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MATEMATHUKA

YK 512.556 doi: 10.25730/VSU.0536.18.012

O noaaareopax noJiyKoJiel HenpepbIBHbIX YaCTUYHbIX
AeVCTBUTE/IbHO3HAYHBIX QyHKUMM. IT*

E. M. BeutomoBg}, E. H. /Iy6sirunaZ
1nokTOop GU3MKO-MaTeMAaTUYECKUX HAYK, Tpodeccop, 3aBeAyolUi Kadegpoit PyHAaMeHTATbHON MaTeMaTHKH,
BsaTckuli rocynapcTBeHHbIM yHUBepcuTeT. Poccus, r. Kupos. E-mail: vecht@mail.ru
ZkaHauaT GU3MKO-MaTeMaTHUECKUX HaYK, 0LeHT Kadepbl QyHJaMeHTaJbHOW MaTeMaTHKH,
BsTckuil rocyjapcTBeHHbIN yHUBepcuTeT. Poccus, r. Kupos. E-mail: shishkina.en@mail.ru

AHHoTanusA. CTaTbss OTHOCUTCS K TEOPUM MOJIYKOJIEL, HENPEPhIBHBIX YHUCIOBBIX QYHKIUH, Pa3BUBAaeMOi B
pamMKax GpyHKIHMOHAJIbHOH anre6pbl. O6'beKTOM UCCIe[0BaHUs SBAAIOTCA noJykosblua CP(X) HempepbIBHBIX YaCTHY-
HBbIX QYHKIHMH Ha TONOJOTUYECKHUX TPOCTPAHCTBAX X CO 3HAYEHHEM B TONOJIOTHYECKOM IoJie R 1efCTBUTEIbHBIX YH-
ces1. [IpeiMeTOM H3y4YeHUs CAYKAT MOAANTeOPHI ¢ efuHULel noaykosiel CP(X). PaccMaTpuBarOTCs CBOMCTBA PEIIETOK
A(X) BceBo3MOXHBIX Nofanre6p U Ai(X) Bcex nojanare6p c efuHuned nouaykosen CP(X) Haj TomosoruyeckMMH npo-
CTpaHCTBaMH X. BBIsICHEHO CTpOeHHe aTOMOB ¥ NIPeJAaTOMOB B pemeTKax A1(X). 3TO MO3BOJIMIIO PEMIUTE 33/ja4y ONpe-
JensieMoctu T1-mpocTpaHcTB X perieTkoit A1(X): mo6oe Ti-mpocTpaHcTBO X 0JHO3HAYHO, C TOYHOCTBIO [0 TOMEOMOP-
dusMa, onpegesnseTcsa peieTkol A1(X) B KJ1acce BceX TOIIOJOTHYECKUX IPOCTPAHCTB. B kKauecTBe ciejCTBUSA NOJIyYeH
pe3y/IbTaT U3 Npe/blAyIeld paboThl aBTOPOB 06 aGCOMIOTHON onpeAesisieMocTH T1-npocTpaHcTB X penieTkoi A(X).

KiiloueBble C/I0Ba: MOJIYKOJIBIIO HENMPEPBIBHBIX YaCTUYHBIX JeHCTBUTENbHO3HAYHBIX QYHKIMH, nojanre6pa,
nojaiare6pa c eJUHHUILEN, pellleTKa 04aare6p, Onpee/sieMoCTb.

IIpeaBapuTe/IbHBIE CBEJEHUS

JlaHHasi paGoTa ABJISIETCS NPOJOKEHNEM CTAThU aBTOPOB [4] U MOCBsIleHa U3YYEeHUIO MOAIre6p C
enuHunel noaykoJier CP(X) HenmpepbIBHBIX YaCTUYHBIX PYHKIMH Ha TOMOJIOTMY€ECKHX TPOCTPAHCTBAX X CO
3HAYeHHEM B TOMOJIOTHYECKOM moJie R felicTBUTEIbHBIX yKces. PaccmaTpuBaeTcs pelietka Ai(X) BceBo3-
MOXKHBIX Moanre6p c equHuIed 1 B nosykosbiax CP(X).

HanoMHUM Heo6X0AUMble MOHSATHS U Pe3YAbTaThI [3; 4].

[Tosiyko/Ib1[OM (B IIMPOKOM CMBICJIE) HA3bIBAETCS ajarebpanyeckas CTPYKTypa C acCOLMAaTUBHBIMU
OUHApPHBIMU ONEPALUAMU CI0XKeHUS (+) U yMHOKeHUS ([, TAKUMH, YTO YMHOXXEHHE JUCTPUOYTUBHO OT-
HOCHUTEJIBHO CJIOKEHUSI C 00euX CTOPOH. B Hamiell paboTe moj no.yko/16yom MOHUMAETCsS MOJYKOJBIO C
KOMMYTaTUBHBIMU ONIEPALUSMHU CJIOXKEHUS U YMHOXKeHUs. [1oJie R Bcex IeCTBUTENbHBIX YUCEJT SIBJISETCS
KOMMYTATUBHBIM IOJIYKOJIBI|OM C JieJIEHUEM C MYyJIbTUIIMKAaTUBHBIM HysieM 0 U eauHULEN 1.

[lycTb X - 1poM3BOJIbHOE TOMOJOTUYECKOE TPOCTPAHCTBO,

C(X) - KoJIbII0 BCEX HENMPEPLIBHBIX JIeHCTBUTEIbHO3HAYHBIX QYHKIMH HA IPOCTPAHCTBE X,

CP(X)=0{C(Y): YU X} -
MOJIYKOJIBIIO BCEX HENMPEPBIBHBIX YaCTUYHBIX R-3HauHbIX QYHKIUH Ha X C HOTOYEYHBIMU ONepalUsIMH CJI0-
»KeHUsI 1 YMHOXKeHUSI YaCTUYHbIX QyHKUUH f 1 g Ha nepecedyeHuu D(f)n D(g) ux obsacTeit onpejesieHus.

Cuutaem, uto C(J)={01}. llonykonbuo CP(X) uMmeeT efHULYy 1 YU NOTJIOIAOLXM 31eMeHT (.

Ilodanzebpoii B monykosble CP(X) Ha3bIBaeTCS MPOHU3BOJILHOE €0 MOAIOJYKOJIbIIO0, BbIEPKUBAIO-
Imee YMHOXeHHe Ha yuciaa u3 R. [lyctoe MHOkecTBo [ Takke cunTaercs noganrebpoit B CP(X). OTHoCH-
TEeJIbHO OTHOILIeHUs BKJIloYeHHUs [] MHOecTBO A(X) o6pa3yeT MOJIHYIO PelleTKy C HAUMEHbIIUM 3JIeMeH-
ToM [ 1 HaubosbuM 3sieMeHTOM CP(X), a A1(X) 6yAeT no/IHOM pelieTKON ¢ HAUMEHBILIHUM 3j1eMeHTOM R -
nojanre6poit pyHKIMHA-KOHCTAHT Ha X. TOYHOU HUXKHEW rpaHblO0 HEMyCTOro nogMHoXKecTBa B A(X) 6yzaeT
HX NepecevyeHue, a TOYHas BepXHssd rpaHb nogasnrebp A, B A(X) paBHa A[B=A[B(A+B+AB). PelueTka

A1(X) aBasieTca noapenieTkou pereTku A(X).

© Beumowmos E. M., /ly6sizuna E. H.,, 2018

*Paboma 6bino/HeHa 8 pamMKax 20cydapcmeeHHo2o 3adaHusi MuHobpHayku P® «Iloaykoabya u ux cesidux,
npoekm Ne 1.5879.2017/8.9.
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Tonosiorudyeckoe MPOCTPAHCTBO HasbiBaeTcsl T1-npocmpaHcmeoM, eClu BCe ero OAHOTOYeYHbIe
NOJMHOXECTBA 3aMKHYThI, U To-npocmpaHcmeom, ecyv CoBNajieHue 3aMblKaHUH ero 0JHOTOYe4YHbIX MHO-
xecTB {x}={y} BJedeT paBeHCTBO CaMHX To4deK x U Y. flcHo, uTo Ti-mpocTpaHcTBa ABJAKOTCA To-
npocTpaHcTBaMu. CBsA3HOeE IBOeTOYME, OyAy4uU To-IIPOCTPAHCTBOM, He siBJsieTcs T1-MPOCTPAHCTBOM.

s 1r060ro MoAMHOXKECTBA Y TOMOJIOTHYECKOT0 MpocTpaHcTBa X 0603HayuM vyepe3 Oy U 1y Takue
dyuknuu u3 CP(X), yto D(0y)=D(1y)=Y, 0y=0 u 1y=1 Ha Y. Umeem 0p=15=0. [lng Touek x[1 X 6yaeM nucaTthb
0x=0pq ¥ 1x=1¢. B nonykonbue CP(X) otoxzaectsaseM 1xR c R. Otmetum, uto {0y}={0z} =« Y=Zpna Y, ZO X.

Jns npousBosibHOU GyHKLIMHU e[] CP(X) 0603HaYUM Yepe3 [e] HAMMEHbIYIO NoAaAre6py ¢ eAUHULEN
1 nonykonbua CP(X), cogepxauyto e. Eciy e npuHUMaeT TOJILKO HyJIeBble U/UIN eJUHUYHble 3HAaYEeHHUS],
TO [e] coBMaZiaeT c MHOXXECTBOM, COCTOSIIIUM U3 QYHKIMHA-KOHCTAHT Ha X ¥ PpyHkuuid us C(D(e)), aABasio-
LIMXCSl KOHCTaHTaMKu Ha MHoxecTBax e 1(0)={xD(e): e(x)=0} u e-1(1)={x00D(e): e(x)=1} [6, Teopema 9.3], B
qacTHOCTH 1pU [e]. 3ameTnm, uto [f]=[e] s 060l Takol AByx3HauyHOU ¢yHkuuu fU1 C(D(e)). Umeem
takxke [1y]=[0y]=RO1yR npu o60Mm YOI X, B yactHoctu [(]=[15]=[0]=RO{O}.

TeMe omnpefie/isieMOCTH TONOJOTHUYECKUX IPOCTPAHCTB Pa3/IMYHBIMU ajirebpaMu GQyHKIMN Ha HUX I0-
cBsillleHa 0030pHas ctaThd [1], cM. Takke [2]. OnpefesseMoCTh XbIOUTTOBCKMX MPOCTPAHCTB X pelIeTKON
Bcex nojanre6p KoJern C(X) ycranoBsieHa E. M. BeatoMmoBbIM B 1997 . B pa6oTe [3], cM. Takxke [6, 1. 9].

OTMeTHUM, YTO OCHOBBI TEOPUH MOJIYKOJIEL], HENPEPhIBHBIX YaCTUYHbBIX YUCJI0BBIX QYHKIUN 3a/102Ke-
HbI B [5; 7, rs1aBa 8].

ATtombl (koaToMbl) pemeTkd A(X) - 3To MUHUMMaJIbHble (MaKCUMaJIbHbIE) MOAAATe6PbI MOJTYKOJIbIIa
CP(X). dneMeHT a pelleTKH L ¢ HAUMEHbUIUM 3/ieMeHTOM O HasbIBaeTcs ee npedamomoM, eCIU d CTPOTO
60JIblIIe POBHO JIBYX 3JIEMEHTOB pelIeTKH L: 6 1 HeKoTOporo ee aToMa.

Ilpepyioxxkenune A [4, npenynoxeHue 2]. YnopsidoueHHoe mHoxcecmso {{Oy}: YU X} ¢ omHoweHuem
nodvuHenus usomopgdHo 6yseany B(X)={Y: YU X} ¢ omHoweHuem skawuerusi U, npuuem amomwi {0} pe-
wemku A(X), xO X, coomeemcmsaytom amomam {x} 6yseaHa B(X).

JlaHHOe npejJioKeHYe N03BOJISIeT OTOXAeCTBAATb aToMbl {0y} pemeTku A(X) c nogMHOXecTBaMHu Y
TOIOJIOTUYECKOT0 MPOCTpPaHCTBa X.

Teopema A [4, Teopema]. [IpousgosbHble Ti-npocmpaHcmeo X u monosozu4yeckoe npocmpaHcmeo Y
20MeoMOpPEPHbI Mo2da u mo1bko mozada, kozda usomopPrwi pewemxu A(X) u A(Y).

Ilpumep 1. /la 0AHOTOYEYHOrO TOMOJIOTMYECKOTO MPOCTPAHCTBA X={x} moJiyyaeM IOJIYKOJbLO
CP(X)=RUO{0}, guctpubytusnywo peuetky A(X)={U, {O}, {0}, {00, 0}, R, CP(X)}, usoMmopdHyto npssmomy
MPOU3BeJIEHUIO JIBYX3JIEMEHTHON 1 TPEeX3JIeMEeHTHOH 1iemnel, U AByxasieMeHTHYIO 1enb A1 (X)={R, CP(X)}.

IIpumep 2. PaccMoTpuM ABYyXTOYEYHOE TOMOJOTHUYECKOE TPOCTPAHCTBO X={X, y}, Ha/leJleHHOe aHTHU-
JUCKPeTHOH TONOJIOTUEH WM  TONOJIOTMEeH CBA3HOro JABoeTouyus. [losydyaeM  MOJIYKOJIBLIO
CP(X)=RUO1,RO1,RO{00} u 35-anemenTtHy10 peieTky A(X)={U, {U}, {0}, {0,}, {0x}, {1, 0.}, {L, 0,}, {1, Oy
0,}, {T, 0x}, {0 0x}, {0y, Ox}, {01, O, Ox}, {1, Oy, Ox}, {TJ, Oy O, Ox}, 1:R, 1,R, {I}01R, {}001,R, {T, 0,}J01,R,
{00, 0,}01R, {1}0J1,RO1,R, 1,RO{0x}, 1,RO{0x}, {01, 0x}0 1R, {1, Ox}U 1L, R, {01, 05, 0x}01,R, {J, 0y, 0x} 1 1R,
{0, 0x}01,RO1,R, R, ROLR, RO1,R, RO{O}, ROLRO{O}, RO1,RO{0}, CP(X)}. [Ipu atom C(X)=R u nopas-
re6pa CP(X)\C(X) Bcex co6CTBEHHO YacTUUHbIX QyHKIMM noaykosbla CP(X) cogepxut 14 noganreo6p; mo-
6aBJisisl K 3TUM nojarebpam ¢pyHKLUUIO-KOHCTaHTY 0=0y, mosiyuuM euje 14 nopanrebp. Pemertka A(X) ume-
et yeThipe aToMa {U}, {0}, {0,}, {Ox} u Tpu npemaToma 1R, 1,R, R. B cemuanemenTHo# pemetke A1(X)={R,
RO1,R, RO1,R, RO{O}, RO1,RO{0O}, RO1,RO{0}, CP(X)} poBHo Tpu atoma RO1,R, RO1,R, RO{(0} u Her
npenatomoB. Ee noapemetka {R, RO1R, RO1L,R, ROLRO{0}, CP(X)} sAB/AsieTcs faMaHTOM, IO3TOMY pe-
meTku A1(X) u A(X) He MOAYJIAPHBI.

Ipumep 3. Ilycte X={x, Yy} - [ByXTouyeuHOe JUCKpeTHOe mpocTpaHcTBo. Torga
CP(X)=C(X)U1,RO1,RO{0} u pewetka Ai(X)={R, ROLR, ROLR, RO{O}, ROLRO{O}, ROL,RO{0},
RO1,RO1,RO{0}, C(X), C(X)ULR, C(X)ULR, C(X){T}, c(X)T1,RO{0}, C(XY)U1,RO{0}, CP(X)} comep>ut
14 anemeHTOB, UMeeT YeThbipe aToMa [1x]=RO1:R, [1,]=RO1,R, [O]=RO{}, C(X) 1 He uMeeT NpeaTOMOB.
Kak u B npumepe 2.2, noganrebpa (CP(X)\C(X))U{0x} nonykosbua CP(X) conepkut 28 noganare6p. B no-
Janrebpe (CP(X)\C(X))UM,=1,RO1,RO{00}0M, comepxkutcsa 10 noganredp: My, M O{}, M:[0{0,}, M,J1\R,
MO1,R, M,0{4, 0.}, M;0J{0}01,R, M,T{T0}J1,R, M;0{01, 0,}001,R, (CP(X)\C(X))L M. AHa/IOTU4HO, TOAAJ-
re6pa (CP(X)\C(X))UM, BxuarouaeT B ce6s 10 moganre6p. Ctaso 6bITh, Bcero B noJykoJble CP(X) conep-
KUTCS 62 noJaare6psol.

3ameuanmue 1. [IpumMep 2 mokasbiBaeT, YTO To-pocTpaHCcTBa X He 00513aHbI ONpeJeNsAThCS PeLIeT-
koil A(X). Ho B cuny TeopeMbl A Kak[ioe TOIMOJIOTMYECKOe CBOMCTBO Jito6oro Ti-mpocTpaHcTBa X MOMKeET
OBITb BbIpAXKEHO Ha sI3bIKe pereTku A(X).

3ameuaHue 2. PemeTka nojanre6p kosbua C(X) Haf ABYX3JIeMEHTHBIM AUCKPETHBIM MPOCTPAHCT-
BOM X SIBJISIETCSl JUAaMaHTOM, I03TOMY OHA MOJYJIsIpHA, HO He JUCTPUOYTUBHA [6, c. 114, puc. 2]. Jis Tpex-

5
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3JIeMEHTHOTO AUCKPETHOr0 MPOCTpPaHCTBa Y pelieTKa nojganre6p kosbia C(Y) saBasgeTcs HeMOAYISAPHOU
15-a1eMeHTHOH peleTKOH [6, c. 114, puc. 1], usomopdHoit noapeuietke peuietku A(C(X)) Hag sito6b1M Ti-
IPOCTPAHCTBOM X MOIIHOCTH = 3.

Ilpeasioxenue b [4, npegnoxenue 5]. 4451 8cs1K020 KOHEYH020 duckpemHo20 nhpocmpaHcmea X Mak-
cumasbHble nodaszebpvl  noaykoavya CP(X) ucuepnwigaromcsi nodaazebpamu CP(X)\C(X\{x}) u
(CP(X)\C(X))DA das scex mouek x[1X u makcumanvHbix nodaszebp A koavya C(X).

IIpepsio:xenue B. /15 1106020 kKoHeYHO020 JUCKPETHOTO MPOCTPAHCTBA X MAKCUMA/IbHbIE N0da2e6-
pul koavya C(X) cymb 8 mouHocmu e2o0 MakcumanvHbie udeanst My={fl1C(X): f(x)=0}, xU X, u nodaszebpsbt ¢
edunuyeltl Axy={fUC(X): f(x)=f(y)} no scem moukam x£y us X.

JTo npea/oxKeHUe CleyeT U3 TeOpeMbl O CTPOEHUHU airedbp n-ok AeHCTBUTENbHBIX YMces (CM., Ha-
npumep, [6, Teopema 9.3]).

Jlemma A [4, n1emmMa 4]. Touka x He npuHadaexcum 3amblkaHuro MHoxcecmea Y e Ti-npocmpancmee X
moada u moavko moada, kozda Hatidemcst makas yHkyus eJC(YU{x}), umo e=0 na Y u e(x)=1.

Jlemma B [4, 1emma 5]. [lodmHoxcecmeo Y npousgoabHozo Ti-npocmpancmea X 3amMkHymo mozada u
moJ/ibko mozda, kozda 044 6ol mouku xUX\Y cywecmayem makasa ¢ynkyus el1C(YU{x}), umo e=0 Ha Y u
e(x)=1.

PemeTrka A1(X) moaaire6p c eguHuLe noaykossuna CP(X)

Jns pewetok A1(X) cnipaBeJJiIuB pe3y/ibTaT, aHAJIOTMYHbIHN perieTkaM A(X).

IIpepsioxenne 1. Hmerom mecmo caedyroujue ymeepicoeHus:

1) amomut pewemku A1(X) ucuepnvieaomcs nodaszebpamu [1ly] no ecem cob6cmeeHHbIM NOIMHOd}CE-
cmeam Y monosozuveckozo npocmpaHcmea X u nodaszebpamu [e], 2de ¢ynkyusa ell C(X) npuHumaem 8
moyuHocmu 3HaveHus1 0 u 1 (mo ecmob s18155€mcst HempuguatbHbiM udemnomernmom kovya C(X));

2) npedamomut pewremku A1(X) coenadarom c nodaszebpamu [e] no ecem el CP(X)\C(X), npuHumato-
wum pogHo dea 3HaveHus 0 u 1.

Jloka3aTe/IbCTBO. YTBepkAeHue 1) oueBUAHO.

2) Jlerko BUJeTh, UTO [€] CTPOTO COZEP>KUT POBHO ABe NojAairedpsl c efuHueil: R u [1pe)]. O6pat-
HO, yCTb P - npeaatoM peuieTku A1(X), cogepxawuit atom [1y], u el] P\[1y]. Umeem [1y]O [e]=P. [ToaTOMY
D(e)=Y#0, el C(Y) u yHKIMS e He ABJsAeTCI KOHCTaHTOU. Ec/iv e mpuHUMaeT 6oJsiee JBYX 3Ha4YeHHUH, TO
nojanreopa [e3]#[1y] cTporo cofep>uTcs B [e]=P, 4TO HEBO3MOXKHO. 3HAYUT, € IPUHHUMaeT POBHO /IBa 3Ha-
YeHUs Y, B CUJIY CKa3aHHOTO BBILIE, MOXKHO CYUTATh 3TH 3HaUeHHUs paBHbIMU 0 1 1.

3ameuyaHnmue 3. ATombl [e] U3 nyHKTa 1) npeajioxkeHus 1 cyuiecTBYIOT JJisi HECBSI3HBIX TOMOJIOTUYE-
CKUX MPOCTPAHCTB X, U HaJl HUMHU HeT npeaaToMoB. AToMmsbl [1y], YU X, cogepxaTcs B npeAaToMax, COOT-
BETCTBYIOIIMX — B CUJY NIYHKTA 2) NpeJJokeHUus 1 — BYXKJACCOBBIM OTKPbITO-3aMKHYTbIM Pa36UeHUsIM
NOJAIPOCTPAHCTB Y.

[IpepyioxkeHue 1 MO3BOJISIET OMUCATD TOMOJIOTHIO JII060T0 T1-MPOCTPaHCTBA X B TEPMUHAX aTOMOB U
npesaToMoB pelieTkd A1(X). /1151 aToro HaMm NOTpebyeTcs psifi MpeiBapUTEIbHBIX YTBEPKAEHUM.

Jlemma 1. /l15 a106bix dgyx pasauvHvlx amomos [1y] u [17] pewemku A1(X) eepHbl caedyrwowue ym-
gepacdeHus:

1) [1y]U0[12]=RO[1y]T[12]0[1ynz];

2) nodaszebpa [1y]U[12] codepacum posHo dea amoma [1y] u [1z] mozda u moavko mozda, koeda YU Z
utu ZO'Y;

3) nodaszebpa [1y]U[17] codepacum posHo mpu amoma [1y], [12], [1vnz] mozda u moavko mozada, ko-
2da YO Zu ZO Y. [Ipu smonm [1y,z]=[0J] pasHocuavHo YN Z=01.

CnpaBe/iMBOCTb JieMMbI 1 ycMaTprBaeTCs HEITOCPeACTBEHHO.

U3 nemmel 1 cienyet

Jlemma 2. /a5 A106b1x omauvHbsix om [[J] pazauyHsbix amomos [1y] u [17] pewemxku A1(X) ekatoueHue
YU Z pasHocuavHo cyujecmsosaruro makozo amoma [1y], ymo nodaazebpa [1y]U[1y] codeparcum posHo mpu
amowma [1y], [1y], [O], a nodaaze6pa [1y]L[1z] codepacum dea amoma [1y] u [1z].

Jlemma 3. /115 npous3gonbHo20 amoma A pewemku A1(X) skeusasneHmHbl ymeepicdeHusi:

1) A=[0], au6o A=[e] u 8 koavye C(X) Hem dpyaux HeMmpuguUa1bHbIX UDeMNOMeHMo8 Kpome e u 1-e;

2) AUB codepaicum pogHo dea amoma 045 1106020 amoma BZA.

Joka3zaTe/bCcTBO. UMmnkanus 1)=2) BeITEKaeT U3 npeJjioxKeHus 1.

2)=1). Ecnu A=[1y] pns HenmycToro co6CTBEHHOTO MOAMHOXKecTBa Y mpoctpaHcTBa X, To ALB co-
JepxuT Tpu atoMa 4, B, [] npu B=[1x,y]. Ecsiu ke e, f - pa3iinuHble HETPUBUAIbHBIE UAEMIIOTEHTHI B C(X)
u A=[e], To noganredpa AL[f] cogepXUT 3 UK 7 aTOMOB B 3aBUCUMOCTH OT TOTO, Ha 3 MJIK 4 YaCTH OTKpPHI-
TO-3aMKHYyTble pa36uenus {e-1(0), e1(1)} u {f1(0), f1(1)} AenaT npocTpaHCTBO X.
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JlemmMma 4. I[lycmb X umeem 60.1ee dgyx mouek. Tozda da5 amoma A pewemku A1(X) paseHcmeo A=[]
PABHOCUALHO MOMY, YUMo 01 1106020 amoma BZA nodaszebpa AUB codepiycum posHo dea amoma u He co-
depacum npedamomos.

JokaszarenbcTBO. [lycth A=[[J] u aTom BZA. Torga AUIB=BU{[]} coaepKUT TOJIbKO aTOMbI A 1 B 11 He
COJIEP>KUT NPeATOMOB B CUJY Npe/IoxKeHus 1.

O6paTHO, ycTb aTOM A Y/JOBJIETBOPSET AOCTATOUHOMY YCJAOBHUIO JieMMbl. Tor/ia BBINOJIHSIETCS yT-
BepkgeHue 1) ieMmmbl 3. Eciu A=[e] A/11 HEKOTOPOTO HETPUBHUAJIBHOTO UAEMIIOTEHTA e KoJbla C(X), xol e
1(0) m x10 e-1(1), To mpu Y={xo, x1} moganre6pa A][1y] comepxxut npenatom [f], rae D(f)=Y, f(x0)=0, flx1)=1.
OcTaeTcs BOCHo/1b30BaThCS JIEMMOH 3.

AHa/ornyHoO npejJiokeHU0 A npejgJsoxxeHue 1 U seMMbl 3-4 yCTaHaB/IMBAIOT Ha MHOXECTBe aTo-
MoB [1y], YO X, petieTku A1(X) pelieTOYHO BblpakaeMoe OTHOILIEHHE NopsAAKa (:

[1y[1z] = YO Z
JLJ1s1 JIIOOBIX CO6CTBEHHBIX TOJMHOXECTB Y, Z TONO0JI0rMYeCKOro NpoCcTpaHcTBa X.

CTasio 6bITh, Mbl MOXKEM OTOXAECTBJSATh aToMbI [1y] pemeTku A1(X) c nogmHoxectBamu YU X. B yacr-
HoCTH, [14]={x} /15 110601 TOUKU X TPOU3BOJBHOTO0 HEOAHOTOYEYHOTO TOMOJJIOIHYECKOT0 MPOCTPaHCTBA X.

JlemmMa 5. I[lycmb Y - co6cmeeHHoe nodmHOKicecmao monoJio2uyeckozo npocmparcmesa X u xUX\Y. as
moz2o 4mo6bl Mo4ka X He NpuHadaexcana 3amvlkavur Y, Heo6xodumo u docmamoyHo, Y¥mobbl 8 peuiemke
A1(X) cywecmesosan aubo npedamom P, codeprcawjuti amom [lynyy], 1u60 amom P, makue, umo nodaszebpa
PO[1y] codepscum posHo 5 nodaszebp ¢ edunuyeii R, P, [1y], [1yopl, PU[1y] 8 nepsom cayuae uau 4 nodas-
2ebpbl ¢ eduHuyell R, P, [1y], PL[1y] - 8o emopom cayuae.

Jloka3aTe ibCTBO. EC/u TOUKa X He IPUHAAJIEKUT 3aMbIKaHUI0O MHOXKeCTBA Y, TO 0 JieMMe A UMeeM:
Y=e-1(0) u {x}=e"1(1) pna noaxonsmen pyukuuu e(1C(YU{x}). Ecim YO{x}#£X, To B cuny nyHKTa 2) npejJio-
»keHus 1 nosy4yaeM npegatoM P=[e] Hag aToMoM [1lynpg]. Jlerko BuzeTs, uTo nogaiaredpa PL[1y] BkioyaeT
B ceb6s poBHO 5 noganre6p c egunune: R, P, [1y], [1yopg], PO[1y]. Ecaum xe YU{x}=X, To B cu/1y nyHkTa 1)
npeasoxeHusi 1 mosydaem atoMm P=[e], ansa koroporo P[[1ly] comepxuT 4 mopaanarebpbl ¢ eqUHHUIEH:
R=[1x=[Lroea], P, [1v] u PO 141,

O6paTHO, MyCTb BBIMOJHEHO JJOCTATOYHOE ycJ0BHe JeMMbL [lycTh gaH npepaToMm P, cofepaujuii
atoM [lyngy]- [lo npepnoxenuto 1, 2) P=[e] nas ¢yukuuu elC(YU{x}) co 3Hauenusmu 0 u 1. Eciu e-1(0)2Y
U e1(0)#{x}, To MHOXKecTBO Z, paBHOe e 1(0) uau e1(1), ctporo coaepxkutca B Y. Ho Toraa mojanre6pa
PU[1y] coepXUT Takxe NpeAaToM @, HIOPOXK/AEHHbIA OTKPBITO-3aMKHYThIM pa3dbuenueM {Z, Y\Z} noamnpo-
CTpaHCTBa Y, YTO NIPOTHBOPEYUT NPUHATOMY YCJIOBUIO. AHAJIOTUYHO IPOBepsieTcs U cayyal aToMa P.

JleMMa Jjoka3aHa.

CkaxkeM, 4To T1-IPOCTPAHCTBO X abco1i0mHo onpedessiemcs peuieTkol A1(X), eciu i Jio60T0 TO-
MOJIOTHUYECKOro nmpocTpaHcTBa Y usomopodHocTh pewetok Ai(X) u Ai(Y) BiedeT roMmeoMopPHOCTb MPO-
CTpaHCTB X U Y.

Teopema 1. [IpoussosbHoe Ti-npocmpaHcmeo X abconromuo onpedeasiemcs pewemkoil A1(X).

Joka3zaTesbCcTBO. [1ycThb aHbl T1-IPOCTPAHCTBO X M TONMOJIOTMYECKOE MPOCTPAHCTBO Y ¢ n3oMopd-
HbIMHU pewieTkaMu A1(X) 1 A1(Y). MoxKHO cuydTaTh NPOCTpaHCTBa X U Y He 0AHOTOYEeYHbIMU. PaccMoTpum
nsomopdusm 0 peuieTku A1(X) Ha pewietky A1(Y). s 06bix Toyek XU X 1 y[J Y nosoxuM:

o(x)=y = a([LJ)=[1,].

Ha ocHoBaHuu npeayioxkenus 1 ¢ 6yget 6ueKuued MeXxxay MHOXKeCcTBaMHu X U Y.

Janee mokaxkeM, 4YTO MPOCTPAHCTBO Y Takke 6ynaeT Ti-mpocTpaHcTBOM. CBONMCTBO MpocTpaHCTBA Y
6bITh T1-IPOCTPAHCTBOM O3HAYaeT, UTO JJIA JIOOBIX JBYX pas3/MUHBIX To4ek y1, Y21 Y HalljeTca pyHKLUA
9gad C({y1, y2}), gy1)=0 u g(y2,)=1. Bo3zbMeM B Y Touku y1£y; 1 moaoxum x1=¢-1(y1), x2=0-1(y2). CymecrByet
byuknusa el] C({x1, x2}), e(x1)=0 u e(x2,)=1. [lo npeayoxenuto 1 [e] ABasAeTCA NpeAaToMoM peleTKU A1(X),
cofiep:KaluM aToM [l x23], 160 aToMoM B caydae X={x1, xz}. [loaTomy d([e]) 6yzeT npesaToMoM pelleT-
kU A1(Y), cogepxkamiuM aTtoM O([1x1, x21])=[1y1,y23], 1M60 aToMoM nipu Y={y1, y.}. CHOBa 1o npezioxeHuso 1
a(fel)=[g] mpu g0 C({y1, y2}), g(y1)=0 m g (y2,)=1.

Jl/1s 3aBepllleHUs J0KA3aTeJbCTBA 3aMETUM, YTO B cUJy JieMM b u 5 6uekuuu ¢ u ¢-1 coxpaHsiroT
3aMKHYTble MHOXeCTBa TPOCTPaHCTB X U Y, To ecTh ¢ sABsseTCs roMmeoMopdusMomM X Ha Y.

IIpepsioxenne 2. [is 1106020 monosoz2u4eckozo nhpocmpancmaa X nodaseebpa R noaykoavya CP(X)
onpedessiemcsi 8 mepmuHax pewemku A(X).

Joka3aTesibcTBO. [Ipegoxxenue A Ha A3blKe pelieTKd A(X) AaeT onucaHMe OTHOLIEHUS MTOJ4YUHe-
HUA aToMoB: aToM {0y} moguuHeH atomy {0z}, ecnu YU Z, rae Y, Z - noamMHOoKecTBa npocTpaHcTBa X. [loa-
YUMHEHHUe sIBJSETCS NOPAJKOM Ha MHOXeCTBe aTOMOB pelueTkU A(X), oTHocuTesbHO KoToporo atoM {0x}
6yzeT HauboJbLIKMM 3jeMeHTOM. PaccMoTpyuM MHOXecTBO P Bcex nmpepaToMoB pewteTku A(X), copepxa-
mux atoM {Ox}. B HeM npenaToM R=1xR BrIAEIsSI€TCS CEAYIOIIUM CBOMCTBOM Ha si3blKe perieTkd A(X). s
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jaw6oro atoma {0y}#{0x} nogaared6pa {0y} IR=1yROR coaepxuT ABa npeaatoma 1yR u R, a ana PO P\{R}
uMmeeM P=eR, rae ¢yukuus el] C(X) npuHuMaeT poBHO ABa 3HaueHus 0 u 1, u npu Y=e-1(0) noganrebpa
{0y}0P={0y}P comep>XHUT TOJbKO OJUH MpeaaToMm P.

[IpefiokeHHe OKA3aHO.

OTMeTHM, YTO C/1e[,CTBUEM TeopeMbl 1 U NpeJioxKeHUs 2 ABJISIETCS TeopeMa A, TeM caMbIM, [T0J1y4a-
eM HOBOE /I0Ka3aTeJIbCTBO 3TON TeopeMbl ONpesie/IIeEMOCTH.

[IpuMeps! 2 1 3 10KA3bIBAIOT CIIPABEAJIUBOCTD CJIEYIOIIEro yTBEPKAEHUS:

IIpeasioxeHnue 3. /115 1106020 mono/s102u4eck020 npocmpaHcmaa X 8epHvl ymeepiHcoeHUst:

1) ecau X odHomoueuroe, mo pewemxku A(X) u A1(X) ducmpubymueHoi;

2) ecau X He odHomoueuHoe, mo pewiemku A(X) u A1(X) He ModysipHblL.

JlaHHOe npesJI0XKeHe A0MOoJHSAET [4, npeasnoxeHue 3.

Cnefnymolliee yTBepK/ieHUe BbITeKaeT U3 NpeJioxkeHud b u B.

Ilpepsioxxenne 4. /15 8csiK020 KOHeYHO20 JuckpemHo20 npocmpaHcmaa X MakcumaJbHule noda-
2ebpul  noaykoavya CP(X) ucuepnvigearomess nodascebpamu CP(X)\C(X\{x}), (CP(X)\C(X))UM; u
(CP(X)\C(X))UAxy no scem moukam x2y npocmpancmasa X.

3ameyanue 4. Jlerko BUJEeTb, UTO [JJis JIIOOOTO TOMOJOTHYECKOTO MPOCTpPaHCTBA X MOJIYKOJbLIO
CP(X) coBmajaeT ¢ MHOXKeCTBOM BceX (4YaCTUYHbIX) PYHKLUUN-KOHCTAHT TOrJAa U TOJBKO TOT/a, KOTAa KaX-
Jloe JIByX3JIeMEeHTHOe MOAIPOCTPAHCTBO NPOCTPAHCTBA X JIM60 aHTUJUCKPETHO, JTUOO0 SIBJSETCS CBS3HBIM
JABoeTtouueM. [locsefHee yci0BUe paBHOCUJIBHO TOMY, UTO pellleTKa OTKPBITBIX MHOXeCTB (TOIOJIOrHUs)
TOINOJIOTMYECKOI'0 NPOCTPAHCTBA X SABJISIETCA LeNbIO.

IIpumep 4. [lycTb X - cyeTHOE MHOXKECTBO. YIOPSAJ0UMM ero KaK HaTypayabHbIl psaa N U 06bsiBUM
OTKpBITBIMU MHOXecTBa [, {1}, {1, 2}, .., {1, 2, .., n}, ..., X, o6pa3ytoujye Tonojoruto T Ha X. Ynopsouum X
KaK MHOXeCTBO Z 1eJsbIX yrcesa U noyoxum Ui={z[ Z: z<k} npu k(I Z. MuoxectBa [, X u Uy, kU Z, 06pa3sy-
10T TomnoJsioruio 0 Ha X. Tonosioruu T U O NMpPeACTABASAIOT cO60i Hen3oMopdHbIE CUeTHbIEe LieNH OTHOCHU-
TeJIbHO BKJIIoUeHus. [lonyyaemM HeroMmeoMopdHble To-ipocTpaHcTBa (X, T) U (X, 0) C OAHUM U TEM Ke MOJIy-
kosbloM CP(X), cocTosiiuM — MO 3aMe4yaHUIo 4 - U3 QYyHKIUU-KOHCTAHT Ha MOAMHOXeCTBaxX B X. ITOT
npuMep IMoKasblBaeT, 4yTo M3 u3oMopdusma peuetok A(X) u A(Y) wmm A1(X) u A1(Y) Ham To-
NpPOCTPaHCTBaMM X U Y He cjiefiyeT, BO0O1lle roBopsi, roMeoMopdu3M caMUX IPOCTPAHCTB X U Y.
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Abstract. The article refers to the theory of semirings of continuous numerical functions developed within the
framework of functional algebra. The object of the investigation is semirings CP(X) of continuous partial functions on
topological spaces X with the values in the topological field R of real numbers. The subject of study is the subalgebras
with identity of semirings CP(X). The properties of the lattices A(X) of all possible subalgebras and Ai(X) of all
subalgebras with identity of semirings CP(X) over topological spaces X are considered. The structure of atoms and pre-
atoms in lattices A1(X) is clarified. This allowed us to solve the problem of the determinability of Ti-spaces X by the
lattice A1(X): any Ti-space X is uniquely determined up to a homeomorphism by the lattice A1(X) in the class of all topo-
logical spaces. As a corollary, we obtained a result from the previous work of the authors about the absolute definabil-
ity of T1-spaces X by the lattice A(X).

Keywords: semiring of continuous partial real-valued functions, subalgebra, subalgebra with identity, lattice of
subalgebras, definability.
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OCOGEeHHOCTH U3Y4YeHHUs IPynn JU3Apa U UX NoArpynn
Ha CcrelKypce no TeOpUH rpynmn

E. B. EBclokoBa
KaH/JU/IaT eJJaroruYeCcKUX HayK, o1eHT, To60IbCKUH nearoruueckuii HHCTUTYT uM. [I. U. MengeneeBa (pusiunan)
TioMmI'Y. Poccus, r. To6osbck. Email: 1-evsjukova@rambler.ru

AHHOTanuA. I'pynnel npeo6pa3oBaHUM MJIOCKOCTH M NMPOCTPAHCTBA SBJISIOTCA OJHUM M3 HauboJiee HArJs[-
HbIX IPUMePOB IPYII Npeo6pa3oBaHU. Mess MNHBapUAHTHOCTH HEKOTOPOH KOHPUTYpaLMU OTHOCUTENBHO OMpee-
JIEHHOH TPYIIbI peoGpa3oBaHUi NpHUILIA U3 KpHUCTawIorpaduu. [IepBbIM IaroM B 3TOM HalpaBJIeHUH SIBJSETCS
U3y4eHHe rPyIIl CHMMETPHUH MJIOCKUX U IPOCTPAHCTBEHHBIX QUTYp. B cTaTbe paccMaTpUBAKOTCs JU3pasbHble IPyI-
IbI IOJCTAaHOBOK, UX HOPMaJbHble [[UKJIWYECKUE TTOATPYIIIBI, IPeJIOXKEHBI FeOMETPUIECKHE CXEMBI JAHHBIX TPYII,
NO3BOJISIIOIIME HAIVISAHO NPEJACTaBJAATh M3ydyaeMble GaKTbl U CHOCOGCTBYIOLIME UX OCO3HAHHOMY BOCIPHUSTHIO.
[IpeAcTaB/ieHO A0KA3aTEIbCTBO IBYX TEOPEM O CTPOEHHUH 3JIEMEHTOB rpynnbl C,. JIEMEHTbI TPy AU3/APa BhIpaxka-
IOTCS Yepe3 3JIeMeHThl HENPUBOJUMBIX CHCTEM 06Pa3yoNIMX AAaHHBIX IPYII, YTO 3HAYUTEJBHO YIPOLIAET A0Ka3a-
TeJIbCTBA TEOPEM U COMYTCTBYIOLINE BbIYHCIEHHS, NO3BOJISIET IPUMEHUTDb U3ydeHHble GaKThI AJisl pelleHUs] MPaKTH-
YeCKHUX 33/1a4. PaccMoTpeHHbIe pe3y/IbTaThl MOTYT OBITh UCIOJIb30BAHBI JJIs1 OpraHU3alH UCCIeL0BaTeNbCKON Jes-
TEJbHOCTH CTYJE€HTOB, IPOEKTUPOBAHUS 3JIEKTUBHBIX KyPCOB MaruCTpaHTaMH MaTeMaTUYeCKUX HallpaBJEeHUH MOA-
TOTOBKH.

KioueBble coBa: mnpeoGpa3oBaHue, AU3JpajbHas Tpyla MOACTAHOBOK, CHCTeMa 06pasywouiuX, rpad,
CTPOEHUE 3JIEMEHTOB AN3/[PATbHON IPYIIIBL.

HcTopuKo-MeTo010TUYeCKH e BOIIPOCH U3yUYeHHUs] TEOPUU I'PYILI, TPyHIbl peobpa3oBaHUM U MOJ-
CTaHOBOK NOAPO6HO onucaHbl B KHUTax [1; 3; 5]. Ha cnenkypcax, B JUNJIOMHBIX paboTax CTYLeHThbl U Ma-
TUCTPaHTbl MaTeMaTUYeCKUX HalpaBJeHU MOArOTOBKU U3Y4aloT IPYIIIbI Ipeo6pa3oBaHUM U NOACTAHO-
BOK, IPUMEHSIIOT U3y4yeHHble GaKThl B Pa3/IMYHbIX 06JIACTSAX MaTeMAaTHUKU, B PELIEHUSIX MPAKTHUYECKUX
3a/lay U NpU NPOEKTUPOBAHUU 3JIEKTUBHBIX KYpCOB 110 MaTeMaTHKe AJ5 NPoPUIbHON 1IKO0JbI [6; 7; 9]. B
CTaThsX [2; 8] onuchIBalOTCA Ljesid, IPUHIMIBI 0OT60pa U KpaTKoe CoZiep:kaHue yuebHOro MaTepuasna JJis
3JIEKTUBHOTO Kypca.
1.'pynna gusapa D3
PaccMoTpuM npaBuJIbHBIN TpeyrosibHUK (puc. 1). LleHTp l'[paBI/IJIbHOI‘O

TpeyI‘OJIbHI/IKa (TO‘{Ka O) SIBJISIETCS LIEHTPOM CUMMeTpUU. [IoBopoTHI P?, P 3,

2T
P 3 Ha YTIJibl 0, ?, COOTBeTCTBEHHO BOKPYT TO4YKH 0] IMpOTHUB 4acoBOU

CTPEJIKU NepeBOJST TpeyI‘OJTbHI/IK B ce6s1. KpoMe TOro, MMeeTCs TpU 0CEBBIX
CUMMETPUH S, S, Sp, ONIpefiesIIEMBIX OCIMU CUMMETPHU I, m, n, MpOXOAANIHU-

. MU 4Yepes3 BeplUIMHbI MPaBUJIbHOTO TPEYroJbHUKA U CepeIMHbI ero MPOTUBO-
1 | 2 o 2n an
! MOJIOKHBIX CTOPOH. COBOKYMHOCTh MpeobpasoBaHuil PY, Pz , P3, S, S, Sa

TpeyroJibHUKa B ce6s 06pa3yeT rpynny OTHOCUTENbHO KOMIIO3UIIUU (YMHO-
»KeHHUs) npeobpa3oBaHUi. YI06HO pacCMOTpPeHHbIe reoMeTpUYecKue Mpeos-
pa30BaHUs ONKCHIBATH MOJCTAHOBKAMU. 3aHyMepyeM BepLUIMHbBI NPAaBUJIBHOTO TPEYTOJIbHHUKA YUCIaMU 1,
2, 3 ¥ omuUIEM KaXJo0e ero mpeo6pa3oBaHME IMOACTAHOBKOW Ha MHOXECTBE BEPLIMH TPEYroJbHUKA

1 2 3 )
= , rae k — HOMe MeCTa, KOTOpoO€e ImocJsie BBIIIOJIHEHUA COOTBETCTBYIOLIETO
[ ( 1) 9@ o@3)) ™ @(k) p p yro

npeo6pa3oBaHus 3aHsa BepuinHa k (k € {1, 2, 3}). B pe3y/ibTaTe nojy4yaeM COOTBETCTBHUE MEXKAY CaMO-
COBMEILLeHUSIMU TPEYTOJIbHUKA U HO,E[CTaHOBKaMI/I MHOX€eCTBa Bepmm-l TpeyroJbHUKa:

Po(l 2 3) eP3 o) 2 3)—(123)P sy 2 3):1,3,2),

12 3 2 3 1 301 2
se(] 5 =3 sme(l 2 D=0 =G 2 =02

[pynna cuMMeTpuil NPaBUJIBHOTO TPeyroJibHUKa U30MOpdHA CUMMETPUYECKOH TpyIiNe MO/[CTaHO-
BOK S3. [lofcTaHOBKM B JjajibHeHILIEM Oy/AeM 3allMCbIBAaTh B IIMKJANUecKor ¢popme 3anucu: Sz = { &, (1, 2, 3),
(1, 3, 2), (2, 3), (1, 3), (1, 2)}. IpaBUIO YMHOXKEHHUS MOACTAHOBOK: Vae{l,2,3,...,n} Y- ¢(a) = Y(p(a))
B npou3BeieHUH ePBbIA COMHOXKHUTEJIb (0 MUILETCS CIPaBa, a BTOpoH 1) - cyieBa.

© Escwkosa E. B, 2018
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FeoMeTpUUeCKUM 3KBHUBAaJIEHTOM TPYIIbl U OJJHUM U3 CHOCOGOB €e HAarJIsIHOTO MpeJCTaBJIeHUs
saBysieTcs rpad. ['pad rpynnbl HEBO3MOXKHO IOCTPOUTH 0e3 3HAHHS ee HEMPHUBOJUMOHN CHCTEMBI 06pa-

3yrouux [4].
MHoKecTBO H Ha3bIBaeTCs cucmemoll 06pasyrouux epynnst <G,- >, eCJIu
(V g€ G) (Ahy, hy, ooy hy € H) (Tky, koo ky € {=1,1})g = K- 052 - - hfin

Cucrema o6pasyrouiux H rpynnbl G Ha3blBaeTcsl Henpugodumoll, eC/ii HUKaKas ee MOJACUCTEMA He
siBJIsieTCs s Tpynnbl G ee CUCTEMOU 06pa3yoLuX.

[lnaH nocTpoeHus rpada KOHEYHOU rpynibl Majoro nopsjaka [9]:

1) HaXoAMM 151 ZAaHHOU rPyNIbl HENPUBOAUMYIO CUCTEMY 06Pa3yIOLINX;

2) KaXK/JOMY 3JIEeMEHTY TPYIIbl CTABUM B COOTBETCTBHE BepPUINHY rpada;

3) cTpouM TabJIMIy YMHOXKEHHS 3J1eMEHTOB I'PYIIbI HA 06pa3yoIye 31eMeHTHI;

4) onupasicb Ha TaGJIMILy, CTPOUM rpad IpyNIbl, COeJUHSsS BEPUIMHBI rpada CTpesKaMu Pa3HOro
TUNA (KOKAOMY 3JIeMeHTY h U3 HEeMPUBOJUMOUN CUCTEMbI 06pa3yIIUX COOTBETCTBYET CTPEJIKA OMpe/ie-
JIEHHOT'O BH/Ia); CTpeJiKa BBIXOJUT W3 BepLIMHbI rpada, U300pakalolledl 3JIeMeHT g AaHHOU Tpymibl, U
NPUXOAUT B BEPIINHY, U306pAKAIOILYIO 3JIEMEHT h - g, T/ie g SIBJISETCS IepPBbIM COMHOXHUTeEJNEM, a h sBJIsA-
€TCsl BTOPbIM COMHOXXUTEJIEM (IPUYEM pasJjiMuHble CTPEJIKU rpada He JJO/DKHBI IepeceKaThCcs, HO MOTYT
HMeTb 06IIHe HAYaJsIo UJIH KOHelT).

B kadecTBe HENMPUBOAUMOHN CUCTEMBI 06PA3YIOLINX IPYNIBI CHMMETPHUI NPaBUJIBHOTO TPEYTOJbHH-
Ka, MpeJCTaBJeHHBIX MOJCTAHOBKAMM (OHA Ha3bIBaeTCs rpynnoi awszapa Ds), BbibepeM MOJCTaHOBKHU
a=(1,2,3)upB=(1)(2, 3) = (2, 3). [loncraHoBKa o 33J]aeT MOBOPOT MPABUJBHOI'0 TPEYTOJbHUKA Ha YTOJI
2?” BOKDYT €ro LieHTpa MPOTHB YaCOBOHM CTPEJIKH B IJIOCKOCTH TOTO TPEYrOJIbHHKA, a [3 33/1aeT OCEBYIO

CUMMETPHI0 OTHOCUTENBHO ocu [ (puc. 1). Bce ocTasbHble a/ieMeHTHI rpynnbl Ausgpa De BeipasuM yepes
ob6pasyolye 3JieMeHTbl d U [3:
— 2 3 2y p2 — — 2
D ={a,a%,a°=¢B,L a, B -a’}, Bc=ca-f= - a*.

HO,Z[CTaHOBKI/I a’3 =g a,az 3a4al0T IIOBOPOTHI NPABHUJIbBHOI'O TPEYroJIbHHUKA BOKPYT €ro LHEeHTpa

o 2T 4T
MNPOTHUB YaCOBOMW CTPEJIKH HaA YTJIbI 0, ?, ? .

D¢ . NoacranoBku B,B - @, B * @ 3a4al0T 0CeBble CAMMETPHHM C OCAMH I, M, N COOTBETCTBEHHO. Bbluncanum
MPOU3BEJIEHUS 3JIEMEHTOB I'pyMibl Dg Ha 06pa3yroliue 3jeMeHThl o U 3 (TabJ. 1) u noctpouM rpad rpyi-
bl Dg (puc. 2).

C; = {¢, @, @} 06pasyeT UUKJINYECKYIO IOATPYIIY B IPyIIe

Tabauya 1
a B
£ a %
a a’ | Bra
a? e | Bra?
B_|B-a*| ¢
B-a B a
B-a?| Bra | a?

,8 Puc. 2

Ha rpade (puc. 2) nepexo oT sjeMeHTa g K 3JIeMEHTY & * g IPOUCXOAUT 110 CIJIOLIHOM CTpeJIKe, a
Iepexo/i OT 3JIEMEHTA g K 3JIEMEHTY [ - g IPOUCXOAUT MO0 MYHKTUPHOM CTpEJIKE.

2. 'pynnsl gusapa Dzn. B ctaThe [9] paccMoTpeHa rpynna guaapa

Dg ={a,a%ad,a*=¢B,8 a,f-a% B a3}, rnea = (1,2,3,4),8 = (2,4),

NOCTpPOEHA Tab/MLa YMHOXeHUsI 371eMeHTOB Dg Ha ee o6pasymwolye 3jJeMeHTbl ¢ U 3 ¥ MOCTPOeH rpad
Dg . Bb16paHHBIN HaMM €0c06 3aiaHKA 3JIeMEHTOB IPyNIbI AU3/pa B PAaCCMOTPEHHBIX ABYX CJAydasax MoJ-
JlaeTcss 060011eHUI0. 3aHYMepyeM BepPIUUHbI MPABUJIBHOTO N-YrOJbHUKA YUCAaMU 1, 2, ..., n. JJ1eMeHThl
IPYINbl CHMMETPUHI NPAaBUJABHOTIO N-yroJbHUKA, Ipe/CTaBJeHHbIX NOACTaHOBKaMu (rpynnsl Jusjapa Day),
MOXXHO IepevyuCIUThb, UCMOJb3ys B KauecTBe HENpPUBOJAMMOW CHUCTEMbl 00pa3ywILUX NOACTAHOBKU
a=(1,2,3,..,n)u

11
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DE,nNGn—1) .. (gg + 2) (g+ 1),n = 2m, meN/{1},

B = n+1n+3
12,n)BE,n-1) ( 5 ,T),n =2m—1,meN/{1}.
Dy, ={a,a? a3 a* ...a"Lat =B, -a, B a? .., a¥ 1},
raefl=¢c,a-f=F a™ L
[loficTaHOBKA @ COOTBETCTBYET MIOBOPOTY NPAaBUJILHOIO N-yTOJbLHUKA HA yTOJI 27” BOKPYT €ro IleHTpa

NPOTUB YaCOBOM CTPEJIKU B IJIOCKOCTHU 3TOT0 TPEYroJbHUKA, O/ICTAHOBKA 3 COOTBETCTBYET OCEBOU CUM-
MEeTPUH OTHOCUTEJIbHO OCH, TPOXO/islleii Yepe3 BepIIUHY 1 ¥ EHTP NPaBUJIbHOTO N-yTOJbHUKA.
C, ={sa,a? ..,a™ 1} - rpynna noBopoTOB NpaBUJIBHOIO N-yroJbHUKA BOKPYT €ro IeHTpa Mpo-

2w 4T 2(n-1)m
n )

THUB YacoBOH CTpEeJIKK Ha yTIJibl 0, yeny T COOTBETCTBEHHO, IIpeACTaBJIEHHAA NMOACTAHOBKAMH. Cn

n
SIBJISIETCS] HOPMaJIbHOM IUKJIMYecKoU noArpymnnoit B D,, . [Ipeo6pa3oBaHus, 3a/JaHHble MOJCTAaHOBKaMU

B,B-aB-a? .., B a™ !, cOOTBETCTBYIOT OCEBBIM CMMMETPHSM C OCAMH, NPOXOJANIMMHU Yepe3 LEHTP
NPaBUJILHOTO N-yTOJBbHUKA, NOPSAA0K KAXK/I0T0 U3 3THX 3J1eMEHTOB paBeH 2.

O6uuii cnoco6 noctpoeHus rpada rpynnsl Ausapa D,, onucaH B cTaThbe [9].

3.TeoMeTpuyecKye cxeMbl rpynn AU3pa M MX NOATPynn

Ta6auya 2
I'pynnbl
CooTBeTCTBYIOLIME U30MOPHbIE IPYIIIbI
MOACTAaHOBOK
['pynna noBopoTtos npa- |['pynna noBopoToB JBOMHOM ['pynna noBopoTOB paBUJIbHO-
C3=As BUJIBHOT'O TPEYTOJIbHUKA |PAaBUJIbHOUN TPEeyroJbHOM NU- | o ABYXMEPHOTO CUMILJIIEKCA C
paMuAbl TpeMs BepHIMHAMHU
I'pynna cummeTpuit npa- |[pynmna cuiMmMeTpuid JBoHHOMN 'pynna cuMmmeTpuit npaBUJIbHO-
D¢ = S3 BUJIBHOI'O TPEYTOJIbHUKA |PaBUJIbHOMN TPeyroJbHOU NU- |0 BYXMEPHOT0 CUMILJIEKca C
paMuibl TpeMsi BepHIMHAMHU
['pymnna cuMmMeTpuit ['pynna cuMMeTpUd ABOWHON
Ds KBajpaTa IpaBUJIbHOM YeTbIpPeXyrobHOM HeT
nHMpaMUbl
['pymnna cumMmMmeTpuii pa- |[pynna cikMMeTpuid ABOWHOUN HeT
D2n BUJIBHOI'O N-YTOJIbHUKA | IPAaBUJIbHOM N-yroJibHON Nupa- (npun > 3)
MU/JIbI
['pynna noBopoToB npa- |['pynna noBopoToB ABOMHOM HeT
Cn BUJIBHOI'O N-YTOJIbHUKA | IPaBUJIbHOM N-yroJibHOW Nupa- (npun > 3)
MU/IbI

Jlono/iHMTe/IbHbIE CBeIEHHUSI MOXKHO HaTHU B KHuTre [10].

4. CTpoeHue 3,1eMeHTOB C,. HaiMeHblllee HaTypaibHOE YMCJIO N, TAKOE, YTO " = e Ha3bIBaeTCs No-
psA0KOM 3/1eMeHma d TpyIel <G, - > U o603Havyaercsd |al = n.

UsBecTHO [5]:

l.at=e—>ti]al.

2.a=(1,2,..,n),|a| =n, T. e. 1OPSAAKOM LIMKJIA SIBJISIETCSA €r0 AJHHA.

3. Mlyctrb ¢@=cy"Cy .."Cs, TOe  €4,Cy..,Cc —  He3aBUCHUMble  IIMKJbI,  TOrjAa
l@| = HOK] I(cy), l(cz), ..., l(cs)], rme cumBosioM L(c;) 0603HavYeHa AJIMHA [[UKJA C;.

Teopema 1. Ecaua = (1,2,..,n),|a*| =Lk € {1,2,..,n— 1}, HOL (k,n) = d, Tol = %‘

JokasarenbctBo. |a¥| =1, mostomy (a¥)!'=a*=¢ wu (k-1)in. HOA(k,n)=d, Torsa
(3ky,neN) k= ky-d,n=n, -d, rne HOJZl (k{,n;) = 1. Tak kak (k1) in,to (k- d 1) : (n;-d), noatomy
(k1D i ny. Mockoabky HOJ (kq,n,) = 1, moay4aem [ i n,. Bocnosibayemcst TeM, 4TO MOPSA0K [[UKJA @ pa-
BEH €ro JJIMHE N, OJIyYHUM:

(a,k)nl = gkm = a(krd)"h — ak1(d'n1) = gkn = (an)kl — (5)k1 =c.

[To ycnoButo |ak| = [, moatomy n, i l. YuutseiBag, ytol : n, noayuyum !l = ny = r

Teopema 2. Eciu a = (1,2, ...,n), TO 3JIeMEHT ak e C,, sABJsieTCs Mpou3BeJieHHeM d He3aBUCHMbIX
[UKJIOB JJIMHBI g, raek € {1,2,..,n—1},d = HOJ (k,n).

Jdoka3aTtesbcTBO. Eciiv k = n, To TeopeMa cripaBejiiBa. MeTo10M OT MPOTUBHOIO JOKaXKEM, YTO
npu k € {1,2,...,n — 1} nojcraHoBKa a* He UMeeT HEMOABMKHBIX 371eMeHTOB. [Ipe/iMoN0KHM MPOTUBHOE.
Mycte a®(a) = a. Mockoneky a(a) =a+1 gna a€{1,2,...,.n—1} u a(n)=1, o a¥(a) =a=a+
k(modn), T.e.k i n,4To HEBO3MOXHO, TaK Kak k < n.

12
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Ecau ak = C"Cpr " Cy - npou3BeaeHue HE€3aBUCHUMbIX OHKJIOB, AJINHbI KOTOPbIX

1(c1),l(cy), ..., l(cs), mpuuem I(c;) < l(cy) < ... < l(c;), To mocae Bo3BegeHust B crenedb [ = [(c;) obeux
YyacTell paBeHCTBa UMeeM:

(@) =a=(c; cp e = (¢t ()t - (€)= € (c)t - ... - (c5)'- mopcraHoBKa C He-
MO/ BMXKHBIMU 3JIeMEHTaMH U3 UMKJA C;. [loatomy (k-1)inu (3tEN) k-l =n-t. Torga a®l = a™ =
(a™)t = & = &, cnepoBaTeNbHO,

aft = (el (c)t ot ()t = e (¢)!= ¢ (npu i € {1,2...,5}), TaK KaK Bce LUKAbI Cy,Cy,...,Cq
He3aBucumele. |¢;| = l(c;), Torga umeem [ : I(c;), Ho Ll = I(cy) < l(cy) < ... < I(cs), a 3TO BO3MOXKHO, JIUIIIb
Korja nMmeeT MecCTO paBEHCTBO L =1(c) =1l(cy) = =l(cs). Kpome TOTO,

|a¥| = HOK[ 1(cy), U(cp), ..., Ucs)] =1

I[To Teopeme 1 umeem: | = %, rae d = HOJl (k,n), orcroga d = %
PaHee /[0Ka3aHO, YTO MOJCTAHOBKA a’ He UMeeT HEMOJABMKHBIX 3JIEMEHTOB, T0ITOMY KOJMYECTBO
cumBosioB n = (c;) + I(cy) + ...+ l(cg) = s 1, cnemoBaTesibHO, S = ? =d.

Caeacreue. Cpeay 31eMeHTOB noArpynnsl C, = {&, @, a?, ..., a™ 1} piaa kaxgoro genutens d yucia
n (1 TOJIBKO /ISl HUX) HMEEM POBHO ¢ (g) [O/ICTaHOBOK, pa3Jiaramuxcs B d He3aBUCUMBIX [[UKJIOB.

B [9] chopMyMpoBaHbl TeOpeMbl O CTPOEHUH 3JieMeHTOB D,, \ C,, cbopMyJHMpoBaHbl U pelleHbl
KOMOHHATOPHBIE 33/1a4H, pelliaeMble C IOMOIIbIO U3JI0KEHHBIX TEOPETUYECKUX HAKTOB.
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Peculiarities of studying dihedral groups and their subgroups
on a special course on group theory

E. V. Evsjukova
PhD of pedagogical sciences, associate professor D. Mendeleev Tobolsk Pedagogical Institute (Tyumen State University
branch). Russia. Tobolsk. E-mail: I-evsjukova@rambler.ru

Abstract. Groups of plane and space transformations are one of the most obvious examples of transformation
groups. The idea of the invariance of some configuration with respect to a certain group of transformations came from
crystallography. The first step in this direction is the study of symmetry groups of planar and three dimensional fig-
ures. The paper considers dihedral groups of permutations, their normal cyclic subgroups, geometric schemes of these
groups are proposed, which make it possible to visually represent the facts studied and contribute to their conscious
perception. A proof of two theorems on the structure of the elements of the group Cn is presented. Elements of dihedral
groups are expressed in terms of elements of irreducible systems of generators of these groups, which greatly simpli-
fies the proofs of theorems and computational calculations, allows us to apply the facts studied to solve practical prob-

13



ISSN: 2307-0536, © VyatSU, 2018 Is. 2, Advanced science

lems. The considered results can be used for organization of research activity of students, designing elective courses by
undergraduates of mathematical directions of preparation.

Keywords: transformation, the dihedral group of permutations, the generating system, structure of dihedral
group elements.
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HenvHeVHbIE perpeCCuoHHbI€ MOA€/IN KAK HHCTPYMEHT dHAJIN3a
U MNPOTrHO3UPOBAHUA B 3KOJIOTHHA

C. 1. Topomnogsal, A. B. KazakoBa?
TaccucteHT Kadepbl PyHAaMEHTATBHON MaTeMaTUKH, BATCKUM rocyjapcTBEHHbIA YHUBEPCUTET.
Poccus, r. Kupor. ORCID: 0000-0003-0533-5654. E-mail: svetori82@mail.ru
2 CTyZeHTKa, BaTckuii rocynapcTBeHHbIH yHUBepcUTeT. Poccus, r. Kupos.
E-mail: anya.kazakova-a-v@yandex.ru

AHHoTanusA. OgHON U3 33/]a4 9KOJIOTMH HAa COBPEMEHHOM 3Tarle SIBJSETCS aHa/IU3 BIUSHUs GAaKTOPOB OKPY-
JKalolel cpe/ibl Ha 3[J0pPOBbe HaceJleHUs] U IPOTHO3UPOBAHKE €r0 COCTOSIHUS MPH Pa3/IMYHbIX TEeHAEHIUAX B U3Me-
HEHUU aHTPOINOTEHHOTr0 BO3/eHCTBUA. IGOEKTUBHBIA HHCTPYMEHT PelleHHUsI JaHHOH 3aZiauu CpeCTBAMU MaTeMa-
THKU - KCIOJIb30BaHUE PerpecCHOHHBIX MojeJied. B pa6oTe mpejcTaB/ieH aHAJW3 B3aMMOCBSI3U CTENEeHU 3arpsiaHe-
HUs aTMochepHOro Bo3jyxa KHpoBcKo# o6sacTv M ypoBHSI 3a60JIeBaEMOCTH IIO/IPOCTKOBOIO HAceJIeHUsI PerHoHa
60JIe3HSIMH OPTaHOB ABIXaHHS C IOMOIbI0 HEJTMHEHHBIX PETPECCUOHHBIX MOJieJIeH. YCTaHOBJIEHO, YTO CTATUCTUYECKH
3HAYUMBbIH BKJIAJ| B paCCMaTPUBAEMYIO 3a60J1eBAEMOCTh BHOCAT JIETYYHe OpraHu4ecKue coeJUHEHHUs U YTJIeBO0PO-
Zbl (6€e3 JIETyYUX OpraHUYecKHX coeJuHeHUH). [locTpoeHHbIe HEeJIMHEHHbBIE MOJIEJIU COOTBETCTBYIOT KPUTEPHUSIM, Xa-
pPaKTepHU3YILIMM UX aZleKBaTHOCTh U 3HAYMMOCTh, U 06ecleYruBaloT 060CHOBaHHOE MPOTHO3UPOBAHUE POCTA HU3Y-
JaeMol 3a60J1eBaeMOCTH BO BpEMEHH.

KiroueBble cji0Ba: HeJIMHEHHas perpeccud, MaTeMaTU4YI€CKUEe MOJIeJIN.

OnHOM M3 OCHOBHBIX MPOGJIEM 3KOJIOTUH YeJIOBEeKa SIBJSIeTCS OLleHKa BO3JelcTBUS GAKTOPOB OK-
pyxamwleid cpesibl Ha 340poBbe HaceseHUs [5; 13]. UccienoBaHus, MOCBALlEHHble U3YYEHUIO JAaHHOU
npo6JieMbl, OCYLIECTBJISIOTCA C IpHUBJeYeHUEM pa3HOOOpa3HbIX HAYYHbIX MeTOA0B. O61UM HanpaB/eHU-
eM, XapaKTEePHBIM /IJIsl TAKOTO POJa UCCAef0BaHUH, ABJISETCS NpUMeHEeHUEe KOPPeIsIMOHHO-PerpeccuoH-
Horo aHasu3a [13].

C moMoIbI0 perpecCMOHHBIX MOJiesled yCTaHaB/IMBaeTcs CBA3b (GAKTOPOB OKpy:Kalollled cpefbl U
YPOBHS pacnpocTpaHeHUs 3a60JeBaHUM, TeCHOTa 06HAPYKeHHOH CBSI3U OLeHUBAETCs MEeTOJAaMU Koppe-
JIAUOHHOTO aHasu3a [2]. [loMuMo aHa/sM3a perpecCHOHHbIE MOJIEJIN HUCIOJIb3YIOTCS sl IPOrHO3UPOBa-
HUSA TeHJeHUMU U3MeHeHUs K3ydyaeMol 3ab60J/ieBaeMOCTH, HallpuMep, MO/ BJMSHUEM CaHUTApHO-TUTHe-
HUYEeCKHUX MEepONpPUSATHUH, HallpaBJeHHbIX Ha CHIKEHUE U NpeAynpexxJeHUe aHTPOIOreHHOro 3arpsi3He-
HUs aTMochepHoro Bo3ayxa [9]. M3nokeHHoe Bblillle JaeT OCHOBAaHUE CYUMTATh PErpecCUOHHBbIE MOJeNH
MHCTPYMEHTOM aHa/I3a U IPOTHO3UPOBAHUS B S9KOJIOTHU.

CyuiecTBeHHOe MeCTO CpeAu YIOMHUHAaeMbIX MCCAeJ0BaHUN 3aHMMaeT U3ydyeHHe BJHUSAHUSA 3arpsas-
HeHUsl aTMOCPEepHOro BO3Jyxa Ha COCTOSIHHUE 3[J0POBbsl BCEX TPYII HaceJeHus], B TOM YHUC/e OAPOCTKO-
Boro. CocTosiHUE 3[,0pOBbsI NIOAPACTAIOLIET0 TOKOJEHHSI 0COOEHHO aKTYaJbHO, IOCKOJIBKY COCTABJISIET OC-
HOBY COLIMaJIbHO-3KOHOMHUYECKOT0, TPYZ0BOI'0 U PEeNpOYKTUBHOTO NOTeHMasla obwecTBa [4; 10]. Opra-
HU3M NIOJPOCTKOB 0C060 YYBCTBUTEJIEH K HEOJI1aronpruaTHBIM BO3/eHCTBHUAM OKpYKalolleld cpefbl B CBAA3U
C TeM, YTO NPOUCXOJsIIINE Y HUX BO3PACTHbIE U3MEHEHU s CHIKAIOT a/lallTal{HOHHbIE BO3MOXKHOCTH B3pOC-
Jleollero opranusma [6]. UcciejoBaTesn 0TMEYAIOT yBeJUUYEHHE KOJIUYECTBA MOJPOCTKOB C 6OJIE3HSAMU
opraHoB AbixaHus (BO/), KoM U NMOJKOXXKHOW KJIeTYaTKH, MOYENO0JOBOH CUCTEMbl U JPYTUMH 3KOJIO-
ro3aBUCUMbIMU 60JIE3HSIMU B COBPEMEHHBIX yCa0BUsX [1; 4; 13].

JMHaMHKa 3K0JI0r03aBUCUMOM 3a60/1€BaEMOCTHU MOAPOCTKOBOI'O HaceJleHUsI paCCMOTpPEHA B UCCJIe-
JloBaHUsAX Ha TeppuTopuu [Ipumopckoro kpas [1; 2], UpkyTckoit o6aactu [4; 5; 11], r. Camapsl [7, 9],
r. Ye6okcapnl [10] 1 HEKOTOPBIX JpyTruX Cy6'beKTOB PO. 3 nepeuncieHHbIX paboT B UCCAeJOBaHUSX [2; 4;
7] ucnosb3y0TCs JIMHEHHbIe perpecCUOHHbIe MOJesI JJIs aHa/u3a U POrHO3UPOBAHUsI paclpoCTpaHe-
Hus BO/l moapacrarolero nNoKoJieHUsI B CBSI3U C 3arpsiI3HEHUEM BO3JAYIIHOM cpezbl. B ofHOM M3 Hamux
npeAblAyIIUX paboT [12] oTMedeHO, YTO HeJIMHEeHHble perpecCUOHHbIe MOJeJIM MOTYT NPeACTaB/IATh 60-
Jiee 3HAUUMbIH BapUaHT MO/IeJTUPOBaHUs], HAPUMED B CUJIY TOTO OGCTOSITENbCTBA, YTO MHOTHE SIBJIEHUS B
3KOJIOTUU HOCSIT HEJIMHENHBIX XapaKTep.

BO/l 3aHUMalOT MepPBOE MECTO B CTPYKTYype oblieit 3abojieBaeMocTU HaceseHUus: PP [2]. Boicokuit
YPOBEHb YKa3aHHOH 3a60J1eBaeMOCTU 00'bSICHAETCS BJIMAHUEM Pa3/IMYHbIX GaKTOPOB, B YaCTHOCTH IKOJIO-
rudyeckux. llesib HacCToOsAIEero UCC/Ael0BaHUS — ONPeJEeSUTb 3aBUCUMOCTb COCTOSIHUSL aTMOCHEPHOT0 BO3-

© Toponosa C. H,, Kazakoea A. B, 2018
15



ISSN: 2307-0536, © VyatSU, 2018 Is. 2, Advanced science

JlyXa U MepBUYHOM 3a60/1eBaeMOCTU MOAPOCTKOBOro HacesneHUss KupoBckoit o6siactu BO/l Ha ocHOBe He-
JINHEWHBIX perpecCUOHHbBIX MoJieieil.

MHpopMaLoHHOU 6a30H UCC/IeL0BaHUSA ABUINCH CTaTUCTHYECKUE JAaHHble 0QHIIUAIbHBIX CAalTOB
npaBuTesbcTBa KupoBckoil o6sactu, KupoBcraTa u PocnoTpe6Haasopa 3a 2002-2017 rr. MaTemaTuHye-
CKOe MOJie/TMpOoBaHHe ObLIO peajM30BaHO C MOMOLIbI0 KOPPeIsiLIMOHHO-PErPecCHOHHOI0 aHaIu3a C Uc-
noJib30BaHUeM nporpamMmmel MS Excel.

BbLJI0 YCTAaHOBJIEHO, YTO CTAaTUCTUYECKU 3HAUYUMBIN BKIaj B ¢opmupoBaHue BO/| noapocTKoBOro
HacejieHUs 06J1aCTU NPUHAAJIEKUT JIeTYIUM opraHudeckuM coenuHeHusM (JIOC) u yrineBomopogam (6e3
JIOC). PaccMOoTpUM AeTabHO aHaau3 BAUAHUA 3arpsAsHeHus JIOC y (TbiCc. TOHH) BO3AYIIHOHN cpenbl Ku-

POBCKOM 06/1aCTH Ha IepBUYHYI0 3a6oJieBaeMocTb X (Ha 1 000 yes.) noapocTkoBoro HaceseHus: BO/I.
[lepBoHa4Ya/IbHO MOJEJMPOBAHKE OCYILECTBJISJIOCh HA OCHOBE JIMHEHHOI0 YpaBHEeHUs NMapHOU per-
peccun y = 476,02 + 81,67 x . CraTudyecku 3Ha4MMble Ha ypoBHe 3HaYMMocTH @ = (0,001 XapaKTepUCTHUKU

JIAaHHOT0 ypaBHeHUd ciezyioime: koaddunuent koppeasauun r = 0,83 u koapPHUIMEHT JeTepMUHALUH
R* =0,69, pacueTHble 3HaueHus KpuTepueB Gumepa F = 28,94 u CTbiofeHTA t, =538,1,=87T7.

Pe3ysibTaTbl MOJIEIUPOBAHMUSA C IOMOIIbI0 HEJTMHEHHBIX perpecCHOHHbBIX MOZiesIel MpeCTaBJIeHbI B
Tab6J. 1.

Ta6auya 1
OueHKa NapaMeTpPOB HeJIMHENHBIX perpecCHOHHBIX MO eJIei
HasBanue 1 ypaBHEHYe HEJUHEWHON PacyeTHble 3HAYEHUsI KDUTEPHEB
perpeccuu, HHAeKc feTepMutanud R* ®umepa F' u CTblofenTa !
TosiMHOMHaIbHAsA MOJIENb F=388¢, =514,1,, =-397
~ b l 9 ) 2 b )
$ =53,24+346,01x—34,61x*, R*> =0,87 : =047
a
Jlorapudmuyeckass MoJesib F =5457, t, = -3.56,

a_ _ 2 _
y=320,52-203,8x +994,89Inx, R =0,9 t,, =5.06,1, =7.23

[Tosrysiorapudmuyeckast MoJesb
$=41254+30197Inx, R*> =0,8
O6paTHasi MoJiesib

1 R =061 F=2048,t, =-453,1, =1521
0,0019 -0,00016x

O6paTHas napabosndyeckast MoJiesib

F=5074,1,=712,1, =83

j}:

F=2589,1, =449,

1

V= , R* = 0,81 = =
¥ 0,0029-0,00075x +7.69 107 »° fyy =357,1, 210,29
T'Mnep6oaryecKas MoJiesb F =87,58, 1, =—9,36,
. 968,88 _,
y=1094,73———, R~ =087

X t, =217,29
Mogenb y = al ,R* =093 F =166,16t, =12,89,¢t, =7,12

0,0016 +0,00081x

Crenennas mozens v = 459,48 %" R? =0,77 F=4252,1,=6,52,t, =80,94

[lokazaTesibHasA MOJeJb

2503230112, R = 0,66 F=24731, =497, 1, = 76,44

[lapameTpbl moJyJorapuMuieckoit, o6paTHOM, o6paTHON MapaboJIMUecKON, TUIepOOTUYECKOH,

CTeNeHHOM, N0Ka3aTesJIbHOH MoJiesied U MOJeNu BHja y =

CTaTUCTUYECKH 3HAYMMbl Ha YpPOBHE
a+bx

sHauumoctu @ =0,001. IlpoBepum, 4TO ciay4aliHble OCTAaTKH [ JJAHHBIX MOJieJiel pacrpejesieHbl 110
HOPMaJIbHOMY 3aKOHY pachpe/ie/ieHUs], He aBTOKOPPeJHUPOBaHbl U TOMOCKEJACTUYHBI.

B cBsI3U ¢ HEGOJIBIINM KOJIMYECTBOM HAGJIIO/IEHUH COOTBETCTBUE CJAYYAaWHBIX OCTATKOB HOPMaJlb-
HOMY 3aKOHY pacnpejieJIeHUs1 YCTAHOBUM C MOMOIbI0 KO3()PUIIMEHTOB aCUMMETPUM M 3Kcliecca. TecT
Jlap6uHa - YoTCOHa MO3BOJIUT ONPEEJUTh HAJTUUKE UK OTCYTCTBUE aBTOKOPPEJISIIIUU B OCTAaTKax (Bepx-
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HAS rpaHMLa ykasaHHoro kputepus D-W =136). [IpoBepky BbinoJHeHUs TpeGOBaHUSA TOMOCKeJa-

CTHYHOCTH Cﬂy‘{aﬁHbIX OCTAaTKOB OCylI€CTBHUM Ha OCHOBE TeCTa paHFOBOﬁ Koppeadununu Cnnpmeﬂa.
OU,eHKa Cﬂy‘{aﬁHbIX OCTATKOB IIpeACTaBJIEHA B TabJI. 2.

Tabauya 2
AHa/iM3 cJIy4YallHbIX OCTaTKOB
Koadpounuent
K .
Bita Mogenn Kosdpunuentsl acummerpun A ﬂnginE:Pi paHr};ngpne;;;::a 0,
uakcnecca £ Yorcona D -W
pacyeTHOe 3HaYeHUE l‘p

Muneiinas A=039, E =0,54 D-W =112 p=-0l11,1,=-04
Monynorapudm. A=0,73, E=145 D-W =129 p=-0,04,1,=-016
OparHas A=045, E=0,77 D-W=12 p=-016,1,=-06
O6paruas A=037, E=0,74 D-W=222 | p=-01,1,=-035
napaboJsinyecKas P
I'nnep6osndeckas A=097, E=2]11 D-W =159 p=-019, tp =-0,71
5= X A=0,007, E=0.,7 D-W =146 p=008,7,=03

a+bx
CreneHHas A=0,2, E=0,95 D-W =135 p=-012, t, = —0,43
MokazaTesbRas A=-001, E =0,46 D-W=114 | p=-034,1,=-129

Ha ocHoBe peaJin30BaHHOT'O dHaAJ/JIM34 AeJId€M BbIBO/J, YTO Cﬂy‘{aﬁHbIe OCTaTKH O6paTHOI‘/JI napa6om/1-

YyecKoHn MoAe/ M U MOJeJIn BUJa 5/ = pacopenesieHbl 10 HOPpMaJIbHOMY 3aKOHY pacnpenejieHHsd, He

a+bx
aBTOKOpPpEJIMPOBaHbl U TOMOCKeJAaCTUYHBI.
JlanbHeHIuK BbIGOP Hauy4lleld QYHKIIMU perpecCuy OCyIeCcTBJISJICSA C UCIOJIb30BAaHUEM CpeHeH

. 7 A X .
OTHOCHTEJ/IbHOH OMMGKM annpokcuMauuu A . [ Mogenu § = JJAaHHBIH NOKa3aTe/b
0,0016 +0,00081x

A =6,03%, pst 06paTHON MapaboIMIeCKOn — A =73 %. Yka3aHHble 3HAYeHHs] He npeBocxoAT 10%,

cJef0BaTe/IbHO, MOXHO CAeJlaTh BbIBOJ, YTO 06e MOJe/ M NMoLoO6paHbl KaueCTBEHHO U MOIYT OBbITh UC-
[0J1b30BaHbI /11 060CHOBAaHHOTO NMporyHosa. Hanpumep, cornacHo oUIMasibHbIM CTaTUCTUYECKUM JaH-
HbIM [8], BbIGpOCkI JIOC B atMocdepy KupoBckoit o61actu B 2017 1. cocTaBuu 3,669 Thic. ToHH. CieioBa-
TeJIbHO, B YKa3aHHOM ToJly IpOrHO3UpyeMoe 3HaueHHe epBUYHOU 3abosieBaeMocTy BO/] mogpocTKOBOTO
HaceJieHHUs obJiactu coctaBiisieT 802,5 ciydaeB Ha 1 000 yesioBek.

B 3ak/ir0ueHHe OTMETHM, YTO pe3y/bTaThl NPOBELEHHOI0 UCCAEeL0BAaHUS COTJIACYIOTCS C paboTaMHu
Jpyrux y4yeHblx. HanpuMep, KoJIJIEKTUBOM aBTOPOB [3] yCTAHOBJIEHO, YTO NMpEBBILIEHUE NMPeJeJbHO J0-
MyCTUMOMN KOHILleHTpauuu opMasbiaerua, 6eHs(a)iupeHa U HEKOTOPBIX JPYyTrUX 3arpsisHUTesIed aTMO-
chepHOro Bo3zyxa NPUBOJUT K 3a/iepkKe GU3MUECKOro pa3BUTHSA NOAPOCTKOB I. Kuposa.
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Abstract. Currently one of the ecological problems is to analyze the influence of environmental factors on the
health of the population and forecast its state under different trends in the modification of anthropogenic impact. The
use of regression models is an effective tool for solving this problem by means of mathematics. The paper presents an
analysis of the correlation between the degree of atmospheric air pollution in the Kirov region and the incidence
of tuberculosis diseases in the adolescent population of the region using nonlinear regression models. It has been es-
tablished that volatile organic compounds (VOCs) and hydrocarbons (without VOCs) make a statistically significant
contribution to the considered morbidity. The constructed nonlinear models meet the criteria characterizing their ad-
equacy and significance, and provide a justified forecast for the growth of the studied morbidity over time.

Keywords: nonlinear regression, mathematical model.
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AesATeJTbHOCTHU CTYAEHTOB-3KO0JIOTOB CpeJCTBAMU MaTEMATHKHU
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AHHOTanus. B pa6oTe ycTaHOBJIEHO, YTO OJJHUM M3 CYIIeCTBEHHbIX TPeGOBaHUMN, MpeAbABIsIEMbIX paboTOa-
TeJISIMH K TpodeCcCHOHAIbHOM MOArOTOBKE GYAYIINX 3KOJIOTOB, SIBJISIETCSI MPHOGIEHNE CTYAEHTOB K OCYLIECTBIEHHUIO
CaMOCTOSITEJIbHBIX HayYHBIX HCCIefoBaHUi. 060CHOBaHO, YTO HaubGosiee 3pPpeKTUBHBIM HaNpaBJIeHHUEM peasln3aluu
Hay4YHO-UCCJIEZI0BAaTEbCKON [1eATEJbHOCTH CTY/JEHTOB-9KOJIOTOB CPeJCTBAMH MaTeMaTHUKHU SIBJISETCS COBMeCTHasi
C IpenofaBaTesieM paboTa HaJ| MIPUKIAJAHBIMU HCCIEA0BATENbCKUMU NIPOEKTAMH B 06JIaCTH 3KOJIOTHH. PaccMoTpeH
npuMep NoJ06HOrO NPOEKTa, HallPaBJEHHOTO Ha KJ1accuuKaluio pailoHoB KupoBckoii 06/1acTu 10 onpeie/IeHHbIM
3KOJIOTHUYECKUM MOKa3aTeJIsIM C IOMOIIbI0 MHOI'OMEPHBIX CTATUCTUYECKUX METOZOB (KJIACTEPHOrO aHAIN3a, METO/A
KOPPeJISIMOHHbIX TJIes1]], PAHXKUPOBaHUs) HA OSATh TPYIN: CTAGUIBHO 6/1arONOJIy4YHble, CTAGUILHO HE6/1ar0NoJIyd-
Hble, pallOHbI C HAGJII0JAeMbIM YJIy4lIeHHEM 3KOJOTUYECKOW CUTYAl[UH, TEPPUTOPHUHU C YXYALIEHUEM COCTOSTHUS OK-
pyXarolel cpelbl, palOHBI, XapaKTEPU3YIOLUMeCs] YMePEHHBIMH 3HAYEHUSIMU aHAJU3UPYEMBIX IOKa3aTesled U He-
3HAYUTEJbHBIMU KOJIEGAHUSMU MEXAY YAYYIIeHUeM U YXY/(IIeHHeM 9K0JIOTMYeCKON CUTYaL[UU.

KirouyeBble cjoBa: Hay4YHO-HCC/ea0oBaTeJIbCKad AeATeJIbHOCTb, IPHUKJIAaAHble HCC/eJOoBaTe/IbCKUEe IPOEKThI,
CTYAEHTbI-3KO0JIOTH.

OaHUM U3 MOKa3aTesed KayecTBa BbICIIEr0 06pa30BaHUsA SBJISIETCS BOCTPE6OBAHHOCTh BbINMYCKHU-
KOB BY30B Ha pPbIHKe TpyZAa. AHa/iu3 psaja uccaefoBanuil [1; 5; 8; 11], nocBALeHHbIX U3y4YeHHUIO TpeboBa-
HUH paboToaTesel K mpodpeccHoHalbHON MOATOTOBKE OYAYILUX 3K0OJIOr0B, 103BOJIWJI BbISIBUTh HauboJiee
BOCTpe6OBaHHblE UMU NpodecCHOHANbHbIe KOMIETEHLIUH B 00J1aCTU HAyYHO-UCCJIeI0BAaTeNbCKOU Jes-
TEeJIbHOCTH, B YACTHOCTH YMEHUE CaMOCTOSITEJbHO aHATM3UPOBATh 3/IEMEHThI OKpYKalollel cpefbl B O-
JIEBBIX Y J1TaOOPATOPHBIX YCAOBUAX, ONUCHIBATh, 0QOPMJIATh JOKYMEHTAJIBHO U IPEJCTABJIATh pe3yabTaThl
vcc/ieJ0BaHUs; BbIOUPATh U NPUMEHSATb HE0O6X0AUMble HHCTPYMEHTHI AJ151 aHa/IM3a U 06paboTku uHdpop-
MalUy 10 BOIPOCAM 3KOJIOTHMU; CIIOCOOHOCTb NMPOBOJUTHL CaMOCTOSITEJNbHbIE, OpUTHUHAJNbHbBIE, HAYYHO U
NpaKTUYeCKU 3HaUYUMble HcCaef0BaHusl B npegMeTHOH cdepe [5; 11]. K uucay npuopuTeTHBIX 3ajay,
CTOSIIUX B COBPEMEHHBIX YCJ0BUSAX Nlepesi By3aMHU C TOUKHU 3peHus1 paboTojaTeseld, OTHOCATCS NpoBeJe-
HUE COBMECTHBIX HAayUHbBIX UCCJIEJOBAHUN, CTUMYJIMPOBAaHUE TBOPUYECKONH aKTUBHOCTU U UCCJIeI0BATENb-
CKOH eI TeJIbHOCTH CTYyJeHTOB [1].

C yyeToM npeAcTaBJEHHBIX 3alPOCOB paboToaTesell HE0OX0JUMOM U CYleCTBEHHOW COCTaBJISIO-
el MOBBIIEHUs] KOHKYPEHTOCIIOCOOHOCTHU CTYAEHTOB-3KOJIOTOB SIBJISIETCS OBJIaJileHHEe UMU UCCIe/j0Ba-
TEeJIbCKUMU KOMIETEHLUAMU.

B cooTBeTcTBUM C AelicTByromuMu OT'OC BO 3ko/10ruyecKUx HamnpaBJeHUN MOATOTOBKU UCCIE0-
BaTeJIbCKMe KOMIIETeHI MU Npe/iCTaB/eHbl KaK COCTaBJIsOLIMe NpodecCuOHaNbHbIX KOMIIETEHIIMH Hapsaay
C KOMIIETEHIIUSIMHU B 06JIaCTU IPOU3BOJCTBEHHO-TEXHOJIOTUYECKOH, MPOEKTHON, OpraHUu3alMOHHO-YIPaB-
JIEHUEeCKOM U IpyTruX BUJaxX AesaTeJbHOCTH.

[IpousttoctpupyeM ckaszaHHoe Ha npuMmepe ®I'OC HampaBseHUs1 MoAroToBKU «TexHochepHast
6e3omacHocTb» [13], corjlacHoO KOTOPOMY Y BBIIYCKHHKA JI0JDKHBI ObITh COOPMUPOBAHBI C/eAyIOLIMe NPO-
deccroHaNbHbIE KOMIIETEHIMH, COOTBETCTBYIOLIME HAYYHO-UCC/IeL0BATEAbCKON JeaTebHOCTU: CIOCo6-
HOCTb NIPUHUMATb y4yacTUe B HAy4YHO-UCCJeJ0BaTeJbCKUX pa3paboTKax Mo NpPoQuJ0 MNOATOTOBKH, T.e€.
CUCTeMaTU3UpPOBaTh UHGOPMALUIO IO TeMe UCCJe0BaHUM, IPUHUMATh yyacTHe B 9KCIIepUMeHTax, obpa-
6aTbiBaTh nosay4yeHHble AaHHble ([IK-20); cnocob6HOCTh pemaTh 3aZa4u NpodeccuoHalbHOHN AesTeNbHO-
CTU B COCTaBe Hay4yHO-UCCNeA0BaTe bckoro KosuiekTuBa ([1K-21); cnocobHOCTb UCN0JIb30BaTh 3aKOHBI U
MeTO/bl MaTeMaTHKH, eCTECTBEHHbIX, [YMaHUTAPHbIX U 3KOHOMHUYECKUX HayK NPU pelleHUU npodeccuo-
HasbHbIX 33ja4 ([1K-22); cnoco6HOCTh MPUMEHSATh Ha MPAKTHKE HAaBbIKK MPOBE/IEHUs U ONMCAHUSA UCCie-
JIOBAaHUH, B TOM YHCJIe 3KciepuMeHTaNbHbIX ([TK-23).

YacTb 061eKyJIbTypPHBIX KOMIETEHLUI OpUEHTHpPOBaHA Ha GOpMUpPOBaHUE HAYYHO-UCCJIeJ0BaTe-
JIbCKUX YMEHUH U HaBbIKOB. Hampumep, ciocobHOoCTh paboTaTh camocTosTenbHO (OK-8); cioco6HOCTh K
no3HaBaTesbHOU feaTenbHocTU (OK-10); ciocobHOCTh K aGCTPAKTHOMY U KPUTHUUYECKOMY MBIILIEHUIO, K
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MPUHSATHIO HECTAHAAPTHBIX PelleHUH U paspelieHUo npobaeMHbIx cutyanui (OK-11); ucnosib3oBaHue
OCHOBHBIX IPOIPAaMMHBIX CPE/ICTB, YMEHUE N10J1b30BaAThCS IJ106a/1bHBIMU HHPOPMALOHHBIMHU pecypcaMy,
CIOCOGHOCTh NMPUMEHATbh HAaBbIKM PaboThl ¢ UHGOpMaLUeld U3 pasIMYHbIX UCTOUHUKOB JJIs1 pelleHus
npodeccuoHaIbHBIX U COlMaNbHbIX 3aaa4 (OK-12).

B ofHOM Y3 HAaIIUX NPeAbIAYLIIMX paboT [12] Mbl paccMaTpUBaJu BO3MOXKHbIE HallpaBJIeHUsT peasiu-
3alMM Hay4yHO-HCCAe[0BaTeNbCKON AesATeJbHOCTH CTYAeHTOB-IK0JI0I0B CpeJCcTBaMU MaTeMaTHKH, B 4a-
CTHOCTH pellleHHe 33Ja4 NpodecCHOHaNbHON HAMpPaBJIEHHOCTU UCCIE0BATENbCKOr0 U OJIUMIIHAJHOTO
XapakTepa, NOATOTOBKA COBMECTHBIX C IpenojaBaTeseM MyGJUKaLUM, peasnusanus NPUKJIAJHbIX UCCe-
Jl0BaTe/JIbCKUX [IPOEKTOB B 06J1aCTU 3K0JIOTUH. [loc/iefHEMy HanpaBJ/IeHUIO YAeAs10Ch 0C060e BHUMaHUE,
MIOCKOJIbKY B IIpOLiecce CaMOCTOATEAbHOI0 UCC/IeJ0BaHUSA CTYAEeHThI OCYILEeCTBJISIIOT CO3/JlaHHe 060 bEeKTUB-
HO HOBOTO HAay4YHOIO 3HAHUS U OCBAUBAIOT CTPYKTYPY HAyYHO-UCCJIEJ0BATENbCKON AesITeJbHOCTH, HAYH-
Has ¢ GopMyIMpOBaHUs LiesH, 3a/a4, TUIOTe3bl UCCAeL0BaHUs, 3aKaHYMBasi 0QOpMJIeHMeM U NpeJCTaB-
JIeHUeM ero pe3yJbTaToB.

B ynomuHaemMo#l paboTe mpejcTaBJjeH NpUMep MPUKJIAJAHOTO HCCIAe[0BaTENbCKOTO MPOEKTa, Ha-
MpaBJIEHHOTO Ha KJjaccudukanuo pailoHoB KUpoBCKON 06/1aCTH 10 3KOJIOTUYECKOMY COCTOSIHUIO C TIOMO-
1IbI0 METO/I0B KJIACTEPHOr0 aHaJ/iku3a Ha NMATh IPYNN: paloHbl €O CTAOUIBHO 6J1aroNoJayYHON CUTyaluel
(AdanacbeBckui, BepxHekaMmckuii, MypamnHckui, Jlyackui, OnapuHckul, [IxxaHCKUN, YPKYMCKUR U
IOpbsaHCKUi); pailoHbl ¢ HAGJOJAaeMbIM yJay4lleHHeM 3KOJIOTMYeCKOW cUTyanuu (BsTckomosisiHCKUH,
Kuknypckuii, KoteabHuuckui, OpuueBckuil ¥ SlpaHCcKUil); pailoHbl, HA TEPPUTOPUU KOTOPbIX 3aPUKCUPO-
BaHO yXy/ileHHe 3KoJIornyeckod 06cTtaHoBKU (Kunbmesckuit, OMyTHUHCKUH, [loA0CMHOBCKUI); palloHbI
CO CTabWJIbHO HeO6JIaronoJiydyHod cutyauuei (Apbaxkckui, boropoackuii, Jle6soxkckui, OpsoBckui, CaH-
yypckuid U PaseHcKU); palioHbl, XapaKTepU3YOIHecs] He3HAYUTE/bHbIMU KOJEO0AHUSIMU MEXAY yIyd-
LIEHUEM U YXyALIeHHeM CUTYaluu (Bce OCTa/lbHbIE).

OpHako MHOTOMepHas KjaccupUuKalys MOXKeT 6bITh peaJii30BaHa C IOMOUIbIO JPYTUX METOJ0B Ma-
TeMaTHU4YeCKOM CTaTUCTHUKHU, HAl[pUMEDP PAaHKUPOBAHUSA U MeTO/ia KOPpesILUOHHBIX Ilesd]. B cBsA3u ¢ Tem
YTO 60JIbLIME BO3MOXKHOCTH /11 GOPMUPOBAHUSA HUCCIe[0BaTeNbCKUX HABBIKOB CTY/I€HTOB NPeACTaB/sEeT
pelieHMe 3a7a4 Pa3HbIMU METOJAaMHU, ObLJIO IPUHATO pelleHHe O NPOJO/HKEHUH JaHHOIO UCCIe0BaHUS C
NpUBJIeYEHUEM YKAa3aHHBIX CTATUCTUYECKUX METO/OB.

B uccnenoBanuu [7] noAyepKUBaeTCs BAXKHOCTh IpeJBapUTENbHOM KiaaccubUKALUU 3arpsi3HsI0-
IIUX BelleCTB U UCTOYHHUKOB UX MOCTYIJIEHHS B OKPYXKaWOILYI0 CpeAy Mepes aHaJIU30M UX ONACHOCTH /ISl
3[I0pOBbsl HaceseHUs. B ykazaHHO! pab6oTe C MOMOIIbI0 PAaHXKUPOBAHUS OCYLIECTBJIEHO paclipefiesieHue
XUMUYECKHX BeLeCTB C Y4eTOM 06'bEMOB UX MOCTYILJIEHUS B OKpYamwllyio cpeny KpacHosspckoro kpasi 1
ero TeppUTOPUM 0 KaHLEpPOreHHOM OMAaCHOCTU NMPOMBbIIJIEHHBIX BblOpoCcOB. MeTo/ paHXHMpOBaHHUS HUC-
N0JIb3yeTCs TaKXe JIJ/Isl TPYNIUPOBKU TEPPUTOPUM ApYyrux cyobekToB PP, B yacTHocTH palioHOB CeBepo-
3amazgHoro ¢esepaJbHOr0 OKpyra Mo 3K0JOrHYeCcKOr CUTyaluu [6], MyHUIMNAJbHbIX 06pa3oBaHuil CMo-
JIEHCKOW 06J1acTH IO 3HAYEHHUIO0 MHTEerpajbHOTO MOKa3aTeJs KadyecTBa BoAbl [9], TeppuTopuii r. Kazanu
10 YPOBHIO 3arpsi3HEHHU TsXKeJIbIMU MeTa/lJlaMy CHEXKHOTO MOKPOBa U no4Bkl [10].

[IpefcTaByieHHOE BhILIE pacnpejesieHue TEPpPUTOPUN Halllero peruoHa Ha NsiThb KJIacTePOB COrJacy-
eTcsl ¢ pe3yJIbTaTaMU PaHXXUPOBaHUS, PeaJIM30BaHHOIO C IOMOIIIbI0 TabIMyHOro npoueccopa MS Excel.

MeTog koppessauroHHbIX nesx 1. B. TepenTbeBa coriacHo pabore [2] a¢pdekTrBeH pU U3y4eHUU
pasHbIX [0 CHUJIe 3aBUCUMOCTEH, B TOM 4YMCJe C1abblX KOPpessLMOHHBIX CBA3el, Npeobsajaloludx BO
B3aMMOOTHOLIEHUSIX YeJ0BEeKa C OKpyXKalolled NpUpoAHON cpenoil. JlaHHBIA MeTOJ HUCIOJIb3yeTCs, Ha-
NpUMep, B UCCAe[0BAaHUAX, NOCBAILEHHbIX Kjaaccupukauuu Tepputopuu [Ipumopckoro kpas Ha 30HBI
pacnpocTpaHeHHOCTU 6oJie3HEeN olpefiesieHHOro Kjaacca. B pabote [14] paccMaTpuBalOTCs 60JI€3HU CUC-
TeMbl KOXKM KaK MHJIMKATOPa 3K0JIOT03aBUCHMOM 3a60/1eBaeMOCTHU HAaCeJeHUs1 OT MecTa NPOXKHUBaHUS, B
HUCTOYHUKAX [3] U [2] - 60/1e3HU OPTraHOB JAbIXaHUS U BbIAEJUTENBHON CUCTEMBI COOTBETCTBEHHO.

B HacTosilleM uCC/leL0BaHUM pe3y/IbTaThbl METO/A KOPPEJSLMOHHBIX IJIesA ], COrJIaCyloTCs C JaHHbI-
MU KJIACTEPHOTO aHa/u3a, B YaCTHOCTU BblJieJIeHHe KOPPesSALMOHHBIX IJIes/, IPU MOpOroBOM 3Ha4eHUHU
r = 0,98 cooTBeTCTBYeT pa36HeHHIO Ha IIECThb KJIACTEPOB.

B 3akJ/roueHue UcCCaef0BaHUs OTMETHUM, YTO BCE TPHU PACCMOTPEHHBIX MeTO/Ja MHOI'OMEPHOM KJlac-
cudUKalUU JONOJHAKT Apyr JApyra. KinactepHblil aHa/u3 siBjisieTCs HauboJiee YHUBEPCAIbHBIM U3 HUX,
O/IHAKO ero MpUMeHeHHe OrPaHUYEeHO JBYMs CYlLeCTBEHHbIMH YCIOBUSIMU. Bo-IepBbIX, HCIOJb30BaHUEM
CTelMaJu3uPOBAHHOIO MPOTPAaMMHOT0 06ecredeH s, OTCYyTCTBYIOIIEr0 B CBOOOHOM JOCTYIE U Tpebyro-
1Iero CrelyagbHbIX 3HAHUN U HaBbIKOB. BO-BTOPBIX, COTJIACHO UCTOYHUKY [2], MAKeThl MPUKJIA/[HbIX CTa-
TUCTUYECKHUX MPOrpaMM IPU UX BHICOKOH TEXHOJIOTUYHOCTH MOTYT OGbITh HEJJOCTATOYHO 3P(PEKTUBHBI B
npolecce aHaJMM3a C1abbIX CBs3eH, CBUJIETENBCTBYIOIUX O KOCBEHHOM BO3/€HCTBUH NMPUPOJHOMN CpeJbl
Ha YeJIOBEKa.
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[IpeuMy1eCTBOM MeTO/]a PAHXKUPOBAHMUSA SIBJISIETCS €r0 NPOCTOTa, BO3MOXXHOCTh peaiM3alyu C Uc-
M0JIb30BaHHEM OOIEJOCTYITHOTO IIPOrPaMMHOT0 0GecredyeHus; HeJOCTATKOM — HEBO3MOXXHOCTb BBIYHC-
JIEHUs] pacCTOSIHUSI MeXJAy paHramu. Hampumep, JaHHBIN MeTOJ He 00eCleYyrBaeT pelleHHe 33/a4ud 110
oTpe/iesieHUI0 TOTO $aKTa, HA CKOJIBKO 0O'BEKT UCCJIe/J0BAHUS, KOTOPOMY MPUCBOEH MEPBBbIN paHT, Mpe-
BOCXO/IUT OO'BEKTHI CO BTOPBIM, TPETHUM M MOCJEAYIOIIMMH PaHTaMU. YCTAaHOBJIEHUE Mepbl GJIU30CTH
M3y4aeMbIX 00'bEKTOB OCYIIECTBJISETCS C IOMOIIBIO IBYX IPYTUX YIIOMUHAEMBIX METO/OB.

MeTo/ KOppeJSILMOHHBIX IJIes]] OTHOCUTCA K YMCJAY 3BPUCTUYECKUX MPUEMOB, TPy HOpeaausye-
MbIX C MOMOII[bI0 POTPAMMHOr0 obecneyeHus. Ero nmprMeHeHue CBS3aHO C ONpe/ieIEeHHbIMU BBIYUC/IU-
TEeJBbHBIMU CJIOXKHOCTSIMU. HanmprMep, B HacTOSILEM HCC/IeJ0BaHUH HCIIOJIb30BaHHE JAHHOTO METO/A ObI-
JIO OCHOBAHO Ha aHa/IM3e MOJIHOW KOPPesSIUOHHON MaTpuubl, cofepxamieid 1 600 anemeHTOB (pasmep

ykasanHoi Matpuibl paBed 40X 40 no yucay usydyaeMbix TeppuTOpHi: T. Kupos u 39 paiionoB Kupos-
CKOH 06J1acTH).
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Abstract. The paper found that one of the essential employers’ requirements for the training of future
ecologists is the involvement of students in independent scientific research. It is substantiated that the most effective
direction of realization of students-ecologists’ scientific research activity by means of mathematics is teamwork on the
applied research projects in the field of ecology with the teacher. An example of a similar project is given. It is aimed at
classifying districts of the Kirov region according to certain environmental indicators using multi-dimensional
statistical methods (cluster analysis, method of correlation pleiades, ranking) into five groups. They are stably
prosperous, stably unsuccessful, areas with observable environmental improvement, territories with deterioration of
the environment and areas characterized by moderate values of the analyzed indicators and minor fluctuations
between environmental improvement and degradation.

Keywords: research activity, tasks of professional ecological orientation, applied research projects, students-
ecologists.
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AHHOTanuA. B cTaThe paccMaTpUBaeTCs IPUMEHEHHE MAaTEMAaTUYECKOT0 MO/IeINPOBAHUs ITPH U CCIe0BAaHUH
YUCJIEHHOCTH Pa3HOBO3PACTHBIX TPYII 3aHATHIX B 3KOHOMHKe peruoHa. bbuta mpoBesieHa UeHTHUQUKALUS UMUTA-
[UOHHOU MOJies1, TPeJCTAaBJEeHHON cucTeMol AuddepeHMalbHbIX YpaBHeHUH. [lJiss 3TOr0 MO CTATUCTHYECKUM
JlaHHBIM KHpOBCKOH 06/1aCTH YUCJIEHHO ONpeJessiJINCh TPOU3BOAHbBIE. B pe3ysbTaTe 6bUIH NOJMYYeHBI aarebpanyie-
CKUe ypaBHeHUs [JIs1 olpe/ie/ieHHsI KOPPEKTUPYIOIIUX MapaMeTpoB. [Ipy HaX0X/AeHUH TapaMeTPOB MO/ UCHOJIb-
30BaJICSI 3KOHOMETPHYECKUH aHa/IN3, KOMIbIOTepHbIe akeThl Maple, MS Excel. C noMoIbio Hali/IeHHBIX TAPaMeTPOB
MoJiesid OblIa NpoBeJeHa KiaaccubUKalUsa B3aWMOJAEHCTBUI Pa3HOBO3PACTHBIX TPYIN IKOHOMUYECKH aKTHBHOTO
HacesJleHUs1. Mex/ly 3aHATHIMU B 9KOHOMHMKE BO3MOXHBI THIIbI B3aUMOJEHCTBUI: OTCYTCTBHE B3aUMHOTO BJIMSHUS,
NOMOIIb, YTHETEHUE, AUCKPUMHUHAIUS, KOHKYPEHIHs, TapTHEPCTBO. C MOMOIbI0 MUMHTALMOHHBIX 3KCIEPUMEHTOB
ObLJIM pealTu30BaHbl pa3Hble ClieHApUH JJisl OJyYeHHs IPOTHO3a YUCIeHHOCTH phIHKA Tpy/a. Pe3y/ibTaThl uccieno-
BaHMS MOTYT GBITh UCIOJIb30BaHbl IPHU MPUHATHH YIIPAaBIeHUYECKUX PEIIEHUH B 06JIaCTH COL{HATIbHO-3KOHOMHYECKON
MOJIUTUKY B PETHOHE.

KiroueBble cjioBa: HNMHUTALlMOHHAA MO/Ji€Jib, 3 KOHOMUWYECKH aKTUBHOE HaceJIeHue, I/I,Z[eHTI/ICl)I/IKaI_H/IH MozaeJn.

B nocsiegHue JlecITUIETHUS NIPU UCCAEJ0BAaHUM COLMAJIbHO-3KOHOMUYECKUX CUCTEM HaCTO MCIOJIb-
3yIOT CUHepTreTU4YecKu noaxo . Kak u3BecTHO, CHHepPreTHKa OCHOBaHa Ha U/lesiXx HEpaBHOBECHOM TepMoO-
JIuHaMUKH. KauecTBeHHas TeopHsl AMHAMUYECKUX CUCTEM SIBJISIETCS aJleKBaTHbIM MaTeMaTHU4YeCKUM allma-
paToM MU3y4eHHUs COIMaIbHO-3KOHOMHUYECKUX MpolleccoB [1]. B HacTosIiee BpeMsi CTAHOBUTCS aKTyaslb-
HbIM MCII0JIb30BaHHE GUOJOTMYECKUX MO/JIeJIel, KOTOPble OCHOBAaHbI Ha B3aUMOCBS3SIX MONYyJISLUN U niepe-
TOKax 6GuoMacc, JIJisi u3ydyeHUs MpolecCOB Ha PbIHKe TPy/Ja. B aHHOW cTaThe paccMaTpUBAETCS OJHA U3
TaKUX MoJeJel.

B MoJiesin paccMOTpeHbI CeyIolye IPyNibl HaceJeHUs: YUCIEHHOCTh SKOHOMUYECKH aKTUBHOTO
HaceJieHUs] B Bo3pacTe 15-29 JieT, YUCIEHHOCTh 3KOHOMHUYECKHM aKTUBHOTO HacesieHUs1 B Bo3pacTe 30-
49 j1eT, YUCJIEHHOCTb 3KOHOMUYECKHU aKTHUBHOTO HacesieHUs1 B Bo3pacTe 50 jieT u ctapiie. /laHHbIe Bo3pac-
THbIE T'PYNIbl COOTBETCTBYIOT TPEM KaTeropusM 3aHATbHIX: pAaOOTHHUKAM C MaJIbIM OIBITOM paboOThI, pa-
6OTHHKAM CO 3HAYUTEJbHbIM OMBITOM pabOThl U 3aHSATHIM PEANEHCUOHHOTO U IEHCHOHHOT'0 BO3pacTa.

MaTeMaTu4eckasi MOJIe/Ib OMTUChIBAETCS CUCTEMOH AU depeHIIHaTbHbIX YPAaBHEHUH:

ad

% = by + (K1 + ag2x; + ag3x3)x;

a

% = by + (K; + az1%; + az3x3)x; (1),
ax

a_: = b3 + (K3 + az1X; + azx2)x3

r/le X; — YUCJIEHHOCTD 3aHATHIX -H TPYIIIL], t — TepeMeHHast BpeMeHH, b; - K03pPpUIeH Tl MUTrpaluOHHBIX
NOTOKOB i-# rpynmnsl, Ki - mepeToK 13 3KOHOMUYECKH aKTHBHOTO HaceJIeHHUs B HEAKTHBHOE, CMEPTHOCTB,
nepexoJ B CJeyIOLlyl0 BO3PACTHYIO IPyNMy, ;; — KO3GQUIMEHTbl BJMAHUA TPYNNbl i Ha TPynmy j; i,
j=1,2,3 (ogHa us rpynn 15-29 set, 30-49 seT, 50 seT u crapiue).

Bcero mogienib cofiepkut 12 mapameTpoB: Ky, K,, Kz, a15, @43, Q21, ®23, A31, A32, by, by, bs.

WMuTannoHHast Mo/JieJib Oblia BbinosiHeHa B nakeTe Ithink [5]. HayasibHble 3HaYeHUS YHUCJIEHHOCTH
KaXKJI0M M3 TpeX BO3PACTHBIX TPYII YCTAHABJIMBAJINCH COIJIACHO CTAaTUCTUYECKUM JaHHbIM 3a 2013 r.
x1 = 147,13; x, = 313,45; x3 = 179,75 [2; 3].

[lepBoHava/ibHble 3HaYeHUs 12 napameTpoB mMojesu (1) 6bIM Hal/leHbl B Ipoliecce UeHTUUKA-
uuu mMojiesid. [yt aToro ¢ nomolnbio nakera MS Excel A1 mepeMeHHBIX Xq, X3, X3, 33JJAl0L[UX YUCTEHHO-
CTH Pa3HOBO3PACTHBIX TPYII 3aHATHIX B 3KOHOMHKE, 110 CTATUCTUYECKHUM JAaHHBIM ObLIM NMOJOGPAHBI
ypaBHEHUS TPEH/IOB:

© 3wvikoea H. 0., Uyukasosa C. B, 2018
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x,(t) = 1,77t — 9,21t + 155,77; R? = 0,89;
x,(t) = 1,68t% — 7,81t + 319,98; R3 = 0,81;
x3(t) = 3,71t? — 22,08t + 160,8; RZ = 0,95,
rZie t COOTBETCTBYET ONpe/ieIEeHHOMY IOy U3 BpeMeHHOTro oTpe3ka 2013-2017 rr.
Janee Haxo4UIUCh TPOU3BO/IHbIE xi, x2’, x3’ 10 HalJIeHHbIM YpaBHEHHUSIM TPEH/I0B:
x1(t) = 3,54t —9,21; (2)
x,(t) = 3,36t — 7,81;
x5(t) = 7,42t — 22,08,
[TojcTaBssis B ypaBHeHUs (2) BMecTo nmepeMeHHOH t 3HauyeHusA 1,..,4, OJTYYUM YHUCIEHHbIE 3HAaYeHUs
MPOU3BOJHBIX xll, X’Z, x’3 JJIS1 KaXXA0ro roja BpeMeHHoro otpe3ka 2013-2016 rr. [lna HaxoxaeHus 12 na-
paMeTpoB Ha OCHOBe cUCTeMBI (1) ¢ UCMO/Ib30BaHMEM CTATHUCTUYECKHUX JJaHHbBIX OblIa COCTaB/JIeHa CUCTEMA

13 12 TMHEWHBbIX ypPaBHEHU:

( —5,67 = by + (K; + a1 313,453 + a5 * 179,756) * 147,131
—4,45 = b, + (K; + a1 * 147,131 + a3 * 179,756) * 313,453
—14,56 = b + (—K3 + a3; * 147,131 + a3, * 313,453) * 179,756
—2,13 = by + (K; + a5 * 312,228 + a5 * 188,369) * 143,857
—1,09 = b, + (K, + @y, * 143,857 + a,5 * 188,369) * 312,228
7,24 = b3 + (—K3 + a3, * 143,857 + a3, * 312,228) * 188,369
1,41 = by + (K; + a4, * 310,472 + 13 * 195,411) * 136,916
2,27 = by + (K, + @31 136,916 + a3 * 195,411) * 310,472
0.18 = b3 + (—K35 + @31 * 136,916 + a3, * 310,472) * 195,411
4,95 = b; + (K; + a1 * 315,959 + a5 * 189,189) * 138,353
5.63 = b, + (K, + a,; * 138,3532a,5 * 189,189) * 315,959
7,6 = b; + (—K; + a3 * 138,353 + a3, * 315,959) * 189,189
r/ie JieBble YaCTH PaBHbI YUCJEHHbIM 3HAaYEHUSM IPOU3BOHBIX, a B IPAaBbIX YACTAX MO/ CTaBJeHbI CTATH-
CTUYeCKHe JaHHble BMeCTO NepeMeHHBIX X;, X, X3 [0 COOTBETCTBYWOILMM rojaM BpPeEMeHHOI0 OTpe3Ka

2013-2016rr.
Pemenue cucteMbl (3) 6bLJIO BBINOJHEHO C MOMOIIbI0 KOMIbIOTEPHOro maketa Maple. B Ta6u. 1

npeacraBJ/ieHbl 3HAY€HUA Hafl,ELEHHbIX napaMeTpoB.

(3),

Ta6auya 1
[TapameTp 3HavyeHue
K -2,478
K, -14,067
K -2,797
. 0,006
Q3 0,002
Qs 0,007
ay3 -0,002
a3y 0,004
as, -0,014
b, 33,306
b, 418,721
b, 182,999

C momo1bio KpuTepus Payca - I'ypBuLa 661710 TPOBEpEHO, YTO cucTeMa (3) ycToiuuBa.
[Ipu 3amycke Mojesu ¢ HaliieHHbIMU Ko3pdULlMeHTaMU-IapaMeTPaMH ObLIM MOJyYeHbl IPOTHO3-
Hble 3HayeHUA 10 2024 r. Pe3ynbTaThl MOJAEJIUPOBAaHUA NIPe/CTaBJIeHbl HA PUCYHKE.
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Fpadvku U3MeHeHHs YUCIEHHOCTH BO3PaCcTHLIX rpynn KupoBckoi o6actu

B cOOTBETCTBUU C MPOTHO30M YHCJIEHHOCTb 3KOHOMHYECKH aKTHBHOTO HaceJeHUS BO3PACTHBIX
rpynn 15-29 u 30-49 setr KupoBckod 06J1acTH OyAeT yMeHbINAThCSA, YUCJAEHHOCTh Ipynnbl 50 jeT u
cTaplie B Te4eHHe 5 JieT 6yieT yBeJUUUBAThCA 1o cpaBHeHHIO ¢ 2013 ro/ioM, a 3aTeM 0XKUAAETCA TEHAEH-
LU COKpAIeHUsI YMCJIEHHOCTH AaHHON Bo3pacTHOM rpynnbl. CorsiacHo ctaTUcTUKe B 2013 r. 3aHATHIX B
akoHoMuKe 15-29 seT, 30-49 seT, 50 JsieT u crapue cocraBaset 147,13; 313,45; 179,75 ThicA4M YeslOBEK
COOTBETCTBEHHO, a K 2024 r. 3TH BeJIMYUHbI U3MeHATcs Jo 125,29; 308,96; 190,45 Thica4M 4eJIOBEK COOT-
BETCTBEHHO.

Pe3yibTaTbl MO/I€JIbHBIX PACYETOB HE3HAUYUTEIBHO OTIMYATCS OT CTATUCTUYECKHUX JJaHHbBIX. Bblin
paccyvMTaHbI CpeJHUE OIMOKHU allPOKCUMAIMHU 10 KaXK/JJ0H BO3paCcTHOH rpymnmne. PaccauTaHHble 3HaYeHHUs
KOJINYeCTBa 3KOHOMHUYECKU 3aHATOr0 HAaCceJeHHUSI OTIMYAITCA OT PAaKTUYEeCKUX 3HAaYeHUH B cpeiHEM Ha
2-3%.

[Tog, B3aMMOAEHCTBUAMH 3aHATHIX MMOHMMAIOTCA 000OIEHHbIE COLMa/bHO-3KOHOMHYECKHe MeXa-
HU3MbI, KOTOpbIe CIIOCOOHBI BI3BATb B TOU HMJIM HHOM CTENIEHH B3aUMOCBsI3aHHble U3MeHEeHHUs YHCJIEeHHO-
CTHU 3aHSTBIX Pa3/IMYHbIX BO3PACTHBIX PyNI. ITH B3aUMOJEWUCTBUS B paMKaxX JaHHOW MOJeJHd MOXHO
OMNHUCATh 10 aHAJIOTHHU € B3aUMOJ€UCTBUSIMU OUOJIOTUYECKUX MOMY AN,

[IpencraByieHHast MoZieJib (1) MOXKeT ONMCbIBATh pa3jIMuHbIE TUIIbI B3aUMOIEHCTBUH MEXAY pas3HO-
BO3paCTHbIMU paboTHUKaMU. [lo aHasoruu ¢ kiaaccupuKauuer BJAUSHUS OJHOW MOMYJSALMH Ha APYTyIO
MOXXHO OTIpe/leJIMTh BapUaHTbl B3AUMOOTHOLIEHHWH 3aHSATHIX Pa3HbIX BO3PACTHBIX TPYI B perdoHe. ITU
BapUaHThI IpeJICTaBJIEHbI B TabJI. 2 [4, c. 444].

Ta6auya 2
Knaccudukanusa B3auMo/JeiiCTBHii pa3HOBO3PACTHBIX CIEIHAIMCTOB
B JKOHOMHUKeE peruoHa

Tun B3auMo e cTBUS Tun B3auMoieACTBUS BiusiHMe nepBoii rpynmnel | BiusHue BTOPOH rpynmnbl

B GHOJIOTHHU Ha pbIHKe Tpy/Ja Ha BTOPYIO Ha MepPBYI0
He#ttpanusm OTCcyTCTBUE BIAUSHUS 0(a;; =0) 0(a; =0)
KommeHcanuam [Tomowmp + (a;; > 0) 0(a; =0)
AmMeHcanusm YrHeteHue —(a;; <0) 0(a; =0)
KepTtBa-akcniyataTop JUCcKpUMHUHaLUA + (a;; > 0) —(a; <0)
KonkypeHnus KonkypeHnus —(a;; <0) —(a; <0)
MyTyanusm [lapTHEpcTBO + (a;; > 0) + (a;; > 0)

[IpuMeyaHue: «+» — yBeJM4eHHe (YMeHbLUIEHHE) YUCJIEHHOCTH 3aHATHIX OLHON TPYIIbI BHI3bIBAET YBEJUYEHHE
(yMeHbllleHHE) YUCIEHHOCTH 3aHATBIX APYrod rpymmnbl; «0» — OTCYTCTBHE BJAUSHUSA; «+» — yBesJudeHHe (yMeHblie-
HUe) YUCJEHHOCTH 3aHSATHIX OAHOU IPYNIbI BbI3BIBAET YBeanYeHUe (YMeHbLUIEHUE) YUCIEHHOCTH 3aHATBIX APYyrod
rpynmnsi [4].

[lo HalIeHHBIM MapaMeTpaM, UCI0Jib3ysl TabJl. 2, MOXKHO CJleJIaTh BbIBOJ, UTO rpynnbl 30-49 jet U
50 neT u cTaplie HaxOAATCsS MeXAY CO60M B COCTOSTHUM KOHKYPEHLIUH, B KOTOPOU B 60Jiee BbIUTPBIILIHOM

IIOJIOXKEHHH OKA3bIBAE€TCA IepBad rpyIia. 3TO MOXKHO OO'BSICHUTDh HeJOCTaTKOM pa6oq1/1x MecCT. BepOHTHO,
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M3 PaBHOBO3MOXKHBIX BAPHAHTOB NPU TPYAOYCTPOIMCTBe paboTHUKA B Bo3pacTe 30-49 JieT U paGOTHUKOB
NpeseHCMOHHOI0 Bo3pacTa paboToJaTe b OTAACT IPeAIIOYTEHHE [IEPBOMY.

[Ipu 3TOM, ecqu AONMYCTUTb CUTYaAlMI0, MPU KOTOpOoH a,; = 0,0001 u as, = —0,0136, To rpynmnsl
30-49 net u 50 u cTapie 6yAYT HAXOAUTbLCA MEXAY COO0M B COCTOSTHUM JUCKPUMHHAIUH, B KOTOPOU B
JydllleM MOJIOKeHUU OyAeT HaXOAUTbCS NepBas rpynna. [Ipu JaHHOM U3MeHeHUH K03pOULHEHTOB Ha
pbIHKe TpyJa OyJeT HabJII0JaTbCsd POCT 3aHATOCTHM IKOHOMMUYECKH aKTHBHOIO HacesJeHHUS B KOropTax
15-29 nert, 30-49 seT, 50 u cTapie cooTBeTcTBEHHO Ha 13,9%, 0,6% u 16,3%.

3aHdaTelie 10 29 jeT U 30-49 sieT HAXOAATCS B OTHOLIEHUSX MAapTHEPCTBA. MOXKHO NPE/ION0OXKUTD,
YTO ec/iM paboTojaTe b CTAaBUT Nepe]; CO60 Liesib — IPUHUMATh MOJIO/Ible KaZphl, TO OH 3aUHTEepeCcOBaH B
TPYAOYCTPOMUCTBE KaK MOJIO/IbIX (Y4EHUKOB), TaK U paOOTHUKOB CO CTAXKEM (MacTepoB).

B aHayoru4HOM cUTyal My NapTHEPCTBA HAXOASITCS PYIILL 0 29 JeT U paGOTHUKU MpeAIeHCUOH-
HOI'0 BO3pacTa.

JlaHHaa MoJiesib B3aMMOJIeMCTBUSl Pa3HOBO3PACTHBIX 3aHATHIX B 3KOHOMUKe KHpoOBckoW obJacTu
CIPOTHO3UPOBaJIa MECCUMUCTUYECKUU ClleHapui pa3BUTHUS pbIHKA TPY/a.

[lesib OMTUMUCTUYECKOTO CLieHapus — MoA60p K03dPUIIMEeHTOB MOJeNU TaKUM 06pa3oM, YTO6bI B
pe3y/bTaTe MOXHO ObLIO HAbJIIOJaTh yBeJMYEHHE KOJMYecTBa IKOHOMHUUYECKH 3aHATOrO HaceJeHUs BO
BCeX BO3PACTHBIX Ipynnax.

Jis mpuBJIeYeHUs] HAcesJeHUs Ha TEPPUTOPUI0 06JIACTH MOXKHO MPOBECTU Psif| CIAEAYIOLUX Mepo-
NpUATUHN: NOBbILIEHUE 3apab0THOM IJIaThl; CO3JAaHHE HOBBIX pab0YuX MeCT U MOJiepHU3aLUsl CTaphlX; UH-
dbopMHpoBaHHe rpax/jaH O HaJWYMHU BaKaHCUH Ha COOTBETCTBYIOIIMX TEPPUTOPUSX; y4acTHe B 06.J1aCT-
HbIX U defepasbHBIX MPOrpaMMax, CoAelCTBUE Pa3BUTHUI0 MaJIOTO MpeJIpUHUMATENbCTBA; JOCTYIHOE
YKUJIbe; Pa3BUTHE CEJbCKOr0 X03SHCTBA U JIECHON NPOMBIIIJIEHHOCTH U OCBOOOXKJEHUE UX OT HAJIOrooo-
JIOXKEHUS; yCUJIEHUE COLIMaIbHOM MOIEPKKHU.

BblIM U3MeHeHbI cieiyoliye napaMmeTpsl: by = 37,b, = 419,b; = 185.

TakuM 06pa3oM, NMpPH yBeJUYEHUH KO3DPHUIIEHTOB MHUIPAlMOHHBIX MOTOKOB b; Ha 11,1%, b, Ha
0,1%, b3 Ha 1,1%, 6b1/1 MOJIyYEeH CLieHapU{, IPU KOTOPOM MOKHO HabJt0aTh TEHAEHLMIO K POCTY YHCJIeH-
HOCTHU 9KOHOMHUYECKHU aKTUBHOTO HaceJIeHUsl.

HUtak, B KupoBcKo# 06/1aCTH, COT/IACHO pe3y/ibTaTaM UCCIeJ0BaHHUS, IPOUCXOAUT CTapeHUe 3aHATO-
ro HaceseHus. OCHOBHOMU pabouel cusoud ssBasoTcs Joau 30-49 sieT. ITo CBI3aHO He TOJIBKO C ieMorpa-
dUUecKUMU TeHAeHLMAMHU, HO U C HeJOCTAaTOYHON NOAJEPKKON paboTaroleld MOJIOAEXU [0 29 JeT: He-
JIOCTAaTOK paboyux MeCT WK paboToAaTe/ M He IPUHUMAIOT Ha paboTy 6e3 onbiTa. B pesysnbTaTe mpouc-
XOJUT OTTOK M3 KMpoBCKOH 06/1aCTH pabOTHUKOB /10 29 JeT.

[IporHos no JaHHOU MoAe/M NOKa3bIBaeT CHWXKEeHUE YMCAEHHOCTU 3aHAThIX rpynn Ao 29 jet u 30—
49 et B TedyeHue nocaeywux 10 seT. YucaeHHOCTb 3aHATHIX IpeIeHCUOHHOTO BO3pacTa yBeJn4yrBa-
eTcs C ocJieaAylolel TeHJeHIMel K CHIKeHU10. B 11esioM, k 2024 r. Hab6J110/1aeTCsl CHUXKeHHe YHCJIeHHOCTH
3aHATHIX A0 29 JieT Ha 12,99%, cHmxkeHue 3aHATHIX 30-49 seT Ha 2,4% W yBeJIMYeHHe YHCJIEeHHOCTH 3aHs-
ThIX IpeAneHCuoHHOro Bo3pacTta Ha 0,1% no cpasHenumo ¢ 2013 r.

TakuM o6pa3oM, Heo6X0MMa CBOEBpeMeHHas aJleKBaTHas MOJUTHUKA B 06J1aCTH 3aHATOCTH 3KOHO-
MUY€eCKH aKTUBHOI'O HaceJleHUs B peTHOHe.
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Abstract. The article discusses the use of mathematical modeling in the study of the number of employees in
the economy of the region. The identification of the simulation model represented by the system of differential
equations was carried out. For this purpose, the derivatives were numerically determined from the statistical data of
the Kirov region. As a result, algebraic equations for determining the correction parameters were obtained. When
finding the parameters of the model, econometric analysis was used, computer packages Maple, MS Excel were used.
With the help of the found parameters of the model the classification of interactions of different age groups of the
economically active population was carried out. Between the employed in the economy, there are possible types of
interactions: lack of influence, assistance, oppression, discrimination, competition, partnership. With the help of
simulation experiments, different scenarios were implemented to obtain a forecast of the labor market size. The
results of the study can be used in decision-making in the field of socio-economic policy in the region.
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Abstract. Assessment of the level of vibration effects on the elements of technological and transportation
vehicles is one of the most important approaches in ensuring their reliability and operational safety. The aim of the
research is to develop a method for constructing mathematical models of technical objects, whose vibrational
interactions are estimated by the dynamic responses of the connections of the elements between themselves and the
supporting surfaces. The work uses approaches based on the development of methods of structural mathematical
modeling and introduces the concepts of dynamic responses of characteristic points of mechanical oscillatory systems,
transfer functions of constraint responses and their frequency characteristics. The research demonstrates features of
the dynamic properties of systems and the possibility of the occurrence of new dynamic effects. As additional
constraints, a motion transformation device is introduced. It is shown that the ratio of the dynamic responses of
constraints on the object of protection and on the support surface can be chosen as a parameter of the dynamic state of
the system. Analytical dependencies are obtained to determine the coefficient of response dynamism.

Numerical modeling is performed within the scope of the model problem; Dynamic effects are revealed that
reflects the properties of the system in the possibilities of creating zones of suppression of external influences when
varying adjusting parameters. The possibilities of implementing such approaches are shown through a change in the
ratio of spring stiffness in the "cascade".

Keywords: dynamic responses of constraints, transfer functions, motion transformation devices, dynamic
stiffness.

Introduction. The reliability and safety of the operation of many technical facilities operating under
dynamic loading conditions depends on the level and forms of the occurring vibrations. The management of
the dynamic states of technical objects is ensured by special tools and devices introduced into the structure
of systems to make it possible to keep the emerging dynamic processes within certain limits. The search of
a method and means of vibration protection as one of the urgent problems of modern mechanical science
was reflected in the works of domestic and foreign specialists [1, 2]. Reducing the vibrational background
of technological and transportation vehicles requires attention to the assessment of the dynamic
capabilities of technical objects at all stages of their life cycle, in particular, in predevelopment studies and
preliminary calculations [3, 4].

The use of computational schemes of technical objects, followed by the unification of methods,
approaches and methods for estimating dynamic states, has become very popular in solving dynamic
problems. In this direction, various methods of constructing mathematical models and technologies for
their transformation have been developed and are being applied that allow taking into account the features
of constructive and technical forms of objects, the conditions for the formation of dynamic states under the
influence of various external disturbances, etc.

The methods of structural mathematical modeling [5 + 7] possess certain advantages in the
estimation of dynamic effects when mechanical oscillatory systems are introduced as computational
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schemes of technical objects. Within the framework of this approach, a structural mathematical model in
the form of a structural diagram of a dynamically equivalent automatic control system is compared to a
mechanical oscillatory system with several degrees of freedom [7-9]. The further use of the analytical tools
of the automatic control theory provides the possibilities of applying advanced technologies for frequency
analysis of the dynamic properties of systems.

The proposed article develops a methodological basis for estimating the dynamic properties of
mechanical oscillatory systems as physical models of technical objects under the influence of periodic
external disturbances; a new approach is proposed for estimating dynamic states. It is based on the
introduction of such parameters as dynamic responses of the constraints of interacting elements, which
requires certain developments in the techniques of structural transformations of mathematical models and
appropriate methods for estimating dynamic states.

I. Some general provisions

Many technical objects, in particular, traction electric motors of vehicles (locomotives) are
considered as systems with two degrees of freedom, consisting of a solid body making plane oscillatory
movements. External influences in such problems are determined by periodic motions of the support
surface and are supposed to be known. A schematic diagram of a technical object of this kind (in particular,
the traction motor of a locomotive) with a computational scheme in the form of a mechanical oscillatory
system with two degrees of freedom is shown in Fig. 1.

The motion of the system is considered in the system of coordinates y1, y», connected with the fixed
basis. The system uses elastic elements with stiffnesses ki, k2, k3 and additional constraints in the form of
the motion transformation device (MTD). A technical object in the form of a solid body that performs
vertical oscillations on elastic supports can be represented, as shown in Fig. 1, by a mechanical oscillatory
system.

The system consists of two elastic branches: one is determined by the serial connection of the elastic
element k; and the block of parallel running springs k, and the motion transformation device with reduced
mass L.

The characteristic points of connection of the three elements of the branch are pp. (B), (B1), (Bz2). The
second elastic branch is represented by a spring with a stiffness coefficient k3 with characteristic
attachment points p. (A) and p. (41). The support surface performs harmonic vibrations z(t). The object has
mass m; the motion transformation device (MTD) in this case is implemented by a screw non-locking
mechanism with a flywheel nut of mass L; the value of this reduced mass depends on the MTD parameters

J
L= r’tg’a
cp g ] (1)
where J is the moment of inertia of the flywheel nut, r¢, is the average radius of the thread, and a is the
spiral angle of inclination [9].

/fJ
4 ¥

P (A< +z(f)

A z///"'*

Fig. 1. The computational scheme of a technical object in the form of a mechanical oscillatory system (pp. (4), (A1),
.(B) + (B2) are characteristic points in which dynamic responses of constraints occur)
The motion of the system is considered in the coordinates y; and y-: y» determines the position of the
object m, and the coordinate y, determines the position of p. (B1), in which there is a connection of three
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typical elements of the system (springs with stiffnesses k; and k, with an MTD having a reduced mass L). It
is assumed that the system has linear properties and oscillates with respect to the position of static
equilibrium. The coordinate system is connected with a fixed basis, the resistance forces are supposed to be
vanishingly small.

1. Mathematical model of the technical object in Fig. 1 can be represented as a system of ordinary
differential equations of the second order with constant coefficients. Using the technique given in [7], we
find expressions for the kinetic and potential energies of the system in the coordinates y1, y2:

| T
T=_my; +_L(3,~5)
2 2 ) (2)
— 1 2 1 2 1 2
==k (y,—2)" + =k, (y, =y)" t—k;(y, —2)
2 2 2 ) (3)
We perform auxiliary calculations and write the equations in the coordinates yi, y2 in the time
domain:

YL+ y(k +k)=y,L-yk, :kIZ’ (4)
V,(m+L)+y,(k, +k)=yL-yk, :kaz. (5)

After Laplace transformations under zero initial conditions, the system of equations (4), (5) can be
represented in the operator form

V[Lp® +(k +k)]-y,(Lp* +k,) = klz,
V(m+L)p* +k, +k]-y,(Lp’ +k,)=kz

(6)
(7)

where p =jw is the complex variable ( j =+/—1); the icon (=) above the variable means its Laplace

transform [7].
A structural mathematical model in the form of a structural diagram of a dynamically equivalent
automatic control system is shown in Fig. 2.

Ip*+k
1 1 Y,
Ip*+k
Ip* +k +k | L h (m+ D)p* +k,+k,
_ ¥ _
kl,..‘i kE-"E

Fig. 2. Structural mathematical model (structural diagram) of the technical object in Fig. 1

From Fig. 2 it follows that the structural model reflects the specific properties of the system; the
structure of the system is formed from two partial blocks having elastic-inertial interpartial constraints. At
the frequency of the external disturbance

L, (8)
the interaction between the partial frequencies can be violated. To estimate the features of the dynamic
properties of systems with an external harmonic perturbation (in this case this kinematic perturbation z(t))
, partial frequencies have a definite value:

k +k
n12=1 2

 _k +k,
n =— —=

2
L 9 m+L (10
which predetermine, in a sense, the possibility of implementing regimes of dynamic damping of oscillations
in the system.
2. The transfer functions of the original system in Fig. 1 can be determined from the structural
mathematical model or structural diagram in Fig. 2:
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V. _k[(m+L)p*+k, +k)|+k (Lp’ +k
W(py=2r= [(m+L)p” +k, +k)]+k(Lp” +k,)
z A(p) ) (11)
y, k(Lp>+k +k)+k(Lp*+k
W,(py=2z= J(Lp” +k +k)+k(Lp” +k,)
z A(p) ) (12)

where
A(p) = (Lp* +k, +k)[(m+ L) p* +k, k)] = (Lp* +k,)’

is the characteristic frequency equation of the system.

To evaluate the dynamic responses of constraints, the methodological basis presented in [7] is used,
according to which the dynamic response at the characteristic points of the initial system (that is, at the
connection points or the contact interaction of its elements) can be found as the product of dynamic
stiffness by the magnitude of the dynamic displacement on the coordinate under consideration.

In general, the dynamic stiffness depends on the frequency of the system's oscillations (in this case,
on the frequency of the external harmonic kinematic effect). While such approaches are applied to specific
schemes, one can usually distinguish the dynamic stiffness of system fragments and dynamic stiffness of
individual elements or typical elementary links.

The data on the composition of a set of typical elementary links are presented in [1, 5, 7] with
consideration of the elastic, dissipative, inertial properties of elements and motion transformation devices
(MTD). In the operator form (Fig. 2) the transfer functions of the elementary links, introduced into the
structural mathematical model, have the corresponding form: Wel.s(p) = k for the usual linear system (k is
the spring stiffness); Waiss(p) = bp for the dissipative link (viscous friction damper); Winer(p) = mp? (or Lp?)
for an inertial link or a motion transformation device.

Each of the typical elementary links, in essence, within the scope of structural mathematical
modeling, is considered as a link, the input signal in which is the dynamic displacement, and the output
signal is the effort (power factor).

In the expressions for the transfer functions of the system (11), (12) the dynamic stiffness will be
determined by converting these expressions, which predetermines the representation of the characteristic
equation (13), that is, the denominator of the transfer functions (11), (12) in general. If the dynamic
stiffness of the system as a whole is zero, this means that under the influence of the harmonic external
action a resonance regime will develop, when the motion of the corresponding inertial element, to which an
external disturbance is applied, will not face any counteraction movements; the dynamic stiffness of the
system as a whole becomes zero at the same time.

3. If the system has two degrees of freedom, then the dynamic stiffness of the system, as a whole, will take
zero values twice; such frequencies are frequencies of natural oscillations. The structural diagram in Fig. 2 when
considering dynamic responses at characteristic points, for example, at p. (Bz), can be transformed to the form
shown in Fig. 3, g, b. In this case, the element m is an object whose dynamic state is evaluated; the transfer

(13)

function of an object is interpreted by an integrating link of the second order ( 1 . j .
mp

(Lpg + k, )2
Lp’ + &k + k,

(LPE + kz + k3)_

(-) 1
2 O—
mp X3
i kl(ﬁpz +k,)
Lp’ +k +k,

Fig. 3. The structural diagram of the initial system in Fig. 2 with the elimination of the coordinate y1
In the structural diagram in Fig. 3, the negative feedback loop with respect to the object m
represents, in the physical sense, the dynamic stiffness of the structural formation consisting of two
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branches: the first is a spring with stiffness k3, the second has the dynamic stiffness of the system fragment
of the elements ki, k2 and L (cascade), which has been mentioned above.
On the basis of such representations, the dynamic responses of the constraints at the characteristic
points of the system (4), (41), (B), (B1), (Bz) can be written as:
kcoer |32

RI=IR=k3: [R=[R,| =k T [R,
where 5, =W,(p)Z 5, =W,(p)Z_ k..(p) =k, +%.
1 2

in the expressions (13) can also be determined as the transfer function of

2

(14)

The dynamic stiffness knp

the negative feedback circuit. On the structural diagram (Figure 3) this can be represented as an expression
for the reduced dynamic stiffness

(p) = (Lp* +k, +k)(Lp* +k +k,)—(Lp* +k,)’

Lp® +k +k, ’ (15)

which coincides with the previously obtained results in (14). Thus, the dynamic responses characterizing
the properties of the suspension can be written as

Z[k,(Lp* +k, + k,) + k (Lp® + k,)] %
R =k [ = X[(Lp* +k, + k3)2(Lp2 +h +k)—(Lp® +k,)’] _
(Lp™ +k +k,)A(p)
Z[Lp (k,+ k) +kk, +kk, +kk]
(Lp* +k +k,)A(p)
R, =R +R, =k EW,(p)+k EW(p)=
k, [ Mk,(Lp* +k, +k,) + k,(Lp* +k,)] +
_tkEOk[m+L)p* +k, + k)] +k,(Lp” +k,)]
i A(p) | a”

4. To characterize the properties of the suspension, a transfer function of the dynamic links between

(16)

the responses of the support surface R and the responses of the constraints ‘R ‘ created by the

supp
external kinematic_ perturbation z
N(w) = R, _ [-Lw’(k, +k,) +kk, +kk, +kk,]’
R, {(HkIL+k’(m+L)+2kk, Ll +
+k; (k + k) + k] (k, + k) + 2k K,k T-Loy' +k, +k,) (18)

It follows from analysis (18) that the graph of N(w) will have one frequency of "zeroing" the
numerator

— k1k2 + k1k3 + k2k3
dyn -
Lk +k) 9)
The denominator of expression (18) can be "nullified" at two frequencies:
12 k1 +k2 C— k32(k1 +k2) +k12(k2 +k3)+2k1k2k3
nat = 20nat 2 2
0 L o KL+ K>(m+ L) +2k kL o

It should be noted that expression (20) coincides with expression (9) for determlmng the partial
frequency.

The introduction of the relation for the dynamic responses N(w) at the characteristic points of the
suspension (support surface and protection object) has a definite meaning: the kinematic parameters of the
motion and the dynamic forces occurring in the joints of the elements should be related to each other in a
certain way. When the dynamic loading parameters change, the system should react (or be adjusted) in a
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certain way. In this case it is proposed to introduce an adjusting parameter in the form of a ratio of the
stiffness coefficients of the two suspension branches (k1 and k3). The physical possibilities of implementing
such approaches in practice exist and are used in active vibration protection systems.
I1. Estimation of the dynamic properties of the system
Let us denote
kz = B'k1, k3 = Y'k1, (22)
then the expressions (11), (12) are respectively transformed

W (py= 2 = Klm+ L)p + B+ yk)I+ vk, (Lp” +Bk)
z A(p) 23)

Wo(py=2e = Yk (Lp® +k, +Bk) +k (Lp +Bk,)
’ z A(p) , 24
where
A(p)=(Lp* +k, +Bk)[(m+ L)p* +Bk, +yk)] - (Lp* + Bkl)z_ (25)

1. The ratio of dynamic constraint responses represented by expression (18) can be written in the form
N = (Lo (+Y) +k B+y+PBy)T
{(HAm+ LA+y) ]’ + K[BA+Y)" +Y +YU-Loy +k +Bk)

From analysis of the transfer function (23) it follows that two resonance regimes are possible with

respect to the coordinate yl. The frequencies of resonances or natural vibrations are determined by
solving the characteristic frequency equation (25). It should be noted that the values of the frequencies of
natural oscillations depend on the adjusting parameters § and y, as well as on the reduced mass L of the
motion transformation device (MTD).

With respect to the coordinate Y1 there can be a mode of dynamic damping of oscillations at a

frequency
o, =k B+VHP
m+L(1+y) 27
With respect to the coordinate y2 the frequency of dynamic damping of the oscillations is:
_kB+y+VB)
T Ld+y) 28)

For L = 0, a dynamic damping mode of the oscillations is possible only with respect to the coordinate Y, .

The ratio of the dynamic responses of the constraints N(w) can be called the coefficient of response
dynamism, since it characterizes the peculiarities of the transfer of force effects from the supporting
surface towards the object.

In the general case, N(w) can have a zero value at the frequency

wfva :kl(B+V+BV)
g L(1+Yy)

(29)
which follows from the "zeroing" of the numerator (26).
In turn, N(w) has infinitely large values at two frequencies
2 2
_k(+B) = kIBA+Y) +y +y]
dynN, dynN, 2

/ L (30 m+Ld+y (31)

As the frequency of the external influence (w? — o) increases, N(w) tends to the limiting value

LA+y)’
N@y=—V

W m+L(1+y) . (32)

2. Frequency characteristics (FC) of the constraint responses are shown in Fig. 4, a, b. For example,
the following parameters are chosen in the model problem: m = 1000 kg, L = 100 kg, k1 = 1000 N/m, = 1.

a)
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Fig. 4. Frequency characteristics of the responses of constraints at the characteristic points of the mechanical

oscillatory system (pp. (4), (41), (B), (B2)):
a)y=0.1,051bv=1,23

In Fig. 4, a, b pp. (1), (2), (3), (4) reflect the shift to the right (in the direction of increase) of the
frequencies of resonance increase N(w). The points on the abscissa axis (pp. (1), (2), (3), (4)) reflect the
positions of the corresponding frequencies of increase in amplitudes of N(w) to large values. When
comparing pp. (1) + (4) in Fig. 4, a and pp. (1) + (4) in Fig. 4, b, there is a shift of frequencies to the right,
observed before the coincidence of pp. (4) in Fig. 4, b, with increasing the adjusting parameter.

In the limiting cases (Figure 4, b) the points can coincide, which indicates a strong influence of
adjusting parameters on the distribution of dynamic responses in the interactions of the elements of the
system. When comparing the FC for different y, we note that the frequency of the dynamic damping of the
oscillations (pp. (5), (6), (7)) is shifted to the right to p. (4), which is due to the separate dependence of the
dynamic states on the adjusting parameters § and y.
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2. Fig. 5 shows the FCs of dynamic responses in isometric form, where the spatial distribution of the

graphs of the N(w) dependences has an additional coordinate axis along which the adjusting parameter y is
plotted.

a) b)

Fig. 5. The graph of the N(w) dependences in isometric form: a) surface graph; b) data points

Fig. 5 shows an isometric representation of the frequency-characteristic relations of dynamic
responses depending on the frequency of the external influence, taking into account the deep variation of
the parameters. Fig. 5, a denotes the zone of abrupt change in the values of N(w) that occur at frequencies,
increasing (or amplifying) the transmission of power disturbances.

The spatial diagram (Figure 5, a) presents two regions of the values of the intensive increase in
dynamic response; the zone marked by the arrow A (Figure 5, a) is shown in detail in Fig. 6, a.

Fig. 6, b shows the overall picture of changes in the values and forms of the dynamism coefficients,
which makes it possible to assess the general conditions for the influence of adjusting parameters on the
dynamic properties of the suspension system.

a) b)

Miy.m)

Ny,e0) booo—]

15
Fig. 6. Detailed view of the graphs in Fig. 5: a) the zone marked by the arrow A (Figure 5, a); b) the zone marked by
the arrow B (Figure 5, b)
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Conclusion

This paper develops new methodological approaches to evaluate the dynamic properties of
mechanical oscillatory systems considered as computational schemes of technical objects. It is shown that
the traditional ideas about the formation of the dynamic properties of mechanical oscillatory systems,
including suspensions and suspension systems of vehicles, based on a comparative analysis of kinematic
parameters, can be additionally detailed by taking into account the dynamic responses of constraints.

The work introduces a number of new concepts that reflect the features of dynamic interactions of
system elements, which is reflected in the frequency characteristics of the dynamic responses of
constraints. Such approaches create the prerequisites for the development of a comprehensive analysis of
the overall picture of the interaction of the elements of the system and for the creation of conditions for
improving the reliability of the machine components designed with allowance for a more complex system
of vibrational loading during intensive machine operation.

In general, the work is related to the development of a new method for estimating the dynamic
properties of objects, vibration loadings, as well as the technologies for its implementation, using the
example of the analysis of the transport suspension model as a mechanical system with two degrees of
freedom.
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AHHOTanus. B HacTosimei#t paGoTe 6yTcTpen MeToZaMH MPOBOAUTCS CTATUCTUYECKOe 060CHOBAHHE U BbIGOD
MO/IeJIY, XapaKTepHU3yIolleld BUJ, 3aBUCUMOCTH PACHOJIOKEHUs IEPBOH 30HbI pa3pyuIeHUsI OT IpeJiesia IPOYHOCTH B
3a/laue 30HAJbHOM [e3UHTErpally rOpHbIX MOPOJ BOKPYT [VIyGOKUX MOJ3eMHbBIX BEIPAGOTOK, B YCJIOBUSIX PACCMOT-
peHus mpefiesibHO Masioil BbIGOPKU HATYPHBIX JAaHHBIX. B KauecTBe OLIEHKU UCCIeyeMOH 3aBUCUMOCTH BBICTYNaeT
K03$OUIUMEHT JleTepMUHALMY, 3Ha4eHHEe KOTOPOTO ONpe/ielisieTcs Yepe3 paHee pa3paboTaHHBIN aifOPUTM MOCTpOe-
HUsl JOBEPUTEJBHOTO UHTEPBaJa KoapuiueHTa geTepMuHanuu. [IpoBe/ieH CpaBHUTEJIbHBINA aHAIU3 MOJyYeHHbIX
JIOBEPUTEJIbHBIX UHTEPBAJIOB TPAAULMOHHBIMU U GyTCTpen MeToJaMu. [losydeHa OljeHKa OTKJIOHEHHS KO3pPHuIu-
€HTa JieTepMHUHAIMU OT FPAHUIL ero 6YTCTpen J0BepUTEIbLHOT0 HHTEepPBaia B 3aBUCHMOCTU OT Pa3MepPHOCTU GYTCT-
pen BbIGOpKHU. [loATBEpKAEHA CTATUCTUYECKAsl 3HAYMMOCTh MOJIe/IM JIMHEIHOTo BH/]a 3aBUCUMOCTH PaClOJIOKEHUsT
NEePBOH 30HBI Pa3pyLIeHUs OT IpeJiesia MPOYHOCTH.

KiiioueBble c10Ba: Gy TCTPEN METO/IbI, aJITOPHUTM, 30HAJIbHbIE PAa3pYIIEHHUs], JOBEPUTEIbHBINA HHTEPBAJL.

HccieoBaHus 30HAJILHOTO pPa3pyllleHUsl MacCMBa FOPHOM MOPO/ibl BOKPYT BbIPAGOTKU B YCIOBUSX
CUJIBHOTO CXKaTHS OTJIMYAIOTCS BBICOKOH CJIOKHOCTBIO U Pa3HOOOPa3ueEM UCIOIb3YEMBIX METOMO0B [2; 5; 9].
OO1ee cTpeMJIeHUE UCCIeZl0BaTeel B JaHHOW 06J1aCTH HAallpaBJIeHO Ha BhISIBJIEHHE 3aKOHOB, XapaKTepH-
3YI0LIUX TeoMexaHuuecKue siBjeHus. OZJHaKo BbICOKasi Ce6eCTOMMOCTb HOBBIX MECTOPOXK/AEHUH He MO03BO-
JISET ONEPUPOBATH GOJIBLIMMU 00'bEMAaMU JAHHBIX, YTO CUJIBHO OCJIOXKHSIET MOJyYeHHe aHaJIUTHYECKHX
pe3yJIbTaToB.

B KayecTBe BO3MOXHOTO pelleHUsl Mpo6JeMbl IpeAiaraeTcsl UCIoJb30BaTh METO/bl YUCJIEHHOTO
pECaMIIMHTa, TI03BOJISIOIME PACIIMPSATh 06'beMbI BEIGOPKH B HECKOJIBKO pa3 [10]. B yacTHOCTH, B paboTe
[6] aBTOpOM HCHOJIB3YIOTCH OYTCTPEN MeTOAbl IPH UCCIeJ0BAaHUN aHAIUTUYECKOW 3aBUCHMOCTHU Iapa-
MeTpa NepUOAUYHOCTU QYHKIUU JeDEKTHOCTHU OT MOJIOXKEHHUsI 30H pa3pylLIeHHs B 3a/ja4e JIe3UHTEerpaluu
rOpHBIX MOpoJ. [To/iydyeHHbIH pe3y/bTaT UMEET CYIeCTBEHHOE MPEUMYIIECTBO 110 CPABHEHUIO C TPAIULIU-
OHHBIMH MO/IX0JJaMH, €r0 Ka4eCTBO HAINPSMYI0 3aBUCHT OT YHCJIa OYTCTpEN peaau3anui 1 oo beMa GyTcT-
pen BbIOOPKH, YTO 0COGEHHO 3HAYMMO B paboTe ¢ npeie/IbHO MaJIeHbKOH BBIOOPKOM.

B Hacrosiel pa6oTe ¢ MOMOIIbIO OYTCTPEN MeTO/0B MPOBOJAUTCA CTAaTUCTUYECKOE 060CHOBaHUeE
AHAJIUTUYECKOHN 3aBUCHMOCTH PACIOJIOKEHUS CEpeJMHbI TEPBOX 30HbI Pa3pyLIeHHs OT Mpejesia MPoYHo-
ctu. OnpesiesieHa HauboJiee 3HAYMMast MOJIEJb, XapaKTEPU3YIOLIasi pacCMaTPUBAEMYIO 3aBUCHMOCTb.

OGpaTuMcs K 33/1a4e 0 pacnpezie/ieHUU T0Jisl HaPsDKeHUH BOKPYT BbIPabOTKU KPYIJIOTO CeYeHUs,
KOTOpasi pacCMaTPUBAETCS KaK IMJIOCKAs U CTallMOHAPHasA, B YCJIOBUAX HECXKUMAEMOCTH U THJIPOCTAaTUYHO-
CTH Harpy>keHusi Ha 6ECKOHEYHOCTH:

0o 1
—r +*(0-rr _0-¢¢) :0.
or r
BurapMoHuyeckoe ypaBHeHUE A1 QYHKIMU e peKTHOCTH OIpesiesieHO KaK
N'R-y*R =0,
W I'PaHHU4YHbIE YCJIOBHA
OR )
‘r:r =0, — =0, LimR(r)=0,
0 ar r=r0 Foee

rge arr — HOpMaJIbHO€ paJihnaJibHOE€ HallpAXEeHHe, 0¢¢ — HOPpMaJIbHO€ TaHI'€HIUaJIbHO€ HAIllPpAXEHHE,

A- onepartop Jlamaca, y— napaMeTp nNepuoJUu4YHOCTH MOJEJ/IH. Pelenue AJId paCCTOAHHUA OT UEHTPAa BbI-
pa60TKI/I A0 TOYKHU MACCHBa ollpeaeJIeHO B BUE:

R(r) = al y(\Jyr) + bN,(Jyr) + cK,(\Jyr),

© Jloces A. C, 2018
*Paboma svinoaHeHa npu noddepaicke Poccutickozo HayuHoz2o ¢poHda Ne 14-11-00079.
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rae JO s NO R Ko - ¢yukuuu beccens, Helimana u MakgoHasibia HyJieBoro nopsika [3].

PaHee B pa6GoTax [7; 8] aBTOp ucc/e[joBaJ NMapaMeTp NepUoJUIHOCTH GYHKIMHU 1ePEeKTHOCTH, OI-
peJiesieHre KOTOPOro M03BOJISIET OCYLIECTBJISATh IPOTHO3 B pa3paboTKax MOCAEAYIOUINX MECTOPOXKIEHHU .
MeToaMM CTAaTUCTHYECKOTO aHA/IN3a HA OCHOBE HAaTYPHBIX JAHHBIX IIOCTPOEHA PErpecCHOHHAs MOJEIb,
OTpaKarllasi 3KCIOHEHIMAJIbHYI 3aBUCUMOCTh MapaMeTpa MepUOJUYHOCTU OT IMOJIOMKEHUs CepeUHbI
NepBOM 30HbI pa3pylieHUsl. YCTaHOBJIEHO, YTO PACIOJIOXKEeHHEe 30H pa3pylLIeHHs 3KCIOHEHIIMAIbHO 3aBU-
CHUT OT Ipejiesia MPOYHOCTH nopo/bl. Onpe/iesieH YUCI0BOW AMana3oH 3HAaYEeHUH npejesia IPOYHOCTH Mo-
PO/ibl, IPY KOTOPOM NapaMeTp NEPHUOJLUYHOCTH ONPEEseTCs C BBICOKUM YPOBHEM J0CTOBEPHOCTH.

B pa6oTe [4] ycTaHOBJIEHO, YTO 3aBUCUMOCTb MOJIOXKEHHUSI CepeJlUHbl ePBOM 30HBI paspylleHus,

. 0
VM3MepsieMOU B OTHOCUTEJIbHBIX K PaJINyCy BbIpabOTOK eAUHULAX — 1, OT Ipejea NPOYHOCTU NMOPOJbI
Ha OJJHOOCHOE CXKaTHe — G, BbIpaXKaeTcsl B aHAJIUTUYECKON 3aBUCMMOCTH JIMHENMHOT0 BUAA:
O
r-=0,0080 +0,757.
B pab6ore [7] aBTOpOM MoJlyyeHa aJlbTepHAaTUBHAsA MOJieJb JAHHOW 3aBUCHUMOCTH HeJIMHEMHOr0 BU/a:
0O—
r-=0,8133exp(0,00610).

He6osbliasi pasHUIA B COOTBETCTBYIOLUX 3HAaYeHHAX Ko3douuueHToB AeTepmuHanuu K pac-
CMOTpeHHBbIX MoJesielt (99,12% - nuHelHbIl, 98,18% — HeJIMHeNHBIN) U IpeJieJIbHO MaJleHbKasi BbIGOpKa
HaTYPHBIX JJAaHHBIX He MO3BOJISAIOT OJHO3HAYHO OINpee]UTh OoJsiee mpuemaeMyo Mojesb. [loaToMy Bo-
IPOC YTOUHEHUS PaHHEE MOJIYYEHHOr0 pe3y/bTaTa sBJsSeTCs aKTyaJbHbIM. [IpoBeieM yToUHeHUEe JaHHOU
CTaTHUCTUYECKOH OLleHKH 3HaUUMMOCTH M0JIy4eHHOM MO/IesIU C TOMOLLbI0 6YTCTpeN air0pyUTMa OCTPOEHUS
JIOBEpUTEJIbHOTO HHTEPBa/a KoadPulLeHTa JeTepMHUHALUH, ONIMCAHHOI0 B paboTe [6].

0603HaYUM JAHHbIE O MOJIOXKEHUHU CepeJUHBI IEPBOU 30HbI pPa3pyLIeHUs U Mpesesie IPOYHOCTH 10-
PO/ibI YEpE3 MHOXKECTBO / = {Z,- |Zl. = (rl., g, )},i =1,...5. osioxkuM YuCI0 BYTCTpeEN peanusanui B = 10°

1 ypoBeHb 3HaYuMocTu 0=0,1.
ByTcTpen aJiropuTM NOCTPOEHUs JOBEPUTEIbHOT0 UHTEepPBaJia Ko3dduuueHTa JeTepMUHALMU
Illar 1. FeHepaTopoM ciy4yallHbIX YHCeJ OCTPOUM OYTCTpeI BbIOOPKY 06'b€MOM N 3J1IEMEHTOB, Bbl-
TATUBask Ha KaXJ0M Ilare 3jJieMeHThl U3 MHOXKeCTBa Z C IOBTOPEHUEM CJIyYalHbIM 06pa3oM U GopMUpYst
Y3 HUX BBIGOPKY BHJA:

] [} 0 [} L
{zl,zz,".zn}que z; 0Z,j=1,..n.

Ilar 2. PaccuntaeM Aisi NOJIy4EHHON BBIOOPKU OYTCTpeN OLleHKY KoadduijpeHTa IeTeEpMUHALIMN Rl*.

Iar 3. [loBTopuM mpeapiaymde mard B pa3, cbopMupoBaB B pe3ysbTaTe Habop KoadpdunueHTa
JleTepMHUHALUU Rl* R R; ,...R; .

Iar 4. OTcopTrpyeM HaGop KoadpdHUIIMeHTa JeTEpMUHALIMH Rl* . R; ,..R ; B MOPsi/IKE BO3PACTaHUSL.

Illar 5. OnpezenuM AOBEPUTENbHBIA HHTEPBa OYTCTPEI pacupezesieHus mo GopmyJie
R° <RYn,a)<R"
BEZL ( ’ ) B

)

0,97 -
0,99 - “
0,065 | ““enam
0,985 - /‘_’ 0,96
0,955 -
0,98 1 - '
e 1 I
; 095
0975
0,945 | ,~/
097 4 ‘ ‘ ‘ . . ; | 094 : : : : : ‘ . :
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200

Puc. 1. BytcTpen nHTepBasbl KoadduimeHTa JeTepMruHanuu npu 0=0,1
(I - tuHelHas Moaenb, [I- HesiMHelHas Moiesb)

[IpoBesieM cpaBHUTENBHBIN aHAJIM3 IOCTPOEHHBIX I0BEPUTEJIBHBIX HHTEPBAJIOB OYTCTPEI METOZ,0M
(puc. 1) c TpaAULIMOHHBIM TOAXOA0M

2 2
JR-1, 2R < r<| VR4, IR (1)
n—2 n—2
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rae t, - Tabiu4HOe 3HaYeHHe t-KpuTepus CThIOJIeHTa NIPH 3a/JAaHHOM yPOBHE 3HaYUMOCTH [1].

B pe3ysbTaTe [JoBepUTeIbHble UHTEPBAJIbI, 10JIyYeHHbIe TPaAULMOHHBIM crioco6oM (1), yxke Ha Ma-
JIbIX OYTCTpen BbIOOPKax 6oJiblile OyTCTpen MHTepBaoB B 31 u 53 pasa cooTBeTCcTBeHHO (TabJsuia). B
JIMHEHHOW MoJiesik, MPU MaKCHMaJIbHOH 6yTCTpen BbIGOpPKe, AOBEpUTeNbHbIM HHTepBaa B 133,3 paza
JUIMHHEee OYTCTpen HHTepBaJia, B HeJIMHEHHOU - 62,5 pasa.

CpaBHUTeJIbHasA TaGauna AOBEPHUTEJ/IbHbIX U GYTCTpel'l HHTEpPBAaJJIOB

. OTHoleHUe
JloBepUTeNbHBIN
Mopenb ByTcTpen unTepBan JJIVH
HHTEepBal

MHTEPBAJIOB
n=50 [0,983; 0,988] 53,3
N ) n=100 [0,985; 0,988] 88,9
Jlunenas [0.7334; 1] n=150 [0,985; 0,988] 88,9
n=200 [0,986; 0,988] 133,3
n=50 [0,953; 0,965] 31,2
N ) n=100 [0,957; 0,965] 46,9
HenuHeiiHasa [0,6252; 1] =150 [0,958; 0,965] 535
n=200 [0,959; 0,965] 62,5

AHanu3 JaHHBIX, BbIPAXKEHHBIX B MPOLIEHTHOM COOTHOIIEHUU OYTCTpeIl MOoJyuHTepBasa OT ero ce-
peauHbl (puc. 2), mokKasal, YTO OTKJIOHEHUEe Ko3bPUIUEHTA AeTepMUHALUU B JUHENHONW MOJiesIu CTa-
6ubHO He npesbimaeT 0,5% npu n=25, B To BpeMs KakK B HeJIMHEMHON Mo/iesiu JaHHbIM pe3y/ibTaT AOCTU-
raeTtcs ToJbKo npu n>100.

2,0% - -
1,5%
1,0% |

0,5% -

070% T T T T T T T 1
0 25 50 75 100 125 150 175 200

Puc. 2. 3aBUCUMOCTDb OTKJIOHEHHSI OL[eHKH K03 dHUIMeHTa JeTepMUHALUU OT FPaHul] Oy TCTpen HHTepBasa
OT pa3MepHOCTH 6yTcTpen BbI60opKH (I - inHelHas Moesnb, [I- HeslMHelHAs Mo/iesb)

Takum 06pa3oM, MOXKHO YTBEPK/AATh, UTO JIMHEHHAs MOJeJb, XapaKTepHU3ylolasi 3aBUCUMOCTD I10-
JIO)KEHUSI Cepe/IMHbl NePBOM 30HBI pa3pylLIeHUsI OT Npejesa TPOYHOCTH HOPOAbI, HanGoJiee 3HAYNMa U
CTAaTUCTUYEeCKH O0GOCHOBAHA M3 YMCJA PAacCMOTpeHHbIX. UHTepec mpeJjcTaB/sgeT AalbHEWIIUHA CpaBHU-
TeJIbHbINA aHa/IU3 C APYTUMU BO3MOXKHBIMU MO/JIeJISIMU. B JaHHOM cilydae UCIIOJIb30BaHUE GYTCTPEN MeTo-
JI0B OLIEHKH Pa3JIMYHbIX XapaKTEPUCTHK B UCCJIEJOBAHUHM TeOMeXaHUYeCKHX IBJIEHUH U MPOLIeCCOB B Mac-
CUBax OpPHBIX MIOPOJ UMEET CYLIeCTBEHHOE NMPEUMYIIECTBO [0 CPABHEHHIO C TPAAUILMOHHBIMU MOJX0/1a-
MU, TaK KaK OTCyTCTBHE 33JJaHHOTO YPOBHS CTAaTUCTUYECKONW 0O0CHOBAHHOCTHU M3-3a PACCMOTPEHMUS TMpe-
JleJIbHO MaJsIol BbIGOPKU KOMIIEHCUPYETCSl BBICOKMM YHUCJI0OM OYTCTpeN peaiu3anui 1 06’beMOM Oy TCTpen
BBIOOPKH.

CnUCOK JiuTepaTyphbl

1. Atisazsn C. A., Entokos H. C,, Mewasakun /I /. TlpuknagHas ctatuctuka. UcciepoBanue 3aBucuMocTed. M. :
®duHaHChI M cTaTUCTUKA, 1985. 487 c.

2.Ty3ee M. A, Makapos B. B. lepopMupoBaHUe U pa3pyLIeHHEe CUIbHO CXKATHIX TOPHBIX MOPO/J, BOKPYT BhIPabo-
ToK. BiaguBocTok : JlanbHayka, 2007. 232 c.

3.Tyzee M. A., IllapowuH A. A. HeeBK/IMJ0Ba MO/ie/b 30HAJIBHOU JIE3UHTErPALMU TOPHBIX MOPOJ BOKPYT MOJ-
3eMHOH BblpaboTkH // [IpukiajjHast MexaHUKa U TexHU4Yeckas ¢usnka. 2001. T. 42. Ne 1. C. 147-156.

4. Kcendsenko JI. C. PazpaboTka MeTo/a oNpeiesieHUs apaMeTpPOB 30HAJbHOU CTPYKTYpPbI pa3pyllieHHs] CUJlb-
HO CKaTor'0 MacCHMBa BOKDYT NOJ3eMHbIX BbIpaboTok // BecTHuk /laJbHEBOCTOYHOIO rOCYJapCTBEHHOIO TeXHUYe-
ckoro yHuBepcuTeTta. 2011. Ne 3/4(8/9). C. 144-166.

41



ISSN: 2307-0536, © VyatSU, 2018 Is. 2, Advanced science

5. Kcendsenko J1. C, Makapos B. B, OnaHacwk H. A, I'onocoe A. M. 3akoHOMepHOCTH AedOpPMHUPOBAHUA U pas-
pYLIEHUS CUJIBHO CKATbIX TOPHBIX NOPOJ, U MaccuBOB : MoHorpadus / UHxeHepHasa wkosa JBOY. BiaguBocToK :
JanbHeBocT. degep. yH-T, 2014. 192 c.

6./Ioces A. C. ByTcTpen MeTo/ibl NOCTPOEHUS JJOBEPUTE/IbHBIX UHTEPBAJIOB OLleHKU NapaMeTpoOB MOJe/H 30-
HaJIbHOM Jile3UHTerpanuy ropHblx I0poJ, BOKPYT M0J3eMHON BbIpaboTKH // BecTHHK JlarecTaHCKOro rocyjapCcTBeH-
HOI'0 TEXHUYECKOI'0 YHUBepcuTeTa. TexHuyeckue Hayku. 2017. Ne 44(4). C. 114-121.

7./loces A. C. 3aBUCHUMOCTb 30Hbl paspylIeHHs MacCMBa BOKPYT TOPHOM BbIpaGOTKM OT Ipejiesia MPOYHOCTH
nopoabl // TopHble HayKu U TexHoJsioruu. 2017. Ne 2. C. 43-49.

8./Ioces A. C. CTaTucTHYecKas OlleHKa NapaMeTpa NMepHoJUYHOCTH MOJeM 30HAJbHOU Jle3HTerpanuu rop-
HBIX MOpoJ // BrosiieTeHb HAYKU U MPAKTUKH. JJIEKTPOH. )KypH. 2017. Ne 7(20). C. 78-82.

9. Makapos I1. B. 06 uepapxuueckoit npupoie fepopMaluu U pa3pylieHUs: TBEPABIX TeJ U cpef // ®us. me3o-
Mex. 2004.T.7.Ne 4. C. 25-34.

10. 3¢poH b. HeTpajuLlMOHHBIE METOJbl MHOIOMEPHOI'0 CTAaTUCTUYECKOro aHasu3a. M. : OUHAHCHI U CTaTH-
cTHKa, 1988. 263 c.

Bootstrap methods for assessing the position of fracture zones
in a model compressed massive of rocks
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Mathematics of the Far Eastern branch of the Russian Academy of Sciences. Russia, Vladivostok.
E-mail: A.S.Losev@yandex.ru

Abstract. In this paper, bootstrap methods are the way to carry out statistical justification and selection of a
model that characterizes the type of dependence of the location of the first fracture zone on the tensile strength in the
problem of zonal disintegration of rocks around deep underground workings, in the conditions of consideration of a
very small sample of field data. As an assessment of the dependence under study there is the coefficient of
determination the value of which is determined through a previously developed algorithm for constructing the
confidence interval of the coefficient of determination. A comparative analysis of the confidence intervals obtained by
traditional and bootstrap methods is carried out. The estimation of the deviation of the coefficient of determination
from the boundaries of its bootstrap confidence interval, depending on the dimension of the bootstrap sample is ob-
tained. The statistical significance of the linear model of the dependence of the location of the first fracture zone on the
tensile strength is confirmed.

Keywords: bootstrap methods, algorithm, zonal destruction, confidence interval.
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AnHoTanus. PeneHa 3a/jaya /J03ByKOBOTO BUXPEBOI'0 06TeKaHHUSI 0CECUMMETPUYHOM MyJIM IOTOKOM CKUMae-
Moro Bo3ayxa cpeacrBamu moaysiss FLOTRAN CFD nporpammer ANSYS 10 ED. YcTaHOBJIEHO OTCYTCTBUE BUXpeobpa-
30BaHMUs 10331 NyJU. B kKauecTBe METOAUKHU ONpeJie/ieHHs] CUJIbl TOPMOXKeHHUsI MyJIU B BO3JyXe MPUHATO UHTErpH-
pOBaHMe AaBJeHUs 10 IOBEPXHOCTH MyJIM C y4eTOM HallpaBJleHusl HopMaJiu. [Ipu 3ToM pa3/ie/ibHOe HHTerpupoBaHUe
1o nepejiHel yactu (rze AaBjeHUe NMOJIOXKUTeJbHOE) U 3aJHell yacTu (rAe JaBjeHUe OTpULATebHOE) NyJd OYAeT
JlaBaTh CUJIbI COPOTUBJIEHUS, COOTBETCTBYIOLME OT/eJIbHO reOMeTpUYeCKUM TapaMeTpaM 3TUX YacTel, U T03BOJIUT
IPOBOJAUTH UX pa3/ieJIbHYI0 a3P0JMHAMUYECKYI0 ONTUMHU3ALUIO.

KiioueBble c10Ba: BUXpEBOe TeYeHUe, CkUMaeMbld Bo3ayx, ANSYS, FLOTRAN.

BBeaeHue. VccienoBaHue BUXpeo6pa3oBaHUsl NPU 0O6TeKaHUM NPEeNsTCTBUU SBJSAETCA aKTyalb-
HbIM JJIf1 JIIOObIX TEXHUYECKUX 00'bEKTOB, TaK KaK OHO NPHUBOAUT K NOBBILIEHUIO COIPOTHBJIEHUS CPesbl
IpHU JBIKEHUU UCCIeyeMOoro TeJa.

B faHHOH cTaTbe MCHOJ/b30BaIaCh MpeJJioKeHHAsl paHee aBTOpPCKasi MeTouKa [1], peasn3oBaHHas
Juist ANSYS 10 ED. OHa nprMMeHeHa K UCC/le[J0BaHUIO 103BYKOBOT0 06TEKaHUSA 0CECUMMETPUYHOM MyJIH.

[IpeniaraemMblit aBTOpaMu MOJXO0, K UCCAEA0BAHUIO JO3BYKOBOT'0 00TeKaHUs 06'beKTA MTPeICTaBIs-
eTcs1 60J1ee MPOCThIM, UYEM U3JIOKEHHBIA B U3BECTHOU paborTe [2].

KpaTkoe onucaHuve 3aa4yM. XoTs B OCTAHOBKe 3aJjaud HeOOXOAMMO pacCMOTPETb OCECHMMET-
PUYHYIO MYJI10, ABUXKYLIYIOCS C IOCTOSSHHOM CKOPOCThIO B HENOJABMXXHOM BO3/yXe, HO 04€BUHO, YTO /IS
NpOBeJleHUs] PACUYeTOB JOCTATOUYHO 00/AYBaTh HENMOJBWKHYIO MyJIl0 HaberamilUM INOTOKOM Bo3jyxa. B
3TOM cJ/ly4ae A0CTaTOYHO PaCCMOTPEeThb LUJIMHAPUIECKUHN parMeHT cpe/ibl (BO34AyXa), ONMCAaHHBINA BOKPYT
ocH abCcoJIIOTHO TBepAOH U HeZedopMUpyeMOH OCECUMMeTPUYHOH NyJiH. EcTecTBeHHO NpennoJiaraeTcd,
YTO MaKCUMaJIbHbIH paINyC OTKJIOHEHUS] GOPMBI YJIK OT €€ OCH CYL[eCTBEHHO MeHbllle paJuyca UUJIUH]-
pUyeckoro ¢pparmeHTa Cpefbl, COOCHOTO C myJiei. [Ipu aTUX NpeAnookKeHUSIX JOCTATOYHO PacCMOTPETh
IJIOCKOE pajidajibHOe CeuyeHue LUJIMHAPUYEecKoro ¢parMeHTa cpefbl, B KOTOPOM NMPUCYTCTBYET IJIOCKUU
npoduJib paZiiaJbHOTO CEYEHUSI 0CECHMMEeTPUUHOM nyau [1; 2].

IIpeaBapuTe/bHbIE eUCTBYS Nlepe] Ha4YaJa0M CO3JaHuA MoJe . HecMOoTps Ha TO YTO pelleHus
CTPYKTYPHBIX 33/la4 MeXaHUKU TBeporo Tesa ¢ noMoubio ANSYS 10 ED coBepiieHHO He YyBCTBUTEJ/IbHBI
K NpeJiBapUTEJbHOMY 3aJlaHUI0 paboyero MMeHU Qailsia U pabodyed AWpPEKTOpUM (MANKH), B MoJyJje
FLOTRAN CFD 3To zelicTBUEe UMeET CyllleCTBEHHOe 3HaYeHHue, 6e3 KOTOporo pa6oTa JJAHHOI0 MOy OY-
JleT HeBo3MOoXKHa [1].

B cnucok NoAroTOBUTEJIBHBIX MEPONpPUATUN BXOAUT BbIOOP THUNA pellaeMOX 3aAadyu € NOMOILIbIO
BksatoyeHuss onuuu FLOTRAN CFD B okHe Preferences, BbI3bIBaeMOro uyepe3 MyHKT IJIABHOI'O MEHIO
Main Menu> Preferences. [locie nosiBsieHus okHa Preferences for GUI filtering B HeM Heo6X0JUMO BbI-
6patb FLOTRAN CFD u nogTBepuTh B160p KHOMKOM OK [1].

© Kpasuyk A. C, Kpasuyk A. H., 2018
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Janee cinefnyeT 3adpUKCUPOBATD THUII 33/1a4U C IOMOLIbI0 BbI60PA KOHKPETHOTO TUIIA 3JIEMEHTa, KO-
TOpPbIM OyZieT UCNOJIb30BaThCs B AaJbHEWIIEM [pU pelleHWH, B IMYHKTe [JIaBHOTO MeHi Main Menu>
Preprocessor> Element Type> Add/Edit/Delete. Ilocie ero ucmnosib3oBaHusI NMOSABUTCS OKHO Element
Types, B koTopoM cieayet HaxkaTb Add, a B cieayoimieM okHe Library of Element Types Heo6X0UMO BbI-
6patb asiemeHT 2D FLOTRAN 141 [1]. /lanee B okHe Element Types ciaenyet HaxkaTbh KHONKy Options okHa
Element Types. B nmosBuBimeMcs okHe FLUID 141 element type options B packpblBawlleMcsi CIIHCKe
Element coordinate system K3 cienyet BbiGpaTh omiydio Axisymm about Y u Haxkatb kHonkKy OK. Ilocse
aToro 3akpbITb 0kHO Element Types.

CospaHMe TBepAOTEJbHON MOJe/JH 0CeBOro CceYeHus LUJIUHAPUYECKOro o6'beMa BO3JAyXa U
oceCUMMeTpPHUYHOM nyJu. Co3aiuM K/I04eBble TOUYKH, ONpeeisioliie HeKOTopble rabapUTHbIe pa3Me-
pbI MOJiesTH. ITO AEHUCTBHE BBINOIHAETCS C IOMOLIbI0 MYHKTA [JIaBHOTO MeHI0 Main Menu> Preprocessor >
Modeling> Create> Keypoints> In Active CS. B nosiBuBuieMcsi okHe Create Keypoints in Active Coordinate
System He06x0AMMO BBECTH 10CJIe/J0BaTebHO HOMepPA U KOOPAUHAThI K/JI04eBbIX TOYEK B M0JisAX Keypoint
number u X, Y, Z Location in active CS [3; 4], npuBeseHHbIe B Tao6J1. 1.

Janee He0O6XOAMMO C MOMOILBIO CIJIAHA CO34AaTh JUHUI0, UMUTHUPYIOLIYIO NepeHIO U GOKOBYIO
MOBEPXHOCTb MYJIM, C MOMOILbI0 NMYHKTA MeHI0 Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> Spline thru KPs [3; 4]. [Ipu UcnoJ/ib30BaHUK YKAa3aHHOTO MYHKTA CJAeyeT MOC/Iel0BaTeJbHO Bbl-
6paTb TOYKH 1-4 (Tab.1. 1).

Ta6bauya 1
Koopaunatsl Ko4ueBbix ToueK (KP) miockoro paguajabHOro ceYeHHs HUIHHAPUIECKOro ¢pparMeHTa Bo3ayxa
C MPensATCTBUEM B BUAE MyJTH

Howmep KP X-Loc (M) Y-Loc (M) Howmep KP X-Loc (M) Y-Loc (M)
1 0 0 6 0 0.05
2 0.003 0.015 7 0.03 0.05
3 0.003 0.02 8 0.03 0.025
4 0.0025 0.025 9 0.03 0
5 0 0.025 --

Co3JjaHue NPSIMBIX JMHUNA MOJIeJIN CEUYeHUs MyJId U [UJIUHAPUYECKOro ¢pparMeHTa cpesibl HE06XO0-
JIUMO OCYLIeCTBUTD C moMollbio Main Menu> Preprocessor> Modeling> Create> Lines> Straight Line [3; 4].
Janee He06X0AMMO MOCJIEIOBATEbHO COEJUHUTD KatoueBble TOUKU 4 U 5 (L2),5u 6 (L3),6 u7 (L4),7u 8
(L5),8u19 (L6),9u0(L7),4 u 8 (L8) (puc. 1).

LINES AN

JAN 25 2018

LINE NUM -
L4 17:31:52

L3 5

L2 18

Puc. 1. HeKOTOpre HyMepOBaHHbI€ IUHUHN COSﬂaBaEMOﬁ MoJeJn

Ha 3aBepuiarouieM sTamne co3ZjaHus MJIOCKOH TBepPAOTEJIbHONU MOJe/NU OCEBOr'0 CeYeHUsl CTyIeHYa-
TOU TPyOBI C ONEpPeYHbIM NPENITCTBUEM NMPOUCKXOJUT MOCTPOEHUE TOBEPXHOCTEM, KOTOPOE MOXKHO 0CY-
IECTBUTh C IOMOLUIBIO IYHKTA IJIaBHOT'0 MeHo Main Menu> Preprocessor> Modeling> Create> Areas> Ar-
bitrary> By Lines [3; 4]. B aToM ciy4yae Heo6xoA1MMo BblOpaTh auHuu L1, L8, L6, L4, L7 (a5 co3paHus mno-
BepxHoctu Al), L2, L3, L4, L5, L8 (as151 co3nanust nopepxHocTu A2) (puc. 2).

[TocTpoeHHBIX Ha NpeJbIAyLeM IIare MOBEPXHOCTEN HeJOCTATOUYHO, TAK KaK mepes myJieil o6pasy-
eTcsl QPOHT NOBBILIEHHOTO AaByeHHUs. [l03TOMy He06X0AMMO CO3JATh ellje OJMH NMPSIMOYTOJILHUK C IOMO-
LIbI0 MMYHKTA IJIaBHOro MeHi0 Main Menu> Preprocessor> Modeling> Create> Areas> Rectangle> By Dimen-
sions [3; 4]. B nosiBuB11eMcs okHe Create rectangle by Dimensions Heo6xoAuM0 HabpaTh B MOJISIX TIEPBOM

45



ISSN: 2307-0536, © VyatSU, 2018 Is. 2, Advanced science

ctpoku X1 X2 X-coordinates yucsaa 0 u 0.03, a B nosisix BTopoit ctpoku Y1 Y2 Y-coordinates - yucia 0 u
-0.025 u Haxkatb OK. ByzeT co3gana noBepxHocTb A4 (puc. 2).

AN

JAN 25 2018
17:22:03

AREA NUM

Puc. 2. Ilnockasi MoJie/1b paJiiaIbHOTO CeYeHUs LUINHAPUYECKOro 06'beMa BO3/lyXa U MyJin

Jlanee B CBSI3U C TeM, YTO B JajIbHeHIIEM Oy/IeT CTPOUTHCS YIOPsA0YeHHOe pa3bueHue, Heo6xo u-
MO CKJIEUTb MOBEpPXHOCTH Al 1 A3 ¢ MOMOIIbIO MYHKTA IJIaBHOro MeHI0o Main Menu> Preprocessor> Model-
ing> Operate> Booleans> Glue> Areas [3; 4]. [Ipu nosiBjeHun MeHI0 BbI6opa He06X0AMMO yKa3aTb Al u A3
Y HaxkaTb KHONIKY OK uiu cpa3sy, mponycTUB BbI6Op MOBEPXHOCTEH, HAXKaTh KHOMKY Pick All.

[TockosIbKy MoJesib paJMa/ibHOTO CeYeHUs] 0CeCHMMETPUYHOM 3aJayd JOJDKHA JieXXaTb B IepBOU
YyeTBepTH KOOPAMHATHOHN MJIOCKOCTU (Tpe6oBaHMe ANSYS), To mocTpoeHHble Ha NpeAbIAYLIMX 3TaNnax Io-
BEPXHOCTH JI0/DKHBI ObITh IepeMeleHbl B/I0JIb OJIOKUTENbHOT0 HanpasaeHus ocy 0Y Ha 0.025. [sis 3To-
ro Heo6X0MMO BOCII0JIb30BAThCSI MYHKTOM IJIaBHOT'0 MeHI0 Main Menu> Preprocessor> Modeling> Move /
Modify> Areas> Areas [3; 4]. B nmosiBuBIIEMCS OKHe MeHIO BbI6Opa HEOO6XOJAUMO HaxkaTh KHONKY Pick All.
Jlanee B okHe BBO/la mapaMeTpoB B noJie DY Y-offset in active CS BBecTu 3HauyeHnue 0.025, a Bce ocTasbHbIE
OKHa OCTaBUTb MYyCThIMU (pHUC. 2).

3apgaHue PpU3HYECKUX CBOICTB C:KMMAaeMOro BO3Jyxa. B oT/inune OT CTPYKTYpHOro aHajuu3a U
CBA3HBIX 33Jla4 CTPYKTYPHOI'0 aHa/IM3a, CBOMCTBA ra3a WJH KUJKOCTH 3aJal0TCA B OT/leJIbHOM IIYHKTe Me-
H10, pacnosiokeHHOM B pasgesie FLOTRAN Set Up rsiiaBHoro meHwo ANSYS: Main Menu> Preprocessor>
FLOTRAN Set Up> Fluid Properties [1; 2].

B okHe Fluid Properties Heo6X01MMO yKa3aTb, YTO 3HaYeHHUs MIOTHOCTHU (Density), IMHaAMUYeCKOH
BsaskocTu (Viscosity), TemmonpoBogHocty (Conductivity) U yiesbHON TeNJ0eMKOCTH NPU HOCTOSIHHOM
naByieHuH (Specific heat) cooTBeTCTBYIOT cBoCcTBaM Bo3ayxa B cucteMme eauuul, CH, BoiopaB AIR-SI Bo
Bcex cnuckax. B mossx Allow density variations?, Allow viscosity variations?, Allow conductivity
variations?, Allow specific heat variations? Heo6xog1Mo BeIGpaTh Yes [1; 2], 4To 03HayaeT BO3MOXKHOCTh
VM3MeHeHUs] COOTBETCTBYIOLIUX BEJIUYUH.

Janee He06X0AMMO 3aJjaTb TEPMOAMHAMHUYECKUE XapaKTEPHUCTUKU HEBO3MYLIEHHOr0 NOTOKA. ITO
BBIINIOJIHAETCS € IOMOLIbI0 NYHKTa rs1aBHOro MeHo ANSYS: Main Menu> Preprocessor> FLOTRAN Set Up>
Flow Environment> Ref Conditions [1; 2]. B okHe Reference Conditions Heo6xoauMo B moJie Stagnation
(total) temp ykasaTb BeJUYHUHY TeMIepaTypbl TOpMoxkeHHUs Ty, BbIYUCASIEMYIO Yepe3 HOPMaJIbHYIO TeM-
nepaTtypy okpyxatoiei cpeabl T=293°K, ckopocTb noToka Bo3ayxa V (600 mM/c) u yaeqbHYI0 TEINJIOEM-
KoCTb Bo3zyxa Cp (Ipy HOpMasibHOM TeMnepaType) o popmyJie:

To=T+V2/(2-Cp)=293+36:104/ (2-1005 ) ~ 472.

HasHauaTb aTpUOyThl MOCTPOEHHBIM 06JIACTSIM B JAHHOM CJIy4yae Heo6s3aTesJbHO, OHU Onpejesis-
I0TCS <TI0 YMOJTYaHUIO».

IloagroroBka MoAaenu K pa36ueHuio. HasHaueHue KosmMuecTBa JeJleHUH y3JaMU KOHEYHO-
3JIeMeHTHOU CeTKHU Ha JIMHUAX MOJe/U Ce4YeHUsl TPYObl MOKHO BBIIOJIHUTD C IOMOLIbI0 MYHKTA IJIaBHOTO
MeHI0 Main Menu> Preprocessor> Meshing> Size Cntrls> Manual Size> Lines> Picked Lines [1; 2]. Heo6xo-
JUMO BbIOpaThb JIMHUH, IPUBEJIEHHbIE B TabJule, U B nosiBuBLIeMcs: okHe Element Sizes on Picked Lines
yKa3aTh KoJIn4ecTBoO JiesieHuH B oJjie No. Of element divisions (NDIV) (Ta6.1. 2).
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3HayeHUs KOJIM4YeCTBa ,U,eJIeHl/Iﬁ y3s1aMUu KOHEeYHO-3/IeMEHTHOM CETKH
Ha IMHUAX reomeTpnquKoﬁ MOJe/JIhn

Ta6auya 2

Howmep KosnuecTBo fesieHUH Homep KosnuecTBo feseHU
LINE NDIV LINE NDIV
1 15 8 20
2 5 13 20
3 20

IlocTpoeHMe yNOpsAA0YEHHOT0 pa36ueHus MoAe/H. YIIopsioueHHOe pa3brueHue IJI0CKON MoJie-
JI1 cedyeHHUs (puc. 2) 6yeT OCyLeCTBJIATLCS OTJENbHO 10 NMOBEPXHOCTSAM. [locTpoeHue pa3bueHus mo-
BepXHOCTH Al MOXHO OCyLeCTBUThb C NOMOLIbI NMyHKTa [JIAaBHOro MeHI Main Menu> Preprocessor>
Meshing> Mesh> Areas> Mapped> By Corners. /lajiee Hy>kHO II0CJIeJOBaTeAbHO BbI6paTh [loBepxHOCTD Al,
HaxkaTb OK u nocsiefoBaTe/IbHO BhIOPATh €€ YeThIpe YIJIOBbIe KJI04YeBble TOUKH (puc. 2). [lanee BbIOpATh
noBepxHOCTb A2, HaxkaTb OK U Takke yKa3aThb ee yIJ0Bble KIYeBble TOUKH, BbIOPATh NOBEPXHOCTh A4 U
NOBTOPUTD Y>Ke U3BECTHOE JlelCTBUE M0 BbIOOPY YIJIOBBIX TOYEK MU TOJIBKO MOCJe 3TOrO elle pa3 HaxaTb
OK pJ1s1 3aBeplIeHUs TOCTPOEHUs YIIopsijoueHHoro pa3douenus (puc. 3).

3ajaHMe KpaeBbIX YCJ0BUM. BHauase 3afajuM JaBjieHHWe Ha IpaHulle LUJIUHApHUYecKoro ¢par-
MEHTa BO3/yxa BOKPYT MyJ/IM C OMOILbIO MYHKTA IJIaBHOTO MeHI0 Main Menu> Preprocessor> Loads> De-
fine Loads> Apply> Fluid CFD> Pressure> On Lines [1; 2; 5]. Heo6xoauMo BeiGpaThb suuuu L5, L6, L9, L14
(puc. 2) u B nosiBuBLIeMcs1 okHe Apply PRES on lines ykasaTb HyJieBoe 3HaueHUE U3OBITOYHOTO JaBJIeHUS
B noJie Pressure value, 3aTeM Boi6paTh Yes B noJie Apply to endpoints.

TakuM 06pa3oM, B 3ajaye NpejloJaraeTcs, YTo pajuyc LUJIMHAPUYECKOTo GparMeHTa OKpyXKar-
el cpeAbl AOCTAaTOUYEH JJIS TOTO, YTOOBI JAaBJieHHe Ha ero yKasaHHbIX IPAHUIAX 0CTaBaJIOCh HEBO3MY-
IleHHbIM.

[TockoJIbKY paiuyc LUANHAPHUYECKOTo ¢pparMeHTa He HaCTOJbKO 60JIbLION, YTOOBI yTBEPKAATh YTO-
JINOO O CKOPOCTSIX Haberamwlero MoToka Bo3ayxa (Kak 3To fAesiaeTcs B [2] s Gosiee 3HAYUTEJNBHOTO
¢dparmeHTa cpe/ibl), TO FPaHUYHbIE YCIOBUS [10 CKOPOCTSIM OYAYT 3a/laBaThCsl HA APYTUX IPAaHULIAX.

CkopocTH Ha rpaHULAX MOJe/U paiMaJbHOrO CeYeHUsl MOJle/IU 3a4al0TCsl C OMOILbI0 MYHKTa IJaB-
Horo MeHio Main Menu> Preprocessor> Loads> Define Loads> Apply> Fluid CFD> Velocity> On Lines [1; 2;
5]. Heo6xoiMo BBIOpAThb JIMHUH, IPUBEJIeHHbIE B TabJivIle, U B nosiBuBlIeMcs okHe Apply VELO load on
lines ykasaTb 3HaYeHUsI MPOEKIMHA BEKTOpA CKOPOCTH B noJisx VX Load value u Vy Load value, 3aTem BbI-
6path Yes B noJie Apply to endpoints (Ta61. 3). 3HaueHUsA MPOEK UM BEKTOPA CKOPOCTH Ha JinHUsAX L1, L2
(pHc. 2) COOTBETCTBYIOT YCAOBHIO MPUIXMIAHUSA (HYJIeBbIe BEJUYHHBI), Ha JMHUAX L3, L13 (puc. 2) - ycio-
BUIO CUMMETPHH 33/1a4H, Ha JiuHUM L9 (puc. 2) - ckopocTy Haberarwlero notoka. [Ipouepku B noJisix yka-
3bIBAlOT Ha TO, YTO B COOTBETCTBYIOILEM JUAJOrOBOM OKHe He HY>XHO HHUYEro 3aloJIHATb (OHO JOJDKHO
OCTaTbCs MYCThIM).

ELEMENTS AN

Puc. 3. YHOpH,Z[O‘IeHHOQ pas614e1-114e IIJIOCKOTI'0O paiHaJIbHOTO C€4YeHUA TUJINHAPUYIECKOTr o o0beMa BO3/1yXa BOKpPYT IIyJIU
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Ta6auya 3
CnMCOK 3HaYeHHH CKOPOCTeill Ha rpaHMIIaX CeYeHusl Mo eI
Line Vx Vy Line Vx Vy
1 0 0 9 0 600
2 0 0 13 0
3 0 - ---

IloagroroBuTe /IbHbIE MEePONPUATHS Nepej pellleHNeM NOCTaBJIeHHOM KpaeBo# 3aaadu. 3aja-
HUEe MOJieJIU TeueHUs BOo3Jyxa HeobX0JHWMO OCYLIeCTBHUTBH C MOMOLIbI0 IMYHKTAa IJIaBHOro MeHI0 Main
Menu> Preprocessor> FLOTRAN Set Up> Solution Options [1; 2]. B okHe FLOTRAN Solution Options Tpe6y-
eTcst BbIOpaTh onuuu: Steady State (ctanmoHapHoe TeueHue), Adiabatic (aguabatuueckoe Teyenue), Tur-
bulent (Typ6ysieHTHOe TeueHue), Compressible (c:xxumMaeMblil BO31yX).

Bbi6op Mozenu TypOysieHTHOCTH. C MOMOILbIO MYHKTA IJIaBHOTO MeHt0: Main Menu> Preprocessor>
FLOTRAN Set Up> Turbulence> Turbulence Model [1; 2]. B nosiBuBLiemMcsi okHe Turbulence Model Heo6xo-
JUMO BbIOpaTh MoJesb Typ6yaeHTHOCTH RNG (re-normalized group turbulence model), nockosibKy oHa
siBJIsieTcsl HauboJsiee 3¢ PeKTUBHON B MOJIEJISIX C MCKPUBJIeHHOM reomeTpueit. [locse HaxaTh kHonKy OK. B
nosiBuBlieMcsi okHe RNG Model MoxHO, Tpy HEO6XO0AMMOCTH, U3BMEHUTb KOHCTAHThI IaHHOH MO/ieJid, HO B
JlAaHHOM CJIyyae KOHCTAHThI OCTaBJisieM 6e3 U3MeHEHU.

Bri6op anroputMa pellieHus MOCTAaBJAEHHON 33/1a4U OCYLIECTBJISIETCS C IOMOIIbIO MYHKTA [JIABHOTO
MeHl0 Main Menu> Preprocessor> FLOTRAN Set Up> Algorithm Cntrl. B okne Algorithm Control Heo6xo-
JUMO BbI6paTh aaroputm Simplen [1; 2].

HasnavyeHue KoJsiMuecTBa UTepallui OCYLIECTBJSETCS C MOMOILbIO IMYHKTA [JIABHOTO MeHI0 Main
Menu> Preprocessor> FLOTRAN Set Up> Execution Cntrl. B okHe Steady State Control Settings cieayeTt
ykaszaTb yuciao utepanuit 1000 B Global Iterations [1; 2].

[Ipu pelieHnHU 3a/1a4u MOXKET BO3HUKATh OLIMOKA C YKa3aHHWEM Ha TO, YTO B pelllaeMOi MaTpulje Ha
onpefie/IeHHOW UTePaLUK M0Jy4aloTCs OTpULlaTe/IbHble 3HayeHHUs1. OG0HUTH AaHHYIO OLUUOKY MOXKHO C I10-
MOLbIO NYHKTA rJIaBHOTO MeHI0 Main Menu > Preprocessor > FLOTRAN Set Up > Relax/Stab/Cap > MIR
Stabilization. B okne MIR Stabilization Hy»Ho0 yka3aTb 0.35 B mosie MOME Momentum Equation [1; 2].

PelreHue 3aa4¥v U NPOCMOTP pe3y/bTaTOB. 3alyCK OAOTOBJEHHOW 3aa4y Ha pelleHue 0Cy-
IeCTBJISIETCS C IOMOILbIO MyHKTA [VIaBHOTO MeHI0: Main Menu> Solution> Run FLOTRAN [1; 2].

1 TOro 4YTO6bI NONYYUTh AOCTYII K pe3yJibTaTaM UTepallMOHHOIO pellleHUs 3a/aul, cieayeT Ipo-
YUTaATh MOCJAEJHUE MO BpeMEeHU JaHHbIE pelleHUs. BbINOJIHSAETCS 3TO ¢ NOMOLIbI0 MYHKTA MeHio: Main
Menu > General Postproc > Read Results > Last Set [1; 2; 5].

JJi1 CHMMETPUYHOr0 OTOOpaKeHUS pe3y/IbTATOB pelleHUsl HeoOXOAUMO BbIOpaTb MYHKT MEHIO
ytuaut Utility Menu > PlotCtrls > Style > Symmetry Expansion > 2D Axi-Symmetric Expansion. B nosBus-
1eMcsi OKHe cjieJlyeT BolopaTh 3 /4 expansion [1; 2; 5].

[l oToGpaskeHUs1 pe3yJIbTAaTOB HYXXHO BOCIOJIb30BaThbCsl MYHKTOM MeHIO Main Menu > General
Postproc > Plot Results > Nodal Solution [1; 2; 5]. B nosiBuBLIEMCSI OKHEe cJielyeT BbIOpATh TpebyeMble pe-
3yJIbTAThI B criicke ¥ HaxaTb OK (puc. 4).

NODAL SOLUTION AN
" AN 25 2018
gy 17:19:29
/EXPANDED
BRES  (AVG)
RSYSa0
SM7 =-31214
SMX =69558

-31214 y 58361
-20017 24770 47164 69558

Puc. 4. PactipeieieHue JaBJeHUH B IUJIMH/PUYECKOM pparMeHTe CKMMaeMOro Bo3ayxa
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BbiBoAbl. Peniena 3ajjaya J03BYKOBOI'O BUXPEBOr0 O6GTEKAHUSI OCECUMMETPUYHOU MYJIHU MOTOKOM
cxrMaeMoro Bo3ayxa cpeactBaMu Moayas FLOTRAN CFD nporpammbr ANSYS 10 ED. YcTaHoBJieHO OTCYT-
CTBMe BUXpeobpa30BaHUsA 03aH MyJIH.

B kauecTBe MeTOAUKU OIpe/ieIeHUs] CUJIbl TOPMOXKEHHUS MYJIK B BO3/yXe, 0OUEBUAHO, CJIeyeT Mpu-
HATb UHTErpUpPOBaHUeE 110 NOBEPXHOCTH IMYJIU JIaBJIeHUs C yYeTOM HalpaB/ieHUs1 HopMasu. [Ipu aTom pas-
JlelbHOe MHTerpyvpoBaHHUe IO NepejHel 4yacTu (rAe JaBJjeHUe MOJIOKHTeJNbHOE) U 3aAHed vacTu (rge
JlaBJIeHHe OTpULaTe/IbHOEe) NyJU OyAEeT AaBaTb CUJIbI CONPOTUBJEHHUS, COOTBETCTBYIOIHUE OTAE/NbHO I'eo-
MeTpHUYeCKUM NapaMeTpaM 3TUX YacTel, U M03BOJIUT NPOBOAUTD UX pa3/ie/IbHYI0 a3pOAMHAMUYECKYIO OIl-
THUMU3ALHIO.
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Abstract. The problem of subsonic air flow around an axisymmetric bullet solved by means of the FLOTRAN
CFD module of the ANSYS 10 ED program. It is established that there is no vortex formation behind the bullet. A tech-
nique for determining air resistance to the motion of a bullet based on the obtained data on the distribution of pres-
sure at the boundary of the radial cross section of the bullet is proposed.
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