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B nanHO# paboTe MpeasioxkeH OOUHiA MOIX0A K PEUICHUIO 33[a4 ONTUMAJIBHOIO YIPaBICHUS 00BEKTaMHU,
OIUCHIBAEMBIMH HHTETPAIIbHO HATPYKEHHBIMU THIEPOOTHUECKUME YpaBHEHUSIMH. [10/1X0/1 OCHOBAH Ha PEeIyKIIUH
HCXOJHOW 3a1aud K 3aJaue KOHEYHOMEPHOW ONTHUMHU3AIMU, OMUCHIBAEMON pPAa3HOCTHBIMU YpPaBHEHUSIMU.
OTHOCHUTENBHO PEAYIIMPOBAHHON 3a/1auM MOTy4eHbI GOPMYJIBI UIsi KOMIIOHEHT IPAIMCHTA LeleBON (DyHKIIUH.

KaroueBble ciioBa: 3aja4a ONTUMAIbHOTO YIPABICHUS, UHTETPAIbHOE HArpyKeHUE, THIepOoInIecKoe
ypaBHEHHE, ONITUMH3AIHS, UMITYJIbC, TPAAUCHT (yHKIIMOHAA.

1. Bseoenue. Muorue TemioBble OHOJIOTHUECKHE
MPOLIECCHl U TPOUECCHl MOA3EMHOI0 JBHKECHHSI BOJI
JIOCTaTOYHO aJIEKBATHO OMHCHIBAIOTCS HATPY>KEHHBIMU
rUNepOOJMUCCKUME  ypaBHCHUsAMH.  HarpyxeHus
MOT'YT OBITh KaK TOU€4HbIE (B 00LIEM N-MEPHOM CIIydae
(n-1)-oif pa3mMepHOCTH), TAK HHTETPATbHBIMU.

B nmanHO#t pabote mpemiokeH OO TOAXO0 K

pelIeHuio  3aJad  ONTHMAJIBHOTO  YNpPaBIICHUS
o0beKTamuy, OTINCHIBAEMBIMHU HHTETpaJIbHO-
Harpy>KeHHbIM  THIEpPOOTUUECKHM  ypaBHEHHEM.

IMoxxon ocHOBaH Ha PEemyKIMH HCXOIHOHM 3amaddl K
3ajaue KOHCYHOMEPHOH ONTHMHU3AINH, OMMUCHIBAEMON
Pa3HOCTHBIMHU YPaBHEHUSIMHU.

OTHOCHUTETBHO penyluUpOBaHHOM 3a71a4u
nojy4eHsl (OpPMYINBI Ui KOMIIOHEHT TpajueHTa
ueneBod  QyHKuMH. T (HOPMYJIBI  TIO3BOJISIET

HCIOJB30BaTh JAJISl YHCJIEHHOTO pPEUICHUS HCXOTHON
3aJa4d ONTHMAIILHOTO yrpaBieHus 3((PeKTHBHbIC
METOJBl  ONTHUMM3ALIMKM  IIEpBOrO  IOpsSAKa U
COOTBETCTBYIOIINE CTAHAAPTHBIE NMAKETHI MPUKIATHBIX
MIPOrpaMM KOHEYHOMEPHON ONTHMH3ALUH.

2. Ilocmanoeka 3adau. Ilycth paccMaTpuBaeMblii
YIpaBIsIeMBbIH TIPOLIECC ONMUCHIBAETCS  CIEIyIOMIei
KpaeBo 3ajaduent OTHOCHUTEIILHO HHTErpo-
T hepeHInanTbHOTO YPaBHEHHUSI THIIEPOOINYECKOTro
THIIA:

Pee (0, 1) = AP (0, 1) + [, K(x,£,v)p(x, v)dv + o (3, 1),
(x,t) €Q=(0,1) x (7,T), (21)

IIpU HA4YaJIbHO-KPACBLIX YCIOBUAX

p(x,t) =1 (x,t),0<t<71,x€[0,I], (22)

p(0,t) = g, (), T<t<T, (23)

p(Lt) =¢3(t), T<t<T,
T = const > 0,2t < T,a = const > 0. (2.4)

3mecs: p = p(x,t)—QyHKOMS, ONpPEACIIAIOIIAs
(dhaszoBoe cocrostHue oObekta; K(x,t,v) - 3amaHHas
KyCOUYHO-HEIPEPBIBHASI [0 TIEPBBIM JBYM apryMEHTaM,
HerepepbiBHO- AU GepeHIipyeMa [0 TPEeTheMy
apryMeHTy GbyHKIMS; GbyHKIHN

d)O(x' t)' ¢1(X, t)’ ¢)2 (t)' ¢3 (t) B 06HleM Ciiyqae
SABJIAKOTCA  YIIPABJISIIOIUMHA BO3I[CﬁCTBI/I$IMI/I, XO0Td B
YaCTHBIX ClIy4dasiX KaKue-TO M3 HUX MOIrYT OLITH HE
YIpaBJICHUSIMU, a OBITH 3alaHHBIMH.

B xauectBe neJIeBOro (bYHKIII/IOHaJ'Ia InpuMeM
CJ'ICZ[}IIOHII/Iﬁ (I)YHKIII/IOHaJ'IZ

J@) = [}lp(x.t; ¢) — PQOdx + Tio eillpill?,, (2.5)

roe P(x) — 3amannas ¢yskuowms; &,i = 0,1,2,3—
KO3(D(OUIUEHTBl  peryssipu3andi. Y OpaBIISIOIINE

beHKHHH ¢(x, t) = (¢0(x' t)v ¢1 (x' t)' ¢2 (t)' ¢3 (t))

WIIyTCI Ha  KjaccaX  KyCOYHO-HENPEPHIBHBIMHU

(byHKUMA, TPU KOTOPBIX KpaeBasi HAPY)KCHHAs 3a1a4a
(2.1)-(2.4) wumeer eauHCTBEHHOE  00OOIICHHOE
peureHue, u Gonee TOrO, OHH YAOBJICTBOPSIOT
JOTOMHUTENBHBIM ~ TPEOOBAaHMAM, HCXOASAIINX U3
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TCXHOJIOTHYCCKUX, TCXHHUYCCKUX COO6pa)K€HPII7[,
OIPCACIICHHBIX, HATPUMEP, HCPABCHCTBAMU THUIIA

lp:(x, Oll, < M;, i =0,1,2,3. (2.6)

3amaua omrumanbHOTO yrpaienus (2.1)—(2.6)
OTHOCHUTCS K KJIacCy 3ajad yIPaBIICHHUS CHCTEMaMH C
pacnpesieNeHHbBIMU  TapamMeTpamMH M Uil ee
UCCJIEJIOBaHUS, IOJNyYeHUS! HEOOXOAMMBIX YCIOBHIA
ONTHMAJIFHOCTH  TIEPBOTO  TOPSIKA  BO3MOIKHO
UCIIOJIb30BaTh TO/IXO/IbI, IPEIOKECHHBIE, HAIPUMED, B
paborax [3,c.55-62, 4,¢.336-349].

3. Pewenue 3a0auu. 11onb3ysicb METOJJOM CETOK,
pemynupyeM WHcXogHyo 3amady (2.1) — (2.6) x
KOHEYHOMEPHOH ONTUMM3ALHOHHON 3a7ayue
CHEUAIBHON CTPYKTYpbl, OTHOCHUTEIBHO KOTOPOM
nonyyuM (HOpMyIBl AN KOMIIOHEHT TpagieHTa

HENEeBOH byHKUMH o ONTHMH3UPYEMBIM
mapamerpamu. B o6mactu [0,1] X [0,T] BBemem
PaBHOMEPHYIO CETOUHYIO 00JIACTh:W = {(xi, tj): X;

. . . — 1 T
lhx,tj=]ht,l=0,Nx,]=0,Nt},hx=N—x,ht=N—T

npennonaras, 94ro N; = T/ j, LleJI0e YnCIIo ( sicHO
t

)

, 9TO 3TO HUKaK HE yMaysieT OOLIHOCTH, TaK Kak
N¢, Ny, hy TpakTH4ecKu Bcerja MOXHO MOA00paTh
COOTBETCTYIOIINM 00pa3oM).

BBeznem 0003HaueHUs U151 CETOUHBIX (DYHKIIHHI:

i, Vi), Poij = Po(xi L)),

brij = d1(x, 8y), P25 = D2 (), P3j = d3(t)), P = P(xy).

st anmpoxkcumanmu (2.1) ucrmonb3yeM HEesBHYO
cxeMy, a uHTerpan B (2.1) anmpokcuMupyeM METOAOM
JIEBBIX NMPSIMOYTOJIHHHUKOB:

t

j-1

ftjj_r K(x;, t;, vIp(xi, v)dv = he Xy, Kijsbis-
Torpma, Hampumep, Ui BHYTPEHHHX TOYEK
anmnpokcuManus (2.1) NpUBOAUT K COOTHOILEHHIO:
2 2 =
Pij — 2Pij-1 T Pij—2 Pi-1j — 2Pij + Di+1j
¥ =a 12 +he Kijkpir + boij-
t x k=j—N¢

B menoMm, HECJIOXHO MOJNYYHTh CICAYOLIYO
o6iyto hopmyiy aist annpokcumaimu (2.1) — (2.4) Bo

¢1ij'i = 0' NXl] = 0' N‘L"

2 2
a% [pi-1j + Pisaj] + % [2pij—1 — pij—2] +

hihg . .
+=Z ¢gij, i = 0, Ny, j = Ny + 12N,
P h? hJZC
Pij = S [picaj + pisaj] + 5 [2Di500 = Piy2] +
2,2
+5E iy i = 0, Ny, j = 2N, + LV,

¢,,i=0,j=N, + 1N,
¢3j,i = Ny, j = N, + LN,

rze obo3HaueHo 4 = Z(ah? + h,zc)

1(¢) = hx Z?I:x1[piNt - Pi]z + ht Zyigl{hx Z

3amaua (3.1),(3.2) sBmsgeTCS KOHEYHOMEPHOU
ONTUMM3ALIMOHHON  3ajaveil, anmpoKCUMUpYIoLEe
UCXOJIHYI0 HemnpepbiBHYI0 3anauy (2.1)—(2.6) , oHa
XapaKkTepu3yercs orpezeaeHHOI CTPYKTYpOI

" = Pg)[9p" — axgra

BCEX y3J'IOBI)IX TOYKaX w, BBIACIAA OTACIBHO CJ'Iy'-IaI/I
i=01,N,—1,N,j=0,N;uj > N,

h3RE [N j-1
e [Zvij_NT Kijy @1iv + Zyon,+1 Kijw piv] +
hihg K (3.1)
A Zv:j—Nr ijvPiv +
LieneBoit (byHKUHOHAT aNmpOKCUMHUPYeM
(dopmyJtoii:
Ny—1

[30¢(2>ij + €1¢fij] + &3 + 534’32’]'}' (3.2)

i=0

orpannmdyeHnid tuna paseHcts (3.1). [ns ee penreHus
IIpeUIaraeTcsl MCIOJb30BaTh METOJbl ONTUMM3ALUU
NIEPBOTo MOPAJKA

dl(¢™)],k=0,12,..(33)
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rle @) - War OJHOMEPHOM MUHUMH3ALNHU, Pg)-  MEPEMEHHBIX Ha JIOITyCTUMYIO 00J1aCTh,
omepaTop  MPOEKTHPOBAHHSA  ONTUMH3HPYEMbIX  ONPCICISIEMYIO OIpaHHYCHISIMH (2.6) .
[Monyunm (GopMyIbl IS KOMIOHCHT TpaJHCHTa
(dyHKIMOHANA!
Vi) = <al(¢) 01(¢) 01(§) az(¢)>
0poij  0prij " 0y " 0s; )

HCTIONB3YsT METOAUKY, TIPEITIOKCHHYIO B paboTax
aBTOpa pabotsl [5,c.346-354].

Wi = ar(¢)
ij = d
371ecs MPOM3BOJHAS NMOHUMAETCS KaK MOJHAas C
y4eTOM TOTO, YTO W3MEHECHHE 3HaueHHus (Pa3oBoi
TNIEPEMEHHOM P;; NPUBOJUT B CHILy COOTHOIIEHHH (3.1)

Wy = aI(<l>)
5] 0
rie L;j- MHOXKecTBO HMHIEKCOB  (ha3oBhIX

COCTOSIHUI, 3aBUCSIINX COTIACHO cOOTHOUIeHUsM (3.1)

{

HecnoxxHo mnomyduts (OpMyINIBI OTHOCHTEIBHO
BCEX KOMIIOHEHT BEKTOPa UMIIYJIbCHBIX MEPEMEHHBIX:

21(¢) _ 2h[pin, —

opij

h2
2he(pin, = P) + S Pisan,

Pli=1N,j=
0,j=0N,—1

BBeznem BEKTOp MMITYJIBCOB!

,(,)) € w. (34)

K HM3MCHCHUIO COCTOSHUS (ha30BOW IMEpPEeMEHHON B
JIpYTUX y3/Iax.
Torna umeem:

opr
+ Z(r q)ELUZ ) qlprqt (35)

OT COCTOSAHUA pU
OINPCACTIACTCA CICAYIONUM 06pa30M:

Yactrast npomsBogHas B (3.5)

ah?

+ Ttlpi—thJi =0, lej = Ntl

z%gll)mt + hngh%KiNt—mt—ﬂ/)iNt + % (Yicing-1 + Yivine—1),
i= O'—Nx'] =N -1,
2 2
ﬂl/)i+1j + a%l/)i—u 1/)11+1 +2% 1/Ju+2 + hfh"Zv =jr1 Kip¥iv +
Py = |+ i = O N, = N, — N, N, — 2, (3.7)

a%l/)iﬂj + a%l/)i—u - hATtl/)in + ¥¢ij+2 + hin Z{,H,Vfrl Kijy iy +

+ 2 i =0,y = O, N, — I,

M gryi=0j=T N, -2,

—‘%?lp,vx_lj,i =N, j=1N, -2

Kak BunHO 13 (3.7) , oHUM onpenensioT quHeisle g1 j =N, —1,N, —2,...,1 u3 (3.7) MoxHO

COOTHOLIECHHSI MEXKIY HMMITYyJbCHBIMU IIEPEMEHHBIMH.  OIPEIEIUTh 3HAUCHHUSI BCEX UMITYIbCHBIX TIEPEMEHHBIX
[o awamornu c¢ HenpepbiBHbIMU 3azadamu  (3.7) ¥y, (i,)) € w.

Ha30BeM coONpsHkKeHHBIMH K (3.1) COOTHOMIEHUSIMHU.
SIcHO,4TO KaK TOJIBKO OYyIyT OmpejeNneHbl 3HauCHUS

(asosoro cocrosnus p;y,, i = 0, Ny T0, HaunHas ¢ j =
N, c moMouipi0 COOTHOUIEHHH cHavana (3.6) , moToM

Tenepb HECNOXXHO ONPEAEIUTh KOMIIOHEHTEI
HUCKOMOTO TpajaueHTta, yuurteiBas u3 (3.1) BimsHHE
YIPaBISIIONIMX [TapaMeTPOB Ha KOMIIOHEHTHI (pa30BOTO
COCTOSIHUS,T.€

dI) _ 1) Oy ) ht n2
doij  0oij a¢ou Yij = 280boij + =Pyt = 1Ny, j = N, N, (3.8)
d@) _ 01@) | iy B
dpaij 01 6¢1u Vi = 26141y +2 h 2Wij i = 0,Ny,j = 0,Ny, (3.9)
ai(¢) _ o1(¢) 5171] _
d¢2]_ - 6¢21 5¢2 1»[)1] 2“:2(1)2] + Il}l]'] - N‘r' Nt' (310)
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ai(@) _ 01(@) |, 9PNy,

dgzj  0¢3j 0¢3;
Kak Bugno um3 (3.8) — (3.11) KOMIOHEHTHI
HUCKOMOTO  BEKTOpa  TpajuMeHTa  (yHKIMOHAJA
OIIPEIENAIOTCS c MOMOIIBIO HUMITYJIbCHBIX

NepEeMEHHBIX, BEIMHUCIAEMbIX (hopmyioi (3.7) .

Takum 00pa3oMm, Moiy4deHbl BCe HEOOXOAMMBIE
(dopmynbl A peanu3alMyd  IPOLERypbl MPOSKINU
rpaauenTa (3.3) .

B nenom anroputMm perieHus UCXOIHOM 3a1auu
3aKJIFOYAETCS B BBIIOTHEHHUH CIIEYIOMINX [IaroB.

lar 1. BriOupaercss Ha4ambHBIN TOITYCTUMBIN
BEKTOP YIPaBISIOIINX ¢dyHKITHA
¢°(x, ) = (do(x, 1), $7 (x, 1), p2(1), $3 (1)) .

Iar 2 . PemaeTcs kpaeBas 3a1ada OTHOCUTEIBHO

Harpy>kKeHHOTO THMEPOOIMUECKOTO YpaBHEHHUS C
WCIONIb30BaHUEM cOOTHoIIeHui (3.1) .
Ilar 3 . DBBYKMCIAIOTCS 3HAYCHHS BCEX

HUMITYJIbCHBIX TIGPEMECHHBIX C TOMOIIBI0 (hopMyIsI (3.5)
(B obpatHoM nopsaxe o j = Ng, Ny — 1,...,1).

Ilar 4 . BeraucasioTcss KOMIOHEHTHI TpaiueHTa
¢dynkiponana (3.2) no gpopmyiam (3.8)-(3.11).

Ilar 5 . [lenaerca urepanusi METOAA NPOEKLUUHU
rpaguenta (3.3) u ompenessieTcss HOBBI BEKTOP
YIPABJSAIOIUX BO3IEHCTBUN:

¢1(x’ t) = (¢é(x' t), (p% (x,0), ¢%(t)' ¢31‘ ().

IMar 6 . Ecau kputepuil ocraHoBa mpouecca
ONTHMU3AINN HE BBITIOJTHEH, TO roce
nepeobo3HaUEHHUS P°(x, t) = p1(x, 1),
OCYIIECTBIISIETCS TIEPEX0/ K mary 2 .

I[lo mnpuBeAEHHOMY aIrOPUTMYy IPOBEACHBI
pa3NUYHbIE YUCIICHHBIE 3KCIIEPUMEHTHI Ha TECTOBBIX
3ama4yax, KOTOpble  MOKa3aid  3(PQeKTHBHOCTH
MPE/IOKEHHBIX (HOPMYIIL.

4. 3akniouenue. Kax yka3pIBaJoch BBIIIE IS
peleHus UCXOIHOU HENpepbIBHOU 3a7a44
ONITHMAJIEHOTO yHpaBleHUs MOXHO 9300
WCTIONb30BaTh MJICI0 METOJa MPUHIUIA MaKcHMyMa
Uil ToiydeHus  (OPMYJ,  HCIOJIB3YEeMBIX Ui
BBIYMCIICHUS TpagueHTa ¢yHKOuoHanta. Ho mma
YHCIIEHHOTO PEUIeHUsI 3aJaull yIpaBJIeHUS BCE PaBHO

VJIK 621.91.02

= l/’Nx—lj = 2€3§b3j + 1/’Nx—1j:j =N, N.. (3.11)

HEO0OXO0aUMO IIPOBOJUTH JUCKPETH3ALHIO
HeTpPEepbIBHBIX ¢dopmy, Y4acCTBYIOLIUX B
(dopMyIMpoBKe mNpuHOMIA MakcuMmyma. Ho Torma
BO3HHUKAET CYILIECTBEHHAsl CII0XKHOCTh,CBSI3aHHAsA C
HE00XOAUMOCTBIO COTJIACOBAHUS cxeM
annpoKCUMAIINM, KOTOpbIe He BCEria O4YeBUIHBI, YTO
oTME4YaJoch B pabotax [5,c.346-354],[6,c.8-20]. B
5TOM CIy4Yae BCE DPABHO IPHUXOOUTHCS INPOBOAUTH
HCCIIEIOBaHMs, IPUBEACHHbIC B JaHHON pabore.

[IpemmoxxeHHbIii B padoTe MOAXOI K PEIICHHUIO
3aa4 ONTHMAIBHOTO YINpPaBJIEHUS HarpyKEHHbIMU
THNEPOOTNUECKUMH YPAaBHEHUSIMHU, KaK BHUIHO, HOCUT
JOCTaTOYHO oOummi  xapakrep. Ero HecnoxxHo
TIEPEHCCTU Ha APYTUEC KIIACChl HAI'PYKEHHBIX KPAaCBbIX
3a1ay.

BaxxHoe JOCTOMHCTBO IpeAaraeMoro Mmojaxona B
TOM, YTO OH MO3BOJIICT UCIIOJB30BATH JId PCIICHUA
3ajga4d OIITUMAJIBHOT'O yupaBJICHUA TOTOBBIC
MIPOrpaMMBbl METOJ0B KOHEYHOMEPHOM ONTHMH3ALUU
MIEPBOTO MOPsAKA.
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KOHTPOJIb TEMITEPATYPBI B 30HE PE3AHUSA

Manunoeckux M.I'., /lemenxos O.B.

TEMPERATURE CONTROL IN THE CUTTING ZONE

Letenkov O.V., Danilovskikh M.G.
DOI: 10.31618/ESU.2413-9335.2023.1.110.1824

AHHOTALUS
B nanHOl cTaThe paccMaTpHBaeTCsl TEMIepaTypa pe3aHHs, KOTOpas UrpaeT BakKHYIO POJb B IIpoleccax,
MPOUCXOJIAIINX B 30HE pe3aHus npu oopadoTke yie3sust [1]. [Tokazano, yTo TeMneparypa NpH pe3aHuH JIe3BUEM
3aBUCHUT OT MHOTHX (PaKTOpPOB, B TOM YHCJIE OT (M3MUECKUX CBOWCTB Marepuaja 3arOTOBKH M MHCTPYMEHTA,
YCIIOBUI pe3aHust, TeOMETPHH Pexylnero nHerpymeHTa. CKOpoCTh pe3aHus OKa3blBacT HanOOJIbIIee BIMSHUE Ha
TeMIepaTypy B 30HE pe3aHus, a Mojada pes3lla Majo BIMAET Ha TeMnepaTypy. Bo3MOXHOCTH ympaBieHUs
TEeMIIEpaTyPHBIM I10JIEM 30HBI Pe3aHHs 00eCIIeYMBAET KaueCTBO MPOLIecca pe3aHust, HO HEOOXOAUMO 3HATh TOYHYIO

TEMIepaTypy 30HBI pe3aHus,

4YTO ABIACTCA KIOYCBBIM TCXHUYCCKHM MOMCHTOM. HpoaHaHI/ISI/IpOBaTB

MPEeNMyIIeCcTBA M HEIOCTATKH METOJOB OIIPENeNICHHUs TeMIepaTypsl Ipu 00paboTke jomaTok. bruto mokasaHo,
YTO pSAJ TEXHUYIECKUX MIPHINH MOKET OTPAHWIHMBATE MCIIOIB30BaHNE KaKJOTO METO/IA.
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ANNOTATION

This article discusses the cutting temperature, which plays an important role in the processes occurring in the
cutting zone during blade processing [1]. It is shown that the temperature during cutting with a blade depends on
many factors, including the physical properties of the material of the workpiece and tool, cutting conditions,
geometry of the cutting tool. The cutting speed has the greatest influence on the temperature in the cutting zone,
and the feed of the cutter has little effect on the temperature. The ability to control the temperature field of the
cutting zone ensures the quality of the cutting process, but it is necessary to know the exact temperature of the
cutting zone, which is a key technical point. To analyze the advantages and disadvantages of methods for
determining the temperature in the processing of blades. It has been shown that a number of technical reasons may

limit the use of each method.
KuroueBbie ciioBa:
TEMIIEPATYPHBII KOHTPOJIb.

30Ha peE3aHus,

TeMIepaTypa,

CTOMKOCTh HMHCTPYMEHTa, pPEXHMBI PpE3aHus,

Key words: cutting zone, temperature, tool life, cutting conditions, temperature control.

Beenenne

Co3maHue cucTeM YIpaBleHHUsS JIe3BUHHOMN
00paboOTKOM U UX MPUMEHEHHE B MAITMHOCTPOCHHUU Ha
HAYYHOI OCHOBE CITIOCOOCTBYET IOBHIIICHUIO Ka9eCTBa

" 3¢ peKTuBHOCTH MaIIMHOCTPOHUTEIHHOTO
nponsBojcTBa. OpHAKO CcIEeIyeT OTMETHTh, YTO
IpOLIECC PE3aHUs  CONPOBOXIACTCS  Pa3IUIHBIMHU

HapyIICHUSIMH, KOTOPBIC B CBOIO OYEpEIb MPHUBOIAT K
TOMY, 4TO MapaMeTphl peKUMa Pe3aHUs] OTKIOHSIIOTCS

0T 3a/IaHHBIX 3HAYECHUI], 4yTO CHUXKAET
MPOU3BOJUTENEHOCTh ~ O00pabOTKM M KaudecTBO
IPOLYKIUHU.

IIpu BBIOOpE ONTHMANBHBIX PEKUMOB PE3aHUs
HEOOXO/JMMO  YYHTHIBATh  MHOXECTBO  BHEIIHHX

(akTopoB (MaTepuan HHCTPYMEHTA M 3arOTOBKH, BHI
00paboTku, pexumsl pezanus, Hammarne COTC u mp.).
Takue 3aa4u penaloTcs IMyTeM CO3JaHHs PA3ITUYHBIX
JTAJIOHOB, KOTOpPBIE, B CBOIO OYepeab, CO3MAOTCS Ha
OCHOBE IKCIIEPUMEHTAIBHBIX JaHHBIX u
NPOU3BOJICTBEHHBIX HAONIOACHUH B OTHOCHUTEIBHO

y3KOM JMana3zoHe 00paboTKH. IonbiTkH
9KCTPAIIOJIUPOBATh Pe3yibTaThl Ha OoJsiee ITUPOKUIN
JMana3oH HM3MEHEHUS TEXHOJIOTMYeCKuX (akTopoB
BHOCST CyLIECTBEHHbIE IOrpelHocTy [1].

BnusiHue temmeparypbl Ha Mpolecc JIE3BUITHON

00paboTKH
OnHuM u3 OCHOBHBIX (bakTopoB,
pernaMeHTHpyonmX  3()(GEKTUBHOCTD  JIC3BHIHHOM

00pabOTKM M OKa3bIBAIOUIMX CYIIECTBEHHOE BIIMSIHUE
Ha XOJ IIpoliecca pe3aHus, sBIAETCA TeIUIoBas
sHeprus. TemmepaTypa B 30HE pe3aHUs U YCIOBHS
TpeHHs Ha pabouyMX MOBEPXHOCTSIX WHCTPYMEHTa,
OTIpPENIeNIAIOT PAabOTOCIIOCOOHOCTh HHCTPYMEHTAa U
OKa3bplBAIOT ~ OCHOBHOE  BIHMSHHE HAa  MPOLECC

(OpMHEPOBaHKS MOBEPXHOCTHOTO CJIOS ACTAIN U Ha JIP.
¢bu3nueckue SBICHHUSA, NPOXOISIIME B KOHTaKTHOM
obmactu [2-4].

CyniecTByeT TpU OCHOBHBIX MCTOYHHKA TeIlIa B
mporecce pezanus (puc. 1):

Puc. 1. Cxema pacnpocmpanenus meniogvix NOmMoKo8 (NOSACHeHUs 8 meKcme)
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1.McTouHuK B 30HE IIACTHYECKOH nedopmannu:
Q1 =qic + qu3, A€ qic — TEIUIOBOM MOTOK B CTPYKKY; i3
— TEMJIOBOM NMOTOK B TEJIO 3aTOTOBKH;

2.McTOYHMK B 30HE TPEHUS MEXIY CTPYXKKOH U
nepeaHei MOBEePXHOCTHIO PEeXYIIETo KiIuHa: Qr = qac +
Qou, THE (2c — TEIUIOBOM NOTOK B CTPYXKY; (ou —
TETJIOBOM ITOTOK B TEJIO MHCTPYMEHTA;

3.McTOYHHK B 30HE TPEHHUI MEKIY 00paboTaHHON
MOBEPXHOCTHIO U 3aJHEH MOBEPXHOCTHIO KinHA: Q3 =
Qau t+ Q3s, TOE Qsu — TEIUIOBOM IOTOK B TENO
MHCTPYMEHTa; (3; — TEIUIOBOMH IIOTOK B TEJIO
3aroTOBKHY;

4.q4 — TEIUIOBOM TIOTOK, BBIAEISIONICECS B
OKPY KaIOIIYyI0 CPeJy 3a CUeT M3TY4YEHHs] U KOHBEKIINH.

Kaxnpiii w3 wucrounumkoB (Qi) wu3iyuaer
OIpEe/IeIeHHOE KOJIMYECTBO TEIUIa, YTO 3aCTaBIAET UX
BIMATH JPYr Ha Jpyra M, COOTBETCTBEHHO,
(OopMHPOBATH TEIIOBBIE MOTOKH, COIPOBOKAAIOIINE
niportecc pesanuns [4-8].

CymiecTBylomee MPEICTaBICHHE O TEIUIOBOM
OanaHce mporiecca pe3aHus MOXKeT OBITh IPEACTaBICHO
B BHUJIC YPAaBHEHUSL:

Q1 + Q2 + Q3 = qic + qis + Qzc + Qzu + Q3u + Q33 + Q4

rae MOKa3aHO, 4YTO KOJHMYECTBO  TEIUIOTHI,
BBIJICISIFOLICHCS. B 30HE pE3aHHs PAaBHO KOJIUYECTBY
TEIUIOTHI, YAAIIEMON 13 Hee 3a TOT e MPOMEKYTOK
BpPEMEHH, TIpPHYEM, COOTHOIICHHE ClIaraéMbIX B
yYpaBHEHHMHM B TMpoOLlECCE pe3aHHus He SIBISETCS
MOCTOSIHHBIM M W3MEHSIETCS B 3aBHCUMOCTH OT
pexUMOB 00paboTKu [9].

[TockonbKy nporecc pesaHus
COIPOBOXKIACTCS  BBIICICHUEM TeIUla, 3ajada IIo
pa3paboTke Oonee 3¢ PEKTHBHBIX METOJIOB
YIIPaBJICHUS] TEMIIEPATyPOi B 30HE Pe3aHHs BBI3BIBACT
UHTEPEC u SIBIIACTCS aKTyabHOM Ut
MAaIIMHOCTPOUTEIHHOTO POU3BOJICTBA.

V3meneHnne Temmepatypsl B 30HE pe3aHUs
HEOOXOAUMO TNPOU3BOJUTH TaKUM 00pa3oM, 4YTOOBI
co3math  Hambojee  ONarompusATHBIE  YCJIOBUS,
oOecrieunBarome  HAaUOONBLIYIO  CTOHKOCTE U
MPOU3BOJUTENBFHOCTh HMHCTPYMEHTA NpPU  33JaHHOI
TOYHOCTH 00pabOTKH. 3HaHUE TEeMIIEPaTyphl B 30HE

BCeraa

pesaHuMsi ~ HEOOXOAMMO  JUIA  NPEeNOTBpaLICHHS
HEXeNaTeNbHbIX SIBJICHHH, CBSI3aHHBIX c
tdopcupoBanneM pexxumoB  oOpabotkm.  OTcronma
BBITGKACT 3ajada KOHTPOJA TEMIepaTypsl Ha

OTJCNBHBIX yYACTKaX 3arOTOBKM M HWHCTPYMEHTa C
LENBI0 PEryJIMpOBaHUS TEIUIOBOTO peXHMa B 30HE
00paboTKH.

YnpaBieHue TeI0BBIMUA MOTOKaMH ITPH PE3aHUH
MO’KHO MTPOBOJIUTH CIIEMYOIUMHU MeTogamu [10-12]:

»U3MCHEHUEM PEXUMOB DPabOTHl MHCTPYMEHTa
WM I3MEHEHNEM €TI0 TeOMETPHH;

» HCIIOJIb30BAaHUEM CMa304YHO-0XJIAXK JAFOIUX
texnonorunueckux cpeg (COTC). C omHOH CTOpPOHEL,
COTC cnocoOCTBYIOT CMa3bIBaHUIO ITOBEPXHOCTEH
TPEHUs M, TE€M CaMbIM, YMEHBINAIOT MOILHOCTh
WMCTOYHUKOB TeruoBbleneHuss Qi, Qs. C npyroid,
OTBOJAT YacTh TEIUIA 34 CUYET KOHBEKTHBHBIX ITOTOKOB
4, 9TO TaK)Ke CHIDKAET TEMIIEPATyPy B 30HE PE3aHUS;

»IyTeM MEepUOANYECKOTO MMPEePhIBAHUS KOHTAKTa
MEXIy HWHCTPYMEHTOM H 3aroToBKoi. CHMXeHHe

TeMIepaTypsl OyAeT TeM OoJblie, 4eM OobIIe BpeMs
nukia pabodero u BCIOMOTAaTeIbHOTO XOJOB M 4YeM
00JIBIIIC OTHOIICHUE BPEMEHHU BCIIOMOTATEILHOIO X0/1a
K BpeMEHHU pabouero xoja MHCTPYMEHTA;

> W3MEHEHHE KOHEYHBLIX TEIUIOBLEIX IIOTOKOB B
30HC pe3aHWs 3a CYeT BbhIOOpa paIMOHAIBHON
KOHCTPYKIIMH HHCTPYMEHTA.

[loHATHO, YTO KAaYeCTBEHHOE IIPOBEICHHE
mporecca pe3aHus TpeOyeT TOYHOTO OIpeNeIeHUs
TEMIepaTypbl C  BO3MOXXHOCTBIO  YIPaBJICHHUS
TEMIIEPATypHBIM IIOJIEM B 30HE PE3aHUS U SBIIACTCS
Ba)KHBIM TEXHOJOIMYECKHUM MOMEHTOM.

Cnocodbl JKCNEPUMEHTAJIBLHOIO U3MepeHus
TeMIlepaTypsbl pe3aHus

[Touckn METOIWK aHATUTHUYECKOTO OMpeeNICHUs
TeMmrepaTryp B KOHTakte mByx Ten [3, 9]
OPEINPUHUMAIIUCh  Pa3HBIMU  HCCJEI0BATENSIMU.
Kaxxnas 3 METoIMK HOCUT MPUOIHNKEHHBINA XapakTep,
MTOCKOJIBKY IIPH BBIYHCICHUAX MPUXOTUTCS TIPUOETraTh
K HEKOTOPBIM YTIPOIICHUSM.

Hccnenosanue TEIUIOBBIX MIPOIIECCOB B
TEXHOJIOTHYECKUX CHCTeMax TpeOyeT MpOBeACHUS
COOTBETCTBYIOIINX  AKCICPUMEHTOB C  TOYHBIM
M3MEPEHHEM TEeMIIepaTyphl Ha Pa3UYHBIX ydacTKax
TEXHOJIOTHYECKON cuctembl. Takue >3KCIEepUMEHTHI
HEOOXOJUMBI, C OJHOH CTOPOHBI ISl PEIICHUS
KOHKPETHBIX 3a71a4 OMBITHBIM MyTEM, a ¢ APYrod —
JUIST TIPOBEPKH TMPAaBUJIBHOCTH U KOPPEKTHPOBKHU
pe3yibTaTOB TEOPETHUECKUX PEUIICHUH HW3MEHEHHS
TEIUIOBBIX TOTOKOB HAa TepelHed ¥ 3aaHei
MMOBEPXHOCTSX JIE3BHSI PEXKYIIEr0 HWHCTPYMEHTa B
3aBHCHUMOCTH OT yCIIOBHH 00pabOTKU.

Ha (puc. 2) nmoka3zaHa kiaccuukanus METOI0B
AKCICPUMCHTAIBHOTO UCCIICIOBAHUS TEMIICPATyPHBIX
nojieil B TEXHOJOTHYECKHX cucTemax [6]. Merosl
U3MEpEHUs] TeMIepaTyphl JENATCS Ha JIBE OOJBIIHE
IPYIIIbI; KOHTAKTHBIC U OECKOHTAKTHBIE.



Espasutickull Coto3 YdeHbix. Cepusi: mexHuU4Yeckue u (usuko-mamemamuyeckue Hayku. # 7(110), 2023 9

Memodu u3MepeHus
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Puc. 2. Knaccugpuxayusi memooos 3KkCnepumMenmanbHO20 Uccae008anus menioeoix
NOMOKO8 U MeMNEpamyp 8 MexHOI0SUHeCKUX CUCMeMAx

K nepBoii rpy1ine OTHOCATCS METOJIbI, B KOTOPBIX
JIATYUK TeMIIepaTypsl 1 0OBEKT U3MEPEHHS HAXOAATCS
B HEMOCPEICTBEHHOM KOHTakTe. Cpeau TOJ00HBIX
METOJIOB MOYKHO BBIJICITUTE:

> KaJIOpUMETPUIECKUI METOJ. Otum
METOIOM OIpeleIsIeTcs TEIUIoTa, Iepexojsiias B
CTPYXKKY B TCUECHUU OIPEHCIIEHHOIO IIEpUOna

BPEMEHH, YTO B JaJbHEHIIIEM ITO3BOJISICT PACCUUTATH €
YCPEAHEHHYIO TEMIIEPaTypy 3a aHAIIOTUYHBIA TEPHOI.
MeTtox cBsI3aH CO 3HAYUTENBHON MOTPEIIHOCTHIO U
HETNPUTOJNEH  JJI  HUCCICAOBAHHUS  TEMIIEPaTyphl
CTPY)KKH B TEKYIIU MOMEHT BPEMEHH,

> Meron perucTpamnyu BeTa
[IpeumyiecTBo 3TOr0 IMpolecca B TOM, YTO HeE
Tpebyercs HHMKAKOI0 JIONOJIHUTEIHLHOTO
obopynoBanusi. L[BeT 3aBUCUT OT CTeleHH HarpeBa u
CO3MaeTCs 3a CYeT O0Opa30BaHWSA TOHYAMIIETO CIIOS

OKCHJIa Ha TOBEPXHOCTH HArPETOH CTPYKKH. DTOT
METOJI MPUBOJHUT K 3HAUUTEJIbHBIM OIIHOKAM, TaK Kak
OTTEHOK OTPa)KaeT TOJIbKO TeMIIepaTypy MOBEPXHOCTH
YHIIa U 3aBUCUT HE TOJIKO OT TEMIIEPATYpPbl, HO U OT
BpeMeHH TepMmudeckoro BozneictBusa. Ilpu COTS
HaKOHEYHHMK TOPENKH CTaHOBUTCS OTHOCHTEIIHLHO
TOPSYHM, HO IIBET MOKET HOIHOCTHIO NUCYE3HYTh.

KoHTakTHBIE ~ METOIBI  HM3MEPEHHS  MOXHO
pa3zieNuTh Ha TPU TPYHIBI 1O OCHOBHOW (YHKIMH
BBIIIOJHAEMOT0 MMM npubopa:  TepMoIapsl,
WHJIUKATOPBI TEMIIEPATYPHI U TEPMOMETPHI.

Merox TepMmornapel  (pUpOAHAs TEpMOIapa,
TOJTy-UCKYCCTBEHHAs TepMornapa, METOA
HCKYCCTBEHHOM TEpMOIAphl). JTH METOOBI HMEIOT
CIEYIONINEe HeIOCTATKH:
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» TemmepaTypa H3MEpsSeTCs B OrPaHHYCHHOI
o0ylacTH Ha HEKOTOPOM pPAacCTOSIHUM OT OCHOBHOTO
MCTOYHHKA TEIlIa.

» TpeOyercs crienaiIbHBIN pe3ax.

» KanmuOpoBka Takux YCTpOWCTB 3aTpydHEHa,
Tak Kak Kaxnaplii Habop oOpabaTtbiBaeMoro u
paspesaeMOro MaTepuaja JOJDKEH TI'eHEepUpOBaTh
COOCTBEHHYIO KaJTHOPOBOYHYIO KPHBYIO.

» W3-3a HU3KOrO compoTuBieHus (Gpessl, hpesa
nepecraer (YHKIHOHHPOBATH IIOCIE OIHOH-IBYX

HepeToyeK.
Mpbl OOHApPYXUIIH, YTO CYLIECTBYIOIINE METOIbI
U3MEPEHUST  TEeMIIePaTypHBIX noyied  MMEIT

HeAoCTaTKU. JIIs Kakux-TO Lelled U KOHKPETHBIX
YCIIOBUI M3MEPEHMSI MOXKHO BBIOpaTh ONpeesICHHBIN
METOI  METOAOB  M3MepeHus. Tepmomapsl H
TEPMOMETPHI CONPOTUBICHUS OCOOCHHO HETPUTOJIHEI,
ecnm  HEeoOXOIUMO  ONpPEACIHTh  pacHpelesiCHHe
TeMIepaTypbl 10 BCEH MOBEPXHOCTH, a HE TOJBKO B
OJIHOM TOUKE. Hawmryummmn LBETO-TEILIO-
WHINKAaTOpaMH Ul 3THX LEJed SBISIOTCSA BEHIECTBA,
U3MEHSIOIIUE LIBET IPU U3MEHEHUH TEMIIEPATYPHI.

Ilo npuHHUDY JOEHCTBUSA TEPMO-UHAUKATOPHI
SIBIIIIOTCSL OAHMMM U3 IEPCIEKTUBHBIX CPEACTB HE
TOJIBKO PETUCTPaLluU, HO U U3MEPEHUS TeMIIepaTyphl.
MOJpa3IeNIAI0TCS Ha 4 OCHOBHBIX THIIA!

» TEPMOXUMHYECKUE UHIUKATOPBI;

» TePMOMHAMKATOPHI [UIABJICHHS;

» )KUIIKOKPHUCTAIUINYECKUE TEPMOUHIHUKATOPHI;

» IIOMUHECLICHTHBIE TEPMOUHINKATOPBI.

Ko rpynme  OGECKOHTakTHBIX  H3MEpPEHHH
OTHOCSTCS ~ METOABI, TPH  KOTOPBIX  JATYHK
U3MEpPHUTENIFHOTO  Hpubopa  pacroylaraetcsi  Ha

HEKOTOPOM pacCTOSHUM OT O0OBEKTa, TeMIepaTypy
KOTOPOTO HEOOXOIMMO OmpeAennTh. B OGonbIInHCTBE

ciyyaeB OECKOHTAKTHBIE METOAbI OCHOBAHBI Ha
u3MepeHun Jnydmctoro Tterma [5, 11, 12]. s
peanusaiin 9TUX METOJIOB UCTIOJIB3YIOTCS
paaralMOHHbIE W IIBETOBbIE MNHMPOMETPHI. Takue

METOJIbl HYXK/IAIOTCS B TAJIIbHEWIIEM Pa3BUTHH, YTOOBI
MOJKHO OBIIO CHENaTh ONpeAETICHHBIC BBIBOIBI 00 MX
MPUMEHECHUH.

BriBoasl

JJ1s co3maHus CHCTEMBI YIIPaBICHHUS POIIECCAMHU
B 30HE pE€3aHMsl U €€ NPHUMEHEHHE B IIPOU3BOJCTBE
HE00XOIMM MPOCTOH M HaJIEKHBIH CTIOCO0 M3MEpEHHS
TEMIIepaTyphl B 30HE PE3aHMs.

Bce m3BecTHBIE KOHTAKTHBIE METOJBI KOHTPOJIS
TEMIepaTypbl ¥ yCIeXW,  JIOCTUTHYTBIE B
AQHATUTHYECKNX pacdyeTax TeMIepaTypel B 30HE
pe3aHus, UMEIOT CBOM HEIOCTATKM M HE TO3BOJISIOT
MMETh TOUYHbIE IaHHBIE 110 TEMIIEpaType.

IlepcnekTUBHBIMH B 3TOM  HalpaBlIEHUU
SBIISTIOTCSL ~ CIIOCOOBI ~ M3MEPEHHUST  TEeMIIEPaTyphl
OCeCKOHTAaKTHEIM criocoboM [12]. B atom ciydae
BOIIPOC TOJy4eHHs Oojee TOYHBIX JIaHHBIX 10

TEMIICPATYPEC B 30HE pE€3aHUA palallMOHHBIM METOA0OM
Ipe6yeT JlanbHEHIIero H3Yy4YCHUA U paGOTI)I B 3TOM
HampaBJICHUU POAOJIKAKOTCA.
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DEVELOPMENT OF A METHODOLOGY FOR CLOUD SOFTWARE TESTING IN ORDER TO
REDUCE THE COST OF ITS DESIGN

Ozanecan

ANNOTATION
The application of the cloud testing methodology developed in the framework of the study will ensure a
reduction in software design costs and increase the efficiency of software vendors. To develop high-quality cloud
testing techniques, it is necessary to take into account the features of the cloud platform that will be used as a cloud

testing environment.

Keywords: Testing Methodology, 1C:Bitrix, laaS and Saa$S services, cost reduction

Let's consider the process of developing a
methodology using the example of cloud testing of the
application 1C:Bitrix.

1C 8 Cloud Application Testing Methodology

Based on the analysis of known approaches to
cloud software testing, taking into account their
functional and architectural features, a methodology for
cloud testing of applications implemented on the basis
of a technology platform has been developed «1C:
Bitrix » [1].

The methodology of cloud testing of applications
«1C: Bitrix » "Site Management"

"Site Management" is a software product designed
for the creation and management of online stores,
business card sites, etc. There are a huge number of
editions of this software product, but they are all
designed for one purpose — to create a website and
further maintain it (filling, editing, etc.) [1].

Activity diagram of the 1C application cloud
testing methodology:Bitrix is shown in Figure 1.

s ? [Checklng the operabllity of the developed i
1. Defining Testing configuration of the 1C application:Bitrix and|
Goals = [ToTUTTTTTTTToTTeeeeT providing information about the quality

\of this application to the end customer.

]

AFTESERIGREE R et sen st ks A uE e wnsn ]

Use case diagram L‘

" 2. Development of ’

[3: Planning the IT infrastructure .
of cloud testing

Hardware and software landscape of IT infrastructure !
for the 1C: Bitrix technology
lplatform Built-in testing automation tools 1C: Bitrix

|

4. Choice of testing platform and | [Cloud platform (MS Azure, AWS, Google Cloud
methodology | } """"""""" , etc.), computing model (SaaS or laaS)
: |
|
( 5. Testing the ; ‘BLuIt»in 1C testing automation tools 2
‘ 1€ Bitrix application:. "=ttt : Bitrix, Vegeta program

("6 Monitoring and
analysis of test results

\l, & /Analytical reporting 1C: b
Bitrix and Vegeta programs

i

)

Figure 1 - Activity diagram of the application cloud testing methodology 1C: Bitrix

Let's consider the stages of this technique[2]

1. Testing objectives: checking the operability of
the  developed configuration of the 1C
application:Bitrix and providing information about the
quality of this application to the end customer.

2. Development of a test plan.

Testing the 1C application:Bitrix includes the

following types of testing:

— Web application testing;

— testing of the server part.

The actors in this case are: Tester, 1C testing
automation tools:Bitrix, VVegeta program[4]

Use cases (use cases) are presented in
Tables 1, 2.
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Table 1
Description of the use case: Testing a web application 1C: Bitrix

Use case: Testing a 1C:Bitrix web application

ID:1

Brief description: performing site speed testing, web application configuration testing, site page performance testing and
testing on
scaling.

Main actor: Tester

Secondary actors: Test automation tools 1C:; Bitrix

Precondition: the use case starts at the initiative of the Tester

Basicflow: TesterLaunchesprocesstestingweb applications
1C: Bitrix
Postcondition:meansautomationtesting1C: Bitrixformed
test results.

Alternate streams: no

Table 2
Description of the precedent: Testing the server part of the 1C: Bitrix application

Use case: Testing the server part of the 1C: Bitrix application

ID: 2
Short description: performing load testing of the server partapplications 1C8.
Main actor: Tester
Minor actor: Vegeta program
Precondition: the use case starts at the initiative of the Tester
Main flow: The tester starts the load testing process of the backend
parts of the application 1C: Bitrix.
Postcondition: using the VVegeta program, the test results are generated.
Alternate streams: no

A diagram of options for using the cloud testing  basis of the above recommendations, is shown in
plan for the 1C: Bitrix application, developed on the  Figure 2[3]
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CLOUD PLATFORM /

Program

N
e S Vegeta

Diagram 2— Diagram of options for using the ¢

As follows from the diagram, in addition to the
built-in testing tools of 1C: Bitrix, the Vegeta
benchmark program is used to automate testing of the
server part [2].

Vegeta is a free command-line tool for testing
HTTP services written in the Go language. It can be
connected as a library to create your own load testing
tools.

1. Infrastructure planning.

The hardware and software landscape of the IT
infrastructure of the testing environment is determined
by the relevant requirements of the 1C platform: Bitrix,
Vegeta program.

2. The choice of platform and cloud service
provider is carried out in accordance with the
recommendations given above. We choose SaaS or
IaaS as methodologies.

3. Testing the application 1C: Bitrix. For
automation, built-in 1C test automation tools are used:
Bitrix and the Vegeta program.

4. Monitoring and analysis of test results.

To collect, process and visualize the results of
cloud testing, the built-in 1C tools: Bitrix and the
Vegeta program are used, which allows you to create
reports in text and graphic format.

Conclusions to the third chapter. To automate
cloud testing of the 1C8 application, the built-in test

loud testing plan for the 1C: Bitrix application

automation tools of the 1C: Enterprise 8 technology
platform are used. To collect, process and visualize the
results of cloud testing, it is recommended to use an
Excel spreadsheet[6]

In the process of cloud testing of the 1C: Bitrix
application, in addition to the built-in testing tools of
this platform, the Vegeta benchmark program is used to
automate testing of the server side. To collect, process
and visualize the results of cloud testing, the built-in
tools of the 1C: Bitrix content management system and
the Vegeta program are used, which allows you to
create reports in text and graphic format.

Evaluation of the effectiveness of the cloud testing
methodology for 1C:Bitrix applications. Consider the
results of cloud testing of an IT solution based on the
1C: Bitrix application.

AT quality cloudy platforms chosen platform
MS azure,providing laaS and SaaS services.

1) Website speed testing (figure 3).

This page displays site load statistics collected
while users are browsing the site.

Functions:

- displays the download speed for users from
different regions;

- allows you to find out the minimum, average and
maximum page loading speed;

- allows you to see which subsystems affect the
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Figure 3 - Page for testing the speed of the site 1C: Bitrix
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2) Configuration testing. The processor, memory, file subsystem are
Allows you to determine how much hosting is checked. The work of php, mail, MySQL is also
enough for optimal system operation. checked (Figure 4)
Configuration (34.94) Bitrix (not optimal) Development (7.65) Scalability I
The configuration performance as of 12.11.2019 23:05:32 is 34.94 b
Subsystem Evaluztion The standard | Note
Co i 34.94 30
Average response fime 0.0286 0.0330 seconds
Processor (CPU) 45.7 9.0 million operations per second
File system 53984 10,000 file operalions per seconc
The postal systam 0.0378 0.0100 time to send one email (in second
Session start fime 0.0001 0.0002 seconds
MySQL databass (record) 4 946 2,600 number of write requests per second
MyS(L database (read 9514 7.800 number of read requests par sacond
MySOL database (change 4178 3,800 number of change requests per second
‘Test the configuration |

Figure 4 - Fragment of the web configuration testing page applications

1) Testing the performance of site pages (Figure 2) Scalability test.
5). Runs on the development panel. Allows you to get for one or more server solutions
Allows you to find slow site pages, identify how  basic metrics for returned pages per second and page
elements on the site slow down its work, find a disabled  generation time (Figure 6).
cache for "heavy" pages, etc. 3) Load testing of servers.
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Performance test of multithreaded and web cluster systems.

Initial number of simultaneous connections. 2

The final number of simultaneous connections: 32 37

With what step to increase the number of simultaneous connections

Server: site-meters.azure.ru:80

Page (leave blank for system test)

Maximum test duration (minutes): 10 10
Start testing
Results
Pages per second
2
Pages | Time Time )
# Of Connections Hits Errors 8 of generation of receipt! o4
page second page 48
42
1 2 129 97 43.00 0.024309 0.046362 :;
24
2 B 158 126 5267 0.022191 0.07157 g
6
3 6 159 127 53.00 0.021747 0.106385 ©
1 2 ¥ % 7 % 115 13 158 12 191 240
4 8 162 136 54.00 0.0207%2 0.138848 Page generation/receipt time I
0.93
5 10 162 136 54.00 0.021581 0.174704 0.9
0.81
0.72
6 12 164 135 54.67 0.021735 0.204871 0.63
0.5
7 14 164 196 5467 0021975 0230320 ¥
0.27 |

Figure 5 - Fragment of the performance testing page site pages

For server load testing, it is better to use external ~maximum capabilities of the service, unnecessary
testing applications. server resources are not wasted on the monitoring
Since they better allow us to calculate the system inside the service.
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IAverage performance 7.65 (measured 300 seconds, 70 hits) 12.11.2019 23:07:42 b
20 most loading pages \J:ZiL:::"LZ Load Number of hits 'i'ver?::;i_r;e
pifindex.ph 58.28% 25 0.2133
S eirIETiT IO 1 11.80% 15 0.0726
rsonalindex 7.00% 2 0.3202
5.18% 2 0.2370
php 1 4.55% 5 0.0832
buyfindex.php 1 4.47% 1} 0.0512
Icatalog/detailfindex php 3.66% 3 0.1116
catalogicolorfindex.php 2.40% 6 0.0366
Iprofilefindex.php 1.39% 3 0.0424
fhistoryfindex_php 1.16% 1 0.1085

All pages

Figure 6 - Fragment of the scalability testing page

For this purpose, we use the Vegeta application.

It should be noted that the product "1C-Bitrix: Site
Management” implements a mechanism that allows
you to connect any “clouds" to the site and easily
manage them - up to the exchange of data between
storages[7]

Consider reports of test results using the Vegeta
program.

Graphs of load testing results for pages with
enabled proactive protection (allows you to cut off too
frequent access to the server from the user) are shown
in Figure 7.

Page (with proactive protection enabled)

400

350

300

3

Latency (ms)
=4
=4

k=4

100

)

16 18 20 2 % 26 28

Seconds elapsed
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Optimized page (with proactive protection enabled)

350

300

250

200
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150
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Dowrioad as PNG

Figure 7 Graphs of load testing results for pages with enabled proactive protection

Graphs results load testing for pages with disabled

proactive protection are shown in Figure 8.

Optimized page (with proactive protection disabled)

Latency (ms)

12

it
Seconds elapsed

16 18 2 26

Figure 8 — Graphs of load testing results for pages with enabled proactive protection

Figure 9 shows the VVegeta program commands
for displaying test results.

echo "GET http://site-meters.azure.ru/" | vegeta
attack -duration=30s -

rate=20 | tee results.bin vegeta report

vegeta plot -title=Results results.bin > results-
plotl.html

echo "GET http://site-meters.azure.ru
optimaze_page/" | vegeta attack

duration=30s -rate=20 | tee results.bin vegeta
report

vegeta plot -title=Results results.bin > results-
plot2.html

echo "GET http://site-meters.azure.ru
attack -duration=30s -

rate=20 | tee results.bin vegeta report

vegeta plot -title=Results results.bin > results-
plot3.html

echo "GET http:
optimaze_page™ | vegeta attack

duration=30s -rate=20 | tee results.bin vegeta
report

vegeta plot -title=Results results.bin > rcsults-
plot4.html

| vegeta

site-meters.azure.ru


http://site-meters.azure.ru/
http://site-meters.azure.ru/
http://site-meters.azure.ru/
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Page (with proactive protection disabled)

0 2 4 6 8 10 12

14 16
Seconds elapsed

Figure 9 - Commands of the Vegeta program for displaying test results

Thus, the proposed method provides testing of
various types of software, which confirms its versatility
and effectiveness.

Conclusions: When choosing a cloud for 1C, it is
recommended to choose a specialized hosting provider
that can provide the most productive platform for the
user information system.

The proposed method provides testing of various
types of software, which confirms its versatility and
effectiveness.
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