takum oOpa3oM, MOJIy4E€HBI BOJIbTAMIIEPOrpaMMbl pabOUUX PACTBOPOB
MBIIIbSIKa B 00JIACTU OMNpeAeNsieMbIX KOHIEHTpanuid oT 3,2 Mkr/a go 38,7 MKr/i,
npurorosiaeHnbix u3 [CO As(II) 1 Mr/cM’ myTeM MOCIe[0BaTeNbHOr0 pa30aBICHHUS.
B nmanmpHeMmux sSKCOEpUMEHTaxX IMepel KaXIOW CEepUer ONpPENCICHUN MBbIIIbsIKa
CTEKJIOYTJIEPOJAHBIA 3JIEKTPOJI MPOTHPATU CIHUPTOM C aKTUBUPOBAHHEM paboueit
MMOBEPXHOCTM B  KUIIIEW  JUCTWIIMPOBAHHOM  BOAE.  AKTHUBUPOBAHHBII
CTEKJIOYTJICPOAHBIA PaboUYMil 3JEKTpOa MOMENIAIM B aHAIM3UPYEMBI pacTBOP.
N30b1TOK ra3000pa3HOro BOJIOPOJA U3 aHAIU3UPYEMOI'O pacTBOPA YIAJSIIN aprOHOM.
Panee Metonuka HUCHONB30BaHA [IJIsi OMNpPEJENCHUS] MBIIIbIKA B TOBEPXHOCTHBIX
Bojiax Oacceiina O6wu [4].

lIpucomognenue MoOenbHbIX pACCIAUBAIOWUXCS CUCTEM 8004 — AHMUNUPUH —
cynbghocanuyunogas kucioma. CepuM MOJEIBHBIX PACCIAUBAIOIIMXCS CHCTEM
TOTOBWJIM B S5-MEPHBIX TpaJyHpPOBAHHBIX LEHTPUPYKHBIX MpoOHpkax. B MepHbIX
npobupkax cmemmBaiu 1,0 T antunupuna (dbapmakoneinelii npenapar) u 0,5 T
CyNb(OoCcamuIUIOBONM KUCIOTHI (4.7.a.) (MOJIBHOE COOTHOIIEHUE PEareHTOB OKOJIO
2:1) u npobGaBmsuin mo 4 wmiu Boxabl. Jlamee B Kakayr0 MPOOMPKY BHOCHIIU
coorBerctBerHo  0,10; 0,20; 0,30; 0,40; 0,50 w~r As(Ill), ngoGaBmsan
JTUCTHJUTMPOBAHHYIO BOAY A0 001miero oorema 5 mil. [lociie BCTpAXuUBaHUSI CHCTEMbI
paccianBaIiCh. 3aTeM OTACIBHO UCCIEA0BAM BOJHYIO (BEPXHIO) U OPTaHUYECKYIO
(amwxkHIO0) Qaspl. ug B3stus anukBor OdD o0beMOM 5 MKJI HMCHOJIB30BaIU
xpomatorpadudeckuit mmpuil 0obemoM 10 M. O® HaHOCWIM HA AKTUBUPOBAHHBIH,
KaK OMHMCAHO BBINIE, CTEKJIOYTJIEPOAHbINA 3ekTpoa u nomemanu B 0,1 M pactBop
HCl, TmarenbHo o0paGoTaHHbli aproHoM. B pe3ynpTaTe  MOJYYEHBI
BOJIbTamneporpammsl padouux pactsopoB I'CO As(II) oprannueckoil u BogHO# ¢a3.
3HauMMBbI CTATUCTUYECKU CBOOOJHBIN YJIeH ypaBHEHUs JUHEHHOW perpeccuu h, cMm
= 0,09 + 0,29 Cp,, [MKI/1] cBsSI3aH C HEMOCPEACTBEHHBIM BIUSIHUEM MATPHIIHI.
Jluneitnocts  (1=0,992) rpamyupoBoyHOro rpaduka W Manbldi  KOAG UIMEHT
HeyureHHbIX (aktopoB  (0,10) mpu 3HAYMMOM CTAaTUCTUYECKH TAHTEHCE Yria
HakioHa (0,30) moATBEpKAAOT MPABUIBHOCTh  TMOJYYEHHBIX  PE3YJIbTATOB
OTIpeNIeTICHUs] MBIIIbsAKa B paduHAaTe MOJICIBHBIX CHCTEM 0€3 OpraHuYecKOro
pacTBOPUTEIIA.
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PesynbraThl uccieoBaHUST MOJETBHBIX CHUCTEM C JO0OaBKAMH MBIIITbIKA
npeAcTaBiieHbl B Ta0uie 1.

Tabmuna 1
Pe3ynpTaThl METO1a «BBEICHO-HAMICHOY
MOJICJIBHBIX CHCTEM BOJIa — AHTHITUPUH — CYJIb()OCATUITNIOBAS KUCIOTA

Beeneno Hatineno As(III), mr/mi R, % D
As(IID), mr B BonHO# (aze B oprannueckoii daze
0,10 0,006 0,094 84.6 15,7
0,20 0,008 0,192 88.3 24,0
0,30 0,011 0,289 90.2 26,8
0,40 0,013 0,385 91,2 29,6
0,50 0,015 0,486 91,1 32,4
Cpennue BeTuYUHBI 89+3 25+6

OnekTpoakTuBHOM (opmoit 1yt MIB-uzmepenuit  MCnosib30BaH MBIIIBSIK B
CTENEeHH OKUCICHUS (+3); BJIEKTPOHAKOIUICHHE BBIMOJIHSAIN Ha KOMMEPYECKOM
CTEKJIOYTJIEPOAHOM 3JIEKTpoJe B (opme As’. AHamuTHYeCKMHi CHrHal Ha
BOJITAMIIEPHOM KPUBOM MOJIy4aiv B BUJE MpeneabHoro audp@dy3uoHHOTO TOKa MpHU
noteHuanax okojgo E = 0,10 B oTHocHUTENbHO XJIOPUACEPEOPSHOTO SIEKTPOJIa
cpaBHEHHUs. B pe3ynbTare 2JIEKTPOXUMHUUYECKOU PEAKLIMU 10 CXEME Aso—>As(IH) + 3¢’
[3, C. 233]. Tlpu sTom (a3oBbIii cocTaB (POPMUPYIOMIMUXCA MPOAYKTOB OKHCICHHUS
JOTIOJIHUTENIBHO HE uccienoBainu. BepositHOo, mporekarotr corimacHo [13, c. 233]
peaKuu OKUCIICHUS

As’ + H,0 = H3AsO; (Bogn.) + 3H' + 3¢ (E’=+ 0,24 B).
As’ + H,0 = HAsO, (Boxs.) + 3H' + 3e (E’= + 0,247 B).

YpoBEeHb aHAIUTUYECKOTO CHUTHAjJla MOXKHO YBEJIMYHUTh MYTEM BBEJCHUS B
pacTBOp MOHOB 30J10Ta, MEAU U APYTUX UOHOB, HO JIOTIOJIHUTEJIHHBIC ONepallui MOTYT
BbI3BaTh YBEJIMUECHHE YPOBHSI KOHTPOJIBHOTO ombiTa. HecMoTpst Ha THAPODUIBHOCTD
OopraHuueckoil ¢azpl MOJEIBHBIX cucTeM (BBeneHO 4,0 M1 BOJbI, a 00bEM BOIHOM
¢da3br 3,7-3,8 MiI) 1 HE3HAUMTEJIbHOE OTHOIIEHHE OOBEMOB pacciavBaroluxcs ¢as
(2,8-3,2), rTumpaToconapbBaT opraHudeckorl  (aspl  okazancs  AHPEKTUBHBIM
skctpareHToM As(III) mpu oHOKpaTHOM SKCTpAKITUY.

Bona BbicTynaer €IMHCTBEHHBIM UJIKUM KOMIIOHEHTOM pacCilanBarolIencs
CUCTEMBl C  KHCJOTHO-OCHOBHBIM  B3auMmojenctBuemM [5]. Ilpu  koHTakTe
KHUCJIOpoAcoaepkKamero 3kcrpareHTa R=0 ¢ KHUCIBIM pacTBOPOM MHKPOIJIEMEHTA
M" mpoucxomuT 0Opa3soBaHME B OpraHMYecKodl (paze KATHOHHBIX THAPATO —
COJIbBATOB, 3apsifi KOTOPHIX CKOMIIGHCHPOBAH aHUOHAMHU COOTBETCTBYIOIIEH
KHUCJIOTHI:

H" +n X"+ nR=0 + mH;0 — [(H30")m(R=0)n]™" X"

ITepexon skcTparupyemoro, Hampumep, xjgopuaHoro (X') anuaoKOMILIEKca
[MXq]“? B opraHndeckyro (a3y MOXKHO PacCMAaTPUBATH KAK PEAKIMIO AHHOHHOTO
oOMeHa
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{[(H:0")M(R=0)n]mX }o,. + y[MXq] @
o {[(H:0)MR=0)n]™ (m-y)Xy[MXq " “}op + yX~ [6]

[Ipu skcTpakuuu Mo TUAPATO-COJIBBATHOMY MEXAHU3MY CYIIECTBEHHYIO POJIb
urpaet ¢opma CyIIeCTBOBaHUS JKCTparupyeMoro BeIIecTBA B BOJHOM pPacTBOPE.
PaCCHaHBaHHC B HO,ZIOGHBIX CHUCTEMAX, a I'NIaBHOC, CCICKTHUBHOCTDL HU3BJICUCHUSA B O(D
3aBUCHUT OT aHHUOHHOTI'O (1)OHa.
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IEPBBIA HAHOJIBUT'ATEJIb
A.C. ITonomapes
Pyoyosckuti unoycmpuanvusiii uncmumym (gunuan)
DI'HOY BIIO «Anmatickuti 20cy0apcmeeH bl MeXHUYeCKUll yHugepcumen
um. U U. Ilonzynosar

Hemenkue  Teopetuku M3 yHuUBepcurera  AyrcOypra  OpeuioKuiu
OPUTHHAJIBHYIO MOJEINb 3JIEKTPOJIBUraTeNsl, pabOTaOIIEro Ha 3aKOHAX KBAHTOBOW
MexaHuku. K 1ByM aToMaM, MOMEIIEHHBIM B KOJIbLIEOOPA3HYIO ONTUYECKYIO PELIETKY
IpU OYEHb HU3KOM TemmepaTrype, MNPHUKIAIbIBACTCS CHEIHAIbHO [0100paHHOE
BHEIIIHEE IEPEMEHHOE MarHuTHoe noJie. OJuH U3 aTOMOB, KOTOPBIM YUEHbIE HAa3BAJIN
«HOCHUTEJIEM», HA4YMHAET CBOE [BW)KCHHE II0 ONTHUYECKOM pElIeTKE U uepes
HEKOTOPOE BpPEMs BBIXOJHT Ha IOCTOSIHHYIO CKOPOCTbh, BTOPOM aTOM HIPAET POJIb
«ctaprepa» — Onarogapsi B3aUMOJCHCTBUIO C HUM «HOCHUTENIb» HAYMHAET CBOE
IBWKEHUE. B KOHCTpYKIMSA NOJIydniia Ha3BaHUE KBAHTOBOI'O aTOMHOTO JBUTATEIIS.
IlepBblii  paboTaOMMA  ANEKTPUUECKUI JBUraTedb ObUI CKOHCTPYMPOBaH U
TIPOJIEMOHCTPHPOBaH B 1827 Toxy BEHrepcKHM (GU3MKOM AHBOIIOM Vemmkom.
CoBeplIeHCTBOBAaHUE PA3HOOOPA3HBIX TEXHOJOTUYECKHUX MPOIECCOB MPUBOAUT K
MUHUATIOpU3AIMK  Pa3HOOOpa3HbIX  NpUOOpPOB, BKIIOYAas  yCTPOMCTBA IO
npeoOpa3OBaHUI0 JJIEKTPUUYECKOM WM MAarHUTHOM SHEPIUM B MEXaHUYECKYIO.
Coycts moutu 200 JieT ¢ MOMEHTA CO3/IaHMS TIEPBOTO JIEKTPOJBUTATEIISI UX Pa3MEPhI
JOCTUTIIN MUKPOMETPOBOTO pyOeXa M LIarHyJIHd YK€ B HAHOMETPOBYIO 00JacCTb.
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OnuH W3 MHOTOYHCIIEHHBIX IMPOEKTOB JJIEKTPOABUTATENSI B MHUKpPO/HaHOMAcIITabe
obu1 B 2003 roay mpeioKeH U peau30BaH aMePUKaAaHCKUMU YYCHBIMHU.

Puc. 1. CxemaTrueckuii puCyHOK HaHORJIEKTPOABUTATEIIS

a) Merammueckas 1actuHa-potop (R) kpemurcs Ha MHOTOCTEHHYIO
VIIEPOJIHYI0O HAHOTPYOKY. DJEKTPUYECKMH KOHTAKT K IUIOCKOCTH poTopa
OCYIIECTBJISIETCSL 4epe3 YrIepoJaHyl0 HaHOTpyOKy u aHkepbl (Al, A2). Tpu
anekTpoaa-cratopa (S1, S2, S3), HaXoaAMIUXCS HA MOJJIOKKE W3 OKCHIA KPEMHUS
SiO,, urparT poJib KOHTPOJMPYIOMIUX 3JIEMEHTOB BpAIllCHHS POTOpa — Ha HUX
HE3aBUCUMO JIPYT OT ApYyra Mojaercs dJIeKTpuueckoe HanpspkeHue. b) M3oopaxkenue
ANEKTPOABUTATENS, CACIaHHOE TMPU TMOMOIIA CKAaHUPYIOLIETO 3JIEKTPOHHOIO
Mukpockona. JlnrHa macimtabnoi auHelku 300 HM.

A HedaBHO (PU3MKHU-TEOPETUKH U3 ['epMaHUU MPEJIOKUIA MOJIENb JABUTATENS,
00JIaJaloIIerT0 MHUKPOMETPOBBIMM ~ pa3MepaMd U PaOOTAIOIIEro Ha 3aKOHAX
KBAHTOBOM MEXAHUKH.

Puc. 2. AToMHBII1 KBaHTOBBIN IBUTATENb. [[Ba pa3IMUHBIX yIBTPAXOJIOAHBIX aTOMA
(KOpUYHEBBIN U CUHUI 11aphl) HAXOJATCS B KOJIbLIEOOPA3HOM ONTUYECKOHN peleTKe

JlBurarenb MpeaCcTaBisSeT COOON JBE B3aMMOJICHCTBYIOIIME YaCTUIIBI — JIBa
aToMa, pacrojararoiuxcs B KOJIbIIe0Opa3HOH ONTUYECKON pelieTKe U HaXOISIINXCS
IIPYU OYEHb HU3KOU TeMmreparype (puc. 2). OnTuueckas peleTka — 3TO JOBYIIKA JJIs
TaKUX YJIbTPAXOJIOAHBIX ATOMOB (C TEMIEpaTypod MOpsIKa MUJUIA- WIA MHUKPO-
KEJIbBUHOB), CO3/laBaeMasi HHTep(PepUupyroIMMu JTa3ePHBIMU JTyUaMHU.
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IlepBbIil aTOM — «HOCHUTENb» (KOPUYHEBBIM IIap Ha pHC. 2), BTOPOM aToOM —
«craptep» (cuHui map). M3HauanbHO yacTHULIBI HE BO30YKIEHBI U HAXOAATCS HA JIHE
HHEPreTUUECKON SIMBbl PEIETKH (Ha YpOBHE C MUHUMAJIBHO BO3MOKHBIM 3HAUEHHEM
sHeprum). K onruyeckoil pemieTke NTPUKIAIbIBAETCS BHELIHEE IEPEMEHHOE BO
BPEMEHM MarHMTHOE I0JIe (YIPABJIAIOIINN CUTHANT), BIUAIOIIEE HA «HOCUTENb» U HE
BIMSIOIIEE HAa «CTapTep». 3alyCK JTOro JBHUraTens, B pe3ysibTaTe KOTOPOIo
«HOCHUTENIb» HAayMHAET CBOE KpPYrOBOE€ [JBUKEHHE B ONTHYECKOM pelIeTKe,
OCYILECTBIISIETCS TOCPEICTBOM B3aHUMOJECUCTBUSA C IPYTrOM YAaCTHULIEH — «CTAPTEPOM).
Hannuue atoma-«ctapTepa» B TaKOM YCTPOWCTBE HEOOXOIMMO Ji MOJTHOLEHHON
paboTel KBaHTOBOTrO jBuratens. Eciam Obl BTOpOW yacTHIBl HE OBLIO, TO aTOM-
«HOCUTENb» HE CMOI Obl HayaThb CBOE HAIPAaBJICHHOE JBHUYKEHHE IO ONTHYECKOU
pemietke. To ecTh 3agaya aTroma-«CTapTepa» — HWHULIUUPOBATH 3aIyCK 3TOrO
aBurarens, nath eMmy crapTr. CoOCTBEHHO, OTCIOAA M Ha3BaHUE BTOPOW YACTHUIIHL.
CriycTst HEKOTOpOE BpeMS «HOCUTENDY, Y’KE MO IEHCTBUEM NIEPEMEHHOTO CUTHAJIA B
BHJIC BHEUIHETO MAarHUTHOI'O TOJIS, BBIXOJAMT HA NMHMK CBOEW MOIIHOCTU — CKOPOCTH
JBIDKEHUS aTOMa JIOCTUTAaeT MAKCUMYyMa U B JAJIBHEUIIIEM OCTAEeTCs IIOCTOSIHHOM.

Tenepr Heckoibko cIOB 00 ycioBuix d(G(EKTUBHON padOThl TaKOro
KBaHTOBOI'O aTOMHOIO JBHTaTeNsl. TeopeTMdecKue HM3bICKaHUS HEMELKHX YYEHBIX
[IOKa3aJId, YTO BHEIIHEE IEPEMEHHOE MAarHUTHOE II0JIE JIOJDKHO COCTOATH M3 ABYX
FapMOHMYECKUX KOMIIOHEHT C 3aJaHHBIMU AMIUTUTYJAaMU U C HEKOTOPBIM CIBUTOM
¢da3 Mexay HUMH. OTOT cABUT (ha3bl MEXAY KOMIIOHEHTaMU UIpaer B padore
JIBUTATEIS KJIFOUEBYIO POJIb — OH MO3BOJISIET YNPABIIATH ABUTATENIEM, TO €CTh MEHATH
CKOPOCTb M HaIlpaBJIE€HUE JBUKEHUSA «HOCUTENs». Eciin Obl UCMOIB30BAJICA MPOCTO
rapMOHUYECKHUI CUTHAJI U MAarHUTHOE I0JIE€ U3MEHSJIOCh BO BPEMEHHU, HAIPUMED, 110
3aKOHY CHHYyCa, TO «HOCHUTENb» C PaBHOW BEPOSITHOCTbIO MO OBl JBUTAaThCS B
ONTHYECKOW pEeHIeTKE M0 WM NPOTUB YACOBOM CTPEJIKH, U PEryJIupoBaTh
HaIpaBJIEHUE U CKOPOCTh €T0 ABMKEHUs Obl10 Obl HeBO3MOXkHO. Ha puc. 3 npuBenex
rpaduK, MpenCTaBISIOUIMI CKOPOCTh M HANpPaBJICHUE BPALIEHUS «HOCHUTENS» Kak
GyHKIUIO pa3HOCTH (a3 JOBYX TapMOHUK, PACCUUTAHHYIO C IOMOIIBIO pa3HbIX
KBaHTOBO-MEXaHUYECKUX IOJIXO0JI0B.

0.05 === Direct §me propagation |-
) — H —— Fioguet theory
TN l
I Wk
L= !1'11 I s
= N E"Jv ,’L{\t s
P 9 ! / i P !’I ‘I~. ; : 4"' b
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Puc. 3. 3aBHCUMOCTbH CKOPOCTH ABMKEHUSI aTOMa-«HOCUTENSH OT pa3HoCTH (a3
rapMOHUK (KOMIIOHEHT) U YNPAaBJISAIOIIEr0 MAarHUTHOTO TOJISI, pACCYMTAHHAS ABYMSI
Pa3HBIMU KBAaHTOBO-MEXaHUYECKUMH METOJaMuU
(crutomIHAas JIMHUS U yHKTUPHAS )

16



OTpunatenbHOE 3HAYEHHE CKOPOCTH COOTBETCTBYET IPYrOMY HaIpaBICHUIO
BpanieHusi. CKOpOCTb HOCHUTENS U3MEPSETCS B €IMHUIIAX HEKOTOPOW XapakTEepHOU
CKOPOCTU Vo. BUIHO, 4TO MakCUMyM CKOPOCTH «HOCUTENs» OyneT HabIto1aThes,
Korjaa pasHocTh (a3 paBHa /2 u 3/4. OTpuniaTesibHOE 3HAY€HHE CKOPOCTH O3HAYaeT,
YTO aTOM («HOCHTEIb») BpAaIllaeTCsd B IMPOTHUBOIOJIOXKHYIO cTOpoHYy. Kpome Toro,
y1aJlOCh YCTAHOBUTBH, YTO CKOPOCTh aTOMa-«HOCUTENS» OYyJIeT BBIXOJAUTH Ha CBOE
MOCTOSIHHOE 3HAYEHUE JIUIIb TOT/Ia, KOTJa YUCIIO y3JI0B ONTUYECKON penieTku Oyaer
Oompiie WM paBHO 16 (CcM. puc. 3, 4UCIO Y3JIOB — 3TO, TPyOO TOBOpS, YMCIIO
MEPEMBIUCK MEXKIY «XOJIMaMm»). Tak, Ha puUC. 3 3aBUCUMOCTh CKOPOCTH «HOCHUTEIIS
OoT pa3HocTu (a3 paccuutaHa g 16 y370B ONTHYECKOW pemeTku. YToObI
OTHCHIBAEMOE 3/1€Ch YCTPONCTBO MOXHO OBLIO HAa3BaTh MOJHOIICHHBIM JBUTATEIEM,
HEOOXOJMMO €Ille BBISICHUTh, KaK OHO paloTaeT TOJ JeHWCTBHEM KaKOW-IHO0
Harpy3ku. B oObIYHOM JBUTaTENEe BEIMYMHY HArpy3KH MOKHO OTHCATh KaK MOMEHT
KaKuX-TMOO BHEIIHUX CHJI WM CWIbl. YBEJIMYEHHWE HArpy3Kd MPUBOJUT K
YMEHBIICHUIO CKOPOCTH BpAIllCEHUS JBUTATENsl, NpHU JaJbHEHIIEM YyBEIMUYCHUU
MOMEHTa CHJI JIBUTATEh MOKET HadyaTh C BO3PACTAIONICH CKOPOCTHIO BpalllaThCs B
oOpaTHyI0 CTOpoHY. Ecnu ke W3MEeHUTh HallpaBieHUE MPUIOKEHUS MOMEHTA CUJI, TO
YBEJIMUCHHUE HATPy3KH NMPUBEACT K YBEITUYCHHUIO CKOPOCTH BpallleHus JaBurarens. B
JT000M Citydae, 3/IeCh BaKHO TO, YTO TUIABHOE HEMPEPHIBHOE YBEIUYCHHUE HATPY3KH
JIAeT TaKoe K€ MJIaBHOE W HEMPEPhIBHOE M3MEHEHUE CKOPOCTH BPAICHUS JBUTATEIS.
MOXHO cKa3aTh, YTO 3aBUCHUMOCTb CKOPOCTH BpAIICHHsS] OT BEJIWYUHBI HATPY3KH
JIBUTATEIS SIBJISIETCS HEPEPBIBHON (DyHKUIMEH.

CoBepiieHHO WHaYe OOCTOWT €70 ¢ KBAaHTOBBIM aTOMHBIM JBUTareneM. Bo-
MEePBBIX, CYIIECTBYET MHOXKECTBO 3alpPENICHHBIX 3HAYCHW MOMEHTAa BHEIIHUX CHJI,
MIPU KOTOPBIX KBAHTOBBIA JBUTATENb pabOTaTh HE OyAET — CKOPOCTh «HOCHUTEIISD)
Oyzer paBHa HyJIO (eciiv, KOHEYHO, MCKIIOYUTH TEIJIOBOE ABIKEHHE aToma). Bo-
BTOPBIX, MPU YBEIMYCHUH PA3PEIICHHBIX 3HAYCHHM HArpy3kd CKOpPOCThH JBUTATEIS
BelleT ceOsi HEMOHOTOHHBIM 00pa3oM: POCT MOMEHTa CHJI TPHBOJUT BHAYayie K
BO3PACTaHUIO CKOPOCTH «HOCHUTEJSH, TIOTOM K €r0 YMEHBIICHHIO, a MOCJe 3TOr0 — K
CMEHE HallpaBJEHUs BpAIlEHUS aroMa C OJHOBPEMEHHBIM POCTOM CKOPOCTH
nBrKeHus. BooOiie roBopsi, 3aBUCUMOCTb CKOPOCTH JBUKEHHUS «HOCHUTEIS» OT
BEIIMYMHBI HArpy3Kku OyJeT JucKpeTHOW (QyHkime#t, oOnagaromieit eme u
¢dpakrtaneHbiMu  cBoMcTBamMHu.  CBOWCTBO  (PpakTaJbHOCTM  O3HA4YaeT, dYTO
BBIIIICONMMCAHHOE TIOBEICHHE KBAHTOBOT'O aTOMHOTO JIBUTATENS Oy/IeT MOBTOPSATHCS B
PETYISPHO YIIUPSIOMIEMCS HHTEPBAJIC 3HAYCHUH HarPy3KH.

DKCIIEpUMEHTATOPHI YK€ YCIENH OTpearupoBaTh Ha OMyOJIMKOBAaHHYIO CTATHIO
HEMEIIKUX TEOPETUKOB. OHU CYUTAIOT, YTO IIOMECTHUTH JIBA OTJCIBHO B3ATHIX aTOMa B
TaKyI0 KOJBIICOOPa3HYI0 ONTHUECKYIO PEIIETKY TEXHUYECKH, MOXKET, U peajbHO, HO
OueHb cNokHO. Kpome Toro, HescHO, Kak W3BJe€Ub MOJE3HYIO pabOTy W3 TaKOTo
nBuratens. Tak 94To HEM3BECTHO, Oy/IeT JIU peaqn30BaH MPOEKT TAKOTO KBAHTOBOTO
aTOMHOTO JBUTATEJsI WM OH TaK M OCTAHETCS KPAacHMBOM MOJIEIbI0 Ha Oymare y
TEOPETUKOB.

Jluteparypa
1. http://220.kovalevi.ru/463-pervyy-nanoelektrodvigatel.html.
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NPUMEHEHUE MATEMATHYECKOI'O MOAEJIUPOBAHUS
JIJIs1 PEIHEHUSI TEOMETPUYECKHUX 3AIAY"
H.B. PacckazoBa
Pybyosckuti unoycmpuanvhwiti uncmumym (gunuan)
@I'BOY BIIO «Anmaiickuti 20cyoapcmeeHHblll meXHUYeCKUll YHUGepCcumem
um. UH. Ilonzynosay

B pabote paccmarpuBaercs NpUMEHEHHE METOJOB MATEMaTHYECKOTO MOJICIUPOBAHUS IS
HAXOXJCHUA ODKCTPEMalbHBIX 3HAYCHHM WHTErpajoB MOMEPEYHbIX Mep MMHKOBCKOTO MJist
MPSIMOYTOJIbHBIX MAPALICIICTIUIIEIOB C 3aIaHHBIM I'€0JIE3UNYECKUM JUAMETPOM.

Mamemamuueckoe modenupoéarniue — NPOLECC YCTAHOBJIEHUS COOTBETCTBMS
JaHHOMY pPeaabHOMY 00BEKTY HEKOTOPOTO MaTEMATHYECKOr0 00BEKTA, HA3BIBAEMOIO
MaTeMaTHYECKOM MOENBIO, M UCCIEJOBAHIE TOM MOJENH, [TO3BOJISIONIEE IIOIyYaTh
XapaKTEPUCTUKM  PACCMAaTPUBAEMOIO  pEalbHOro  00BekTa. MareMaTH4ecKoe
MOJIETUPOBAHUE MIPUMEHIETCS B CAMBIX Pa3IMYHBIX 00IACTAX 3HAHWMN, B TOM YMCJIE
€ro MOYKHO TaK)Ke IPUMEHSTE U IS PEIICHUs TEOMETPUYECKUX 3a71a4.

Paccmorpum  caenyromyro  3amauy. Ilyere P =ABCDA'B'C'D’ -
NPSMOYTOJIbHEIM Iapajule/IenuIIe]] B TPEXMEPHOM €BKIIMIOBOM IPOCTPAHCTBE C
peOpaMu  IJTHHBI ‘AB‘ =a, ‘AD‘ =b, ‘AA' =c, e 0<a<b<c. Bsemem

cnenyromue obo3nadenus: O(P) — moBepxHocTh mapaienenunena P (ero rpanuma

B €CTECTBEHHOM TOIOJIOTHMHM TPEXMEPHOro eBkiamaoBa mnpocrpanctsa); d(M, N) —
reojesudeckoe (Buyrpennee) paccrosaue mexay toukamu M € 0(P) u N €0(P),
TO €CTh MUHUMYM JUIMH JIOMaHbIX, dexanmx B O(P) u coemunsromux touku M u
N; D(P) — reomesuueckuii (BHYTPEHHH, B IPYrodl TEPMHHOJIOTMH) JHAMETP

napajuienenunena P (TodHee, €ro MoBepXHOCTH).
[Mapamienenuneny P MOXHO  CONOCTaBHTh  CIEAYIONIUE  HMHTETPaIbl
MOTIEPEYHBIX Mep MUHKOBCKOTO Wi ,1=0,1, 2,3 [8]:

W, (P)=V (P), W, (P) = F(P)/3,
W, (P) =M (P)/3, W, (P) = 47/3,
rne  V(P)=abc — o6nem,
F(P) =2(ab + ac + bc) — mnomans nosepxHocTw,
M (P) = #(a+b +C) — unrerpan cpenaneiit KpUBU3HBL.

Haitnem skctpemanpHble 3HaUCHUSI UHTErPAJIOB MIONEPEUYHBIX Mep MUHKOBCKOTO
(uckrouasi TPUBUAIBHBIA CITy9ail KOHCTAHTBI W3(P) =47/3) ans IpAMOYrOIEHOTO

mapaujiCicinuimcaa Pc 3aJJaHHBbIM I'€OAC3NYCCKHUM JHUAMETPOM.

' PaGora BeImonHeHa mpu mnojanepxke Cosera mo rpadtam Ilpesummenta PO st moaaepku
MOJIOJIBIX POCCHMCKHMX YUYEHBIX M BeIyIIMX HaydyHbIX IKod (kox mpoekrta HII-921.2012.1) u
rpanta OIIIIK (cornamenne Ne8206, 3asBka Ne2012-1.1-12-000-1003-014).
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JIyist periieHust TOCTaBICHHOM 3a/1aud ObUTA TMPUMEHEHBI YMCIICHHBIC, a 3aTeM H
aHAJTMTHYECKUE METOJbl MaTeMaTHYECKOro MojeiupoBaHus. Ha HawaibHOM 3Tare
pEeIICHUS 3aJadd  OOJIBIIIMM TIOJICTIOPhEM  SIBIISIACH CHCTEMa aHAJTUTHYCCKUX
BeIunciIeHu Maple, koTopas mo3BossIeT MPOU3BOAUTD PACUETHI, HCIIOIb3YSI TOTOBBIC
MaTeMaTudeckue (yHKOMM M MeToabl. Jlamee MIs HaxOXICHUS ASKCTPEMabHBIX
3HAYCHHUH BBINICIIPUBEICHHBIX XapaKTCPUCTHUK OBLIN pa3pabOTaHbl BHIUUCIUTCIIHHBIC
AITOPUTMBI ¢ TIPUMCHCHUEM TaKMX YHCICHHBIX METOJIOB, KaK METOJl TPaJHCHTHOIO
CITyCKa JUIsl TIOMCKA AKCTpeMyMa (DYHKIIMH HECKOJIBKUX apTyMEHTOB, METOT 30JI0TOTO
CEYCHMS JIJIS TTOMCKA dKCTpeMyMa GYHKIIMHA OJHOTO apryMeHTa.

AHaAIUTUYECKUE JI0Ka3aTelbCTBAa paccMaTpuBaembix 3amad  (cMm. [4, 5))
MOATBEPININ AJCKBATHOCTh PEINICHUH, TOJYYCHHBIX C TIOMOIIBIO YHCICHHBIX
METOJIOB  MaTeMaTHYeCKOro  MojeiaupoBanms. bomee TOro, TeOpeTHYECKOE
000CHOBaHUE TOYYCHHBIX YUCJICHHBIX PEIICHHH TOpa3/o Jerde MOJTy4YuTh, KOrnaa
YK€ U3BECTHBI MPEIBAPUTEIIbHBIC YUCIICHHBIC PE3YJIBTATHI.

CoOOTHOIIIEHUSI CTOPOH, HAa KOTOPBIX JOCTUTAIOTCS JKCTPEMalIbHbIC 3HAUYCHUS
HMHTETPaJIOB MOMIEPEUYHBIX Mep MHUHKOBCKOTO, IIPUBEEHbI B TabmuIe 1.

Tabmuma 1
Mepa CooTtHotieHue CooTHoleHne

IPSAMOYTOJIBHOTO CTOPOH ISt CTOPOH ISt AsTop

napaJuresienumea MaKCUMyMa MHHUMYMa
[Tnomane a. L 10.I'. HuxoHopoB,
IOBEPXHOCTH LI ‘/E a=b=0 10.B. Hukonoposa [9]
Hurerpan cpenmeit 0:1:1 0:0:1 H.B. Pacckasosa [4]
KPUBU3HEI
O0BeM 1:1: \/E a=0 H.B. Pacckasosa [5]

3aKIOUUTENIBHBIM ~ 3TAalloM pabOThl HAJl TMOCTAaBJICHHOW 3ajadyedt  ObLIO
HalKiCcaHUEe TMPOrPAMMHOIO KOMILIEKCAa «DKCTPEMAJIbHbIE 3HAYEHUS WHTErPajioB
MONepeyHbIX Mep MMHKOBCKOTO Juisi napamienenunenoB» [6]. B mporpamme
peanu30BaHbl YKMCICHHBIE METOMbl pacyeTa CIEAYIOUIUX AKCTPEMAJIbHBIX 3HAYEHUUN
MHTETPaJIoB MONEPEYHBIX Mep MUHKOBCKOTO JUISt MPSMOYTOJIBHBIX
napajuieJIenunesoB C 3aJlaHHbIM T'e0/Ie3UYECKUM (BHYTPEHHUM) JTUAMETPOM:
MaKCUMaJIbHOTO 00beMa, MaKCUMaJILHOM IJIOMIA U TTOBEPXHOCTH, MAKCUMAIBLHOTO U
MHUHUMAJbHOIO 3HAYEHUN HHTErPAJIOB CPEAHEN KPUBU3HBI; pACUET T'€0JI€3UNYECKOrO
(BHYTpEeHHEr0) JAuaMeTpa M JPYyrux OCHOBHBIX (GOpPMYN sl MPSIMOYTOJBHOTO
napasuiesienumnesa.

Cnucoxk aurepaTypbl
1. Baneiii M.H. KpaTuailiive myTd Mo MOBEPXHOCTU Mapaienenunena //
MaremaTtudeckoe npocgelienue, cep. 3, M.: I3g-so MIIHMO. 2005. T. 9. C. 203-
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®u3nko-MareMaTuieckon aurepatypsl, 2002. 472 c.
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NCCIEJOBAHUE KAYECTBA BOJl YYHACTKOB
BACCEWHOB PEK AJIEM U BEPXHEHN OBH
IO.A. TeutuBanoBa, E.A. Jlelitec
DI'bOY BIIO «Anmatickuti 20Cy0apCcmeeHHblll YHUBEPCUME »

JIyist uccienoBanus BOJ, HEMUTHEBOTO Ha3HAYCHUS B3SITHI MPOOBI peku Aselt (T.
Py6moBck), pex bapnaynku (r. bapHayn) u ctounsie Boubl (r. Kamenn-xHa-OO0n),
MUTHEBOIO HAa3HA4YEeHHMs — BOJAONPOBOAHAs Boja (r. baphnayn u r. PyOioBck),
KoJjone3Hast Boja (r. PyOroBck), Boja W3 CKBaXXWMHBI M BOJOHAMOpHOW OamrHu (T.
Kamenp-na-O6m).

N3yyenne XMMHUYECKOTO COCTaBa U OIpeAesieHne (HU3UKO-XUMUYECKUX
XapaKTEPUCTUK MPOBOIMINA TPAJAUIIMOHHBIMU XUMHUUYECKUMHU U UHCTPYMEHTAIbHBIMU
METOJaMH aHaJIHA3a.

Conepxxanue »xene3a, MapraHia ¥ HUTPUT-HOHOB B BoAax pek Ased u
bapHaynku mpeBsImaeT mpeneasHo JOMyCTHMbIC KOHIICHTPAIIMN JaHHBIX BEIISCTB B
Boje. HuTpuThl mTOSBASIOTCS B BOJAE TJaBHBIM 00pa3oM B  pe3yibTaTe
OMOXUMHUYECKOTO OKHCJCHUS aMMHakKa WM BOCCTAHOBJIICHWS HHUTpPaToB. B
MMOBEPXHOCTHBIX BOJaX B TMPHUCYTCTBHUHU JOCTATOYHBIX KOJIMYECTB KHCIOpOAA TIPH
BBICOKHX 3HAYEHUSX OKHCIUTEIHLHO-BOCCTAHOBUTEIIHLHOTO MOTEHIMAIA JOMUHUPYIOT
MPOIIECCHl OMOXUMUYECKOTO OKUCIIeHUs. BoccTaHoBIEHIE HUTPATOB ¢ 00pa30BaHUEM
HUTPUTOB MIPOTEKAET B YCIOBUAX AeUIIUTA KUCIOPOIA B MPUJOHHBIX CIOSIX BOJBI U
B JIOHHBIX OTJIOKeHMsIX. [IOBBIIIIEHHOE CONlepKaHNE MapraHila U Kejle3a UMEeTCs B
KOJI0JIe3HOM BoJie T. PyOmoBcka u pexe bapHayike.
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Tabmanma 1

PCBYJILTaTI)I XUMHWYCCKOT'O aHaJIn3a UCCIICAJOBAHNA BOJ IIMTHCBOI'O HA3HAYCHU A

(Mr/om)
Ne'l pHen | Ox-cte | lllen-tp | Kenmezo | Xuopua | Mapranen | Hurpur-uon | XKecr-
CTh

1 8,1+0,1 |5,6£1,7 | 4,9+0,2 | 3,14+0,03 | 16+0,1 4,80+0,001 | 0,02+0,005 0,67+0,2
2 |7,8+0,1 | 4,0£1,7 | 5,0+0,2 | 0,52+0,03 | 35,2+0,1 | 0,100,001 | 0,016+0,005 | 0,29+0,2
3 | 8,4+0,1 | 4,8+1,7 | 5,3+0,2 | 0,40+0,03 | 45,3+0,1 | 0,05+0,001 | 0,015+0,005 | 0,15+0,2
4 16,340,1 | 4,7+1,7 | 1,5¢0,2 | 0.20+£0,03 | 4,3+0,1 | 0,05+0,001 | 0,018+0,005 | 1,60+0,2
5 |7,7+0,1 | 5,2+#1,7 | 5,0+0,2 | 0,20+0,03 | 4,9+0,1 | 0,05+0,001 | 0,680+0,005 | 5,50+0,2
6 16585 | <15 - <0,3 <350 <0,1 <3,3 <10

1. Komonesnas Boma (PyOmosck); 2. Bomompooanas Boja (PyOmogck); 3.
Bononposoanass Bonma (bapuayn); 4. Bomonamopnast Oamast (Kamenb-Ha-O6mn);
5. CkBaxuHa (Kamenb-Ha-O0u); 6. BennunHa J0MyCcTUMOTO YPOBHSL.

B Tedenue Bcero nepuoaa HaOIIOICHUM, C HOSIOPS 110 Maii, coJiep KaHue Kee3a
B peke bapHaylke BapbHpOBaIO B Mpeaeiax 3HaueHuit 4,9-8,3 mr/aM’, 4o B 3,8-27
pa3 npessbimaet 3HaueHus1 [1/IK. B 3ToT e nepuon BpeMeHu colepKaHHe Kele3a B
KOJIOJIe3HO# Boze coctaBisuio 0,15-0,25 Mr/maM’, 9to npessbimaet 11K B 0,5-0,8 pas.
CojieprkaHie Mapraia B peke bapuaymke — 0,60-2,34 Mr/aM’, 94To HpeBbILIaeT B 2-8
pa3 3nauenue II[JIK (0,3 mr