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®OPMUPOBAHUE HABBIKOB MOJAEJINPOBAHUA B IPOLHECCE
OBYYEHUA MATEMATHUKE CTYAEHTOB
VWHXXEHEPHBIX CIEIIMAJIbHOCTEA

Almomauuﬂ: 6 cmamve padCCMOMPEHbL BOIMOINCHOCMU qbopMupoeczHuﬂ HABbLIKO6
mamemamuyecKkoco MOO@JZMPO@CZHM}Z 6 npoyecce 06yquuﬂ mamemamuke cmydeﬂmoe
UHIICEHEPHbIX cneuuaﬂbﬂocmeﬁ nocpedcmeojw pewerusl npadkmuKo-opueHmupoeaH-

HbIX 3a0ay.

Knwueswvie cnosa: mamemamuueckoe MO@Q]ZMpO@ClHM@, mamemamuxka, npak-

MUKO-OpUEeRmuposaHHbvle 3a0ayi.

B nacTosiiee Bpemst ObICTpBIC TEMITHI Pa3BUTHS HAYKW M TEXHHUKH, HH(POpMaIH-
OHHBIX TEXHOJIOTHH, BOCTPEOOBAHHBIX COBPEMEHHBIM OOIIIECTBOM M MPOU3BOCTBOM,
CTaBAT TEpe]l BHICIIMM 00pa30BaHKEM HOBBIE Mend U 3aaadn. OTHON U3 TIPHOPUTET-
HBIX 33]1a4 SBIIACTCS «0OecTeueHne MHHOBAIIMOHHOTO XapakTepa 6a3oBoro odpaszona-
HUS, pean3alys KOMIETEHTOCTHOTO MOX0/1a, B3AMMOCBSI3H aKaJeMUICCKUX 3SHAHHM
U TIPAKTHYECKUX YMEHUN» [2].

Ananmusupys ®enepanbHbie oOpasoBarenbhbie [8] u nmpodeccruoHanbHbIe CTaH-
aapThl [7] As CTYACHTOB MHXKEHEPHBIX CIIEIUAIBHOCTEH, MOXHO C/IeIaTh BBIBOJ O
TOM, YTO KJTFOUEBHIM HABBIKOM JIJIsI OCYIIECTBICHUS MTPO(ECCHOHALHOM eI TeIBHO-
CTH BBITTYCKHUKAMHU SIBJIICTCSI MOJICTTUPOBAHME PA3TMYHBIX TIPOIIECCOB U SIBJICHUH, CIie-
1u(drKa KOTOPHIX 3aBUCUT OT KOHKPETHOM HAMPABIEHHOCTH.

Hanpumep, nns nanpasnenuit 18.03.02 snepro- u pecypcocoeperaroniye mpo-
IIECChI B XUMHUYECKON TEXHOJOTUN, HE(DTEXUMUN U OMOTEXHOJIOTHH:

— CIIOCOOHOCTh MCIIOJIB30BaTh OCHOBHEIEC 3aKOHBI CCTCCTBCHHOHAYYHbIX JIHUCHIH-

IIJIMH B HpO(l)GCCHOH&JIBHOfI ACATCIbHOCTH, MPUMCHATL METOALI MATCMATHYCCKOI'O
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aHanM3a U MOJACIMPOBAHUSA, TEOPETUIECKOIO U IKCIIEPUMEHTAIBHOIO MCCIIEIOBAHUS
(OIIK-2);

— CIIOCOOHOCTh MOJIETIMPOBATh JHEPro- M pecypcocOeperaroime Mporecchl
B nipoMbInnieHHOCTH (I[TK-16);

MO’KHO OTMETHUTb, YTO MATEMATHUECKOE MOJEINPOBaHHE ITPHOOpETaeT O0IIeHA-
YUHBIW, YHUBEPCAIBHBII XapakTep, a BIaJICHUE IPUEeMaMi MAaTEMATHYECKOTO MOIEIIH-
pOBaHUS CTAHOBUTCS HEOTHEMJIEMOM YAaCTBIO COBPEMEHHOIO KYJIBTYPHOI'O 4YeJo-
Beka [9].

@opMUpPOBaHUE HABBIKOB MOAEIMPOBAHUS, BO3MOKHO, HAYMHATD YXKE C MEPBBIX
KypcoB OOyuYeHUsl IPU U3YYEHHH NPEIMETOB €CTECTBEHHOHAYYHOr0 LMKIIA: (PU3HKa,
XuMusi, MatemaTuka. [Ipu 3Tom mpenogaBaTeny, YUTAIOIIUE JAHHbIE AUCIUIUIMHBI,
JOJKHBI OPUEHTUPOBATHCS HA CIIELU(PUKY TOW CIIEUHUATBHOCTH, JIJIs1 KOTOPOI BEAETCs
naHHas aucuuiuinHa. OJTHUM U3 UHCTPYMEHTOB PeaIM3aluy JAHHOTO MOJX0a MOTYT
OBITh MPAKTUKO-OPHUEHTHUPOBAHHBIE 3a]Ja4H.

ITo muenuro A.I'. MopakoBru4a, MaTeMaTHKa «3TO HAyKa O MATEMaTHYECKUX MO-
nensix. MoJienu OnKChIBAlOTCS B MATEMATHKE CIICHU(PUUECKIM SI36IKOMY [5].

ITpu sTom, mo muenuto A.B. KocukoBa, OCHOBHBIM HHCTPYMEHTAPHUEM HUCCIIE0-
BaHWW PEajbHOr0 MHUpPA CPEACTBAMU MATEMATHKH BBICTYIAIOT MAaTEMAaTUYECKH MO-
JIeJIH, TPUMEHEHNE KOTOPBIX MO3BOJIAET MOKA3aTh YYAIIMMCSl YHUBEPCAIIBHOCTh MaTe-
MaTHYECKOTO armapara Kak CpeCTBa ONMUCAHUS Pa3IMYHbBIX SBICHUH U TIporieccoB [3].

MpbI nosr MaTeMaTHYECKUM MOJEIUPOBAHUEM OYIEM MIOHUMATh 3aMEHY PEAIbHBIX
(U3HUECKUX CBOMCTB U 3aKOHOMEPHOCTEH M3y4aeMbIX SIBICHUH MaTEeMaTUYECKUMH
00BEKTaMH C 1EJIbI0 U3YUECHUSI CBOMCTB U OCOOCHHOCTEH MPOTEKaHUs IIpoiiecca Ha OC-
HOBE aHaJM3a MOCTPOCHHON TEOPETUYECKOW MOJENH U C NOCIEAYIOIIEN HHTEPIPETA-
[Mel TIOTyYeHHBIX pe3yabTaToB [6].

Ha ocHOBe MpoBeIEHHOI0 aHaIM3a OMUCAHUS 3TAIIOB MATEMAaTUYECKOTO MOJIEIH-
poBaHus pa3HbIMU aBTOpamu [1; 4] BbIIEINM OCHOBHBIE TAIlbl MATEMATHYECKOTO MO-
JETUPOBAHUS:

1. Marematuyeckoe 000CHOBaHHME MOJIEIH, KOTOPOE BKIIIOYAET B ceOs onpezene-
HUE LENU MOJEIUPOBAHUS U BBIJICJICHUE CYIIECTBEHHBIX CBOMCTB M 3aKOHOMEPHOCTEM,

HCO6XOI[I/IMI)IX JJIA UCCIICA0OBAaHM .
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2. MaremaTtnuecKkoe ONMMCaHne MOJICITH — IMEPEBOJ] HA MATEMATHIECKUH S3bIK, BbI-
JIEJICHHBIX 3aBUCUMOCTEN 3aKOHOMEPHOCTEH 1 3aBUCUMOCTH Ha TIEPBOM dTarle.

3. AHayu3 ¥ BRIOOP BO3MOYKHBIX METOJIOB PEIICHUS (aHATTUTUICCKU, TEOMETPH-
YECKHUH, YUCICHHBIN) U UX peaTu3aliusl.

4. TIpoBepka aJIcKBaTHOCTH MOJICIIH.

5. UnTepnpeTalivs NOJTy4eHHBIX PE3yJIbTaTOB.

6. PaccMoTpeHre BO3MOXHOCTEH HCIIOIb30BaHUS IMOJIYUYCHHOM MOJENIH s
MPAKTUYECKOTO TPUMEHEHUS.

PaccmoTpum peanmzanuio JaHHBIX 3TAllOB Ha MpUMEpPaxX PEIICHHUS MPaKTHUKO-
OPUEHTUPOBAHHBIX 3aJlad, KOTOPhIE MOTYT OBITh HHCTPYMEHTOM (POpMHUpPOBAHHS
HaBBIKOB MOJICJIMPOBAHUS B Mpoliecce O0yUeHUsT MaTeMaTHKE.

Ilpumep 1. Ilpu aBTOKATaIUTUYECKON peaKIMi CKOPOCTh 00pa30BaHUS HEKOTO-
pOTO BellleCTBA MPOMOPIIMOHATIbHA MPOU3BEJCHNUIO KOHIIEHTPALIMM UCXOIHOTO Bellle-
ctBa A u npoaykra peakuuu B. [Ipu kakoMm KoJiMuecTBe UCXOAHOTO BeliecTBa A CKO-
POCTh 00pa30BaHUsI MPOYKTA pEeaKIM HAYNHAET YObIBATh?

Pewenue:.

1 sman (8videnenue ocHOBHBIX 3a8UCUMOCINEN U 3AKOHOMEPHOCELL):

a) B COOTBETCTBHUH C 3aKOHOM COXPaHEHUs MacChl (Macca eeujecms, 6CmMynueuiux
8 peaxkyuro, pagHa macce npooykKmoe peakyui), mo ecms MPUPOCT BelllecTBa B, Oyner
paBeH yObLUTH BelecTBa A;

b) ckopocTh 006pazoBaHus BeliecTBa B mpsMo mponopiimoHaabHa MPOU3BEACHUIO
KOHIICHTPAIMI MCXOTHOTO BEIIECTBA M MPOIYKTA;

C) CKOPOCTh aKTOKATAJIMTUYCCKON pEakiliy B HaYaje Impolecca BO3pacTacT, a 3a-
TEM B pe3yJibTaTe MaJeHUs KOHIIEHTPAIIUA UCXOHOTO BEIIECTBA HAUNHACT YObIBATh.

2 sman (Mmamemamuyeckoe ONUCanue Mooeu).

[Tycth @ — KoHIIeHTpanus Bemectsa A; b — konnenTparus Bemectsa B; X — npu-
pocT BemecTBa B.

VYuuThiBas BeIJICICHHYIO 3aKOHOMEPHOCTh Mace (MyHKT &, IEPBOTO dTara) HMEeM

a=ag—Xub=by+x,

rie ao u o — HavyampHBIC KOHIIEHTpaIMK BemecTB A u B.
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CkopocTh 0Opa3oBaHus BemiecTBa B MoxHO 3anmucats o Gpopmyiie (TyHKT b):
v=kab umn v =k(ag — x)- (by +b),
rae K >0— KoHCTaHTa CKOPOCTH PEaKIIHH.

3 aman (vlbop cnocoba pewierus,).

Y4uThIBasE OCOOCHHOCTh MPOTCKAHMS PEAKIMK, HEOOXOAUMO HAWTH TOYKY DKC-
TpeMyMa TOJy4eHHOW (YHKIIMH, ONMMCHIBArOIIEH mporecc. Halinem mpou3BoaHyro
(GyHKIIH:

v'(x) =k - ((ao = x)*(bp +x)+ (a9 = x) - (b + %))
v'=—k(by + )+ k(ag — x)=—2kx + kag — khy .

JIJ1st HaXOXKACHUS IKCTpeMyMa (PYHKIIUH, penM ypaBHeHue V'=0:
— 2kx+kag —klbp =0; —2kx=—k(ag —byp);

an —b
OTKy,ZIa X= % — CAUMHCTBCHHAs KpI/ITI/ILIeCKaH TOYKA.

JIJ1st omipeieNieHrst SKCTpeMyMa HaiJieM BTOPYIO MMPOU3BOIHYO:
V'"'=(—2kx+ kag — Kby ) = —2k
[Tpuyem v''=—2K < 0 y1st 1I000T0 3HAYUCHHUS X.

ap — b

Taxum obOpazom, Xg = — TOYKa MaKCUMyMa (DYHKIIHH V.

4 u 5 sman (nposepka adekeamunocmu U UHMePNpemayus pe3yibmamos Mooe).
[Tomy4yeHHast Touka Xo SBJASETCS TOYKON MakCUMyMa (PYHKITUHU V, OTTUCHIBAIOIIEH

JAHHYIO PEAKIMIO, 3HAUUT, TP BCEX 3HAUEHUAX X > Xy (yHKUHA yObIBaeT. Takum 00-

an —b
pa3oM, Ipy KOJIMYECTBE X > % CKOPOCTb 00pa30BaHUs MPOYKTa PEaKIIMU HaYH-

HaeT yObIBaTh.

6 oman (8o3mooicHOE npuMeHeHue mooenu,).

[Tomy4yenHoe ypaBHEHHE U MCKOMAasi TOYKa ObUIM 3amucaHbl B 00IEM BUJE, TO-
ATOMY pelrasi 3a/1ady ¢ KOHKPETHBIMUA 3HAYCHUSIMU MOXHO Cpa3y y3HaTh MPH KaKOM
KOJIMYECTBE MCXOJHOTO BEIIECTBA CKOPOCTh 00pa30BaHMUs MPOIYKTa peaKkIuu HadH-

HacT Y6BIBaTI> H UCIIOJIb30BATh 3TO YMCHHC IJIsI pCIICHUS 0oJiee CIIOKHBIX 3aJad4.
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Ipumep 2. Cocyn emkocThio 1 1 cHaOxeH 2 TpyOKamMH U 3alOJIHEH BO3IYyXOM,
coaepxkamum 21% kucnopona mo oobemy. YUepes oiHy TpyOKY B COCY MEJICHHO I10-
CTYITae€T YUCTBHIM KUCIOPOJI, Yepe3 IPYTyI0 BBHITEKAET CMECh BO3AyXa C KHUCIOPOJIOM.
CKOJBKO MPOIIEHTOB KUCTIOpoia OyAeT copepkath cocy/ mocie mpomycka 10 i1 raza?

Pewenue:

1 sman (8vioenenue ocHOBHBIX 3a8UCUMOCIEN U 3AKOHOMEPHOCTEL).

) U3 cOCy/1a BBITEKAET CMECh, COJIepIKaIasi KUCIOPO/T;

b) n3mMeHeHre 3HaUCHUS OHOM BEJTMYMHBI HA TPOTSKCHUH HEKOTOPOT'O BpEMEHH.

2 oman (Mmamemamuyeckoe ONUCanue Mooeu).

Boinenennbsie Ha TEpPBOM JTare 3aBUCUMOCTH, 3allMIIEM B MaTEMaTUYECKON
dbopwme.
. 21
B HauanpHBIN MOMEHT BPEMEHH B COCY/IC 100 7 Kucinoponaa. Tak Kak cMech KUC-

JOpoJAa BBITEKAET, TO B HEKOTOPbIH MOMEHT BPEMEHHU, KOTJla 4epe3 COCy] MPOILIO

a
X Jra3a, B cocye OyaeT coaepKarcs 100 1 xkucnopoaa. [Ipuuem, korja yepes cocyn

IMpOoXOoauT dx o rasa, 3T0O O3Ha4acT, 4YTO B COCYJA BXOIHUT dx i KHUCJIOPOJa U BBIXOIUT

idx JI KUCJIOpo1a
100 posa.

ConepxaHue KACIOPO/ia B COCYAE MOXKHO BBIPA3UTh MAaTEMATUUYECKHU B CIEAYIO-

IIEM BUIE:

):a+(100—a)dx ;

. (dx ~ 2 dx
100 100 100

3HAYUT, MPOIECHT KHCIOPOJa YBEIMUYMIICS Ha BEIHYUHY (100 — a)dx, T.C.
da = (100 —a)dx. ITonyummu MaTeMaTHUCCKYIO MOIENb B Bue Au(depeHIHATBHOrO
ypaBHEHHMSI, KOTOPast OMKCHIBAET JAHHBIH MIPOIECC.

3 aman (svlbop cnocoba peuienus).

[Tony4yeHHO# ypaBHEHUE, SIBIACTCS YPaBHEHHEM C Pa3ICIISFOIIMMUCS ITePeMEH-

HBIMU:

da = (100 — a)dx
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Paznenum nepeMeHHbI€ U POUHTETPUPYEM:
da da
—— =dx; I—:jdx;
100 —-a 100-a
—In[100 —a]=x—Inc; Infl00—a—Inc=—x;
100-a]  100-a
In—— L =—x; —/— —=¢™*;
C C
100—a=Ce * wm a=100—Ce*.
Takum oOpa3oM, MONYYHJIA 3aBHCHMOCTh, KOTOpasi BBIPAXKACT MPOIICHTHOE CO-
Jep’KaHUE KUCIIOPO/ia OT BPEMEHH B OOIIICM BHUJIC.
I/ICHOHB3yeM Ha4daJIbHBIC YCJIIOBH:A, 4YTO B HadaJIbHbBIN MOMCHT BpPCMCHU

(mpu x =0) Bo3ayx, comepxan 21% kucmopoaa mo oobemy (a=21).

21=100- Ce’=c=709. 3HAUUT, 3aBUCUMOCTh MPOIEHTHOTO COJIEPKAHUS KUC-
JopoJia OT BPEMEHHM C 3a/JIaHHBIMH HAYaJbHBIMH YCJIOBHSIMH, 3amacTcs (OpMYIIOi
a=100-79% %

Torma npu X =10 umeem a =100 — 79710 ~ 99,996.

4 u 5 sman (nposepra adexeamunocmu U UHMepPNpemayus pe3yibmanmos Mooe).

Takum oOpazom, B cocyne nmpu npoxoxacHuu 10 1 ra3za mporieHTHOE CoIep KaHme
kuciopoaa oyaet 99,996%.

6 sman (803moo1CcHOE NPUMEHEHUE MOOel).

[TonoOHBIC HECTAIMOHAPHBIC MTPOIIECCH UMEIOT HEJTMHEHHBIN XapakTep, U UX Ma-
TeMaTH4YeCKast MOJICITb OYET ONMUCHIBATLCS Pa3IMIHBIMU TU(PepeHIINaTEHBIMU YPaB-
HEHUSIMU.

Pemenne mogoOHBIX 3a7a4 B Ipoiiecce oOydeHHs] MaTeMaTuke, OyJeT crocoo-
CTBOBAaTh (POPMUPOBAHUIO HAYAJILHBIX HABBIKOB MAaTEMAaTHYECKOTO MOJCIUPOBAHUS C
MOCJICTYIONTUM TTPUMEHEHUEM WX MPU MOJACIUPOBAHUU OOJIEe CIIONKHBIX TEXHOJIOTH-

YECKUX MPOIIECCOB.
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