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SECTION 2. Applied mathematics. Mathematical
modeling.

Abstract: A modern approach to the solution of problems of discrete mathematics due to the necessity of
introducing and using known methods of solving problems. Existing programs and algorithms are not implemented
to the extent necessary at the present time. The article is devoted to modeling and programming for Delphi and
Maple for solving problems in discrete mathematics. The basis of research are well known and tested algorithms
for the tasks of kommivojazhera — Greedy algorithm allows to find the optimal route.
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IPUMEHEHUE CUCTEM MAPLE M DELPHI K MOJEJAPOBAHHUIO 3AJIAY JUCKPETHOM
MATEMATHUKHU

Annomayun: CospemenHbll N00X00 K peuleHuro 3a0a4y  OUCKPEMHOU MAmemMamurkyu  00YClo6/eH
HeoOX00UMOCMbI0  GHEOPEHUsT U  UCHONb308AHUSL U3BECMHbIX Memo008 pewenus 3aoay. Cywecmsyowue
NPOSPAMMbL U ANCOPUMMbL HE Dednu308aHbl 8 HeoOX00umMou Mepe 6 Hacmosujee epems. Cmamwvs nocesuena
Mooenuposanuio u paspabomre npocpamm ons Delphi u Maple ons pewenus 3a0au ouckpemnoit mamemamuxu.
OcHogy ucciedosanuii COCmMagision Xopoulo U36eCmuvie U anpooupoSaHHvle al2opummbl 3a0ayu KOMUBOSHCEPA —
«Kaouwlil aneopummy no360a0UUE HAXOOUMb ONMUMATLHBLU MAPUPYNL OBUNCEHUSL.

Knroueswie cnosa: scaonviii ancopumm, Delphi, Maple.

Introduction

CrpeMuTensHOE  pa3BUTHE  YPOBHS  BceX
KOMIIBIOTEPHBIX ~ MATEeMaTHYEeCKUX  MPIIIOKSHHUHA
NpHUBEJIO K  MapajoKCalbHOW  CHUTyalluH, He
OIICHEHHOH MOKa JJOHKHBIM 00Pa3oM.

C omHOM CTOPOHBI, aHAJTUTHYECKHE PEUICHUS
MHOT'HX 3a/1a4 JUCKPETHON MaTeMaTHUKH YK€ Helb3s
CUNUTATh PAIOHAIBHBIMH, TaK KaK KOMIIBIOTEPHBIC
pemeHns TPOBOAATCS OBICTpee, TO €CTh YacTo
pelaTb AaHAJIUTUYECKU BCE PaBHO, 4TO €XaTb H3
Tapa3a B IlIsiMkeHT uepe3 AcTaHy.

C npyroél CTOpOHBI, KOMIBIOTEPHBIE PELICHUS
HE IPUHMMAIOTCS Kak HojHoneHHele! OnHako
HECOMHEHHO, 4TO TaKO€ MOJIO)KEHUE BPEMEHHOE U B
HelajJekoM OyIaymieM KOMIIBIOTEPHBIH — CIIOCO0
pemieHns CTaHeT eCJIM He OCHOBHBIM, TO pPAaBHO-
NpaBHBIM C aHanuTH4YecKHM. B Maple wumeetcs
MoOIIHas clipaBo4Has cucrema Help ¢ mosicHeHmsIMH

U npuMepaMu. PeKOMeHyeTCsl UCTIONIb30BaTh e¢ Kak
MOXXKHO dHamie, TeM Ooiee uyto Maple mocratodno
JKeCTKas CHCTeMa, He JIOMyCKaromlas HUKAKUX
OTKJIOHEHUM OT YCTaHOBJICHHBIX B Heil mpaBui. o
nocinenHer Bepcun Maple B maxere student,
COJIepiKalleM BCTPOEHHbIE (YHKIMH OCHOBHBIX
MaTeMaTHYECKUX BBIYHUCIEHUH, HEOOXOAMMBIX B
yueOHOM mpolecce, Oblila BO3MOXKHOCTD TTOJYYEHUsI
MOIIAroBBIX pemeHnid. B mocnenneit Bepcuun Maple
romrarossle  GyHKIMM TakeTa student mepenaHsl
makety Student [Calculusl], xors cam maker student
ocranca. OpjHaKo OCHOBHOe HasHaueHwe Maple
COCTOUT B  ONTUMHU3AIUM  MaTeMaTHUYECKUX
BBEIYMCIICHUM, BKJIOYAIONMIEd B ce0s IOIydeHHe
pe3yabpTaTa MUHUMYMOM Ha)KaTHH Ha KJIABUIIIH.

[Ipumenerne Maple kx mpobiemam JUCKPETHOI
MaTeMaTHKHU JOBOJIBHO OOIIMPHO:
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Tlopromkua A. paccMmarpuBaeT 0cOOEHHOCTH
NPUMEHEHHUS TTaKeTa CHMBOJBHBIX MaTEeMaTHIECKUX
BBIYHCIIEHUI Maple npu HCCIIEI0BAaHUU
KOMOHMHATOPHBIX KOH(UTYpanu, 00BEKTOB
MaTEeMaTHYECKOM JIOTUKU U anreOps rpados [1].

CnosuxkoB O.A.  paccMaTpuBaeT OCHOBHBIE
npaBuia pabOTBl B Cpeie, METOAbI M CIIOCOOBI
pemieHus 3ajad MO 3JIEMEHTapHOM M  BhICHICH
MaTeMaTuKe, TEOMETPUYECKIM  MOCTPOCHHMSIM,
TEeOopuu BEPOSTHOCTEN u MaTeMaTHYECKON
CTaTHCTHKE. OtgenbHass ~ IaBa  MOCBSIICHA
MaTeMaTHYECKUM MOJEISIM B 9KOHOMHUKE.
[IprBeneHO MHOTO TPHUMEPOB pELICHHWA 3ajad:
TEOPHUH BEPOSATHOCTH, MAaTEMaTHYECKON CTATHCTHKH,
anreOpsl JIOTHKH, JIMHEHHOTO IpPOrpaMMHpPOBaHUS,
MaTpU4HbIC UTPHI, TpaHCHOPTHAs 3ajaua,
GanmaHCOBBIE MOJETH, IOTOKHM B CETAX, CETEBOE
IUTaHUPOBAHMUE, LIEJIOUUCIIEHHOE
MporpaMMHUpOBaHKE, 3a]ja4a Jpianra. [2]

Tapacesuu HO.IO. B kHure «DIeMEHTHI
JUCKPETHOH MaTeMaTukd JUIi IPOTPaMMHCTOBY»
paccMOTpen Clienylomue paseibl: TeopHus rpados,
teopeMbl Ilontpsiruna-Kyparosckoro u Oinepa,
OiIIepoBbI U TaMHIbTOHOBEI rpadsl, pédepHbIe
U IyansHble Tpadbl, mpuMeHeHne naketa Maple ams
pemieHust 3amad Teopuu rpadoB, KOMOWHATOPHKA,
MaTpuIa MepEeCTaHOBOK, PEKyppeHTHBbIE
COOTHOIIEHHS, TPOM3BOASAIINE (YHKLIUH, 4YHCIA
O®ubonayun, uwmcna KartamaHa, HEOTHOPOAHEIE
PEKypPpEHTHbIC COOTHOIICHUS, NMPUMEHEHHE IMaKeTa
Maple nans  pemeHuss KOMOWMHATOPHBIX — 3ajad,
ITOPUTMBI 00X0Ja ABOMYHOTO JEpeBa, 3agada o
KOMMUBOSDKEpe, anropuT™ XomreHa-Komensmana,
ITOPUTM TIONCKa B NIIyOMHY, aITOPHTM IIOMCKa B
mupuny [3].

IpuMeHNMOCTD KATHBIX AJTOPUTMOB

OO61ero KpuTepus OICHKU MTPUMEHUMOCTH KaJl
HOTO JITOPUTMA VIS PEIICHHST KOHKPETHOM 3a1a4u H
€ CYIIECTBYET, OJTHAKO, IS 3a/1a4, PeIIaeMbIX JKaIH
BIMHU QJITOPUTMAMHU XapPaKTEPHBI JBE 0OCOOCHHOCTH: B
O-TIEPBBIX, K HUM
npuMeHuM [ Ipunyun scadnoeo gvibopa , a BO-
BTOPBIX, OHU 00JI13J]al0T CBOMCTBOM
OnmumanvHocmu 071 n003a0au.

IpuHUMN kaqHOT0 BbIOOpa
T'oBOpPAT, YTO K ONTUMU3ALMOHHON 3a/1a4ye pU
MEHHUM NMPUHIHUI ;KaTHOT0 BHIOOPA, €CITH TIOCIIEI0B
aTEIbHOCTHJIOKABHO ONTUMAJBHBIX BBIOOPOB NagT
MI00ANBHO ONTHUMAJIbHOE pEUICHHE. B THIUYHOM
cllydae I0Ka3aTeabCTBO ONTHMATBHOCTU  CIICAYET
TaKOl CXeMe:

[1 CHayana JOKa3bIBAETCS, YTO KaAHBIH BHIOO
p Ha IIepBOM IIIare He 3aKpbIBaeT IyTH K
OIITUMAJIbHOMY PELICHUI0: IJI BCSIKOIO
pemeHus €CThb JPYroe, COrjacOBaHHOE C
JKaTHBIM BBIOOPOM M HE XYK€ IIEPBOTO.

[1 3areM MOKa3bIBA€TCSA, YTO  I10J3ajauya,
BO3HMKAIOMIAsl IIOCJEe JKaaHOTO BEIOOpa
Ha MEPBOM IlIare, aHAJIOTMYHa UCXOIHOU, U
paccyXaeHue 3aBepIIaeTcs 0 NHAYKIIUH.

Materials and Methods
TCOPETI/I‘leCKaﬂ IMOCTAaHOBKA 3aJa4YU

3ajaya KOMMHMBOSLKEpPAa — DOTO OJHAa U3
caMbIX M3BECTHBIX 3a/Ja4y, 3aKjIiouaroniascs B
OTBICKAHUU caMoro BBITOIHOT'O MapulpyTa,
MPOXOJSAIIECTO Yepe3 yKa3aHHbIC TOPOAa XOTsS ObI IO
OJIHOMY pa3zy ¢ TOCJIEIyIoIUM BO3BpPaTOM B
HUCXOJHBIM Tropoa. B ycnoBusAx 3amaum Takxke
YKa3bIBAIOTCS KPUTEPUI BRITOTHOCTH MapIIpyTa:

[ KpaTyainIuii,

m CaMBIi JeIIEBBIN,

[ COBOKYIHBIA KpUTEpUH
T I

MapuipyT J0JKEH NPOXOAMTHh uYepe3 KaxKIbli
roOpoJ TOJBbKO OAWH pa3 (BbIOOP OCYIIECTBISETCS
Cpelld TAaMWJIBTOHOBBIX IHKJIOB).

HOCKOJ’IBKy KOMMHUBOSIKECD B KaXIOM U3
ropoaoB BCTAaCT MHEpea BLI60pOM CJICAYIOUICTO
ropoaa u3 T€X, 4TO OH elé He MOCETUI, CYHIECTBYECT

(n-1)!
2
MapuipyToB s CUMMETPHUYHOMN 3a7a4u

KOMMMUBOSKEpPA. Taxum 06p330M, JJIA CJ1y4YacB

Ne n Yucno MapipyToB
. 10 9 — 181440
2 100 wo_ 155
W 4. 101
3 300 200 & 611
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CoBEpIIEHHO OYEBHIHO, YTO PELINTh 3a1ady
METOZOM TIPSAMOTo Iepedopa (Wi «rpyOoil CHITB»)
HE CMOJKET JJa’ke CaMblif MOIITHBIN KoMIbIOTEp!

He cmy4ailHO B yCNIOBWM clellaH aKIEHT Ha
NPUOIHKEHHBIH AITOPUTM.

«Kanusrit ANTOPUTM», U «METOoJ
OmKaiiero cocega» — 3TO OJUH U3 MPOCTEHIINX
METOJIOB PEIICHHMS 3a/1a4l KOMMHBOSDKEDPA.

Ero MoXHO cQOpMyIHpOBaTh CIEAYIOIINM
obpazom:

| Topoma mocienoBaTeNbHO BKIIIOYAIOTCS B
MapuipyT,

| TpH 5TOM KaXKIIbli 0YepeIHON BKIIIOUAEMBbIii
TOpoJ JODKeH OBITh OmmKadmmMm K
MOCJIeTHEMY BBIOPAaHHOMY TOPOAY Cpead
BCEX OCTAlbHBIX, €I HE BKIIOYCHHEBIX B
COCTaB MapuipyTa.

2.3 Pa3paboTka KOMIBIOTEPHOro aJITOPUTMAa
" 6JIOK CXeMBI IPOrpPaMMBbI

CocTaBUM MaTeMaTHYECKHUIl AITOPUTM.

[Monb30Barens 3a1aéT KOIMYECTBO TOPOIOB —
koHcTanta CITY_COUNT.

PaccrosiHusT MeXIy TOpOJaMH XpaHATCS B
KBaJIpATHOM MaccuBe
Distances[1..CITY_COUNT][1..CITY_COUNT].

A OoNTUMaNbHBIA MyTh, NPEACTABJIAIOIIUN
coboii ONTHUMAJIbHYIO MOCIEA0BATEIbHOCTh
WHJIEKCOB TOPOJOB, XpPAaHUTCS B JIMHEHHOM MacCHUBE
Path[1.. CITY_COUNT].

1. Mpoucxomut NepBOHAaYaJIbHAS
MHULMAIM3alMs  KapTbl ropogos. J[Jus  3Toro
UCIIONB3YEM  CIIYYalHBIH  adropuT™M  (BBIIOJHSA

TpeOOBaHUE UCXOIHOU 3amaun «I opoda onpedenums
CYYAUHBIM 00PA30MY).

2. Wmiercs myTh KOMMHUBOSDKEPA — IPOIEAypa
CalculationPath.

1. B Heil paccunThIBaeTCS MaTpHUIa B3aMMHBIX
paccrossHMit  Mexnay ropomamm  Distance. [lo
JUaroHaJli B Marpule XpaHsarcs -1, BepXHui
TPEYroJIbHUK  MaTpUIbl  pacCUUTHIBACTCA U
KONUPYETCsl B HIDKHMH, T.K. MaTpulia CHMMETpUYHA
OTHOCHTEJILHO IJIAaBHOM JTMaroHalH.

2. Jlanee «mpoOeraemM» IO BCEM Topojam
(mepemennas iCurrent), HaywHAs C HAYAIBLHOTO
(iStart), m I Ka)KAOTO HWIIEM OMMKAWIINA TOPOX
(mo KOTOPOTO paccrosiHue MHUHIMAJIBHO),
3allOMHHaeM €ro B TepeMeHHoM iMedian w
nobasnseM B myTh Path. Ilpu momcke Ommxaiimmero
ropojia WIHOPHPYEM T€ TOpofad, B KOTOPBIE YXKe
3axoqimi (AucTaHmus 10 KoTopeix =-1). IlomyTHO
uieM ooyt npotskéHnocTb mytH (Length);

3. Tlocne BKIIOYEHHS OYEPEAHOrO TOpoAa B
IyTh, BEIUEPKUBAEM €TI0 U3 PACCMOTPEHHUS (CTaBUM B
MaTpHILy pacCTOSIHUMA -1 B COOTBETCTBYIOIINE dTOMY
rOpoJy CTOJIOCI] U CTPOKY).

AHanm3 HaWJCHHBIX peIIeHUH, 0COOEHHO I
TPEXCOT TOPOAOB (AIMHHAS [OpOTa, IO KOTOPOH
KOMMHUBOSDKEP BO3BpAlLla€TCs B POJHOM Topon u3
MOCTICTHETO ITyHKTa HA3HAYCHHA), MOATBEPKIACT
TE€3UC O TOM, YTO <OKAJAHBIA aIrOPUTM» MOMKET
IaBaTh pe3yibTaT, He Oollee dYeM B JBa pasa
MpEeBbIIIAIOIUNA  JIEWCTBUTENBHO  ONTHUMAaJIbHBIN
MapuipyT. OJHUM U3 DIBPUCTUYECKUX KPUTEPHUEB
OLICHKHM pEILICHMs SBIIAETCS MPAaBWIO: €CIU IYTh,
NMpONACHHBIM Ha TMOCIEAHUX IIarax aJropuTMa,
CPaBHHMBIM C MYTEM, MPOWUIEHHBIM Ha HayaJIbHBIX
marax, TO MOXXHO YCJIOBHO CYHUTaTh HaillJeHHBII
MapuipyT MIPUEMJIIEMBIM, HHaye, BEPOSITHO,
CYIIECTBYIOT OOJIee ONTUMAIIbHBIC PEIICHIS.

Pa3pa6orka nporpammsl ais Maple
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restart,

CITY COUNT = 5:
s=1:ds:=0:im:=1:
forifrom 1 to CITY COUNT do
g x[i] = rand( )mod 750;

g y[i] = rand( )mod 500;

od;

forifrom 1to CITY COUNT do
Distances|i,i] '=-1;
od;

forifrom1to CITY COUNT — 1do
forjfromi + 1to CITY COUNT do
x = g x[i] —g x[j];

y=gylil —g yljl;

d= trunc(sqrt(x-x + y-y)-100) |

100 ’
Distances|i, ]| = d,
Distances| j, i] == d,
od;
od;
im0 == 1:
iml = 1:

for k from 1 to CITY COUNT — 1do
dmin = 10000000,

forifrom 1to CITY COUNTdo

d = Distances|i, im];

if (0 < d)and(d < dmin) then

it =1

dmin = d,

fi;

od;

im = it,

forifrom 1 to CITY COUNT do

Distances|i, im0] = -1;
Distances|[ im0, i] = -1,
od;

s = 8, im;

ds == ds + dmin;

im0 == im :

od;
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109, 140, 57, 64,255, 77, 83, 124, 149, 171, 198, 27, 205, 50, 193, 282, 116, 241, 112, 197,
73,297, 119,222,269, 79, 91, 80, 204, 238, 84, 67, 65, 127, 249, 194, 225, 240, 42, 130, 62,
139, 195, 104, 38, 265, 145, 178, 24, 63, 5,20, 98, 246, 144, 60, 4,22, 16, 181, 257, 15, 10,
211,30, 70, 298, 167, 202, 158, 66, 82, 97, 203, 118, 122, 174, 52, 7, 54, 162, 46, 35, 33,
216, 113, 68,287,279, 94,218,247, 19, 28, 258, 173, 273, 169

100

Paspa6orka nporpammsl ais Delphi

Il paspabotkn mporpammbl  ucmoib3yem Delphi XE8. Pasmectum Ha QopMme HeoOX0aUMBIE
KOMITOHEHTBI, pa3/Ie)IuB BBIXOISIIME JaHHbIE HA 4 BKIIAJKH.
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i ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
Impact Factor: | ISI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
P | GIF (Australia) =0.564 | ESJI (KZ) =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
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Pucynok 4 — Oxno ¢opmbl nporpammbl. Bkiaaka 4.

Onwucanue anroputMoB «KaaHoro anropurma» yao0HO PUBECTH B BUIE TaOJIUIIBI

Tabduuna 2
Peanusanusi anropurma Ha Delphi

Kon Delphi IMonpodHoe onucanue

procedure TForm1.Button1Click(Sender: TObject);
begin

imagel.Canvas.Brush.Color:=clWhite;
Imagel.Canvas.FillRect(rect(0,0,1000,1000));
CITY_COUNT:=SpinEdit1.Value;

Ounctka KapTbl TOPOAOB

3aaHue KoJI-Ba TOPOJIOB

case RadioGroup2.ltemIndex of

0:begin
for1:=1to CITY_COUNT do
begin
g[i].X:=random(750);
g[i].Y:=random(500);
imagel.Canvas.Brush.Color:=clred,;
imagel.Canvas.Ellipse(rect(g[i].X,g[i].y,0[i].X+5,9[i].y+5));
imagel.Canvas.Brush.Color:=clWhite;
imagel.Canvas.TextOut(g[i].X+10,g[i].y-10,inttostr(i));

ITpoprcoBka rOpoJoB Ha KapTe

IIpou3BobHBIN BEIOOP rOpoa

Hywmepauus ropona
image2.Canvas.Brush.Color:=clred,;
image2.Canvas.Ellipse(rect(g[i]. X,g[i].y,0[i].X+5,9[i].y+5));
image2.Canvas.Brush.Color:=clWhite;
image2.Canvas.TextOut(g[i]. X+10,g[i].y-10,inttostr(i));
end;

end;

1:beginend;

end;

ISPC Technology and progress,

Philadelphia, USA 108 THOMSON REUTERS

Indexed in Thomson Reuters




| ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland)  =6.630
.1 ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
3amganne pa3mepoB TaOJIALIBI
stringgrid1.ColCount:=CITY_COUNT+1,; pacCTOSIHUI MKy TOPOAAMU
stringgrid1.RowCount:=CITY_COUNT+1; MMpuuem paccrosHue MEXITY
OJWHAKOBBIMH TOpOJaMH CUHUTAEM
paBHBIM -1

for1:=1to CITY_COUNT do
begin
stringgrid1.Cells[0,i]:=inttostr(i);
stringgrid1.Cells[i,0]:=inttostr(i);
stringgridl.Cells[i,i]:=inttostr(-1);
Distances|[i,i]:=-1;

end;

3anoyiHeHHE KOJOHTHUTYJIOB TaOIHUIIBI
U 3HAYCHUH MEXIY OJMHAKOBBIMHU
ropojaMu

for1:=1to CITY_COUNT-1 do
forj:=i+1to CITY_COUNT do
begin
x:=g[i].X-g[j].X;
y:=g[i].y-g0l.y;
d:=int(sgrt(x*x+y*y)*100)/100;
stringgridl.Cells[j,i]:=floattostr(d);
stringgrid1.Cells[i,j]:=floattostr(d);
Distances]i,j]:=d;
Distances]j,i]:=d;

end;

Pacuer paccTosHuil MEXIy BCEMH
ropogamu u CUMMETPUTYHOE
3aIl0JHEHUE TaOJIHIBI OTHOCHUTEIHBHO
IJIaBHOM MaroHaiu

3amnoaHeHNe MacCHBa ¢ JaHHBIMU

//ATeM myTh KOMMHUBOSDKEpa
memol.Clear;

memo2.Clear;

im0:=1;

im:=1;
memol.Lines.Add(inttostr(im));

O4ncTKa OKOH BBIBOJIA JaHHBIX

3aaHle HaualbHBIX TapaMeTpoOB

fork:=1to CITY_COUNT-1 do
begin
dmin:=100000000;
fori:=1to CITY_COUNT do
begin
d:=Distances[i,im];
if (0<d)and(d<dmin) then
begin
it:=i;
dmin:=d;
end;
end;

Pacuer onTUMaibHOM TPaeKTOPUH IO
KamHomy anroputmy

im:=it;

for1:=1to CITY_COUNT do
begin

Distances[i,im0]:=-1,;
Distances[im0,i]:=-1;

end;

BrruepkuBanue npoiieHHOro ropoja
u3 CIMCKa rOpoJ0B yTeM
BBIUEPKUBAHUSA  PACCTOSIHMH 710
Jpyrux ropoioB

memol.Lines.Add(inttostr(im));

BeiBog  ouepegHoro - ropoja B
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Impact Factor:

[ ISRA (India) = 1.344
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia) =0.564
{JIF

= 1.500 |

| SIS (USA)
{ PHHII (Russia) = 0.234
{ ESJI (KZ)
SJIF (Morocco) = 2.031

=0.912 | ICV (Poland)  =6.630
{ PIF (India) =1.940
= 3.860 = 4.260

| 1BI (India)

memo2.Lines.Add(floattostr(dmin));

ONTUMAJIBHOM ITYTH W PACCTOSIHUSA OO
HETO

im0:=im;

stringgrid2.ColCount:=CITY_COUNT+1,
stringgrid2.RowCount:=CITY_COUNT+1,
for1:=1to CITY_COUNT do

forj:=1to CITY_COUNT do
stringgrid2.Cells[i,j]:=floattostr(Distances]i,j]);
Application.ProcessMessages;

if checkbox1.Checked then sleep(trunc(10000/CITY_COUNT));
end;
ii:=1;
timerl.Enabled:=true;

OOHOBIIEHME Ta0IULBI C JaHHBIMU Ha
3 BKJIaJIKE

AHUMaIus JaHHBIX

5:=0;

for i:=0 to memo2.Lines.Count-1
s:=s+strtofloat(memo2.Lines.Strings[i]);

editl. Text:=floattostr(s);

end;

do

Pacuer o01wei AIMHBI ONTUMAIBHOTO
IIyTH

Q AbeHoB Y. - XKaaHblid anroputm

( HayuHelid pykosoautens: Lesuos AH.) - =

CxeMa PacnonoweHA FOPOACE | PacdeT PAcCTOAHMIA MEMAY ropoaaM | Mwem nyTe KomMMusoskEpa | KapTa onTMMansHoro nyTH

Kon-geo ropogoe 1

5

Ak

Pacuet

ropoaa onpefenTE
(@) cryuaiiHo

() no kapTe 4

[[]sanepmxa

— -
[}
|
i

Pucynox 5 — MopeaupoBanue 5 ropoaos.
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | G\ (australia) = 0564 | ESJI(KZ)  =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
Q AbeHoB Y. - XagHbliA anropuTm ( Hayunblid pykosoawTens: Llesuos AH.) = =
1 | CxeMa pacnonoM#eHnA ropoaos | PacHeT PACCTOAHMI MEWKAY rOPOAEMA | Wuiem nyTb KOMMUBOAMEDE I KapTa onTUMansHoro Nyt |
3 4 5
1 398,89 306,11 288,48
2 53523 -1 668,95 561,08 250,79
3 398,89 668,95 -1 17,2 465,96
] 4 306,11 561,08 1172 -1 349,56
5 288,48 250,79 465,96 349,56 -1
Pucynox 6 — MoaeaupoBanue 5 ropoaos. Pacuer paccrosinmii.
Q AGEHOI;Y. - XaaHuliA anroputm ( Hayunblid pykosogutens: LLesuos AH. ) =

| CXEMa PacrioNoMeHA ropoaos | PACYET PAcCTOAHMIA MEXAY FOpPOAEMA | MiLlem myTb KOMMABORHEPS | KapTa onTMMansHoro NyTH |

ONTHMANLHBIA NYTE

1 288,48

H B 11 4 4

; 17,2 1 4 a1 1
4 a4 a1 a4
4 a4 a1 a4
4 a4 a1 a4

Onuxa onTuMmaneHoro nyTi |1217,55

Pucynok 7 — MoaeaupoBanue S ropoaos. Pacuer onTuMaJIbHOTO MyTH.
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| ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | e (australia) =0564 | ESJI (KZ) ~ =3860 | IBI(india) = 4.260
i JIF =1.500 i SJIF (Morocco) = 2.031

&

| CxEeMa PaCcnonoKeHA ropoaos | PAcyeT paccToaHMiA MEXAY ropoaamt | Mwem nyTs Ko &) KapTa onTuMansHoro nyTk

Pucynok 8 — MoaeaunpoBanue S ropoaos. TpaekTopusi oITUMAIbHOIO IYTH.

Q AbeHoB Y. - XaaHulid anroputm ( HayuHblid pykosogutens: Llesuyos AH.) = =

CXEME PACTIONOHKEHMA FOPOACE | PacyeT PAcCTOAHMIA MEXAY rOPoaEMA I Wwem nyte &) I KapTa onTuMansHoro nyTH |

Kon-Bo ropogos o2 od

W B3

(® 10
(100
(1300

Pacuet

ropoaa onpeaendTe e
(®) cnyvaiiHo
() no kapTe

[[]sanepmia

Pucynok 9 — MopeaupoBanue 10 roposos. Pacnosoxenue ropoaos.
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
I E .| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
mpact Factor: | gie (australia) =0.564 | ESJI(KZ) ~ =3.860 | IBI (India) = 4.260
L JIF =1.500 | SJIF (Morocco) =2.031 |
Q AbeHoB Y. - XagHblid anroputm ( HayuHelid pykosoauTens: Lleeuos AH.) = =
! CxemMa pacnono#eHs ropodos Pac4eT paCcCTOAHMIA MEXOY rOpOLEMIA Wwem nyTh KoMMHBOA#EDPa | KapTa onTHMMansHoro nyTH
3 4 5 ] 7 g 9 10
1 ; 448,81 77,8 531,12 237,54 463,14 394,12 217,31 1564
2 577,26 -1 274,06 610,53 54 341,78 459,93 405,75 375,07 548,38
3 448,81 274,06 -1 510,39 269,09 24446 185,45 136,47 235,31 501,94
3 4 77,8 610,53 510,33 -1 551,25 282,21 533 466,5 273,04 115,95
5 531,12 54 263,09 561,25 -1 298,49 455,03 393,33 33531 4%
[ 237,54 341,78 24446 232,21 298,43 -1 340,58 256,63 45,16 257,84
! 7 463,14 459,93 186,45 533 455,03 340,58 -1 34,02 307,72 568,86
3 394,12 405,76 136,47 466,5  393,3 256,63 84,02 -1 22496 439,45
f g 217,31 375,07 238,31 273,04 33531 49,16 307,72 2249 -1 269,57
! 10 164 543,33 501,94 11595 4% 257,84 568,86 439,45 269,57 -1
1
1
i
|
Pucynok 10 — MoaenupoBanue S roponoB. Pacuer paccTossHUI MeKIy TOpoJaMu.
- O

Q

CXEMa PACMIONOHEHMA FOPOAOE | PACHET PACCTOAHWIA MLy ropoaamy | VILEM NyTe KOMMUBORKEDE

ONTHMANLHBIA NYTE

=

[, WOTIC Y. . (S

AbeHoB Y. - XagHblid anroputm

77,8
115,95
257,84
49,16

224,96
34,02

186,45
269,09

54

Onuxa onTuManeHoro myTw |1319,27

( HayuHbiid pykosoauTens: Llesuos AH.)

-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1

KapTa onTMMansHoro nyTy

Pucynok 11 — MoaeaupoBanue 10 roposos. Pacuer onTuMajJbHOro IYTH U €ro JUIMHBI.
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
Impact Eactor: { ISI (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
P - | GIF (Australia) =0.564 | ESJI (KZ) =3.860 | IBI (India) = 4.260
i JIF =1.500 { SJIF (Morocco) =2.031 |
Q AbeHoB Y. - XagHbli anroputm ( HayuHblid pykosoamtens: Wesuos AH.) = =
! CxEMa PACNoNo#EHWA rOpoaoE | PACYET PACCTOAHMIA MEXAY ropogami | MWeM nyTe KOMMABOSXEDS KapTa onTuMansHoro nyTh
t’- 5
g
E
1
3
3
X
Hi
|
3
a
Pucynok 12 — MopenupoBanue 10 ropogos. TpaekTopusi oITUMAJIBHOIO IYTH.
Q AbeHoB Y. - XagHbliA anropuTtm ( HayuHblid pykosoamtens: LWesuos AH.) = =
! CxemMa pacnonoeHus ropoaoe | Pacuet PACCTOAHWIA MEXAY ropoaaM | MWem nyTe KoMMMBomKEPa | KapTa onTHMansHoro nyTi
o 92 L o 38
Kon-so ropoaos s 37 R 2@7 o 30 8 62 s 11 o
° s d51 15 o 72 *
w0 = * te®
s o 31 10 o
— e 70 L}
Ow P o 27 2100 o 82 o7
| (® 100 e
H
300 Pacuet ° 52 Pk 88 ¥
1g 66
o2 o 14 35 - . e’ .2
8 81 . . ;569 . ?ng 75 . 12
: .25 o 61 L &0
& o3 M o3 ne?
o 75
37 o 38 H B -
ropofa onpeaeniTe o 08
(®) cnyuaiivo 32 58 o 7 o 34
(o kapTe s L83
o o 19 o 53 .73
[[]sanepmra 8 90
| - -
| o 17
o 33 o o 56
8 39
as 8 96
! Py o 13 o
79 . 5
34,59 .18 .2 2 o 30 L1 ° 8 55

—-

Pucynok 13 — Mopennposanue 100 ropogos. Ilonoxxenue Ha kapre.
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| ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland)  =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 { SJIF (Morocco) =2.031 |
Q AbeHo Y. - XagHbliA anroputm ( HayuHblid pykosoauTens: Lesuos AH.) = =
CxeMa pacnonoM#eHnA ropoaos | PacHeT PACCTOAHWI MEXKAY FOPOAEMA | Muyem NyTb KOMMMBOA¥EPa | KapTa onTMMansHoro nyTH
1 2 3 4 5 6 7 8 3 10 1 12 13 14 15 ol

1 42,95 385,57 194,64 1994 664,24 632,03 534,53 11627 516,72 32557 627,34 289,55 151,84 287,26
2 42,95 -1 345,09 166,72 189,21 621,35 593,1 49503 73,35 482,02 300,66 587,45 270,14 112,01 261,39
3 386,57 34509 -1 330,21 320,88 316,08 260 161,01 276,65 20552 234,54 247,82 411,81 23551 225,03
3 4 194,64 166,72 330,21 -1 331,68 534,31 583,57 491,1 134,62 516,76 396,06 574,56 112,94 185,14 357,86
1 5 199,4 189,21 320,88 331,68 -1 635,60 514,08 427,54 197,31 372,78 151,05 519,31 443,84 153,33 122,98
3 654,24 621,35 316,08 534,31 63569 -1 305,18 290,07 548 405,75 543,35 270,68 558,39 526,13 539,41
1 7 632,03 593,1 260 589,57 514,06 30518 -1 99,46 529,91 156,02 373,75 34,52 664,35 481,08 392,13
8 534,53 49503 161,01 431,1 427,54 290,07 99,46 -1 430,91 11573 296,56 93,55 563,95 383,08 308,65
! [ 116,27 73,35 276,65 134,62 197,31 548 529,91 430,91 -1 423,84 272,33 522,11 247,32 58,2 232,87
! 10 516,72 482,02 20552 516,76 372,78 405,76 156,02 11573 425,84 -1 225,32 174,89 609,56 373,08 249,92
f 11 325,57 300,66 234,54 396,06 151,05 543,35 373,75 296,56 272,34 22532 -1 383,65 506,43 214,11 39,69
12 627,34 587,45 247,82 574,56 519,31 270,68 34,52 93,55 522,11 174,89 383,65 -1 645,15 475,65 398,93
13 289,55 270,14 411,81 112,94 443,84 553,33 664,35 568,95 247,32 609,56 506,43 645,15 -1 297,69 468,85
i 14 151,84 112,01 23551 185,14 158,38 526,13 481,08 383,08 59,2 373,08 214,11 47565 297,69 -1 174,91
1 15 287,26 261,33 22503 357,86 122,98 539,41 392,13 308,65 232,87 249,92 39,69 398,93 468,85 17491 -1
: 16 631,35 588,6 296,76 49573 612,79 42,75  321,7 293,24 51535 407,68 528,57 287,36 51681 496,61 521,72
i
£ >

Pucynok 14 — MopenupoBanue 100 ropogos. Tadiauna paccToOAHUNA MeKITy TOpoOgaMu.

Q AbeHoB Y. - XagHblid anroputm ( HayuHblid pykosoamtens: Wesuos AH.) = =
CxeMa PanonoMeHHA ropoaos | PAcueT paccToaHuil meskay ropoaam | VILWEM NYTh KOMMMEOSKEDPE | KapTa onTHUMANEHOrD MyTH
OnTHMANbHLIA MY Th
1 15,52
66 27,29
52 20,11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
42 35,96 - - - - - - - - - - - - - -
31 342 1 1 1 1 1 1 1 1 1 1 1 1 1 1
43 87,81 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
] 2 23,43
1 a1 34,23 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
4 64 44,77 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
37 33,73
32 56,72 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
4 40,49 - - - - - - - - - - - - - -
L 55 2101 1 1 1 1 1 1 1 1 1 1 1 1 1 1
41 &0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
33 38,07
an 10,81 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
) 54 20,24 S 4 a4 4 4 a1 a4 4
79 36,49
[ 34 25,07 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
13 28,01
t 55 96,02 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
80 30,88 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
18 35,12
2 59,07 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 OnuHa onTHManbHOro nyTh |5720,22 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
H -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

—
|
|
1
i
|

Pucynok 15 — MopeaunpoBanue 100 ropoaos. Pacyer JJHHBI ONTHMAJIBHOIO MYyTH.
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland)  =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4,260
i JIF =1.500 { SJIF (Morocco) =2.031 |
Q AGEHOI;Y. - XagHblA anroput™ ( HayuHblid pykoBoaMTENE: UJIEIBLI,OB AH.) T T . e
CxEMa PACNoNo#EHNA ropoaoE | PACYET PACCTOAHMIA MEXAY ropogami | MWeM myTe KOMMABOSXEDE KapTa onTuMansHoro nyTh
= 38
o 97 W25 o0 82 N1l »
..63 o .115215.49.?2 -
10 ,55
»100 057
- » 0
o7
L] 8 ® #
o 12
20 - 61 . &0
29°
85
-
o 47 34
83
o 73
o 90
o 25
o 17
-
g5 g & 55
Q A6EHO|-3-Y. - XaaHblid anroputm ( HayuHeii pykoBoawuTens: Lllesuos AH.) -

CxXEeMa PaCcronmKeHHA rOPOAoE | PACYET PACCTOAHMIA MEXAY ropoaamy | MweM nyTe KOMMABOSHEDE KapTa onTuMansHoro nyTu

8 92
97 Az 0__ &2 11
* 57 Pl
5 . aem 12
84
3
42 e
o 27 100
52 o3
66
2 14
81 i
64 - ®
75
37 38
32
4
65
41
39
39
4 13 a0
79/
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[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
Q AbeHoB Y. - 2KagHbIiA anropuTmM ( HayuHblid pykosogutens: Llesuos AH.) = =
|Cxeﬂa PaCMonoweHs ropofos | PACYET PaccTORAHMIA MEXAY ropq.uanulb‘lu.l.eﬂ nyTb g |KEDTE OQNTHMANEHOND MYTH |

94

Pucynok 17 — MopaenunpoBanue 100 ropoaos. Ilpounecc mocTpoeHnsi TpaeKTOPUH ONTHMAJBHOIO MyTH.

~
o

| CXeMa PacnonokeHNs ropoaos | PAcueT paccToaHMiA Meskay ropogat | VIULEM NyTe KOMMMBOSXEDE | KapTa onTHMaNsHoro NyTH

ONTHMaNGBHBIA NYTE

294
8
217
134
282
98
59
285
237
258

167

272,11

-1

370,56 154,32
344,92 224,87
-1 -1
OnuHa oNnTHMANBHOTO NYTH 587,78 325,55
-1 -1
510,32 246,08
135,09 154,89
283,28 229,21

199,47 368,7 509,09 ¥
>
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| ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland)  =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
) AbeHoe Y. - XaaHbli anropuTm ( Hayunbiid pykosoawTens: Lesuos AH.) = =

CxeMa pacnonoeHna ropodos
38

Pac4eT paccToAHWiA Mexay ropoaaMy | Mwem nyTe KomMuBoskEpa | K8PTa onTUMansHoro nyTw
gl

0y 224

Pucynok 19 — MoaennpoBanue 300 ropogos. TpaexkTopusi oONTHMAJBHOIO MyTH.

Conclusion

B pesyabrare npoBeeHHOr0 HCCIEA0BaHNA ObLIN IOJY4YeHBI CIeAyIOLIHe Pe3yabTaThl:

[1  Pa3paboTaHbl AITOPUTMBI M IIPOTPaMMa JUTsl pELICHHs 331a41 MOUCKa ONTUMANBHOTO yTH Ha Maple,
[1  Pa3paboTaHbl AITOPUTMBI M IPOTPaMMa JUTs PELICHHS 3aa41 MOUCKa onTUMansHoro myti Ha Delphi,
[1  Pa3paboTaHHbIC aNTOPUTMBI PEaTH30BaHBI U ANIIPOOUPOBAHEBI AJIS PA3IMYHBIX HAYaIbHBIX YCIOBHH.
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IPAKTUYECKHWIN ACHEKT UCITIOJIb30BAHMS KATHOT'O AJITOPUTMA

Annomayus: Hcxoonvimu Oanubimu 0N paspabomku  ai20pummos AEIANMCA U6ECHHbIEe AN20PUMMbL
3a0auu KOMUBOsICEPA, Memoobl pacuema nymu 0ns «JKaoH020 anzopummay, u36ecmmuvie UCXOOHble OaHHble ONls
3a0auu. O60CHOBAHUE HEOOXOOUMOCU NPOBEOCHUs. HAYYHO-UCCICO08AMENbCKOU  pAbombl  ONUPAEmcs Ha
HeobX00UMOCb  KOMEPYUAIU3AYUU AIOPUMMA U CO30aHUue Memodo8 paciemd, CHOCOOHBIX Deanuso8ams
AN2OPUMM C 803MONCHOCHIBIO 6HEOPEHUSL.

Knrouesvie cnosa: sneopenue, scaonwviii ancopumm, Delphi.

Introduction Hdns  ngoctmkeHus d3Tod nenmm B paborte
pelIanrCh CJAeayIOIue 3aaaun:

AKTYaJIbHOCTb NIP00JIeMbl.

[Ipu pemreHNH pa3THIHBIX TEXHOIOTHYECKUX
3amad  TpeOyeTcs HaWTH ONTHUMAJbHBIA  ITyTh
pemieHHs ~ OOYCIOBICHHBI  MajlbIM  BpeMEHEM
BBINIOJIHEHUS 3anayu. IloaTomy 3amaua pacuera
ONTUMAJIBHOTO IIYTU SABJISACTCSA aKTyaHLHOﬁ JUIA
MMPOMBIIIJIECHHOCTH.

CpeeHus1 0  IUIAaHMPYeMOM  HAY4HO-
TeXHHYECKOM YPOBHE Pa3paboTKH.

TeOpCTI/I‘ICCKI/IC HUCCICI0BaHUA n
MaTEMaTU4YCCKUC MOACIN IIO3BOJIAKOT
IMMPOTHO3UPOBATH OITHMAaJIbHBIN yThb C
MUHHMaJIbHBIM BPEMCHCM. P €3YJIbTAThI

UCCIIEJIOBAaHMUSI MOTYT OBbITh  HalpaBleHBl Ha
aBTOMATHU3ALHIO MIPOLECCOB U COKPAILIEHHE CPOKOB U
CpC€ACTB 3aTpavyrBacMbIX Ha WX BBIIIOJTHECHHUE.

Hensio  padoTsl  sBisieTcs  pa3paboTka
amroputMoB u mporpamm st Delphi u Maple ms
IMOWCKa ONTUMAJIIBHOTO IYTH W BO3MOXHOCTH HX
KOMMepIHaIu3alHu.

- paspaborka nporpammbr miust Delphi u ee
anpoOauus TS Pa3inYHbIX HAYaIbHbBIX JaHHBIX;

- W3y4eHHE BO3MOXKHOCTH KOMEPLHAIH3AINH
JIAHHOTO aJrOPUTMa B TPOU3BOICTBE.

Hayuynasi HOBH3HA HCCJIETOBAHUI

- paspaboranbl mporpammel Ha Delphi ¢
BO3MOKHOCTBIO MX KOMEPIIHATU3ALIHH.

IMpakTHyecKkasi IEHHOCTh

- pa3paboTaHHBIE AJTOPHTMBI M TPOTPAMMHOE
obecrieueHne TO3BOJISET HaXOTUTh ONTHMAaJbHBIH

IyThb. P €3YJIbTAThI HUMCIOT BO3MOXXHOCTb
KOMEpUurain3aluunu.
O0ocHOBaHHOCTH " AOCTOBEPHOCTH

MOJIyYeHHBIX Pe3yJbTaTOB -MOATBEPXKAAETCS TEM,
YTO OHM OBUIM TIOJIYY€HbI HAa OCHOBE H3BECTHBIX
TEOPETUYECKUX U  ampoOUpPOBAaHHBIX  METOJIOB
JIMCKPETHOM MaTEMaTHKH.
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4.260

SIS (USA) =0.912
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PIF (India)
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Materials and Methods
HpaKTl/l‘IECKl/lﬁ ACMEKT UCIIOJb30BaAaHUA

AmmpoOupyeM [NaHHBIH alropuT™M Ha
ropoaax Kazaxcrana.

BBIOpaTh BTOPOH IYHKT, 3aTrpy3UTh KapTy, ¥ BBECTH
BCE KOOPJIUHATHI BCEX TOPOJIOB.

16
st aTOoro  HE0OXOIUMO

Q AbBeHoB Y. - XaaHblA anroputm ( HayuHuid pykoeoauTens: LWesuoe AH.) = B
CHEMa PACNONGHEHKA FOPOA0E | PacueT PaCCTOAHW MEXAY ropoaat | Mwem nyTs €pa | KapTa onT 0 NyTH
apel - KasaHs )
Kon-so ropoaos r Kyprau Kemepo
KyiiGniegekoe edxp. HD”"?“”C" ' Omck Hosacunpck -
¥pa &
5 B YbaHOECK T T
Os o 1 &
B / <
O Kocrawait 5 Kouweray e —
100 Camapa Koczarai § Kekuetay Bhey.
Py, §
2, L @ Naenogap
Q300 Pacuer P 3 3 Nagncaap
OpeHBypr £ & T FopHo-AnT:
hros ypan @ R S AcTaHa =
AcTama =
L E!
ropona onpeneTs AkTobe 2!
. Axrate YeTh-KameHoroplk S
- Kaparanga
() cnysaiivo Kapararasi Bergen
(®) o kapTe h
[]sanepmxa 9 KazaxcraH
Kaza)crtan 03, 3atcan
ATbipay
ATeipay
Manoe 3. BEAXOU
Apansekoe Mope Bankau ken
Kittli Apan Teris
Tanasxopran
K:E;::T;E.ﬂa TangLEnpFaH
= P. g,
¥ iyey,,
Maxaukana
¢ Weikersy T3pa3TaR2C P0G
Daworys LbigeHT pa. AnMars
Pagg?  y3gekmcTan Hapei
. [wanan-fBag  HapeH
Baky Yprepy Hanan-h6aa >
AH . Urganigh TR, o 2
Pucynox 1 — BBoa KapThl M1 KOOPAMHAT TOPO/IOB.
Q AbBenos Y. - XKagHbliA anroputm ( Hayunbiit pykoBoguTens: Lllesuos AH.) - O
CXEM3 PACNIONOKEHUA ropofos | PacueT PACCTOAHWA MEWIY ropoaaMi | Awen nyTe Epa | Kapta onT 0 NyTH
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 59,66 131,86 255,98 260 288,1 274,01 294,59 252,49 95,77 154,65 194,33 324,21 457,01 462,15 5Z|
2 5,66 -1 123,74 21511 200,41 230,82 231,65 257,76 240,43 154,77 211,62 249,06 361,44 497,51 488,18 54"
3 131,86 123,74 -1 151,47 251,81 303,01 340,83 372,09 364,16 175,08 20443 30513 453,43 583,23 593,38 65
4 255,88 215,11 154,47 -1 194,85 257,76 347,5 335,35 424,72 323,31 355,85 446,58 57,1  711,3 701,59 748
5 260 200,41 254,91 194,85 -1 62,86 172,15 212,32 290,06 35506 410,07 433,71 5117 648,62 602,43 62
6 288,1 230,82 303,01 257,76 62,96 -1 125,67 163,95 260,27 383,73 442,24 452,68 502,3 636,76 577,9 587
7 274,01 231,65 340,93 3475 172,15 12567 -1 40,24 144,08 360,57 422,73 3931 403,62 532,35 460,48 461
8 294,59 257,76 372,09 386,35 212,32 163,95 40,24 -1 12291 37,06 438,16 39524 387,75 512,19 4325 42
9 252,49 240,43 364,16 424,72 290,06 260,27 144,08 12291 -1 310,72 369,44 295,29 265,17 389,68 317,97 33}
10 95,77 154,77 176,08 323,31 35506 383,73 360,57 375,06 310,72 -1 62,2 132,13 298,78 418,71 452,52 53
11 154,65 211,62 204,43 355,86 410,07 442,24 422,73 438,16 369,44 62,2 -1 144,05 322,83 430,11 481,48 577
12 194,33 249,06 305,13 445,50 438,71 45263 383,1 39524 29529 132,13 144,05 -1 179,61 288,64 339,21 43¢
13 324,21 381,44 45343 5751 511,7 502,3 403,62 387,75 26517 293,78 322,83 179,61 -1 137,76 160,03  26¢
14 457,01 497,51 583,23 7113 648,62 636,76 532,35 512,19 389,68 413,71 430,11 288,64 137,76 -1 139,8 25§
15 462,15 488,18 593,98 701,59 602,43 5779 460,48 4325 317,97 452,52 481,45 339,21 160,03 139,38 -1 118
16 528,41 543,17 658,74 748,64 ©2248 587,08 462,57 42796 333,06 536,45 573,58 436,58 264,37 205,12 118,25 -1
< >

PucyHok 2 — Pacyer paccTosiHHii MeXK1y ropojaMu.
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| ISRA (India) = 1.344 | SIS(USA)  =0.912 | ICV (Poland) =6.630
Imoact Eactor: | 'S (Dubai, UAE) = 0.829 | PHHII (Russia) = 0.234 | PIF (India) =1.940
P - | GIF (Australia) =0.564 | ESJI (KZ2) =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
Q AbeHos Y. - XafHbIA anropuTM ( HayuHbi# pykosoauTens: Lesuos AH. ) = B
| CxEMa PANONOHEHUA FOPOOS I PacqeT paccToAHMIA MEXY FOPOAEMI | Viwen nyTe €pa | KapTa onTi 0 MyTH |
ONTHHAALHBI MYTE
1 59,66
i iﬁ:z; e T T e (e T T S - |
4 194,85 _ _ _ _ ~ _ ~ _ _ _ _ ~ _ ~ _
5 62,95 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 125,67 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
g 412'2%;1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
9 265,17 1 -1 1 -1 -1 -1 -1 1 -1 1 -1 -1 -1 -1 -1
13 137,76
14 138.8 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 El
15 118,25
5 135,58 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
12 132,13 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
10 62,2
11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
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Kax BUIUM NPUMCHCHHC 3a7a9m MIPOU3BOJICTBA MHHHMHU3UPYETCS BMECTE C OOLINM

KOMMHBOSDKEpa Ha MpPakTHKEe O4YeHb oOmmpHO. Ee
MOKHO MCIOJB30BaTh [UId TIOMCKa KpaTdaiiiero
Mapuipyra IpH TracTpoJsIX 3CTPAaJHOM TPYIMIIBI I10

ropoaam, HaXO0XJICHUA OCJICA0OBATCIbHOCTHU
TCXHOJIOTHYCCKHUX onepaunﬁ O6eCHe‘IHBaIOH1617[
HanuMCHBIICC BpEMs BBITIOJIHCHHA BCCTO

TMIPOU3BOJACTBEHHOI'O IIUKJIA U TIP.:

- 3agaua o nmyremecTBeHHUKe. KoMmMuBOsIKED
nomkeH 00be3muTh N ropomos. [y TOro YTOOBI
YMEHBIIUTh PACcXOJbl, OH XOYEeT MOCTPOUTH TaKOi
MapIIpyT, YT006 00BE3IUTH BCE TOPOAA TOJNBKO IO
OMHOMY pa3dy H BEpHYTbCS B HCXOIHBIH C
MHHAMYMOM 3aTpar. 3arpaThl Ha IepeMeIICHUE
MEXK/Iy TOPOIaMU 3a[aHbl MATPHILICH.

- 3agaya o nmpom3BOACTBe Kpacok. Mmeercs
eX WIM  TPOW3BOJACTBEHHAs  JIMHHSA  JUIA
MPOM3BOJICTBA N KPACOK PAa3HOTO IBETA; 00O3HAYUM
9TM  Kpacku  Homepamu  1,2... n. Bcwo
MPOU3BOJICTBEHHYIO JIMHUIO MOXKHO CYHTATh OJHUM
CTaHKOM. Bynem TaKKe CUUTATh, 4TO
€MHOBPEMEHHO CTaHOK IPOU3BOAUT TOJIBKO OJHY
KpacKy, MO3TOMY KpacKH HYKHO TIPOM3BOAMUTH B
HEKOoTOpoM mopsake. Ilockonbky NpPOU3BOACTBO

OUKINYECKOEC, TO KpaCKu HaJA0 MPOU3BOAWUTL B
OHUKJINYCCKOM TMopAaKe. Ilocne OKOHYaHUsA
MNpOMU3BOACTBA  KpAaCKH i n nepen Ha4daJloM

NPOU3BOJICTBA KPACKH j HAZI0 OTMBITh 000PYIOBaHUE
ot kpacku i. Jma storo Tpedyercs Bpems C[ij].
OueBnaHO, uto C[i,j] 3aBUCHT KaK OT i, TaK H OT j, H
4yT0, BooOMmEe roBops,C[i,j]#C[j,i]. IIpu HexoTOpOM
BBIODAaHHOM  MOpSAKEe  NpHAETCS  Ha  LUKI
MPOU3BOJICTBA KPACOK IIOTPATUTD BPEMSL:

n

f = Z Ci,j + Ztk
(i,j)er k=1

rJe tk - BpeMsl Mpou3BOACTBA K-0ii Kpacku (He cuuTas

ouncTkh). Bropas cymma B mpaBoil dactm
MOCTOSIHHA, II03TOMY TOJHOE€ BpeMsi Ha IUKII

BpeMEHEM Ha OYHCTKY. TakuMm oOpas3oM, 3amada
KOMMHUBOSDKEpA U 33]a4a 0 MUHAMH3AIUN BPEMEHH
OYMCTKH — 3TO OJHA 3a7aya, TOJNHKO BapHaHTBI ¢
OIMCAHBI Pa3HBIMH CIIOBAMH.

- 3amaya o0 JOLIpONPOOMBHOM IIpecce.
JpIporpoOMBHOI Mpecc MPOU3BOAUT OOJIBIIOE YHCIIO
OJIMHAKOBBIX METAJUIMYECKUX JIMCTOB, B KOTOPBIX
MOCNIEI0BATEIbHO 110 OJHOMY  HPOOHMBAIOTCS
OTBEpCTHSI  pa3HOH  (GOPMBI WM BEJIMYUHEI.
CxeMaTHuecKu Ipecc MOXHO IPEACTaBUTh B BUAE
CTOJNA, JBUTAIOUIETOCS HE3aBHCUMO 10 KOOpAMHATAM
X, y, W BpalalOIETocsd HaX CTOJIOM JHCKa, IO
MIEPUMETPY KOTOPOTO PacIoIOKEHBI
JBIPONIPOOMBHBIE MHCTPYMEHTHI PAa3HOW (OPMBI U
BenMuuHbl. KaXIplli MHCTPYMEHT HpPHCYTCTBYET B
OIHOM 9K3eMIurIpe. JIMCK MOXET BpallaTbCs
OJIMHAKOBO B JIBYX HAamNpaBJIeHUSX (II0 KOOpAMHATE
BpatieHus z). imeeTcs coOCTBEHHO Mpecc, KOTOPBIi
HaJaBlIMBacT HAa  IOJABCLICHHBIA  IOA  HEro
HHCTPYMEHT TOT/Aa, KOIZla TMOJ  HMHCTPYMEHT
NIO/IBE/ICHA HY>KHas TOYKa JucTa. Temepb, Kak U B
NpeAblAylleM  cllydae,  3ajada  COCTaBJICHMS
ONTHMAJIFHON MpOrpaMMbl AJIsL  ABIPONIPOOHBHOTO
mpecca CBOAMTCS K 3a/1a4e KOMMHBOSDKEDPA .

B pesynpTare mnpoBeAeHHON ampodanuu U
peanu3aiuu aByx mporpamm Ha Maple u Delphi
MOXKHO CIENaTh BBIBOJ, YTO IIOJyYCHHBIC NAHHBIC
CBUIICTEIBCTBYIOT O KOPPEKTHO# pabore JKamxoro
QITOPUTMA [P PA3IHYHBIX HAYAIBHBIX YCIOBHUSIX.

Annpodanusi pa3paGoTaHHBIX AJITOPUTMOB

Jnst anmpo6anuu pazpaboTaHHBIX AJITOPUTMOB
JUCKPETHOI MaTeMaTHKH pa3paboTaeM YCTPOHMCTBO
cocTofllee W3 JBYX JIMHEWHBIX TNPHUBOJOB, ABYX
JIpaiiBepoB U MJIaThl ApJLyHHO YHO.

[Tonxmrouenue K KOMIIBIOTEPY
ocymectBisTh o USB kabernto.

Oynem
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Pucynox 5 — MUKpPOKOHTpOJLIEp W IBa JUHEHHBIX IPUBOJA.

PaspaboTaem nporpammy A MUKPOKOHTpPOJLIepa:

#include <Stepper.h>
/I change this to the number of steps on your motor
#define STEPS 100

Stepper s1(STEPS, 11, 10, 9, 8);
Stepper s2(STEPS, 7, 6, 5, 4);

int slmax = 220;
int s2max = 160;

int x,y,x0,y0 =0;
char incomingByte; // Bxoasiuue qanHbie

void setup() {
Serial.begin(115200);
/1 set the speed of the motor to 30 RPMs
s1.setSpeed(80);
s2.setSpeed(60);
s1.step(-s1max);
s2.step(-s2max);

}
void loop() {

if (Serial.available() > 0) { //ecam npunum naHHBIC
incomingByte = Serial.read(); // cuntpiBaeMm GaiiT
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x:=x0+incomingByte;
incomingByte = Serial.read(); / cuutsiBaeM Gaiit
y:=y0+incomingByte;

sl.step(x);
s2.step(y);
X0:=x;
yo:=y;

/I delay(5000);

Hononuum nporpammy Ha Delphi Bo3aMoxHOCTBIO
HOJKIIIOYEHHS] K MUKPOKOHTPOJLIEPY:

Q AbeHos Y. - JKaaHbli anroputm ( HayuHbiid pykosoauTens: Wesuos AH.) = =

CXEMa PACTIONOKEHMA ropoAoE | PACYET PACCTOAHWIA MEAy ropogami | Milem nyTe KommuBosmxépa | KapTa onTWManeHoro myTk

Pucynok 6 — Ilporpamma na Delphi ¢ noak/irouenneM K MUKPOKOHTPOJLIEPY.

ISPC Technology and progress,

Philadelphia, USA 125 THOMSON REUTERS

Indexed in Thomson Reuters




Impact Factor:

{ ISRA (India)
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia)
{JIF

= 1.344

=0.564
=1.500

| SIS (USA) =0.912
{ PHHII (Russia) = 0.234
i ESJI (K2) =3.860
{ SJIF (Morocco) = 2.031

| ICV (Poland)  =6.630
{ PIF (India) =1.940
=4.260

| 1BI (India)

D e

s

A

Pucynok 7 — Pe3yabTat pa6oThl ycTpoiicTBa.

Pucynok 8 — Ilporpamma B neiicrBum.
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Conclusion

B pesynmpraTe NpPOBEAEHHOTO WCCIECAOBAHUSA
OBLTH ITOJTy4EHBI CIEAYIOIINE PE3YJIbTATHI:

IIporpamma Ha

Delphi

aganTupoBaHa K

MPaKTUICCKOMY HCIIOJIb30BAHUIO C KapTaMU U MOXKET
HCIOJIB30BAaThCA JJId PCHICHUA IMMPAKTUYCCKHUX 3a/lay,
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Introduction

In recent decades, the reality surrounding us has
changed significantly. Global changes that occurred
in the XXI century, led to the formation of a new
way of thinking. At present, the human worldview
system has evolved, and for the business world it's
time to pay attention not only to the development of
technics and technology, but also to the person who
works in business. At the moment, values such as the
increase in the role of the individual, self-expression
of the person, self-actualization, the importance of
social partnership between organizations and the
public have become priorities.

Researches have shown that modern business
reality has become more complex, volatile and
unpredictable. IBM conducted a survey of 1,500
executives and found that company executives
highlighted the growing complexity of the
environment as the main problem in their companies'
operations, and most of the interviewed executives
noted that their organizations are not ready to
overcome this complexity [1].

In connection with the rapid change in external
factors, the tasks facing company employees are

rapidly changing, which requires conceptually new
methods for their solution. Modern managers are
increasingly faced with the fact that the old methods
of motivating employees no longer work. People
need a new management method, more flexible and
attentive to everyone [2]. All this implies the need
for employees to acquire fundamentally new skills
and competencies to continue their successful
operations.

In modern conditions of dynamically changing
external environment, organizations that focus their
attention on the constant development of the social
environment of their business and that invest in the
development of their employees and in the forms of
social interaction between them could pretend to be
leaders in their industry.

Currently, the unique technology of working
with  employees of organizations “Business-
coaching” is gaining popularity. This technology is
aimed at achieving the goals of a person and/or
organizations. Business coaching as the main tool for
managing employees of organizations is aimed at
organizing the search for the most effective ways to
achieve the goals of the company and their
implementation by employees. The main result of the
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application of Business-coaching in personnel
management is the ability of employees to
independently solve many tasks, take the initiative,
make choices, take responsibility and make
decisions. Business-coaching allows employees to
build a culture of dialogue based on mutual respect
and trust, and also helps to unlock the potential of the
person, thus helping him to achieve maximum
efficiency [3].

Materials and Methods

Coaching as a profession was officially
recognized in the United States in 2001 due to the
creation and activities of the International Coach
Federation (ICF). According to the “2016 ICF Global
Coaching Study” conducted by the International
Coach Federation with the assistance of the
international audit company PricewaterhouseCoopers
(PwC), nowadays, there are 53,300 practicing
coaches and 10,900 coach-competent managers
around the world (table 1).

Table 1
Total number of coaches and coach-competent managers in the world, pers.
(according to the “ICF Global Coaching Study”)
Region 2012 2016

Coaches Coaches Coach-competent managers Total
North America 15 800 17 500 3100 20 600
Latl.n America and the 2 600 4000 1000 5000
Caribbean
Western Europe 17 800 18 800 2700 21 400
Eastern Europe 3500 4500 1500 6 000
Middle East and Africa 2100 2 400 700 3100
Asia 3300 3700 1500 5200
Oceania 2400 2400 400 2800
Total 47 500 53 300 10 900 64 100

According to the data for the period from 2012
to 2016, the number of coaches in the world
increased by the 5,8 thousand people, from 47,5
thousand people to 53,3 thousand people. Of which
35.2% of the total work in Western Europe, 32.8% —
work in North America, 8.4% — in Eastern Europe,
7.5% — in Latin America and the Caribbean, 6.9% —
in Asia, 4.5% — in the Middle East and Africa and
4.5% — in Oceania. Considering the fact that the
analysis of the number of coach-competent managers
is considered in ICF studies for the first time, it can

bhillion dollars
[§

be concluded that the importance of using Business-
coaching technology in the management of
employees of organizations is growing. According to
the research, the number of coach-competent
managers makes up one fifth of the total number of
coaches and will continue to grow in the future.

The world market of coaching is growing
rapidly. The ICF research conducted in 2007, 2012,
2016 shows that over 10 years the volume of
coaching services has increased by more than 1.5
times (pic. 1).

m 2007

2.356 m 2012
2016

Vears

Picture 1 — Total annual income from coaching in the world, billion dollars
(according to the “ICF Global Coaching Study”)
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According to the data given, the coaching
market in the world from 2007 to 2012 has increased
by 32% from $ 1.5 billion and reached a volume of

1.979 billion dollars, from 2012 to 2016 — by 19%
from 1.979 billion dollars and reached a volume of
2.356 billion dollars (pic. 2).

B Morth America

u Latin America and
the Caribbean

B Westemn Europe

B Eastern Europe

= Middle East and Africa
B Asia

» Oceania

Picture 2 — The share of revenues by regions from the total annual income for 2016, %
(according to the “ICF Global Coaching Study”)

The largest volume of income from the
provision of coaching services accounts from the
total — 40.6% in North America, 38.1% — in Western
Europe, 6.5% — in Oceania, 4.8% — in Asia, and
3.9% — in Latin America America and the Caribbean,
3.1% — the Middle East and Africa, 3.0% — Eastern
Europe.

Among coaches with active clients, the average
annual income from coaching in 2016 was 51.0
thousand dollars. The highest average annual income
of coaches was indicated by the coaches of Oceania —
73.1 thousand dollars, the lowest — coaches in
Eastern Europe — 18.4 thousand dollars (pic. 3).

Oceania G 7 !
Asia I 7.3
Middle East and Aftica__ 35.0
Eastem Eu.mpe-_ 184
Westem Europe [ 5 ;
Latin Amenca and the Ca.tn"be.an__ 27.1

Nosth America GGG 51 ¢

0

20 30 40 50 60 T0 30
thousand dollars

Picture 3 — The average annual income of coaches in the world, thousand dollars
(according to the “ICF Global Coaching Study”)

According to the above, the development of
coaching has a positive growth trend all around the
world, as evidenced by a steady increase in the
number of practicing coaches, the total annual

income from coaching, the income of coaches around
the world, and also coach-competent managers who
apply coaching technologies in their work.
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For the formation of personnel reserve in big
organizations, as a rule, is responsible for the
department for work with personnel. HR-specialists
basically choose such methods of personnel
development as training courses, trainings,
mentoring, 360 assessment, etc. All the above
methods are aimed at transferring knowledge,
experience, information, but for a modern
experienced worker this is not so important.

According to the statistics of the American
Society for Training & Development, companies all
over the world invest more than 2 billion dollars a
year in training and staff development, but 50-90%
of costs are ineffective, since without realizing the
importance of applying knowledge gained in practice
upgrading of qualifications and passing all kinds of
trainings do not give an expected result [4] (pic. 4).

100 %

90 %
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70 %
60 %
50 %
40 %
30%
20% -
10 % -
0% -

B Training

W Training + Coaching

Picture 4 — Effect of coaching and training on the labor productivity, %
(according to the American Society for Training & Development)

According to the statistics of the International
Association of Management, it can be noted that in
the case of combining trainings with coaching, labor
productivity increases to 86 % and only 22 % in
cases where only trainings are conducted. Coaching
really increases the effectiveness of training by
almost 4 times, since coaching is based directly on
the personal experience of the employee, and the
conscious application of knowledge gained at the
training.

Today, there are cardinal changes in the system
of personnel management: organizational structure,
processes, tools, and most importantly - the
managers. Each rapidly developing organization
notices these changes and takes specific actions to
develop its organization in accordance with current
business realities.

Nowadays, Business-coaching as a tool for
personnel management is used by more than 500
large and successful foreign companies, including
Boeing, American Express, Motorola, IBM, Marriott

International, Glaxo Wellcome, that is almost 70 %
of “Fortune” companies use Business-coaching in
their practice [5]. According to a survey of 100 top-
managers of companies “Fortune1000”, as a result of
coaching, noticeable improvements in motivation,
productivity, quality, increasing efficiency of the
organization, customer service, stock value of shares,
and also in reducing the number of customer
complaints and employee turnover [6]. According to
Metrix Global statistics, in companies that are
members of the “Global500” return on investment
(ROI) in coaching is 529%. Coaching really goes
into the life of managers and increases the
effectiveness of their work. Eight out of ten
executives who experienced it themselves claim to
have benefited from it, and 96 % say that coaching
should be available to employees of all levels.

According to the International Coach
Federation (ICF), with the application of Business-
coaching in the work with staff, positive results are
achieved (pic. 5).
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Picture 5 — The results of the application of business coaching in the work with the staff
(according to the International Coach Federation, ICF)

These researches confirm that coaching helps to
solve the challenge facing employees of
organizations in today's business reality. In the
practice of Russian companies, Business-coaching is
only beginning to prove itself: over the past five
years, several large Russian companies have declared
Business-coaching the main direction of their
development and have begun campaigns to create a
coaching culture.

Among foreign companies, cardinal changes in
the system of personnel management: organizational
structure, processes, tools, and most importantly - the
managers themselves, are much more active. Each
rapidly developing organization notices these
changes and takes concrete actions to develop its
organization in accordance with current business
realities.

For example, in 2016, General Electric
launched one of the largest projects to revise the
famous performance management system. The
system introduced under Jack Welch ceased to meet
the needs of the company and took too much time:
the company spent a total of five months on the
annual staff assessment. The new system implies the
abolition of the rating system and the more frequent
interaction between the manager and the employee.
The company chose several "pioneering teams" in
which such meetings completely replaced the rating
system. Also for these teams the evaluation criteria
have changed somewhat. More static parameters,
such as the level of expertise and clarity of thinking,
have been replaced by more dynamic ones. For
example, the desire to learn and the ability to adapt.
The company began to encourage teams that are
committed to change and are able to learn from their
mistakes. For some employees, special two-hour
meetings are held, where they talk about their
mistakes and conclusions. Also, General Electric
automated the process of providing feedback through
a special mobile application "PD@GE". Each

employee can take a feedback on their work or
evaluate another employee. If you receive a positive
feedback or thanks, the "continue" button is
displayed, if there is a negative feedback — "learn".

In 2012 Adobe company instead of the annual
evaluation sessions, introduced the “check-ins"
system, which includes frequent meetings to discuss
the results, encourage successful tasks, and formulate
expectations from employees. The result of this
innovation was a 30 % reduction in personnel
turnover. The "Check-in" system undergoes
continuous development, thanks to the constant
development of mentoring and coaching skills
among managers. Particular attention is paid to those
managers whose teams demonstrate the least
involvement in the work. In general, according to
Adobe HR-managers that changes helped employees
and managers make meetings devoted to the
evaluation of effectiveness much easier. Staff
turnover has decreased, and the level of loyalty to the
company has increased.

Deloitte company, having analyzed the
effectiveness of its "performance management"
system, has also significantly changed the efficiency
evaluation process. Instead of asking the opinion of
several members of the team about the effectiveness
of the employee, as in the evaluation of 360, the
company decided to ask only the current leader of the
team, changing the nature of the issues and
increasing their number. To reduce the subjectivity
of answers, leaders are asked not about the skills and
qualities of a particular employee, but about what
actions the leader is willing to take in relation to this
employee. The poll includes four statements:

1. If the company's money were mine, then,
taking into account the productivity of this employee,
I would provide him with the maximum possible
increase in compensation (Measures the overall
productivity and uniqueness of the employee).

2. Taking into account the productivity of this
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employee, | would much like him to be on my team
(The ability to cooperate and teamwork is measured).

3. This employee is at risk because he/she has a
poor performance (Potential risks are identified).

4. This employee is ready for improvement
today (The potential of the employee is measured).

Analysis of the answers allows to make
informed decisions about the future of employees.
Using of this technology and the constant collection
of feedback, managers at any time can get all the
information about the effectiveness of employees,
based on the responses of their team leaders. Another
innovation was the weekly "Check-in", which allows
the leaders to convey to the team members goals and
expectations for the next week, prioritize, make the
necessary adjustments, give a short feedback on the
previous week.

Changes in the system of personnel
management in the activities of large companies
confirm the need for the development of a new, more
flexible, supportive, command-forming personnel
management tool, which is called Business-coaching.

At the same time, the majority of Russian
organizations still do not mention Business-coaching
as an important tool for managing employees, but
they are used only as a type of management
consulting. Leaders are happy to engage with
professional coaches, developing their skills, but
continue to interact with subordinates in the
traditional directive manner of orders, control of
performance and negative feedback, rather than
becoming facilitators of their effectiveness. The
reasons are both in the absence of coaching
competencies, and in outdated mental models of
leaders.

In the same moment, the existing complex
macroeconomic conditions in the world strengthen
the need to overcome the vertical model of
interaction between managers and subordinates and
move to the model of cooperation, jointly solve
complex problems of increasing productivity in
conditions of limited resources, growth in a falling
economy, motivation at a falling consumption level.
At present, managers of organizations are forced to
master coaching leadership in order to remain
competitive. The main reasons that justify the
importance of using business coaching as the main
tool for managing employees of organizations are:

1. Ineffectiveness of old systems for evaluating
the effectiveness of employees. Analysis of
traditional systems for assessing the effectiveness of
employees showed that companies use the following
tools:

| annual or semi-annual meetings with
discussion of the results of the employee's work and
setting goals and objectives for the year ahead;

1 rating system of employees, based on the
estimates for the performance of certain projects
during the year;

| various assessment methods, including a
survey of team members (ex., assessment 360).

Each of the above tools has recently been
subject to increasing criticism due to the large time
spent on their implementation, as well as their
inefficiency. For example, according to Deloitte's
estimates for filling out forms, holding annual
meetings and making ratings, the company spent
about 2 million hours per year. This implies that such
a system does not allow you to quickly respond to
changes in the company, and delay the development
of employees. Studies in the field of the rating
system in assessing the effectiveness of employees
have shown that they have a negative impact on the
corporate culture and the involvement of staff in the
work: assigning an employee a place in the ranking
or making a numerical rating causes two possible
reactions: euphoria or aggression that have a bad
impact on employee involvement. A survey
conducted by Globoforce showed that out of 708
interviewed employees of various US companies,
more than half do not consider such a system of
evaluation effective and motivating, and more than
60% do not agree with the results of annual
assessments. Thus, conversations are much more
effective, helping the staff to analyze the experience
and draw the appropriate conclusions. Today, many
companies (Accenture, Adobe, Microsoft, etc.)
refuse to rank employees in favor of other methods
of performance management.

In the process of coaching, such a tool as
feedback is most effective. After all, it is aimed at the
result, for certain actions. Feedback in coaching is
always supportive. It allows you to see the growth
zones and direct efforts in them. The coach gives
such feedback, which helps the employee's weak
sides to turn into strong, that inspires and gives new
opportunities.

In business, for a confident move forward, it is
very important to understand on the right person the
ways. Or change course if its direction is not true.
Therefore, feedback is an obligatory and important
component of the coaching process. It provides
support and motivation, directs and corrects, gives
strength and confidence. All this helps to focus on
the results and quickly achieve the goal.

2. Change the values of a new generation of
employees. At the moment, the number of the new
generation of employees has significantly increased -
the generation Y, for which a serious motivating
factor is the possibility of constant training and
growth. For such employees it is important to often
receive feedback in order to continuously improve
their effectiveness [7]. For this reason, annual
meetings are replaced by more frequent and less
formal meetings, during which employees can share
their ideas, opinions, suggestions [8]. The ability to
express your point of view and be heard is directly
related to the level of involvement in the work, while
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organizations that pay great attention to maintaining
a high level of employee engagement have more
effective performance management systems. Also,
such a system accustoms employees to independently
evaluate their effectiveness [9]. A study conducted
by Bersin & Associates found that companies that
introduced a continuous staff assessment and
feedback  system achieved  better  business
performance than companies using the annual
assessment. According to the research, financial
indicators of 45% of companies, where meetings

Conclusion

Thus, if the personnel  performance
management system used to deal primarily with
annual or semi-annual meetings and a rating
assessment, at the moment it should include a whole
range of different tasks: to carry out a continuous
assessment of the work of employees, set timely
goals and objectives, plan further development of the
company And employees, improve the efficiency of
employees. In our opinion, business coaching as
nothing else is best suited for the implementation of
these tasks. Such a cardinal transition from the usual
management style to a completely new one is a very
difficult stage for any manager. However, the current
and extremely difficult situation in the business
speaks about the need for changes in the personnel
management  system. Behavioral ~ approach
determines the effectiveness of any organization
precisely by the manner in which its managers
behave towards employees - an organization cannot
be effective if the effectiveness of managers given by
the company is low. Sociological research shows that
if the success of the business manager's activities is
15% dependent on his professional knowledge, then
85% on the ability to work with people. Thus, the
results of labor depend precisely on socio-
psychological factors and the ability of the manager
to take into account these factors, and with their help
to purposefully influence employees, helps the leader
to form a team with common goals and objectives.

With a coaching approach, the management of
employees creates conditions in which employees
make their own decisions, thereby developing
professionally and personally. The company is
becoming more flexible. In the event of any
difficulties, the speed of reaction to non-standard
situations increases. Absence of total control and the
ability to find different ways to solve the tasks that
have been set will also activate creative activity.
Conditions are created for innovation, which can
provide a breakthrough to business. And the manager
finds in the person of employees not executors or
"junior comrades", but partners who can make a huge
contribution to the development of the case.

Business coaching eliminates internal obstacles
and helps to open access to inexhaustible resources -

with employees were held at least four times a year,
exceed the average for the market [10].

3. Change in the nature of the tasks facing
companies. In a constantly changing environment,
the tasks facing employees are becoming less clear,
giving them an ever-increasing space for maneuver.
Academic studies show that, high uncertainty of
tasks requires a transition to a system aimed at
maximizing the involvement of employees in the
work by creating appropriate conditions [11].

both own - the leader, and his subordinates. The main
goal of coaching is to strengthen people's confidence,
no matter what task they perform. The application of
business coaching, as technology management
company employees, is a qualitatively new level of
work with employees. It is therefore important for
the company's management to know how to change
the company's culture at the level of an individual
employee, team or whole team. These skills are
critical to establishing long-term success. Therefore,
the motives to appeal to business coaching and
cultivate the coaching culture in the organization are
many, which is confirmed by the results of
companies already using business coaching in their
activities.

It is important for leaders of our time to have
coaching competencies, namely, to be guided by the
philosophy, principles and methods of business
coaching in their work with employees of
organizations. It is important for the leader to feel
surrounding people, employees, give them the
opportunity to think with their own heads, believe in
them, while directing and opening in them something
new that they themselves did not suspect.
Development based on the insight, oriented to the
realization of something new by man is the most
valuable, because it allows him to see himself and
the world from a new angle.

The person has significant opportunities waiting
for his time and it is important for the leader to know
that people have much greater abilities than those
that they show in the workplace, so it is so important
to think about the human potential, not its indicators.
Faith in the ability of people has a direct effect on
their effectiveness and motivation. As the main
results of the application of coach management in the
activities of companies, we note the following:

| coaching allows to achieve awareness of the
employee's actions and responsibility for the result of
these actions in individual and team work;

| coaching promotes systematic professional
and personal growth;

| coaching allows to maximize the effective
labor potential of employees;
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| coaching develops the ability for the
strategic thinking of the leader, the ability to
effectively set goals, develop strategies, prioritize,
and effectively complete projects, achieving their
goals.

[1 coaching is a good tool for involving
workers in the process of implementing a quality
system, allowing them to tap into their knowledge
and initiative, overcome resistance to innovation;

[1 coaching allows you to make full use of the
internal resources of the organization, increase the
dynamics of the company's development;

[1 coaching allows to form a specific
organizational culture as a basis for constant
improvement of quality and innovative development
of the company;

| coaching allows you to increase business
prospects by more fully revealing the manager's
personal potential, which ultimately leads to an
improvement in the quality of his work as a
"supplier” of management decisions;

(1 coaching allows you to create a healthy
corporate culture in an organization that will match
modern business realities.
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Introduction

Since olden times the researchers have been very
interested in two- and three-component alloys of
transition metals that have the ability to restore their
shape when heated, as a result of prior deformation.
This phenomenon, called the shape memory effect, is
associated with the martensitic transformation process,
occurring in the alloy as a result of heating within a
certain temperature range.

Among variety of similar materials Ti-Ni alloys
have a number of advantages in comparison with
others, where the shape memory effect is determined.
These materials have the ability to completely restore
the given shape when heated, and also have good
plasticity, sufficient heat resistance and improved
corrosion resistance. Despite a significant number of
studies devoted to these alloys, where the changes in
mechanical and physical properties, the influence of
thermomechanical treatment on transformation
processes, the structural changes in initial and
martensitic phases were studied, a clear picture of
phase transformations occurring there, and the reasons
of changes in various properties were not obtained,
and, most importantly, the results reached by different
authors were often difficult to compare. The main
reason for these failures was the impossibility of
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alloying under strictly identical conditions. It is known
that it is extremely difficult to obtain two fusions of
TiNi alloys of the same composition with the same
properties. Therefore, it seems appropriate to carry out
researches to obtain data on structural and phase
transformations in alloys under various external
influences and influence of thermal treatment on
subsequent martensitic transformation.

Phase transformations in Ti-Ni allows. A
general chart of Ti-Ni system state is shown on the
figure 1. Three types of compounds are possible in the
system: TizNi, TiNi, TiNis. The first TioNi compound
is formed in peritectic reaction and has a homogeneity
range. At a temperature of 7000°C the homogeneity
range is ~ 2 at% and it slightly narrows under
temperature decrease. The TiNi compound crystallizes
from the fusion at 1310°C. Under temperature decrease
it dissolves a certain amount of Ni in Ti, which leads to
the formation of homogeneity range. The maximum
homogeneity range of this alloy extends within the
range of 49.5 + 57 at.% Ni at a temperature

T =1118°C. It is assumed that at a temperature

T <630°C this alloy eutectoidly dissolved into a
compound of two phases, consisting of Ti;Ni and
TiNiz. The TiNiz compound melts congruently at
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13800°C. In Ti-Ni system there are three eutectic, one
peritectic and one eutectoid transformations.
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Figure 1 - Chart of Ti-Ni alloys system state.

In Ti-Ni alloys the martensitic transformation
occurs in a narrow concentration range near the
equiatomic composition of Ti-50 at.% Ni. The high-
temperature phase of TiNi (B, BCC, @« = 0.302 nm) at a
room temperature exists in a narrow concentration
range (~ 0.5 at.%) [1]. A compound of two phases Ti;
Ni + TiNi is formed at lower Ni content (< 50 at.%) and
at a temperature of 1015°C. A compound of TiNi +
TiNisz is formed under high Ni concentrations (> 50
at.%) at a temperature below 1100°C. TizNi compound
has a complicated face-centered cubic lattice - lattice
with the parameter ¢ = 1.131 nm. It contains 96 atoms,
whereas TiNiz has a hexagonal lattice with the
parameters a = 0.509 nm and ¢ = 0.831 nm, containing
12 atoms [2].

A large number of works are devoted to the study
of the crystal structure of phases arising in TiNi alloys
near equiatomic composition at a temperature range of
800°C. And, interestingly, that the results of these
studies are interpreted in different ways. For example,
the work [2] reports about three phase states in alloys
Ti-51 at.% Ni. It is believed that in the temperature
range above 700°C there is TiNi phase (I) with BCC
structure and the parameter ¢ = 0.3 nm. Within the
interval (600 = 40°C) an ordered phase TiNi (II)
appears with the BBC lattice parameter a = 0.9 nm and
54 atoms per cell. This cell is represented as the set of
two simple cubic lattices with coordinates of atoms
(000) and (%, %, %) and the sequence of arrangement
of Ti-Ti-Ni-Ti-Ti and  Ni-Ni-Ti-Ni-Ni atoms,
respectively. The TiNi (Il) alloy undergoes a
diffusionless pseudomartensitic transition at a

temperature of 166°C. At that the work denies
possibility of TiNi and TiNis phase breaking. The
martensitic phase of TiNi (II) is formed at a
temperature below 400°C. Another model of the BCC
lattice with the parameter a = 0.903 nm was presented
in the work [3]. In essence it differs from the previous
one only by a different alternation of Ni and Ti atoms.
On the basis of electronic and diffraction studies the
work [4] proposes to describe this phase by a
rhombohedral structure with a parameter ¢ = 0.903 nm

at an angle o, =89,3°. On electron microscopic

images, obtained in reflexes [5], located at distances of
1/3 between the main ones, thin domains -
precipitations are visible. These precipitations are
found in samples in annealed and slowly cooled
conditions.

The work [6] assumes that the high-temperature
TiNi phase decay into Ti;Ni and TiNis occurs in

equiatomic alloys under T = 650°C . According to the
authors of the work [6] a plastic-like NisTi, phase with
a hexagonal lattice with the parameter a = 0,27 nm, ¢ =
0.44 nm and c¢/a = 1.63 nm is formed in the
hypereutectoid alloy (52 at.% Ni) upon annealing

during 1 month at T =660°C . This structure is an
intermediate one between two types of TisNi phases:
widmanstatten and equiaxial.

The crystalline structure of martensite was
determined in many works, including [7]. It was found
that martensite has a close-packed structure, but the
alternation and number of close-packed layers in one
period, determined by different authors, is different.
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The formation of martensite with a triclinic lattice was
reported in the works [8]. Moreover, these works show
various values of the lattice parameters. It is most often
assumed that martensite in TiNi alloys has a
monoclinic structure of A’ type. It is also known that

martensitic transformation in Ti-Ni alloys is a first-
kind transformation and it occurs thermoelastically [9].
In martensitic transformation in TiNi alloys, a relief
appears on the polished surface. The martensite
crystals grow with lowering of temperature and
decrease its size with rising temperature. The thermal
hysteresis does not exceed 25-30° C. Such a hysteresis
value apparently depends on small volume changes
under transformation (0.16%). The dislocation density
increases when the reverse transformation occurs in the
initial phase.

Martensite is formed in the shape of alternating
plates with two orientations with a common boundary

along (111 )m [10]. The adjacent plates have a width

of 100 and 200 nm and differ in the direction of ”c”

and "a" axes. Three morphological types of

martensite were observed in the alloy Ti-50.1 at.% Ni:
lamellar, massive and tortuous [11]. A lamellar
martensite contains stacking defects located at a
distance of 3-6 nm from each other. In addition to
stacking defects in martensite there were also found
twins of (111 )m. type.

Methods of research. Hot soaking often leads to
a change in the structural state of both the initial
martensite phase and the subsequent martensite phase
that is formed after cooling. After such treatment the
appearance and distribution of dislocation and vacancy
defects can be different. At the same time the degree of
order and the degree of decomposition of the initial
solid solution, as well as the phase composition of the
material, can differ. In addition, various physical and
mechanical properties can change. In view of this, it
follows that it is extremely important to conduct studies
on the influence of wvarious thermal and
thermomechanical treatments on structural and phase
changes in Ti-Ni alloys, obtained under identical
conditions.

The studies were carried out on alloys of Ti - (50-
60) wt.% Ni. The alloys were melted in vacuum by the
arc melting method with a threefold Ti and Ni
remelting of 99.99% purity. The obtained ingots were

rolled in air at 7 > 600°C to the thickness of 0.6=1.0

mm. The rolled plates were kept at 7 =1000°C for 15-
30 minutes, followed by quenching in NaOH alkali
water. Thermal treatment was carried out in argon
medium according to the scheme:

a) Quenching at 1000°C, heating and holding in a
given temperature range (200-800) OC for a certain
time.

6) Rapid cooling at 1000°C to the given
temperature (200-800) 0C and holding for a certain
time.

Investigation of structural and phase changes,
occurring in the material after various treatments, was
carried out by electron microscopy and resistometric
measurements.

Discussion of the results. The high dislocation
density and elongated subgrains with the dimensions
(0.3-0.5) x (3+5) um were found in the samples after
high-temperature rolling, providing blurring of
reflexes on micro-diffraction patterns into rings and
arcs. Holding and quenching at 1000°C lead to the
removal of defects (dislocations), recrystallization
process and growth of new grains. After such treatment
large grains of high-temperature g - phase are visible

on microstructural images. Inside these grains a
«mottling» is detected, which is apparently specified
by dispersed precipitations of another phase and
particles of Ti>Ni phase, which are located both inside
the grains and along the boundaries. The «mottling» in
S - phase, observed after quenching at 1000°C,

becomes much clearer after holding at 200-500°C and
cooling to the room temperature. There were no other
changes in the microstructure. Probably, such structure
is specified by small particles (~ 3-10) nm of the new
phase formed during aging.

Certain microstructural changes of the following
character become viseable after holding at 300 + 4000
°C: dislocation loops and individual deformation
contrast around discrete precipitations are detected.
Fine (up to 0.2 pm) particles of the x — phase of
<110 4 type are clearly visible on dark-field images.

Prolonged holding (up to 300 min) leads to an increase
of these particles to ~ 0.5 pm in the longitudinal
direction. The particles take the form of elongated
lenticular (pointed at both ends) plates, coherent with
the surrounding matrix. In later stages of growth (~
5000 ° C), when the particles reach considerable
dimensions, they consist of several parts with different
orientation, which is detected by alternation of light
and dark areas. These areas are often separated by a
clear boundary. When they are small (up to 0.5 pm) the
particles have a light thickness. This is shown by
streaky contrast at the boundaries of x — particle and g

- phase.

The particles interact in the process of growth. If
one of them strikes upon the other, its growth stops in
this direction, but it grows in thickness. At the same
time a large particle absorbs small ones without
forming new boundaries inside a large particle,
whereas old boundaries disappear. Often it is possible
to detect 2-3 orientations of x — particles in the
neighborhood.

With increase of holding time and temperature (up
to 550-650°C) the plates of x — phase grow in length
and in thickness (Fig. 2). As a result, a coherence
violation occurs, which leads to imperfect dislocations
on interphase boundaries (between g- and x —

particles), located at a distance of 75-80 nm from each
other. Similar structural changes are observed after
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treatment according to the second scheme, i.e. after
heating and holding for quenching and subsequent
cooling to a given temperature within the range of 800
+ 500°C. It should be noted that x — phase exists up to
the temperature of 650-700°C. Above this temperature
the particles and the reflections of x — phase disappear.
On micro diffraction patterns there are diffuse reflexes

7107 4
16
14
12
10

of B —phase. The intensity of these phases declines as
the temperature rises. Thus, the x — phase exists in a
certain temperature range, above and below which it

cannot exist. The amount of this phase does not exceed
10-15%.

|
\
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Figure 2 - Dependence of particle size of x -phase in TiNi alloy on the holding temperature
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Figure 3 - Temperature dependence on electrical resistivity (AR ) in TiNi alloy

The electrical resistivity method is often used to
record the flow of the martensitic transformation
process in the material. This method allows to
determine the martensitic points (My, My, Ay, Ag) and
thermal hysteresis with high accuracy, and also to
monitor the intermediate stages and transformation
kinetics. In alloys TiNi, as in the case of martensitic
transformation, there is the decrease of electrical
resistivity (Fig. 3). However, in the works [9] prior to
decrease in electrical resistivity under temperature
lowering, a rise was observed, which corresponds to a
negative coefficient of electrical resistance. With a
temperature cycling in a certain interval, where a
partial reverse transformation occurs, the height of the
peak increases, and the temperature interval of its

appearance shifts to the lower temperature range.
Therefore, it is attractive for study of the influence of
thermal treatment at elevated temperatures on the
magnitude and position of the peak (if it exists), the
dependence of its occurrence on concentration of
elements in the alloy, and the development of structural
changes that cause its occurrence.

It was found that the electrical resistivity
dependence on temperature for TiNi alloys is
determined by the composition [12]. This dependence
is usual in the alloys of Al group (containing 53.7 +
55.0 wt.% Ni) (Fig. 3 curve 1). Upon cooling and
heating the hysteresis loop, specified by martensitic
transformation, is observed in the change in electrical
resistivity. The value of the electrical resistivity does
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not practically change after holding for 300 min. in the
interval 200-800°C (Fig. 4, curve A).

Under temperature cycling through the
martensitic transformation area the shape of curves
does not change, but this leads to a slight decrease in
the value of M, point (after 10 cycles).

A different dependence of the electrical resistivity
on temperature is observed in the alloys of B1 group
(containing 56.4 wt.% Ni) (Fig. 3, curve 2). Prior to the
drop in electrical resistivity due to martensitic
transformation, there is a rise beginning at a
temperature M, and ending at a temperature
corresponding to M, point. An ordinary drop in
electrical resistivity is observed below this
temperature. The ratio of the magnitude of the peak to
the change in the electrical resistivity due to martensitic
transformation of quenched samples is 5+10% and
depends on the composition of the alloy.

&
Rga-R.,

A peak is also observed on R(T)curve when

heated, but its value is much smaller and it is shifted to
higher temperatures by 0 + 20°C. Temperature cycling
leads to decrease in the value of M, point in samples,
held at elevated temperatures, and to increase in the
peak by a factor of 2+3. The peak value is strongly
influenced by the holding temperature at a fixed time.
As the temperature rises the peak value increases and
at 450-500°C it reaches its highest value, and then
sharply decreases (Fig. 3¢c). After holding at 550°C and
more the electrical resistivity is the same as in the
quenched samples.
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Figure 4 - Influence of holding temperature on the break jump of electrical resistivity in martensitic
transformation (RB2-Rm) in TiNi alloys of A and B groups
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Figure 5 - Temperature dependence of additional peak value of electrical resistivity in TiNi alloy
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Conclusions.

The effects found in Ti-Ni alloys are substantiated
by premartensitic instability, which

causes vibrations of atoms along certain crystal
directions, which near the temperature point of
martensitic transformation of M, leads to the appearance
of plane waves. The martensite crystals grow with
lowering temperature and decrease with rising
temperature. Thermal hysteresis does not exceed 25-
30°C. Such hysteresis is probably specified by small
volume changes (~ 0.16%).
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