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KAPATBIJIBICTAHY KOHE TEXHUKAJIBIK I'bIJIBIM/IAP

NATURAL AND TECHNICAL SCIENCES

IRSTI 06.58.45

Sh. Adilkhan!, M. Alimanova®
1:2Suleyman Demirel University, Kaskelen, Kazakhstan

GAMIFICATION OF MEDICAL PROCESSES

Abstract. Nowadays, almost all areas of activity are switching to digital
format. Medicine is no exception. Treatment is often not the most pleasant
process, but it is certainly necessary. In medicine, the use of VR technologies is
very popular. They help patients get distracted and immerse themselves in a
world where they restore their health during the game. Treatment in the form of
games is often more effective than traditional treatment. In this article, we have
studied the methods of gamification of rehabilitation after certain diseases. Also,
we developed a game prototype for the rehabilitation of hands using Leap
Motion technology. Modern games are becoming more and more perfect in
terms of game mechanics and content, which makes it possible to use them not
only in the gaming industry, but also in the field of medicine.

Keywords: gamification, virtual reality, augmented reality, Unity 3D,
Leap Motion.

koksk

Angatnma. Kazipri yakeiTTa OapiblK KbI3MET cajiajapbl CaHIbIK
dbopMarka Kerrin xkaTelp. MemuiuHa aa Oy cananaplblH KaTapblHa Kipesi.
Empaeny mporecci keOiHece >KaFbIMCBI3 OOJIFaHBIHA KapaMacTaH, ajgaM eMipi
YIIiH aca MaHbAbl. MenummHana VR TexHONOrHsmapsl Ui KOJJAAHBLIAbL.
Onap Haykactapra OWbIH OapbIChIHIA ©3 JCHCAYJBIFBIH KaJIbIHA KENTIpyre
BIKDAT erefi. EmMaenyniH OWBIH Typi OHBIH JOCTYPJi OIicTepre KaparaHaa
THIMIUIIT J)KOFapbl. by Makamama 613 kelOip aypynapjaH KeliH OHAITYIbIH
reiMudukanusiay — ONICTepiH  3epTTediK, CcoHpaii-ak, Leap Motion
TEXHOJIOTHSICHIH MaiijaiiaHa OTHIPBIN, HAYKACTBIH KOJAAPbIH OHANTY YILiH OWBIH
a3ipnenik. Kazipri 3aMaHFbl OMbIHAp MEXAHUKACHI )KOHE Ma3MYHbI TYPFBICBIHAH
nambln Keneai. by, omapasl Tek ofbIH MHAYCTPUACHIHIA FaHA eMec, MEAUIIMHA
caylachIH/Ia Ja Maijananyra MyMKIHAIK Oepel.

Tyiiin  ce3mep:  relimMudukanusiay,  BHUPTyajAbl  MIBIHJBIK,
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TOJIBIKTHIpBUTFaH mbIHABIK, Unity 3D, Leap Motion.

eskosk

AHHOTanusl. B Hamm AHU TpakTU4YeCKH Bce cdepbl ACSITEIBHOCTH
nepexonar Ha uudpoBod (opmar. MeaunMHa He SBISETCS HCKIIOYCHHEM.
Jleyenne — 3TO 3a4acTyl0 HE CaMblid MPHUSATHBIM MPOIECC, HO, OE3yCIOBHO,
HeoOxomuMblil. B MenunuHe OYeHb MOMYJSPHO HCMONb30oBaHHEe VR
TexHoJIoruii. OHM MOMOTalOT NAIMEHTaM OTBJICUbCS U MOTPY3UTCS B MU, TI€ B
MPOIECCE UIPhl, OHM BOCCTAHABJIMBAIOT CBOE 370pOBbe. JIeueHue B UTrpoBOMH
¢dopme 3avacTyro uMeeT Oosiee BBICOKYIO 3(PQEKTHBHOCTb B OTJIMYHE OT
TpaAMIIMOHHOW. B 3TOW cTarbe MBI HM3YYWIM METOAbl TehHMUbUKAITIN
peabunuTaryii mociae HEKOTOPBIX 3a00JIEBaHUH, a TAKXKE, pa3padboTaIy Urpy IS
peabunuTalMi  KUCTEH C HCIoib30BaHHeM TexHojorun Leap Motion.
CoBpeMeHHbIE UTPBI CTAHOBSITCS BCE COBEPILICHHEH B IIJIaHE UTPOBOM MEXAHUKH,
COZEpKaHUs, YTO JA€T BO3MOKHOCTh MCIIOJIB30BaTh UX HE TOJIbKO B UTPOBOM
WHIYCTPHH, HO U B Chepe METUITUHBIL.

KiaoueBbie cioBa: reliMuduKkanus, BUPTyajdbHas pPEAIbHOCTb,
JIOTIOJTHEeHHas peanbHocTh, Unity 3D, Leap Motion.

Introduction

Medicine is one of the most important branches of scientific activity, the
purpose of which is to study various types of diseases and find ways to treat
them. It has a long history of development, dating back to ancient Egypt. In
medicine, the processes of treatment, rehabilitation are often unpleasant, and
sometimes painful. Only one thought keeps the patient from discontinuing such
courses of such treatment - recovery. Treatment is not an easy process and does
not bring any pleasure to people undergoing this treatment. How can we make
the treatment or rehabilitation process more exciting and interesting?

Fortunately, we live in an age of rapid development of computer
technology, which every day is expanding its functionality and covering more
areas of activity, including entertainment. Computer games are very popular for
a long time, and entered the lives of people as one of the ways to spend free time.
Games attract people, allow them to escape from reality and stay in a world
where they can receive rewards for certain actions. By combining medical
processes with computer games, it is possible to gamify them. So, gamification
is mean applying approaches specific to computer games in non-game processes
in order to increase the involvement of users in some process.

The implementation of computer games in physical therapy is motivated
by characteristics such as attractiveness, motivation, and engagement, but these
do not guarantee the intended therapeutic effect of the interventions. Yet, these
characteristics are important variables in physical therapy interventions [6].

A large role in the development of gamification in medicine is played by
virtual reality technologies. Experts note the high effectiveness of virtual reality
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for working with post-traumatic syndromes in patients, and also help reduce
anxiety in patients with cancer, especially in children. Virtual and augmented
reality is actively used during the rehabilitation of patients who have experienced
limb loss. After surgery, many of them experience pain and a feeling of tensed
muscles in that part of the body that is no longer there. In this case, doctors turn
to augmented reality technologies so that patients can see their lost arm or leg
and are able to gradually rebuild the brain so as to reduce the feeling of constant
tension.

The uses of virtual reality, augmented reality and mixed reality are spread
across multiple fields: education, military, medical fields, entertainment and
many others [5]. These technologies become one of the significant discoveries
of people. VR includes a computer-based technology that captivates the user in
a factitious computer-generated world. This is typically supposed to generate a
virtual environment for the user [3]. Initially, they were used for entertainment
purposes, but over time the range of applications of these technologies has
expanded. It can now be used in the film industry, sports broadcasting,
education, tourism and others.

Augmented Reality is often used through means of technological devices
such as phones, headsets, glasses, iPads and other interactive technology that
allows the user to take the real world through the device used and enhance
features, almost using the technology as an “overlay” to the real world. Although
Augmented Reality has similarities to Virtual Reality, it is important to highlight
that AR should not be confused with the concept of VR. VR replaces reality,
whereas AR enhances it. AR occurs as a result of VR and actual reality merging
[3].

There are many different devices that can be used in rehabilitation. In
this work, we have considered the Leap Motion controller as a device for hand
rehabilitation. We created a prototype game on the Unity platform, during which
the patient will have to do various exercises with their hands to develop them.
Here, Leap Motion used to track hands and gestures. All 3D elements were
modeled in Unity 3D and Autodesk Maya.

Main part

What technologies exist now that can improve medical processes?
Augmented and virtual reality technologies, motion capture technology,
controllers with sensors and various applications for smartphones. Using each
technology as a game solution for rehabilitation is a separate treatment method
for patients with a specific diagnosis. After all, each patient needs his own
approach and the most suitable method in rehabilitation through games.

Let consider what method of game rehabilitation can be applied to
patients suffering from cerebral palsy. Cerebral palsy characterized by violation
of voluntary movements or poses. In other words, such patients have impaired
motor activity. One of the stages of treatment of this disease is therapeutic
gymnastics. The patient should perform physical exercises for rehabilitation and
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prevention of the disease. In order to make this process more fun and not boring,
we can use the game “Wii Sports” created for the console “Wii”. This game is a
sports simulator of games such as tennis, boxing, baseball, golf and bowling.
Simulators work with the motion sensor “Wii Remote” and “Nunchuk”. The
patient can control the movements of the bat, putter with one controller, or use
two controllers in a boxing simulation. Due to this amazing solution patients
have increased level of physical activity and improved their control of
movements.

Another method is rehabilitation with Kinect. it has to be mentioned that
two types of data can be extracted from the Kinects. The first is simply the raw
data returned by the depth camera. The other type is called the skeleton stream,
but it also uses the depth camera of the Kinect. “Jewel Mine” - a game created
for Kinect, in which patients traveled in a cart through the underground
labyrinths and had to jump on time to one of the free tracks, simultaneously
extracting gems. This game is used to train the balance of the upper limbs. The
big advantage of using Kinect technology in rehabilitation is that it can be
adapted for each patient. Because different diseases require appropriate
solutions.

Injury and geriatric complications, such as stroke can all cause hand
dysfunction, totally or partially, which directly diminish the quality of life.
Sometimes it requires a long term therapy to restore the total functionality of
hand, which sometimes very molesting process for patients [2]. To restore these
functions of the upper extremities, it is necessary to perform a number of special
exercises. Long-term rehabilitation is often the only way to recover, as
completely as possible, these lost skills. To be effective, this type of
rehabilitation should follow three main rules. First, rehabilitation exercises
should be able to keep patient's motivation high. Second, each exercise should
be customizable depending on patient's needs. Third, patient's performance
should be evaluated objectively [4]. Stroke remains one of the leading causes of
disability throughout the world. In 2013, it was the third greatest cause of
disability, having been responsible for 113 million disability-adjusted life-years
[1]. In order to make this process more fun, we developed a game on the Unity
3D using Leap Motion technology.

Leap Motion is a small and compact device capable of capturing
movements and thus providing interaction between a person and a computer.
Since the use of Leap Motion requires hand gestures, it is excellent for
rehabilitation of patients with upper limb dysfunction. In the game, patients need
to interact with a 3D object in a virtual space and complete some tasks that aimed
to train their upper limbs.

It’s working part positioned up, creating a 3D interaction area. Inside this
area, Leap Motion tracks the movement of user’s fingers and hands. The device
consists of two cameras and three infrared LEDs. These track infrared light with
a wavelength of 850 nanometers. The Leap Motion Controller’s viewing range
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is limited to 60 cm above the device. This range is limited by LED light
propagation through space, because it becomes harder to detect hand position in
3D beyond a certain distance. The device’s USB controller reads the sensor data
into it’s local memory and performs necessary resolution adjustments. After that,
the data is streamed via USB to the Leap Motion tracking software. Because the
Leap Motion Controller tracks in near-infrared, the images appear in grayscale.
Intense sources or reflectors of infrared light can make hands and fingers hard to
distinguish and track. The Leap Motion Controller doesn’t generate a depth map.
Instead, it applies advanced algorithms to the raw sensor data.

Unity - The most popular engine for creating 3D and 2D games is Unity
3D. It is also good choice for creating medium difficulty projects for both PCs
and mobile devices. Unity was originally intended exclusively for Mac
computers. In the next versions, new platforms were gradually added. The
presence of a large number of ready assets, including scripts, is one of the
advantages of Unity 3D. It became the industry leader, and as soon as a new
gaming and graphics technology appears, the developers immediately
implement it in Unity. Unity works almost everywhere - on all PC operating
systems, Android, i10S, browser, VR, console, etc.

Conclusion

From a psychological point of view, people are constantly striving for
achievements, recognition and waiting for a positive assessment of their actions.
Such aspects of the game as a sense of victory, participation in competitions
allow people to feel more confident and motivate them for new achievements.
Elements of gamification can turn activities such as training, shopping, or the
healing process into an activity from which people can get returns in the form of
bonuses, points, or other achievements. This further engages patients in the
treatment process and it becomes more interesting.

The main objectives of this paper are: 1) to identify and explore
technologies that can help gamifying rehabilitation processes; 2) create a game
for people who suffer from dysfunction of upper limbs using Leap Motion
controller and Unity 3D. This game include levels with different scenarios and
task to develop patient’s hands.

Spending hours playing computer games is not just for professional
gamers. There are people for whom virtual reality immersion is specified by their
doctor. Their success in the game depends on much more than reaching a new
level. For them, virtual reality is a simulator that increase their quality of health.
Thousands of people need rehabilitation using virtual reality technologies.
Hundreds of them receive such assistance and demonstrate its effectiveness by
their own example.
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TTAXP 27.21.17
M.A. Ecmazambemos, M.M. Kycaunoea®
1Coxen Ceiipysmun ateinarsl Kaszak arpoTeXHUKANbIK yHUBEPCUTETI,
Hyp-Cyuran k., Kazakctan
2JI.H. I'ymunes atbiaarsl Eypasus ynrTeik ynusepcuteti, Hyp-Cynran K.,
Kazakcran

IJUIMIIC AOFACBIHBIH  ¥3bIH/IbIT'bI

Angatna. byl Makana HETi3iHIE DJUIMIIC TEKTeC MYCIHIAEPIiH
JIOFaJIapbIHBIH ~ Y3BIHIBIKTAPBIH  AHBIKTAYIIBl  HHTETPAAAPBIH  3EPTTEIL,
ONapAblH ~ IIEIIUTy SKOJJAPhIH KEeTUIAIPIN, HAKTBUIBI IIEIIIMIH SKEeHLT
KOJMEH  OepeTiH dbopmynaceH KOPBITBIIT ~ TIBIFAPY  YKOJIIAPHI
KapacThIPBLIAAbL. DJUTUIIC MYCHIHIH OecifHeci Oi3re aTtam 3aMaHBIHAH OpiJCH
oenrini Oosca - na, 0i34€ OCHI KYHIe JICHIH OHBIH JIOFACBHIHBIH Y3BIHIBIFBIH
0i3re AypbiC KOJIMEH O€peTiH, OHBIH CAaHIBIK Y3BIHIBIFBIHBIH MeJIIIepiH
TabyFa apHaiFaH (OpPMyJIaCHIHBIH Oo0JIMaybl CeOenTi, OHBIH JOFACBIHBIH
CypeTTeri Y3bIHIBIFBIH OPTYJl OIC-TOCUIAEPMEH WICHIiN: aTam aWTKaHna,
OHBIH JIOFAChIH TIKOYPHIII, HEMEce Tparnenuus OeseKkTepine Oeuin, oaaH
IIBIKKAH CaHJApJbIH >KUBIHTBHIFBIH, allJbIH-aJIa KaTe CaHAap CKeHiH Oine
TYpCak-Ta, oOJIapAbl  eceOiMi3iH HAaKThUIBI JKayaOblHAa JKYBIK CaHaap
HeriziHge KaObuigan kenemis. Conm cebenti OyHAal OWKBUIBIKTApAbI ajlaFrbl
yakpITTapjia KaWTajgamay VIOiH, TOMEHJErl IIenriMaepal KapacThIPHII
OTBIPMBI3.

Tyiiin ce3aep: 3:uUIIC, TIKOYPHIII, TPANISIHSI, HHTETPAJ, SJUTHIITUKATBIK
MYCiHIep, JIOFa.

koksk

Abstract. In this article there are ways of studying the integrals that
determine the lengths of the arcs of elliptical sculptures, improving the ways to
solve them and generalizing the formula that gives an accurate solution in an
easy way. The image of the sculpture of an ellipse has been known to us since
ancient times, and to this day we do not have a formula for finding the value of
its numerical length, which gives us the length of its arc in the correct way,
determining the length of its arc in the figure in various ways: in particular,
breaking its arc into parts of a rectangle, or trapezoid, knowing that the sets of
numbers coming from it are incorrect numbers in advance, we accept them on
the basis of numbers close to the actual answer of our calculation. Therefore, in
order not to repeat such failures in the future, we consider the following
solutions.

Keywords: ellipse, rectangle, trapezoid, integral, elliptic sculptures, arc.
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kksk

AHHoTamusi. B »3Toi craTeke paccMaTpuUBarOTCA NYTH U3Y4YEHUS
HUHTCrpaaioB, ONPCACIAIOINX OJIWHBLI Oy’ SJUIMIITUYCCKUX  CKYJBIITYP,
COBEPIICHCTBOBAHHUS CIIOCOOOB UX pElIeHUs U 00001eHus GopmyIbl, Aaromien
TOYHOE PEIIECHHE JIETKUM ITyTeM. M300pakeHue CKYJIBITYPHI SJUTUTICA U3BECTHO
HaM ellle C 1aJIeKHX BPEMEH, U 110 Ceil IeHb Yy Hac HeT (POPMYJIbI ISl HAXOXKAECHUS
BEJIMUMHBI €r0 YHUCIOBOU JJINHBI, )IaIOIlIeﬁ HaM IJIMHY €T0 AYTW IMPaBUJIbHBIM
MyTeM, ONpeAessas JUIMHY €ro JAYyT'M Ha PUCYHKE pa3jIMYHBbIMH CIIOCOOaMHU: B
HYaCTHOCTH, pa36I/IBa$[ €T0 AYTry Ha 4aCTH IpAMOYTI'OJIbHHUKA, WU TparCuun, 3Ha,
YTO UCXOJSIINE U3 HEro MHOXECTBAa YHCEJ, SBISIOTCS 3apaHee HEBEPHBIMHU
qucilaMHy, MBI IIPUHHMAEM HMX Ha OCHOBC HpI/I6J'II/I)KCHHI>IX K (i)aKTI/I‘-ICCKOMy
OTBETY Harlero pacuera yucei. [loatomy, 4roObl B 1anbHENIIEM HE TTOBTOPSTH
MOI00HBIX OMIMOOK, MBI PACCMaTPUBAEM CIIEAYIOLIUE PELICHHUS.

KiroueBble cjioBa: 3JUIMIIC, NPSMOYTOJIBHUK, Tpamnenus, HHTErpa,
AIIMNTHYECKHE UTYpBI, AyTa.

Kipicne

MakamanplH Oy OemimiHAe ic  KY3IHAE  JJUIMIIC  TEKTEC
MYCIHACPIIH JOFa Y3BIHABIKTAPBIHBIH  HHTETPAJIAApbl 3EPTTEIII, OHBIH
HETI31HAEe COJI HHTerpajaapablH HICNITY  KOJJAapbIH AHBIKTAYIIIBI
(dbopMynanapbl  KypacThIpbUIabl.

DILIUIIC TEKTeC MYCIHIHIH  JOFa  Y3BIHJBIFBIHBIH JKaJIIIBI

et .
MHTErpaTbiH | Va2Cos*x +b2Sin%x dx (1) anbil, OHBIH JIOFACHIHBIH

V3BIHABIFBIH TaOy Kepek Jeiik. byn TtamncelpMaHbl OpbIHAAYy — VIIIiH,
angpIMeH OepuUIreH MHTErpajbIMbI3[bl 3€PTTEN ajblll, Jpikapail 3epTTey
HETi3iHAe OHBIH WICHIUTY KoJJapbl i3xectipineni [1].

Hezizei 6eonim

lemrimin  TabyFa TamnChIpbUIFAH MHTETPAJBIMBI3BI  3€PTTEUTIH
Oosncak, OyHarbl TYOIp acThIHIAFbl MYIIENEPIHIH OpTYpJl eJemie,
SFHU  KapThUIall ecTepi « a?» TeH « b*» Y3bIHABIK eNIeMiHAe, al
Cos’x meH Sin’X — TiH OypBIITHIK  enmeMiHAe Ooiynapsl  ceOenri,
OyHIall WHTErpangapibl IIemly YIIiH, OHJAaFbl OHBIH MYIIENepiHiH Oip
enmieMae OoylapblHBIH KEPeKTIrH eckepe Kene, OyHAarel  TYOip
acteiHgarbl Cos?’x meH Sin’X — TiH ~ OYPBITHIK  ONIIEMIHEH OHBIH
aTaycel3 (HATypadbabl)  OJIIEMJEpiHe KOIly  JKOJJapbl Jenm MbIHA
« Cos?x,,» , « Sin?x,,» TaHOanapabl anblll ,  OJapiabl TOMEHJIET1
TEHJeyJiepre TeH  OOJamel  JIer:
[k(a+b)2—a-b]*~4(a+b)?-b?

2 =
Cos?x,, 4(atb)(ab) (2),
o 4(a+b)2-az—[k(a+b)2—a-b]2
Sin’x,, 2(a+b)3(a—b) (3),

12
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Oynmarel  «k»  KOdQPUIHMEHTIH KeJecl bopmynanan TaYBIII
ATbIIL, k=1,25+ 22257 (2D ye 4y (Gynma m = 3,1416 necex,

a+b
4 —1,25
L 0,023236567 ©Gomampl nen) KoOpeITBIHIABICBIHAA —Cos?X,,

oJlaH
neH Sin’X,, — TiH HATYpaJbJbl  CaHABIK MOHJEPIHIHIH  MeJIepiepiH
(1) dopmynaceiHa — amapelll  KOWMBIN, OJaH Oip  eJeMIi (1%)
(dhopmymaceH aJIbII, TarChIPMaMbI3/IbI OpBIHJIATT mipiFambi3. O
f(:/m\/aZCoszx+bZSin2x dx = +/a%Cos?x, + b2Sin2x, foj/m dx Gomazsl zerm,
OHBIl  JJUIMIIC TEKTEC MYCIH  JIOFaChIHBIH MYIIenepi  aHBIKTAJIFaH
Y3bIH/BIFBIHBIH MHTETANBIHBIH JKalmbl  (opMmyrnacel Jem, oJaH Jdpikapaii

\/a%Cos?x, + b2Sin’x, fol/m dx= %m /a?Cos?x, + b2Sin®k, (1*) TabambIs.

Omaii  Gonca, e€HAi OCHI 51t +/a2Cos?x, + b2Sin%x, ( 1*) dpopmyna
HeTi31He OipHerre MBICaJTBI ecenTep IS kepeiiik [1].
Mbicasbr:

1. a=1; b=1; OGomrangarel OCHHEHIH JOFACBIHBIH Y3bIHJBIFBIH
Ta0y Kepek Jeiik. byys TamcelpmaHbl OpbiHAAy — ymiiH = amabiMeH  «K»
kod(durmentin (4 ) OoiipiHma Tayein anein, on K=1,25+0,023236567-

(% ) =1,25-ke TeH  Oosaael gem, opi Kapaih (2) xoHe (3)
¢dbopmynanapsl  OoiibIHIIA:

[1,25(1+1)2—12]2—4(1+1)2-12_ 16-16 _ 16 (1-1) _

2 — - - 2. -

Cos’x,, 4(141)3(1-1) 32-(1-1) 32 (1-1) 0.5
o 4(1+1)212-[1,25(1+1)2-1%2)> _ 16-16 _16(1-1)

Sin’x,, 4(1+41)3(1-1) T 32-(1-1) 32(1-1) 0.5

ger, (1%) (opmymace! GoiibiHma o1 YA 4/12-0,5 + 1%-0,5 = Ym a—ra
TeH Oomajbl JeceK, OJaH IIeHOep JOFACBIHBIH IMIUPEK  Y3BIHJBIFBIH
aNaMmbl3.

2. a=1;b=0,5 Oomrannarsl OciiHE NOFACHIHBIH Y3BIHIBIFBIH Ta0y
kepek neitik. bynmarer K = 1,25 + 0,023236567-( % ) = 1,250031874

OobIimn mbFaael. An OyHaa (2 ) xoHe (3 ) popmynanapsl 60ibIHIIA
_ [1,250031874 (1 +0,5)2-1-0,5 ]2—4 (1+40,5)2- 0,52

Cos%x,, =0,458961176
4(1+0,5)3(1-0,5)
2,42 _ 2_1. 2
Sinzx,,—4 (1+0,5)%1% - [1,250031874 (1 +0,5)%-1-0,5] ~0,541038822
4(1+40,5)3(1-0,5)
0OoJaanl.

An %n\/ a’Cos®x, + b2Sin%x, ( 1*) GopMynacsiHaH OHBIH KeJeci
CaHIBIK MOJIIIEPIH  aJaMbl3.

On Y /1% - 0,458961176 + 0,52 - 0,541038822 =1,210862547a — fa
TeH Oombi, Oy kapTbutaii ectepi a=1; b=0,5-ke TeH OoOJFaHIAFBI
SJUTATIC JIOFACBIHBIH IIMPEK Y3bIHIBIFBI  OOJAIbI.

13
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3. a=1; b=0; Oonranmarel OcliHE JOFACHIHBIH Y3BIHIBIFBIH TalOy
kepex jeific. Bymma K =125 +0,023236567- () = 1,273236567

OOJBIIT  HIBIFBIN, al
2
_ [1,273236567 (1+0)%]"— 4 (140)2- 02

Cos’x,, = =0,405282838

4(1+0)3(1-0)
_4(1+0)%12-[1,273236567 (1 +0)%-1-0
4(1+0)3(1-0)
6omnansl. AT \/12 -0,405282838 + 02 -0,594717161 =la—Fa TeH OObIN,
Oyl OJIUICTIH TY3Y CBI3BIKKA JIEHiH CBhIFBIMIANFaH OEHHECIHIH IIHpeK
Y3BIHIBIFBI  00JIaJTbI.
Enni syunnc tekrec OeiiHe TOFACBIHBIH Y3bIHJBIFBIHBIH — aHBIKTAJIFaH

Sinx., 0594717161

. Yt
KalmbliaMa (GOpPMyJTachlH ambin, OHbI 4 a2Cos?x, + b2Sin’x, Jy dx

opikapaii  3epTTeWTIH Oo0JICaK, OHJIa HAKTHUIBI >KayaObl OHBIH >KAJIITbI
WHTETPAIBIHBIH  JKayaObIHA TE€H  BIKIIAMJAJIFaH eKi Oemiexkke
OemiHeriHnirin  Oaiikayra Oomanbl. Omap: Temenperi ( 51 ) »xoHe ( 52 )
OemexTepi.

\/aZCoszx,, + b2Sin?x,, fol/zn dx = % \/ a’— (a2 —b?) Sin%*x, (51)

Enxi %m+/a®— (a2 —b2) Sin?k, (5:) OGemmerin mHerisre ama
OTBIPBIN, IICMIIMIH  TaOyFa ajlblHFaH (OPMYJIAMBI3JIBIH  KayanTapbliH
TEKCepy VIIiH, XOFapblAarbl IIEHIUITeH MbBICATBI  €CenTepAl KadTaman
HmIenIn  KepeHik.

4. a=1; b=1; Gonranmarel O€HHECHIH V3BIHIBIFBIH Taly Kepek
nerik. byHpaa OyJ1 TancelpMaHBIH — KapThllalk  ecrtepi I-mi ecenTiy
XKapThUlaik ecTepiHe TeH OonFaHiaslkTaH OyHmama K =1,25 0o, an
Sin?x,,=0,5 0omaabl. Omnaii 0omca

(5)) GoitbiHma  Y%m /12— (12 —1%) -0,5= Y4ma GONbIN IIbIFAIBL.
(Onsbr 1 - ecentin skayaOBIMEH CaJBICTHIP)

5.a=1; b=0,5; Oomrannarsl OeHHEHIH Y3BIHIBIFBIH Tal0y Kepek
nerik. byHna 2-mi ecen OodpiHIIAa K=1,250031874 Oombln, an
Sin%x,, = 0,541038822 Ooaraugel.  Omai Ooiica (51) OoMBIHIIIA

1/21r\/12 — (12-0,52) -0,541038822 =1,210862551a GOIBIN MIBIFHII, OI
xKapTeiiait ectepi  a=1; b=0,5 OosFaHgarbl SJUIMIIC JOFACHIHBIH IIUPEK
V3bIHJBIFBI  OOMajpl. (2 - i ecenTiH jkayaObIH Kapa.)

6. a=1; b=0; Oonrannarel O€WHEHIH Y3BIHIBIFEIH Taly Kepek
JeHik. bynga 3-mi ecem Ooiibinma K=1,273236567 OGomnbim, an
Sin?x,,=0,594717161 mbIKKaHapl.  Opman  (51) OoMBIHIIIA 2314

\/12 — (12-=10%) -0,594717161 =la Goneinm mEFagsl. byn 2w
JOFaChIHBIH ~TY3Y CBI3bIKKAa JCWiH CBHIFBIMAQIFAH JOFACHIHBIH  IIHPEK
Y3BIHIBIFBI  Oomansl. (3 -mri ecenTiH jkayaOblH Kapa) — Opikapaii

\Ja*Cos?x, + b?Sin?x, fol/zn dx = my/b?+ (a2 —b2) Cos?x, (5:) gem,

14
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eHII YAm \/ b? + (a2 — b*)Cos®x,, (52) Oemmeri  Herizinge, e3imizai
TEKCepy YIUiH, JKOFapbIAaFbl ecenTepi KoHe IIelIin Kepewuik.

7. a=1; b=1; Oonranmarbl OcHHCHIH Y3BIHIBIFBIH Taly Kepek
neitik. bynna 1- ecen Ooipmma K=1,25 oomein, Cos*" =05
oonranael. OHma onail Gosca (52) OoMbIHIIA YATT \/ 12+ (1°-1%0,5 =
Y2t a  Oonblm, mieHOep JOFachbIHBbIH IIMPEK Y3bIHABIFBIH Oepeni. (1 - mn

KOHE 4-IIi  ecenTepliH JKayanTapblH Kapa).

8. a=1; b=0,5; Oonranmarbl OciiHEHIH Y3BIHIBIFBIH Ta0y Kepek
nerik. bynna 2 - ecen Ooitbiama K=1,250031874 OGonem, an  Cos’x,, =
0,458961176  Oomranael.  Omnait Ooica oma (52) OOMbIHIIA:

varr 40,52 + (12 — 0,5%) - 0,458961176 =1,210862549a  Goubim, om a = 1;
b=0,5 OGomFaHgarkl 3JUIMNC JOFACHLIHBIH IIMPEK Y3BIHABIFBI  OOJABL.

(OHbl 2, 5-ecenTepiiH >KayanTapbIMEH  CAJIBICTBID.)

9. a=1; b=0; Oonranmgarsl OciHEHIH Y3BIHABIFBIH Taly Kepek
nerik. bynga 3-ecen Oovibiama K = 1,273236567 O6oabmm, an Cos*x,, =
0,405282838 Gonaasl.

Omaii 6orca (52) Goibiamta Y1 /0% + (12 — 02) - 0,405282838 = la
OONBII, O OIUIMIC JIOFACHIHBIH Ty3y CHI3BIKKA JEHIH  CHIFBIMJAIIFaH

OCifHECIHIH  IIUPEK  Y3bIHABIFBI  OOJIaJIbI. (Onwpr 3, 6-ecenrtepiin
’KayanTapbIMEH CaJbICTBID).

bynan (51) men (5:) OemiekTepiHiH >KayanTapblHBIH OapiibIK
MyLIeJepl aHBIKTAJIFaH OJJUIMIC TEKTeC OCHWHENepiH  Y3bIHABIKTAPBIHBIH
XKalmbllaMa HMHTETpalilapblHBIH  JKayanTapblHa TEH caHjaap OepreHiirin
kepeMmi3. Comaii  Oomatypcaga Oyn menrimzaep Oi37i  KaHaraTTaHAbIpa
anMaiipl, cebebi  OepinreH  TamlChHIpMaHBl JKOFApBIAAFrbl  OeJIIeKTep
HETi3iHJIEe OpBIHAANl MIBIFY YIIiH, 0i3re KemNTereH ecenTtey >KYMBICTapbhIH
OpBIHAAN TIBIFy Kepek, conm cebenti O34l  KOFapbIAAFbl  DIUIMIIC
TEKTeC MYCIHIEPIiH JOFaJapbIHBIH Y3bIHIBIKTAPBIHBIH (HOpMyIanmapbIHbIH
MIENTUTY  JKOJJApPhIH JKEHUT TOCUIMEH IIemyre OoJiaThIHAAal amaligapabl
i3nectipyre skerenedal. On ymrid, (51) xoHe (52) miemiy KoJJapbiH

KEHUIeTIn  Kopeiik; Amasiven YA /a? — (a2 —b2) Sin?x, (5:1) — ai

aJanbIK.
bynna Sin’x,, —TiH opHblHa  OHbIH  (3) dopmynagarsl
HATypajb/bl eJImeMIepiH arnapbIn KO¥iCaK, oHZA TOMEHT1

bopMyanapIplH KaIFachlH  anamsi3 [2].
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(a2-b2) {4 (a +b)2a%2—{k (a +b)2-ab]?}
4(a+b)*(a-b)

v \Ja? — (a? — b?)Sin%, = Y% \/az —

. 2 (a2-b2){4(a+b)?a?—[k(a+b)?-ab]*}_ 2 4(a+b)2a2-[k(a+b)2—ab]?
/2T \/ a 4(a+b)*(a—b) m |a 4(a+b)?

2,72 2_ 2 2.2 2 — >
VT \/az _ 4(atb)?a [k(a-:b) ab]® _ Vorr \/4(a+b) a2- 4(a+b) 322+[k(a+b)2 ab]
4(a+b) 4(a+b)

. 4(a+b)2a2-4(a+b)%a’+[k(a+b)2—ab]? _ [k(a+b)2—ab]?
/2Tt \/ 4(a+b)? /2Tt 4(a+b)?

[k(a+b)2-ab]? _ m[k(a+b)?-ab]

1
/ATt 4(a+b)? 4(a+b)

(6) Oompim, Oy SJUTMIC TEKTEC

OCHHECIHIH  WHTETPAJbIHBIH  IIMUPEK  Y3BIHBIFBIHBIH JKEHUIIETUITEH
¢dopmynacel  Oosampl .

Enpui V23 14 \/b2 + (a? —b?) Cos®x,  (52) — HIH HIENTMiH
KEHIACTIN KOpeHik.

bynna  Cos’x,, —TiH  opHblHa (2) —1i  Qopmylagarkl  OHBIH
HaTypaJIbJIbl ©JIIEMiH KOWBIN, TOMEHJeri GopMyJanapiblH JKaJFachlH

aJlaMbI3.

(a2-b2) [k (a+b)2—ab]2—4(a+b)?b?
4(a+b)3*(a—b)

vomr \/b? 4 (a2 — b2)Cos?x, = Ym Jbz +

. 2y (a2-b2) [k(a+b)2—-ab ]2 4(.31+b)2b2_1 2y [k(a+b)2—ab ]2—4(a+b)?b?
/2T \/b 4(a+b)3(a=b) /oM |b 4(a+b)?

2_ 2_ 2112 2KH2 2_ 2_ 212
Vorr bz + [k(a+b)2-ab] 24(a+b) b - 4(a+b)?b?%+[ k(a+b)?—ab ]2—4(a+b)*b
4(a+b) 4(a+b)?

L 4(a+b)2b2+[ k(a+b)2—ab]2—4(a+b)?b? -1 [k(a+b)2—ab ]?
/om \/ 4(a+b)? /2T 4(a+b)?

214

[ka+b)?-ab]’ _ m[k(a+b)’~ab] (6) OGonbim, Oynma OIUIMIC — TEKTeC

4(a+b)? 4(a+b) ’
OeliHeNepaiH HMHTErpaNJapbIHbIH IIMPEK Y3bIHIBIFBIHBIH  JKEHUIACTIITEeH
¢dbopmynacel  GOJBII TaObLIabI. (ByHnmarsr K-koadpunmentin
KOFapbliarbl  4-1mi  (Gopmynacel  OOWBIHIIA TabaMbI3).

byn (6) - dopmyna xofapeiiarbl OapibIK (GopMyJanapblH IiMIiHIET]
menyi JKeHUI eH  Kbicka (opmyna  Oosbim  TaOblansl.  bepinren
TancelpManbl Oy (opmyna OoibIHIIA OpBIHAAN IMIBIFY YVIIIH, [IEIIiMiH

TaOyFa JKYKTENT€H TalChpMaHbIH TEKKaHa >KapTbUlail ecrepi Oenriii
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Oonca KeTKUTIKTI  Oonazel. OHBI  Kelecl MBICAIBI  €CENTepi  IIeury
HETI31HAE JoNeNaen Kopeuik:

10. a=1; b =1, Oonranmarpl OeiiHe IOFACBIHBIH Y3BIHIBIFBIH Ta0y
Kepek jeidik. byHma JkoFapbliarbl  MbICAambl  €CeNTepli  IICHIKCHJIE

XKapThUlail ecTepi OChl TamncelpMmajarbiiail Oosmranga K=1,25-—ke TeH
. N m[1,25(1+1)%-12
6onrannel. Onait  Gosca (6) popmynacsl  OoifbIHIIA [ 4((1+1)) I -

1,5708a Oonbin, on meHOep AOFACBIHBIH IMIMPEK Y3BIHABIFBI OOJafbl.

(1,4,7 — ecentepiy KayamnTapblH  Kapa).
11. a=1; b=0,75; Gonranmarbl OciiHE TOFACHIHBIH Y3bIHABIFBIH Taly
KepeKk JIeHiK.
byana K = 1,25+ 0,023236567 ( % )*=1,250000197  Gomazpl.
7[1,250000197 (1 + 0,75)2—1-0,75] ’
4(1+0,75)

xkapteuiaii ecrepi a=1; b=0,75; GonFaHgaFrbl AJUTMIIC JOFACHIHBIH IIUPEK

Onan =1,381462767 a-ra TeH OOJBII, O

Y3BIH/BIFB  OOJAIbI.

12. a=1; b=0,5; 6onranmarbl OCHHE JOFACHIHBIH IIMHUPEK Y3bIHJIBIFBIH

Talby kepek aeiik. bynna angeiHFel  meminren  ecentepae K=1,250031874
. 1,250031874 (1 + 0,5)%—1-0,5

oosrranpl. Onaii 0oJica, il v 1(+ 0+5) ) e 1,21086255a OGomanpl.

byn oxaptemmait  ectepi a=1; b=0,5; TeH oIMIC IOFACHIHBIH

IMpeK Y3BIHABIFBI  Oonansl (OHBI 2,5, 8 —ecenTepiiH jkayanTapbIMEH

CaJIBICTHIP).

13. a=1; b=0,25; Oonranmarel OecilHE JOFACHIHBIH Y3bIH/BIFBIH
Taby Kepex neifik. Byrna K = 1,25+ 0,023236567 (——22)6 = 1,251084125

. 1+ 0,25
LA LA 02 = 1,071171839a 6o,
oJI )KapThutaii octepi  a=1; b=0,25; OonFaHIarbl DJIJUIUAIC JIOFACBIHBIH
IMUPEK  Y3BIHJABIFBI  OOJaJIbI.

14. a=1; b=0; Oonranmarbl O€HHE JOFACBIHBIH Y3BIHJBIFBIH Taly
Kepek JeHik. ByHna alaplHFBI ecenTepii IIeIIKeHae, >KapThlaail ecTepi
Oi3/11H  TanChIpMaMbI3IbIH O6CTEpiHE TEH OoiFaHIa K = 1,273236567
[ 1273236567 (1+ 0)2—1-0]

4(1+0)
O Ty3y CBI3BIKKA JICHIH CHIFBIMIAIIFAH OJJUIMIICTIH  IIUPEK  Y3bIHIBIFBI
OoJ1aIbl.

6omnaznel. Omait 6oiica,

Ooonein  mIBIKKaHABL Onaii  Ooiica, = la Oouplr,

XZ 2
15. KanoHAplK  QopMmyrnacel = y; =1 OonraHgarbl BIUIUIC

JIOFachIHBIH Y3BIHABIFBIH Ta0y Kepek Jnedik. byn ecenti OipHemie Tocin
— OIIC JKOJNIAphIMEH Iemryre OoJajbl.
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1 —so0ic.

JloFachIHBIH ~ Y3BIHABIFBIH ~ TaOyFa  TalChIPbUIFaH dbopmynanan
AJUTUTICTIH )KapThUIail  ©CTEepiH aXBIpaThIl any ojici OoibIHINA  IHemry.
OHBI TOMEHIErl  €CEeITIiH HIEITIMIHEH Kapa. bynma oepiureH
tancelpManblH ~ KaHoHAblKk  opmyrnacel  KOrFaprbiail  OOJFaHIa, OHBIH
KapThinaii ectepi a=+v25=5-xke; a1 b=v9 = 3—xke; TeH GonaipL
Omait  Oosica, OyHmarer K =1,25 + 0,023236567 - (;_i)ﬁ = 1250005672
6omanpl. Oman (6) OoiibIHIIA: ﬂ[1'25000i6(7:£z;3)2_5'3] = 6,381410637
Oipiikke TeH OOJIbIN, 071 XKapThulail ectept a=135; b=3; OonraHmarbl
AJUTUTIC  JOFACBIHBIH IIHUPEK Y3BIHIBIFEI 0O0TaIbI.

2 — a0ic.

DJIUIC JTOFAChIHBIH OIpiHINI KBaJpaHTTa 3JKaTKaH KOOpIMHATaIapbl
x=58Sint, y=3Cost, 0 <t < %mn pgecek, OHIA OHBIH JOFACBHIHBIH
V3BIH/IBIFBI, OHBIH KOOpJIWHATAJIAPBIHBIH  TYBIHABICHIHBIH KBaJApaTTapbIHBIH
KOCBIHJBICHIHBIH ~ TYOipiHE TE€H  CaHJapAblH HMHTETpajblHa TEH JICll,

OHBI: fol/m\/(x’)2 + (y)? dt = fol/m\/ZS Cos?t +9Sin’t dt  Gomams

JIECEK, oHma Oynmarel TYOip acteiHmarel Cos?t MeH Sin’t - HiH
OpbIHAApbIHA ONapAblH  aHBIKTalFaH 2 koHe 3 (opmynanapblHIaFbI

TaHOAJIapbIHBIH MOHACPIH KOMBII OCIriji 1/271;’\/ 25 Cos?t, + 9 Sin%t, (1%)
dbopmynaceiH  anambi3. bynna (2 ) xone (3 ) —popMmyrnamapbl  HETi3iHEH :

Cos?t.. = [k(a+b)?-a-b]*~4(a+b)2b* _ [1,250005672( 5 +3)2-5-3 |*~4(5+3)?3 _
99 4(a+b)3(a—b) 4(5+3)3(5_3)
0,469005661,
S. 2t — 4(3 +b )2. 32—[k(a+b)2_ab ]2 _ 4(5+3)2 52_ [1,250005672(5+3)2—53]2 _
e 4(a +b)*(a—b) - 4(5+3)*(5-3) -
0,530994338

Jel, OJaH vam /25 - 0,469005661 + 9 - 0,530994338 = 6,381410632
OOJIBIN,  OJ aJIBIHFAH AJUIUIIC TOFACHIHBIH IIUPEK Y3bIHABIFEI 001aabl. (OHBI 1-
OJICTIH )KayaObIMEH CaJIBICTHIP).

3 —20ic

Korapsrnarsl (51) dbopmynacel KOJIJapbIMEH nienty.
On Ym+/a? — (a2 —b?2) Sin?t, . bysgarsr  Sin’t,, =0,530994338 Gouranza,
vim /25 — (25—9) 0,530994338 = 6,381410639 TeH  Oonbil, o1
QJIBIHFaH JUIHIIC TOFACHIHBIH IIUPEH Y3BIHIBIFBL Oonazsl. ( 1, 2 —omicrepaiy
KayanTapblH Kapa).

4 — 20ic
XKorapeinarel  (52) ¢Qopmynacsl HerizaepiHzae ILIemry KOJJIaphbl.
On Ym \/b? + (a2 —b2) Cos’, .  Bynnarsl Cost,, = 0,469005661

Oosrranma, Y4m \/9 + (25-9)0,469005661 =6,381410633 0O0JIBIII,
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QIBIHFAH DJJUIAIIC JIOFACBIHBIH IIHPEK  Y3BIHABIFBIH  Oepeni. KaHOHIBIK
hopmynachr apKajIbl OCplUIreH AJUIHIICTIH Y3BIH/IBIFBIH Tady
TanCBIPMACBhIH JKOFApBIIAFbl TOPT OJIiC TOCUIACPMEH IICHIKEHAE, OapiIbIK
omicTEpIiH JKayanTapblHbIH ~ OipAelt  OOJFaHIIbIFBIH KoHEe  OapiIbIK
omicTepAiH  INIHACTI MIeNNMi KCHUI, [Ny JKOJIbl  KbicKa  (6)
(dbopmyacel OOIFaHIBIFBIH  Kepemis [2].

Kopvimoinoolr  bonim

byn wmakana HeriziHeH ym OesiMHEH Typajbsl. MakKallaHblH Kipiciie
OenimiHAe ON 3epTTeynepi HETi3iHAC KOPBITBIHABI  TYXKbIPhIMIaMaIap
)KacajraH 0oJica, al OHBIH HETI3TT OeJIMIHAE COJI TYXKbIpbIMIaMaliapabl
ic oky3iHme, Oenrim ¢opMynamapael  UKEMi  MOJ, IMICMmIMi KEHL,
JKEKeMEHIIIK  OenriciMeH KOprasblll, kaHa (Qopmymamap  TypJepiHe
KENTIPUITeH >KOJIIAphl JIONENJICHIN, KOPBITHIHABICHIHAA OJAapJbIH MICTILTY
KUITI AHBIKTAJIAIbI. bynnarbt KOJITAaHBUIFaH bopmyanapapy
OapibIFbIHBIH - meminy kiiri  «K»  kosddummenti Oombin  TaObLIABL.
K—xo3ddunuenti JUIATIC  TEKTEC MYCIHIEPiHIH OepinreH
(dhopMymanapbH WKeMi MOJN TYpJIepiHE KEeNTipim, aifa KOWBUIFaH
TaliChIpMaHbl OPBIHJAAN  IIBIFYJIBIH ~ Heridi  Oosmblm  TaObutambl. by
MakalaHelH  (4)—mi  hopMyrachIHAAFRI 1,25 men  0,023236567
CaHIIApbIHBIH KaliJaH INBIKKAH CaHJap CKEHIH 3epTTEeHTIH O0oJcak, oHIa
K63 aJIbIMBI3Ffa MBIHA MYCIHIEP/IH Ti30€riH enecTerinm Kepewik: bipinimii,
pamuycel a-fa TEH IIeHOep/i, OHBIH  KaTapbIHJIa coll  mIeHOepaiH
CBIFBIMJIATYBIHAH TMalijla OOJFaH »JJUIUIICTI, COHBIHIA  DJJUIHIICTIH  TY3Y
CBI3BIKKA JICHIH CBHIFBIMIANIFaH MYCIHJIEPiHIH KaTapblH aJbIN, OJapiblH
OpPKaWCChIH  JKEKEe —JKeKe 3epTTeHTiH  0oJicaKk, oOHJa CIIKaH;al Jay-
JaMalchl3  IIEHOEp JOFAaChIHBIH Kallbl Y3bIHIBFBIH L = 2ma jmen
»kazyra OoJaibl.

An meHOep V3BIHABIFBIHBIH Oy Qopmynacein 27-Te 0OeJicek, OHJa

OHBIH ¥3I)IHI[BIFI)IH aHI)IKTayHIBI «a» CaHbIH aJIaMBbI3. Erep CHIII OCBI
2(a+a)a+a® _ 5a°

caH/abl MbIHa (opmynara amapelll  KoMHcak K:W—EZ:LZS-I@
TE€H  OOJBIN IIBIFBIN,  OJ MIEHOEpP JOFAChIHBIH KOd(DduImenTi OombI
TaOBLUIAIBL.

AN 2MUIIC  JIOFACBIHBIH  KANMBl Y3BIHIBIFBI 93ipmie  Oi3re  Oenricis
Oomysl  cebenTi,  OHBIH K—xo3ddunmentin, meHOep  TOFaCBHIHBIH
K03 hUIMeHTIH Talyra apHaJIFaH omic HeT131H naiganaHa

aJIMaybIMBI3JIBIKTaH, OHBI YaKbITIIA OENrici3 CaH TYpiHAE KalablpaTypyFra
Typa Kelei.

AN SIIMNCTIH Ty3y CBI3BIKKA JEHIH CHIFBIMIANybIHAH Takiaa OoJFaH
MYCIHIHIH JKaJanbl Y3bIHABIFRI L=4a—Fa TeH Oonambl. EHII OCBI MYCIHHIH
JKAIIMbl Y3bIH/BIFBIH 27T-T¢  0OJICEK, OHJAa OHBIH Y3BIHIBIFBIH AHBIKTAYIIIbI

caael  0,636618283a —fa TeH Oomampl. Erep ocel  caHapl  MbBIHA
2(a+b)-0,636618283a +ab_

(a+b)?

¢bopmynara arnapbl Kolicak, oman K=
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2(a+0)-0,636618283a +a -0
(a+0)?
CBI3BIFBIMBI3IBIH kodduimenTi  Oorca, OHIAa DIUIAIC JOFACHIHBIH
kodpdunmentin 1,25 < K < 1,273236566 nen xa3aTeiH OoJyicak, OHAA

ol K=1,25+A - ( g )¢ nem kazyra Oonazabl. bynnaret A = 1,273236566 —

125 = @20,023236567 -Te TeH Ooagnl IIECEK, oHJIIa

=1,273236566 IIBIFBITI, on  Oi3miH TY3y

KOPBITBIHABICHIHAA ~ (4)  dopmynaceiHmarsl 1,25 men  0,023236567
CaHIApBIHBIH MIBIFYy JKOJIAApPbl  KepceTiireH Oousamasl [3].
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BJIMSTHUE IIPUMECEMH Al u Mn HA TIPOHECCBI CTPYKTYPHBIX
ITPEBPAIIEHUU B CIINTABAX MEJIH

AnHOTanus. B pabore Ha KOHKPETHBIX MPUMEpPAX C MPUBJICUCHHUEM
peajbHBIX CIIaBOB Ha OCHOBE Menu, cojaepxariero 14 Bec.%Al u 3Bec.%Mn,
OIMHMCHIBAIOTCS PE3yJIbTAThl MCCIEAOBAHUS MPOIECCa BOCCTAHOBIEHUS (OPMBI
Marepuaina, KOTOpbId moaBeprayics aehopMaiii MO CXEeMe TPEXTOYEUHOTO
n3ruba. lccrenoBanuss TPOBOJAMIUCH METOJIOM H3MEPEHUS H3MCHCHHS
TEMITEpaTypHOH 3aBHCHMOCTH AJIEKTPOCONPOTUBIICHHUS W Mporuda obdpasma, a
TaK)Ke MyTEeM IMOJTYUYEHHUsI MUKPORJICKTPOHOTPAMM C MOMOIIBIO 3JIEKTPOHHOTO
MuKpockora. [Tockonbky criaBbl ¢ DI1D paboTaroT B yCIOBUSAX 0053aTEITLHOTO
TEPMOIUKIUPOBAHUS, BEISICHEHHE TEPMOCTAOMIBHOCTH 3THUX MATEPHUAJIOB IMEET
BOKHBI TIPAKTUYECKU HHTEpPEC. YCTAaHOBJICHO, YTO B MapTEHCHTHBIX
KpUCTaJJIaX, BOSHUKAIOIINX B 3aKAJICHHBIX 00pasiax, HaOIIOJar0TCs BhICOKAS
IJIOTHOCTh JE(EKTOB YIAKOBKM W TOHKHE JBOWHUKH, OOpasyromuecs Ha
miockoct  (121) y'. OpHOM W3 BaXHBIX OCOOEHHOCTEH MApPTEHCHUTHOTO
MeXaHu3Ma SBJISIeTCs 00s3aTellbHOe 00pa3oBaHME MapTEHCHTA C Jnedexramu,
MPEACTABISAIONIETO0 TOHKYIO CTPYKTypy. IlyTem comocTaBieHusi KpUBBIX
AJIEKTPOCOIIPOTHRIICHUS W Mporuda OBUIO YCTaHOBIICHO, YTO TEMIIepaTypHBIN
WHTEpBaJ BO3pacTaHUs Mporuda MpH OXJIAKJIECHUU COBIAJAET C MHTEPBAIOM
TEMIIepaTyp MNPSIMOr0 MapTEHCUTHOTO TmpeBpamieHus. Kpome nedexron
YIAKOBKM B MapTEHCUTHBIX KpUCTaJIaX HaOMIOIAl0TCS W TOHKHE JBOMHHUKHU
tommuaor  0,01-0,04 wmxm. Ilpm aHamm3e OBUIO  YCTaHOBIGHO, YTO
JBOMHMKOBAHME B MapTEHCUTE MPOUCXOIUT Mo Iiockocty 1217". ITokazaHo,
YTO BO3HHUKAWOIIAs TPH MAPTCHCUTHBIX MPEBPAIIEHUAX TOJOCYATOCTh
oOycroBiieHa AepeKkTaMu yMaKOBKH, KOTOpbIE JiexaT B Iulockoctu 121 mpu
BBICOKOH TUIOTHOCTH JI€(PEKTOB yIIaKOBKH.

KuaroueBble cJoBAa: CILIaB MEIH, TPEXTOYEUHBIA  W3THUO,
MHKPOIJIEKTPOHOTPaMMa, TEPMOIIUKIMPOBAHNE, MAPTEHCUTHBIN MEXaHU3M.

skeksk

Angarna. by xxkymeicta Kypambiaia 14 can.% Al xone 3can.% Mn 6ap
MBIC HeTri31H/eri HaKThl KOphITHAIAp bl KOJJIaHa OTBIPBIN, HAKTHI MbICAIAApAbI
KOJIJlaHa OTBIPBIN, YII HYKTEIIK HUTy cXeMachl OoiiblHIIA aeopmaliusra
YIIBIpaFaH MaTepHalAblH MIIIiHIH KaJIlblHA KENTIpy MPOLECiH 3epTTey
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HOTWDKEJIEpl CUMATTaliFaH. 3epTTeyJjiep VATIHIH JJIEKTp Keaeprici MeH
ayBITKYBIHBIH TEMIIepaTypara TOYEJAUITIHIH e3repyiH eilley, COHJah-ak
AJIEKTPOHABI MHKPOCKOITBIH KOMETIMEH OJJIEKTPOHIAPIBIH IH(PPAKIUSIIBIK
3aHBUIBIKTapbIH amy apKbUibl sKyprizinai. [ICK xopsiTnanapbl MiHAETTI KbUTY
IUKIT KaFJaibIHIa JKYMBIC ICTEHTIH OOJFaHABIKTAH, OYJI Marephagap/IbH
KBUTYJIBIK TYPAKTBUIBIFBIH TYCIHAIPY MPAKTUKAIBIK KbI3BIFYIIBUIBIK TYABIPAIBL.
Cennipinren yariepze naiaa 601raH MAapTEHCUT KPUCTAIAAPBl KabaTTacyIbIH
YJIKEH THIFBI3ABIFBIH jk0HE (121) v’ jka3bIKTHIKTA Makia 00JIFaH KyKa eri3aep/al
KOpCeTeTiHI AHBIKTAJIIbI. MapTeHCUTTIK MEXaHU3MHIH MAaHBI3/bI
epeKIIemKTepiHiH Oipi - OWI akayiapbl Oap MapTEHCUTTIH MIHIETTI TypIe
TY3UTyl, OJ1 YCaK KYPbUIBIM OOJBIN TaObUIAABI. DJICKTP KEAEPrici MEH aybITKY
KHCBIKTApPbIH ~ CAJIBICTBIPA  OTBIPBIIN, CAJKbIHAATYy KE3IHJE AayBITKYIbIH
KOFApBUIAYBIHBIH ~ TEMIIEPATypaJIbIK  JHAara3oHbl TIKEJIeH MapTEeHCHUTTIK
TYpJCHYAIH  TEeMIepaTypasblK  JUANa3OHbIMEH  COHMKeC  KeJICTIHJIri
aHBIKTAJIIBL. MapTEeHCUTTIK KpUCTAAApAAFbl KATAMaHBIH aKayJapblHaH 0acka,
KaubIHABIFEI 0,01-0,04 MM OoJlaThIH KabaTTacKaH KyKa epiMaepae Oaiikaaaibl.
Tannay xe3inae mMapreHcHTTeri Kocapiany {121} y >Ka3bIKTBIFBIHIA KYPETiHI
aHBIKTaNAbl. MapTEeHCUTTIK TypJieHyJep Ke3iHae maijga OoJjaThlH KOJaK
KalTaMaHbIH aKayJIapblHbIH OFapbl THIFbI3AbIFBIMEH {121} 3Ka3bIKTHIFbIH/A
OpHaJacKaH KanTaMaHbIH aKayJiapbiHa OaiIaHbICThl €KEHIITT KOPCEeTUIreH.

Tyiiin ce3mep: MbIC KOPBITHACHI, YII HYKTENIK HIUTy CXEMachl,
AJCKTPOHAAPABIH  AUGPAKIMSIIBIK ~ YITICI, JKbUTYy IIMKII, MapTeHCHUTTIK
MEXaHU3M.

koksk

Abstract. In the work on specific examples involving real copper-based
alloys containing 14 weight.%Al and 3 weight.%Mn, describes the results of a
study of the process of restoring the shape of a material that was defomated
according to the three-point bending scheme. The studies were carried out by
measuring changes in the temperature dependence of the electrical resistance and
deflection of the sample, as well as by obtaining microelectronograms using an
electron microscope. Since SME alloys operate under conditions of mandatory
thermal cycling, the elucidation of the thermal stability of these materials is of
practical interest. It is established that martensitic crystals that occur in hardened
samples have a high density of packing defects and thin twins formed on the
(121) vy’ plane. One of the important features of the martensitic mechanism is the
obligatory formation of martensite with defects, which is a fine structure. By
comparing the curves of the electrical resistivity and the deflection, it was found
that the temperature range of the increase in the deflection upon cooling
coincides with the temperature range of the direct martensitic transformation. In
addition to stacking faults, thin twins with a thickness of 0.01-0.04 microns are
also observed in martensite crystals. It was found in the analysis that twinning
in martensite occurs along the {121} v’ plane. It is shown that the streakiness
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arising during martensitic transformations is caused by stacking faults, which lie
in the {121} plane at a high density of stacking faults.

Keywords: copper-based alloys, three-point bending,
microelectronograms, thermal cycling, martensitic mechanism.

Beeoenue

[Ipenackazannoe B cBoe Bpems [.B. Kypmomoeim [1,21c.] u
oOHapyxkeHHoe Tmo3xke Ha cmaaBax CuAINi sBieHue TepMOyHIpyroro
MapTeHCUTHOro npeBpamieHus [2, 713c., 3, 170c.] npuBenu K NOSIBIECHHUIO
MHO)KE€CTBAa padOT, MOCBALICHHBIX H3YYCHUIO PA3JIMYHBIX ACHEKTOB STOTO
YHHUKaJbHOTO siBiieHus. K Hanbonee HHTEpeCHBIM M UMEIOIIMM Ba)KHOE HAayYHO-
NPUKIATHOE 3HadYeHWe OTHociaTcsa dddexkr mnamaru dopmer  (DI1D),
CBEPXYIIPYTOCTh U JIBYCTOPOHHssA (oOpatumasi) mnamsTh ¢Gopmbl. CymHOCTh
a¢ddexra mamsaTu GopMbl 3aKiIodaeTcs B cieayromeM. HarpyxkeHnue oOpasia
MaTepuajla B MUHTEpBaje TEMIEPATyp MApPTEHCUTHOIO MPEBPAIlEHUs] IPUBOAUT
K ero aedopmaluu B BUJe pacTsDKeHUs, U3ruda u ap. Ity nedopMaiuio MOKHO
«CHATHY» TIOCPEACTBOM HarpeBa BBIIIE TEMIIEPATyphl KOHILA OOpPaTHOTO
npeBpamenus. [Ipu stom pedopmanus obpas3ua OCYLIECTBISETCS 3a CYET
HaIIpaBJIECHHOTO pOCTa  MApTEHCUTHBIX KPUCTAUIOB NOJ  JAEHCTBHEM
MPWIOKEHHBIX HampsbkeHud. [lomoOHbI mporecc HaOmromaercs BO Bcex
MaTtepuaax, B KOTOPbIX IPOUCXOIUT 00paTUMOE MaPTEHCUTHOE ITPEBPALLCHHE.
Pa3znuumne mokeT OBITH JIMIIb B CTETIEHW BOCCTAHOBJICEHUS MCXOJIHOM (hOPMBI,
CyliecTBOBaBIIel 1m0 mpeBpamieHus. CreayeT OTMETHTh, YTO B CIUIaBaX C
TEPMOYNPYTUM  MApTEHCUTHBIM  TPEBpAIICHHEM  MPOUCXOIUT  IOJIHOE
BOCCTaHOBJICHHE MCXOTHON (GopMbl. B MaTepuanax ¢ GOJBIINM THCTEPE3UCOM
mporecca MpsIMOro-oOpaTHOTO — TMpEBpallleHusi HaONI0JaeTcs YacTHYHOE
BOCCTaHOBJICHHE MCXOJHOW (OpMBI, B pe3yipTare 4ero 4actb aedopMaluu,
MOJy4YEeHHAas MPH OXJIAXKJIECHUHM MOJT Harpy3Koi, coxpansercs [4, 748c.; 5, 174c].

3a wWcTeKllee BpeMs BBINOJIHEHO 3HAYMTEIBHOE 4YHUCIO padoT,
MOCBSIIIEHHBIX ~ M3YYEHUIO  SBIICHUS, CBS3aHHOTO C  MapTEHCUTHBIM
npeBpalieHueM. TeM He MeHee, CyIIEeCTBYET psiJ HE PELICHHBIX 0 CUX IOp
mpo0OsieM, B TOM YHCJIe OTCYTCTBYET €IMHOT0 MHEHHSI OTHOCHUTEIBHO YCIIOBHIA
CYLIECTBOBAHMS IIOJIHOTO BOCCTAHOBJICHUS HCXOJHOW (OPMBI NpU HArpeBe
Matepuana nocie aedopmaruu. OnpeneneHue 3TUX YCIOBUN KpailHe Ba)KHO
npu BbIOOpe MarepuasioB ¢ OlI®D, wucnomp3yeMblx B YCTpPOWCTBax,
MpelHa3HAYEHHBIX Ui  PpEHIeHHs  Pa3luYHBbIX  KOHCTPYKIMOHHBIX |
MHOTO(YHKIIMOHAJIBHBIX 33/1a4. BKpaTiie MosiCHUM CyITHOCTh MapTEHCUTHOTO
MIpeBpAaIEHUS.

MapTeHcuTHOEe  TpeBpamieHHe — 95TO MOJABUJ  MOJIUMOPGHOTO
MpeBpallieHusl, TMpU KOTOPOM HM3MEHEHHE B3aUMHOTO  PACIONIOKECHHUS
COCTAaBJISIIOLIUX KPUCTANI aTOMOB MPOMCXOJUT MyTEM HMX YHOPSIOYEHHOIO
nepemenieHus. [Ipu 3ToM OTHOCHUTENBHBIE CMEIIEHUSI COCEHIX aTOMOB Mallbl
0 CPaBHEHUIO C  MEXAyaTOMHbIM  pacctossHueMm.  Ilepectpolika
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KPUCTAUIMYECKON pemeéTKH B MHUKPOOOIACTAX OOBIYHO CBOAUTCS K
nedopMmaruu e€ SUYEHKH, W KOHeuHas (a3za MapTEHCUTHOTO MpPEBpAIICHUS
MOJKET PacCMaTpUBAThCA KaK OJHOPOTHO NeOpMHpOBAaHHAS MCXomHas (aza.
3nauenue nedopmanuu mana (rmopsaka 1-10 %) u coOTBETCTBEHHO Mana IO
CPaBHEHMIO C HSHEprueil cBsi3u B KpUcTauie. MUKpPOCTPYKTypa MapTeHCHUTa
MMEET UTOJIbYATHIN (TTACTUHYATHIN) T PEeUHbIH (MMakeTHbIN) BU. ETo MoKHO
HAOJII0/IaTh B 3aKAIEHHBIX METAUIMYECKHUX CIUIAaBaX M B HEKOTOPBIX YHCTHIX
MeTajlaX, KOTOPbIM CBOMCTBEHEH mMoauMopdusmM. MapTeHCUT — OCHOBHas
CTPYKTYpHasl COCTAaBIAIOIIAs 3aKAJIEHHOM cTanu. s cTanu OH NpeacTaBiseT
co00l yMOpPSOUYCHHBINH TEPECHIICHHBIM TBEPBIM pPacTBOp yIyiepoaa B oO-
JKene3e TakoW e KOHILEHTpaluu, Kak Yy wucxojnHoro aycrenuta. C
MpeBpallleHUeM MapTEHCUTAa IMPU HarpeBe U OXJAKICHUH CBsi3aH 3 deKT
IaMsITH METAUIOB U CIUIaBOB. CBOE Ha3BaHUE OH IOJIyYMJI B YECTh HEMELIKOTO
MetaiuioBena Apnonbha MapTeHca, ¢ MMEHeM KOTOPOrO CBSI3aHO OTKPHITHE
JTAHHOTO siBJIeHHUs [6, 22c.].

OnHO# 13 BaXKHBIX OCOOCHHOCTEH MapTEeHCUTHOTO MEXaHU3Ma SIBIISIETCS
o0si3aTenbHOE O0pa3oBaHME MapTEHCHTa C JAe(eKTamH, MNpPEeACTaBISIONIErO
TOHKYIO CTPYKTYpY [6, 22c¢.]. [locieqHee oka3bIBaeT ONPEIEICHHOE BIUSHUE HA
pAIl CBOMCTB MaTE€pUaioB, B TOM YUCJIE HA YIIPOYHEHHE U Ha napaMmeTpbl DI1D.
MeHsisi KOHUEHTpAIMI0 OAHOTO M3 AJIEMEHTOB B CIUIABE, MOXXHO IMOJIYYUTh
MapTeHCUT C PA3NUYHOU CYOCTPYKTYypOil MpH HEU3MEHHBIX MEXaHHYECKHX
CBOIcTBax Bcel cucteMbl. Kpome Toro, mockonbky criaBsl ¢ D11 paboraior B
YCIIOBUSAX 00513aTeTLHOTO TEPMOLIMKINPOBAHUS, BBISICHEHHE
TEPMOCTAOMIILHOCTH 3THUX MaTE€pPUATIOB UMEET BaKHBIA MPAKTUUECKH HUHTEPEC.
B cBa3um ¢ oTMM B nHaHHOM cTaThe OYIyT pacCMOTPEHBI HEKOTOpHIE
SKCIIEPUMEHTAJIbHBIE pe3yibTaThl uccienoBanus JIID B Tex ciydasx, Korjaa
MapTeHCUTHOE TMpeBpallleHue MPOTEKAeT C Pa3IMYHbIM THCTEPE3UCOM, a caM
MapTEHCUT UMEET Pa3HYIO0 TOHKYIO CTPYKTYDY.

Tonkas cmpykmypa mapmencuma u 3¢ghekm namamu 6 cniage Ha
ocHoge meou

Jlns  uccnenoBaHWs BOCCTaHOBIEHUS (OPMBI  TpPH  MPOTEKAHUU
00paTHOrO MpeBpamieHns 00pasIlbl CIIaBa ObUIN MPUTOTOBJICHBI B CIIEIYIOIEM
coctae: Cutl4sec.% Al+3Bec.%Mn ¢ My = 10°C. O6pa3siisl aedpopmupoBaiu
M0 CXEME TPEXTOUYEeYHOro n3rnbda. HarpyxeHrne nmpous3BOIMIN BbIIIE TOUYKUA Ax
[6, 177c.]. Harpy3ky mnoaOupanu TakuMm oOpa3oM, 4YTOOBI MaKCHUMaJbHBIC
HaIpsDKEHUs, BO3HUKAIOIIKME B 00paslie, OKAa3bIBAIMCh 3HAUYUTEIBHO HUXKE
mpenesa TeKy4ecTH BbICOKOTemmepaTypHoil [Pi-daszel. [Ipu oxmaxaeHuu B
HEKOTOpOi 00JacTu TeMmiepaTyp nporud olpaslia pe3Ko yBEITUUHBAETCS
(puc.16). U3 comocTaBiaeHUs KPUBBIX AJICKTPOCONPOTHBICHHUS (puc.la) u
nporuba (puc.16) BUIHO, YTO TEMIIEPATypHBIA HHTEPBAJl BO3PACTAHUS MPOruda
MpH  OXJXKACHUM COBMAJAeT C HHTEPBAIOM TEMIeEparyp MpsSMOro
MapTEHCUTHOTO MIPEBPAIICHHUS.
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Puc.1- TemnepaTypHble 3aBUCUMOCTH 3JieKTpoconpoTusienus (AR/R) u
nporuba (o) crutaBa CuAlMn

Ilocne cHATMS Harpy3ku TIpH TeMIeEpaType JKUAKOrO — a30Ta,
BOCCTAaHOBJICHHE (DOPMBI TPU HArpeBe MPOUCXOAWUT B HHTEpBaje OOpPATHOTO
MapTeHCUTHOTo npeBpaieHus (puc.l a,0). Eciin MakcuManbHble TPUII0KEHHBIE
JI0 HArpPY>XCHUsI HATPSDKCHUS HE TPEBBINIAIOT MpeJesia TeKyYeCTH, TO TIOJTHOE
BBINPSIMIICHUE IPU HarpeBe HAOIIOAAaeTcs Jake B TOM cllyyae, KOorja Iepen
HarpeBoM o00Opaser] He pasrpy’kaeTcs W OH, pa3rubasich, COBepIIaeT padoTy
NpoTHB BHemIHeH cuibl. [Ipu 3TOM MHTEpBasl TeMmnepaTypbl BOCCTAHOBJICHUS
(OpMbI HECKOJIBKO CMEIAETCs B CTOPOHY 0OoJjiee BBICOKUX TEMIIepaTyp IO
CpPaBHEHHIO CO CIIydaeM, KOTJa Harpys3ka He IMpensTCTBYET BOCCTaHOBIICHHUIO
¢opmbl.  CrieyeT OTMETHTh, UYTO KpPHBBIE TEMIEpaTypHOH 3aBHCHMOCTH
3JIEKTPOCOTIPOTHUBIIEHUS] TIPU HArpeBe MO Harpy3Koil OCTaroTcs MpakTHYECKU
HEM3MEHHBIMH. OTO TPOUCXOJAUT, BEPOSTHO, IOTOMY, YTO KOJHYECTBO
MapTEeHCUTHOU (pa3bl, oOycnaBiauBaromee U3MeHeHne (OpMbl, HAXOTUTCA Ha
YpOBHE IOpOra YyBCTBUTEILHOCTH PE3UCTOMETpUYECKOil MeTomuku. [lomHoe
BOCCTAQHOBJICHHE HCXOJHOW (hOpMBI IpU HAarpeBe HAOIIOAAIM TaKXKe Iocie
miactuyecko nedopmaruu npu -196°C. OmgHako B 3TOM cCiiydae Jyis
MOJyYeHHUs TaKOro K€ OCTaTOYHOro Mporuda, Kak NpU OXJIAXKIECHUH MOJ
rpy3oMm, TpeOytorcs Harpy3ku B 10-15 pa3 Gomnbiue.

B mporecce 3akanky B MCCIIEOBAaHHOM CIIaBe B MCXOMHOU f - daze
MIPOUCXOAUT yHOpsI0UYeHHEe U oOpasyercs P1 — (aza ¢ mapameTpom B 2 pasza
OompmM, uyeM mapamerp [ — ¢das3sl. Ha MukpossnekTpoHorpamMmmax OT
ynopsiioueHHOW [1 — a3bl BUAHBI CBEPXCTPYKTYpHBIE pediiekchl, a Ha
MUKpodoTorpagusx — U30rHyThle aHTU(a3Hble rpaHuibl (puc.2). B obpasmax
NpH KOMHATHOH TeMIleparype COXpaHSeTCs HEKOTOpOe  KOJIHYECTBO
MapTEHCUTHBIX KPUCTAJUIOB. Y -(ha3a Takxke yrnopsaodeHa, OJHaKo aHTU(a3HbIe
JIOMEHBI B MAPTEHCUTE UMEIOT MEHBIIIHE pa3Mephl, YeM B UCXOIHOM (hase.

MapTeHCUTHBIE KPUCTAJUIbI, BO3SHUKAIONIME B 3aKaJIeHHBIX 00pasnax,
yaiie BCero COCTOST U3 JIByX MOJIOBHH, pa3/IeJIeHHbIX CpeJHEH MIOCKOCThI0. B
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Ka)XIOH IIOJIOBUHE Kpucrajjia Ha6J'IIOI[aeTC$I IIOJIOCHATOCTh, IMPUBOAAIIAA K
MOSBIICHUIO TSDKEH Ha MHKPO3JICKTPOHOI'PAMMaAXx,

Puc.2 - Antudasnsie rpanuisl B f1 - ¢aze cruiaa CuAlMn

IIOJIYUCHHBIX oT TaKHuXx Y4aCTKOB. Tsoxu BCCraa PACIIOJIOKCHBI
NEePHEeHUKYISAPHO IOJIOCYAaTOCTH Ha Mukpodotorpadusx. Ilomocuarocts
oOycioBieHa jAceKTaMu YINAKOBKH, KOTOpbIE JIEKAaT B  IUIOCKOCTH
{121}. IlnotHOCTh AE()EKTOB YMAKOBKM JOCTATOYHO BhICOKAa. Ha pucynke 3
npuUBEIeHBl MHUKpodoTorpadguu ydacTka MapTEeHCUTHOTO KpHUCTalla C
M0JI0CYATOCTHIO B CBETJIOM M TEMHOM IIOJIE.

O N

Puc.3 - Yuactok maprencutHoro kpuctamuia crasa CUAIMN ¢ nedexramu
YIaKOBKHU: a) CBETOMOIbHOE N300paxkeHue; 0) n3pOpakeHue B pedekce
(100)y"; B) n3obpaxkenue B peduiexce (200)y".
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Kpome gnedexkToB  ymakoBKM B~ MapTEHCHUTHBIX  KpHCTaJUIax
HaOMIOJAI0TC ¥ TOHKUE NBOMHUKK ToimuHoi 0,01-0,04 mxm. [Ipu ananusze
OBUIO YCTAHOBIJIEHO, YTO JBOWHUKOBAaHME B MApPTCHCUTE IPOUCXOAUT IO
miockoctu {121}y". MukpodoTtorpadust ydacTka MapTEHCUTHOTO KpHCTaslia C
TOHKMMHU JBOWHHKaMH TIIpuBelIeHa Ha puc.4d. BHyTpm  Oojee MIMPOKHX
JIBOMHUKOBBIX YUaCTKOB Tak)ke HaOJI0JaeTcsl MoJ0CcYaToCcTh, 00YCIOBIEHHAS
neexTamMu ymakoBkH. B umcxomnoil f1 — Qasze mocie 3akaike IUIOTHOCTH
JUCIIOKALMY HU3Kasl, HaOJI0Aat0TCs JIMIIb OJUHOYHbIe aucinokanuu. [locne f1
— vy’ mpeBpalleHusi B MapTEHCUTHBIX KPUCTAJUIAX TaKXKe ObUIM OOHApYKEHbI
YUYaCTKH C BBICOKOM IVIOTHOCTBIO JUCIIOKALUH.

Kpome TOHKMX JABOMHHMKOB B 7Yy - ¢a3e ObuM OOHApYKEHBl H
CPaBHUTEJBHO IIHUPOKUE (10 1MKM) JIBOMHMKOBBIE YYacTKH. I'paHUIBI TakMX
JIBOWHUKOB YaIlle BCETO MPsIMbIE. DTH IBOMHUKH MOTJIH 00OPa30BBIBATHCS 32 CUET
HanpsHKEHUH, BOZHUKAIOLIMX IPU MAPTEHCUTHOM NPEBPAILICHUN
(HabmojaIMCh  TOCNIe OKOHYAHHUS f1 — Y TpeBpalleHus 0Opu  JaHHOH
TeMIIepaType) WiH B

Puc.4 - Tonkue nBovinuku B Y~ - (haze cruraa CuAlMn
pu opueHtuposke [111].

pe3ysbTare MOSBICHUS B TOHKUX TICHKAX MPH WX MPOCMOTPE B SJIEKTPOHHOM
MHUKPOCKOIIe  JIOKQJIIbHBIX ~ TEPMUYECKHX  HANpsHKCHUH  (IBOWHUKHU
00pa3oBBIBAJIMCH B mpolecce Habmo/eHus). B mepeBOMHUKOBBIX y4YacTKax
MEHSIETCsl HalpaBlieHHe moJjiocyatocTu (puc.5). beuto ycraHoBieHO, 4To U B
9TOM CiTy4ae BOMHMKABaHUE IPOUCXOIHMT IO rockoctu {121}y,
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Puc.5 — JIBoitnukoBble yuacTku criaBa CuAlMn
B Y  —(a3ze mpu opuentuporke [010].

Puc.6 — MaprencutHble kpuctaiuibl ciiaBa CuAlMn ¢ poBHbIMH (@)
1 3youaThiMu (0) TpaHUIIAMH.

[Ipu oxnaxaeHun oOpa3yroTCcsi MApTEHCUTHBIE KPUCTAIIIBI MIIH TJIACTUHBI KaK C
POBHBIMH, TaK U ¢ 3y04aThiMu rpaHunamMu (puc.6). ledopmarus cxaruem (2%)
NPUBOJIUT K TOSBICHUIO IUIACTUH MAapTEHCHUTa C IMOJOCYATOCThIO H
NIEPEOPUEHTUPOBAHHBIX YYaCTKOB MKUpUHOU pumepHO (0,2-0,4) mxMm. ['panuiisl
3TUX YYaCTKOB PaCIOIOXKeHBI B IIockocTAX {121}y u {101}y". B HekoTOpHIX
ydacTKax IOBBIIIAETCS IUIOTHOCTh JAWCIOKalMi B MapteHcurte. Crenyer
OTMETHTh, YTO Iocie JedopMallMyd dYalle MOSBIAIOTCS MapTEHCUTHBIE
KPHUCTAJIIBI ¢ 3y04aThIMU MeK()a3HBIMU TPaHULIAMHU.
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3axnouenue

Hccnenosanus BnustHust ipumMeceii Al 1 Mn Ha poriecchl CTPYKTYPHBIX
MpEeBpaIleHUH B CTIaBaX MEJH, MOJABEPTHYTOH IIaCTUYECKON AeopMaIiuu mo
CXeMe TPeXTOYeyHOoro u3ruba METOJOM U3MEpEeHHUs TeMIepaTypHOH
3aBUCHMOCTH 3JIEKTPOCONPOTUBIICHUS [TOKA3aJIU MPAKTUYECKYIO0 HEU3MEHHOCTD
naHHOW 3aBucuUMOCTH. OCHOBHOM NPUYMHON 3TOro Ipoliecca, BEPOATHO,
SABIISICTCS TO, YTO KOHIIEHTPAIM MapPTEHCUTHOM (ha3bl, 00pa30BaHHOM B CIUIaBe
B pe3ysbTaTe IUIACTMYECKOW aedopmManuu, HE MPEBbIIACT Iopora
YyBCTBUTEIbHOCTHU METO/1a, OCHOBaHHOTO Ha U3MEPEHUH
JIEKTpOCONpOoTUBIEeHUs. OHAKO NP yCIOBUM HOBBIILIECHHS AEHCTBYIOIIEH Ha
oOpasen; Harpys3ku Ooznee yem B 10 pa3 mpu temmepatype — 196°C moxHO
JOOUTHCS MOJHOTO BOCCTAHOBIICHHSI UCXOHOM (hopMbl MaTepuaia. I1o naHHbIM
AEKTPOHHO-MUKPOCKOIIUYECKUX HCCIIEJOBAaHUM OCHOBHBIMHU CTPYKTYpPHBIMU
HapyIIEHUS MM, BO3HHUKAIOLMMM IPU 3TOM IPEACTaBISAIOT COOO0H Je(eKThI
YIaKOBKU BBICOKOHM IIOTHOCTH M TOHKHE IBOMHMKH, PasMEpPbl KOTOPBIX HE
npespimator  0,01-0,04 MKkM 1O TOJIMHE.  YCTAaHOBJIEHO,  4TO
IIPEUMYLIECTBEHHOE O00pa30BaHHUE NOCIEAHUX MPOMCXOAUT Ha IUIOCKOCTH

(121) 7.
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123KopkeiT ATa aTeingarsl Keisbinopaa yauBepeuteTi, Kasakcran,
Ke3buiopna
4C. Ceitynun arsinaarsl Kazak arpapibik-TeXHUKAIBIK, YHUBEPCUTETI,
Kazakcran, Hyp-cynran

NMMYH/bI I'NIOBYJIMHAEP KOHE OJIAPABIH AF3AJATBI
POU3NOJIOI' UAAJBIK MAHDBI3/1bI

Anparna. Makanaga Kasipri Ke3eHJeri 3KCTpeMalibJbl KarIaiiapIbiH
aJlaMHBIH ar3acblHa, OMOXMMHMSUIBIK KOHE (PU3UOJIOTUSIIBIK KOPCETKIIITEPiHEe
ocepi Kapactbipbuirad. COHBIMEH Karap HWMMYHJABIK >KYHECiHIH KbI3METiHE
akmapar Oepinren. MmmyHuTeTTiH ar3ara Oerjae 3arrapibiH, Oacka 1a
aHTUTEHJIEPTre KapChl KOPFAHBIII PeaKIUsUIAPBIHBIH KUBIHTBIFBl €KECHI Typabl
aknapar OepuireH. AHTHIEHENEepPiH TOMOJIOTHSIIBIK aHTUT€HIEPMEH KOChLIa
aJIaThIH TaMMa-TJIO0YJIMHAEP €KeHi, oJap (U3NOJOTHIIBIK KelIepriiepaeH oTe
anajapl, MUKpOOTapAbl JKOMBIN Xibepe anaTblHbl Typajibl alTbulFaH. Ajam
arF3acblHa KYKNaJbl HEMEce MapasuTTIK aypyjap KO3IBIPFHILIBIHBIH €HYI,
OJIapAIbIH HMMMYHJBl JKyHe MyIIelepiMeH OaiJlaHbICYbl JKaljIbl, apHaWbl
MMMYHHUTETTIH KaJbIITacybl Makamana kepcerinreH. CoHbIMeH Karap, T-
s dexropaapapiH CyOrmonyIanusICchkl OipHEeIIe MearuaTopiIap OHIpiI, COIapabIH
apKachblHIa OpraHU3MHIH HMMMYHIBl KOPFaHBIIIBIH JKY3€Te  achIpybIH
KamaTraMachl3 eTeai. Meauatopiapibl HMMYHJIBl peaklys KalbIITacyblH
TYFBI3aThIH MUKPOOTapMeH OailiaHbIC Ke3iH1e TUM(OUITHI KIETKAIAp OHAIpin
mieiFapaapl. ExiHm gakTop - JEHKOIUTTEp MHUTPAIUSACHIH TeKEUTIH (akTop;
JTEWKOIUTTEP/Il AaHTUTEH OpHAJACKaH JKepjAe YCTan Kajaabl. YIIiHII (akTop
(haromuT KIEeTKAIAPABI OCTICEHIIPIN, OJIAPABIH CIHIPIN Ty )KOHE META0O0IU3MTIK
KaOineTiH skorapbutataapl. TepTiHmi (akTop - Tepi peaKTUBTITIHIH (aKTOPHI;
TepiHIH KaOBIHY PEaKIMICHIH TYFBI3aThIHBI Typasbl MOJIMETTEp OepiireH.
NMMyHIBI TEepamust 9IIiCTepi epeKIe KoHe epeKIe emec, OenceH i )kaHe 6aceH
OoJTbIT O6ITiHE Il JKAMITBI TYCIHIKTEME KENTIPiITeH.

Tyiin ce3aep: HWMMYHUTET, HMMYHJbI JXYile, HMMYHOIJIOOYJIMH,
aumbouut, opranusM, T-nmumbonur, B-numdouut, peaxius, Tepanus,
aHTHJICHE.

koksk

AHHOTanusi. B cratee paccMmarpuBaeTrcs BIHSHHE COBPEMEHHBIX
SKCTPEMAJIbHBIX YCJIOBHM Ha OpraHu3M YeJIOBeKa, OHOXMMHUYECKHE U
¢dbusnonoruueckue mapameTpbl. Takke MpeaocTaBiserca HHpopMmamus o
(yHKIIMU HIMMYHHON CUCTEMBI. [ 0BOpSAT, YTO UMMYyHHas CUCTEMA IIPECTABIISIET
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€000 KOMIUIEKC 3alIUTHBIX PEaKIUH MPOTHB Yy KEPOIHBIX BEIIECTB U JIPYTHX
AHTUTCHOB. AHTHUTENIA - 3TO FAMMa-TJI00YJIMHBI, KOTOPBIE MOTYT CBSI3bIBATHCS C
TOMOJIOTHYHBIMA AHTUTCHAMH, OHH MOTYT IPEOJI0JIeBATh (DU3MOJIOTHICCKHEC
Oaprepbl M yOuMBaTh MHKpOObI. B craThe ONMCHIBACTCS MPOHUKHOBEHUE
BO30OyauTeNe WHQPEKIMOHHBIX WJIM Tapa3UTapHBIX  3a00JieBaHUH, WX
B3aMMOJICHCTBUE C YICHAMH MMMYHHOW CHUCTEMBI, (hOPMHUPOBAHHE OCOOOTO
MMMYyHHUTETa. MeauaTtopbl BBIPAOATHIBAIOTCS JTHUM(OUTHBIMUA KICTKAMU IPH
KOHTAaKT€ C MHKpPOOaMH, KOTOpBIC BBI3BIBAIOT (OPMHPOBAHWE HMMYHHOT'O
orBeta. Bropoii hakTop - 310 (akTop, MOAABISIOMIUN MUTPAIUIO JICHKOIUTOB;
yJIaBIMBACT JICHKOIMTHI B MECTE€ HAXOXICHUS aHTHreHa. Tperwii (akTop
aKTUBUPYET (aromuThl W YBEIMYMBACT HMX CIIOCOOHOCTH abCOpOMpOBaTH U
MeTabonmu3upoBaTh. YeTBepThlii (pakTop - (aKTOp PEAKTHBHOCTH KOXHU;
OOBsICHAETCS, YTO METOJIbI MMMYHOTEpAIHH JACIATCS Ha CHeUPUYECKHEe U
Hecnenn(uIecKrue, aKTUBHBIC U ITACCUBHBIC.

KiroueBble c10Ba: UMMYHHUTET, UMMYHHAsI CHCTEMa, UMMYHOTJIOOYJIHH,
mumporur, opranmsM, T-mumdormr, B-mumdornur, peaxnus, Tepanwus,
aHTHTENA.

kksk

Abstract. The article considers the impact of modern extreme conditions
on the human body, biochemical and physiological parameters. Information is
also provided on the function of the immune system. It is said that the immune
system is a set of protective reactions against foreign substances and other
antigens. Antibodies are gamma globulins that can bind to homologous antigens,
they can cross physiological barriers and kill microbes. The article describes the
penetration of infectious or parasitic pathogens, their interaction with members
of the immune system, the formation of specific immunity. In addition, the
subpopulation of T-effects produces several mediators, which ensure the body's
immune defenses. Mediators are produced by lymphoid cells during contact with
microbes that cause the formation of an immune response. The second factor is
a factor that inhibits the migration of leukocytes; traps leukocytes at the location
of the antigen. The third factor activates phagocytes and increases their ability
to absorb and metabolize. The fourth factor is the factor of skin reactivity; It is
explained that the methods of immune therapy are divided into specific and non-
specific, active and passive.

Keywords: immunity, immune system, immunoglobulin, lymphocyte,
organism, T-lymphocyte, B-lymphocyte, reaction, therapy, antibody.

Kipicne

Kaszipri kyHzeri cakranibplpy MEAMIMHAHBIH KapKbIHIAM JaMblll Kele
KATKAHBIH €CKEPE OTBIPHII, aJJaMHBIH HAKTHI Oip AKCTPEMAaJIIbl SKOJIOTHSITBIK
XKaraiaa emip cypyiHe THIMAL (PU3HOTOTHSIIBIK-OMOXMMUSUIIBIK JKOHE YaKbITIIIA
XKarJaimapapl KaH-KAKThl TYCIHY KaXKeT, SFHH TOMYJISIUSHBIH JICHCAYIIBIFBI
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MEH OpTaHU3MIIIK XOHE OpPraHW3MHEH THIC AJFBIAPTTAPhIHA OAWTaHBICTHI
MATOJIOTUSIIIBIK aypyJap bl KalbIMTACTRIPATHIH KaFJaiiapabl ecTe yCTay Kepek
[1]. Opraam3mHiH GYHKIUSIIBIK MYMKIHIIUTITT MEH OHBIH CTPECTIK dcepiiepre,
ocipece PKONMOTUSIIBIK JaFrJapbic aiMarblHAa TOIIMAUIITIH apTThIPy YIUIIH Jopi-
TOpMEKCi3 dfictieH [2,3] KaTap, OpraHu3Mre OH 9CEPiH TUTI3€TIH OUOIOTUSIIBIK
OenceHl Kocnanap *ui Koaaanbuiaael. Kazakcranaa eHAIpiareH OHOIOTHSIIBIK
Kocranap AHTUOKCHUJIAHTTAp/IaH, BUTaMHHJICPJICH, dbepMeHTTepIeH,
MOJIMKAHBIKIIaFaH, MOHOKAHBIKIIaFaH Mai KbIIIKbUIJApbIHAH KOHE ©CIM/IIKTEKTI
MHUKPO3JIEMEHTTEPCH JKacaIbIHFaH OipieH-0ip TaOuFH mpemnaparrap.

Opraau3Mie UMMYH/IbI J)KYHe MEH KaH JKYHeCiHiH MaHbI3bl 30p. KaHHBIH
KBI3bLJI JKOHE aK TYHIpPIIIKTepi OpraHm3Mie ra3, MeTaboJu3M ©HIMIEpiH,
OMOJOTMSUIBIK OeJiceHi Kocnaylapiabl TachiMaijar, opTaHblH pH Memnmiepin
TYPaKTaHIBIPBIII,  TOMEOCTATUKAIBIK  POJIb aTKapbII, OpTraHu3M/Ii
uH(peKuusIapial KOpraiabl.

NMMyHuTEeT nereHiMiz opraHu3MHIH Oerje 3arrapra - MHUKpoOTap,
KapanaibiMaap >koHE OJIapbIH OHIMJEpP1, TPaHCIUIAHTALUSIaHFaH YIIrajnap, o3
OpraHU3MIiHIH 6JTeH KJeTKalapblHa, 0acKa /1a aHTUTeHIepre Kapchl KOPFaHBIII
peaKIMsIAPbIHBIH ~ JKUBIHTBIFBI.  OpraHu3MHIH ~ opTypial  OesikTepiHe
OpHaJlacKaH, 3 OeTiHIIe MaMaHJIaHFaH JUMQPOUITHI KIEeTKajIap >KoHE TiKesen
(arouuTTep, KOMIUIEMEHT, UHTEP(EPOH xKoHe 0acka epeKile eMec KOpPFaHbIII
(akTopIapbIHBIH KAaTHICYbIMEH HIMMYHHTET JKYy3ere acajsl [4].

Heeiszei bonim

NmmyHIs! KylieHiH Keibip Mymienepi JuMGO3NUTeNTHanaspl Ty3uticTep
TYpiHI€e (ABIPIIBIK O€3 KoHe OacKayiap 1a 00JIybl MYMKiH) OOJIBITI, OpTaHU3MHIH
MMMYHJIBI PEaKTUBTUIITIHIH peTTeyrici 60mansl. COHIBIKTaH OJIap Ikl UMMYH/IBI
YKYHEHIH OpTaJIbIK MYIIesepi aen ataiiapl. backanaps! (mumda TyHinaepi, Tanax,
TEpi MEH IIBIPHINTH KAOBIKTHIH JMMQOUITHl YIIMACH], >KYTKBIHIIAKTHIH
AUMQPOUITHl CAKUHACHI, KbI3bLI KEMIK) MepU(epUsIblK MYILIEJepre KaTaJbl.
Ocpl MmymIenepaiy JTUMGOUTH KIeTKaJaphl )KoHE OpraHu3MIeri TUMQPOLIUTTED
MMMYHJIBI PEaKIMsUIapAblH KalbIITaCybl MEH ICKe achIpbUIyblHa TiKeel
KaTeicaapl. by kieTkamap onmeTte a3 FaHa yakpIT Tipuriik ereni.  Omapabl
CYHMeK KeMiTiHIH OaFraHasIbl )Kac KIIETKaIaphl TOJBIKTBIPBINT OTHIpabl. bipak Oy
KJIETKaJap WUMMYHJIBI PEaKIUsSHBIH KaJbINTACYbIHA KAThICAa aIMAHTBIHBIKTAH
«HONJIK» KIIeTKanmap Jen atanaipl. Onap TeK HMMMYHABI KYHEHIH OpPTaJbIK
Oemirinae nuddepeHnmanusianFal COH FaHa UMMYH/IBI JKETIK 00J1a anajpl.

«Henaik» kneTkanapapiH 6ip ToObI albIPIIBIK Oe3/1e MaMaHaHa el Onap
MMMYHHUTET KaJbIITACTBIPYFa, KIETKAIBIK THITETI UMMYHIBl pEaKIUsIap bl
JKy3ere aceipyra (0asly TUNTI THUIEPCE3IMTANIBIK, OOrjie aHTHreHai Oy3y,
TPaHCIUIAHTATTAP/Ibl BIFBICTHIPHIN HIBIFAPY, T.0) KadineTTi 6onaapl. Onapasr T-
TUMOITUTTEP HEMECE TUMYCKA TOYyeI i TUM(OIUT eI aTai bl [5].

XKac mumdpouuTTepAiH eKiHII TOOB yaKbIT 6T€ KeJie TyMOPaJIbl THIITET]
MMMYH/IBl peakluusaaapAbl KalbIITACThIpa alaThlH KacheTKe ue Oomajbl.
AnFamblHIa, KYCTapJIblH TyMOPAJIIbl THOTETI WMMYHIBI PEaKIUsACHIHA
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KatbicaThiH JiuMporuTTepain auddepennuanusacel @adbpumyc KauTachl ACT
aTalaThlH KIIOAKaHBIH KayAanabl OemdiriHaeri TumMQo3nuTeananbasl Ty3lmicTe
XKypetiHi 6enrini 6omapl. OcbiFan 0aliIaHbICTHI TUMQPOUUTTEPAIH Oy TypiH B-
auMQOLUT Jen aTaabl. AnaMaa MyHIal MyIie oj1i KyHre JeiiH TaObUTFaH *kOK,
OHBIH KbI3MeTiH [lefiep KaObIpmiakTapsl aTKapaabl JAereH mikipyiep O0ap. backa
O0ip MomimerTep OoWbIHIIA  aJaMHBIH  CyHek KeMiriHjae Ty3uireH
auMpormTTep iy oip TOOBI B-knerkanapaa 03 OeriHIe
muddepeHIMalUAIaHyFa TEeHETUKaJIblK TYPFBIIAaH JeTepMUHAIMIIaHFaH.
OcpblFan KapaMacTaH, OHBIH aJIFallikbl B-TUMQOIUT JereH aThl caKTalabl.

MMMyHIBI KJIETKATApABIH 1CKEe aCybIH KaJbIITACTBIPYIa UMMYH/IBI KETiK
knetkanapasiH (T sxone B-nmuMponutTep) KaThICYbIHBIH ©31HIIK 3aHIBUTBIKTAPHI
Oap. O 3anmap Oenriai Oip Mesmiepie MaTOJOTHSUIBIK IMPOIECC TYFhI3aThIH
MUKpOOTHIH Hemece Oacka aHTUTCHACPAIH KacUeTTepi MEH CaHbIHA
OaimanpIcThl. bBip aHTUreHAEp KYIITI UMMYHUTETTIH JaMybIH, all CKiHIILIEPi
QJICI3 IMMYHHTETTIH JaMybIH K031bIpaabl. OChl Ke37e oapablH Oipeynepi Tek
rymopaiabl  (akTopiapibl, CKIHIIIEpl KIETKAIbIK (akTopiapapl, ai
YIIiHIIIEpi eKi (aKTOPABIH Jja KaJbITacyblHA TYPTKI Oomasl [6].

NMMyHIBI JKayanThIH KyIIl Oeiriii Oip MeJsmepie MMMYHIbI JKYHEHIH
Oenrini Oip aHTUTEHIHE kKayarl OepeTiH Keke (Tya maiiia 60oiFaH HeMece Kype
naiiga OoJiFaH) KacHETTEpiHe Jie OailmaHbICThl. Op afgamjaa Oyl peaKTHBTIH
KepiHyi opTypii Oombin kemeni. Mocenen, Oenrimi Oip amaMHBIH — KeHOip
AQHTUTE€HT'e UMMYH/IBI jkayaObl KaJIbIITHI 3PTUIIBIK OoJica, OacKanapblHa TUIIO-
KOHE THUNEPIPIHAIBIK O0Nysl MYMKiH. VIMMYyHIBIK JKyile KaHmaih na Oip
MHKPOOTBHIK aHTUTEHTE >Kayar OepMeiTiH ae ke3l Oomaawl. OHmal KyObLIBIC
MMMYHOJIOTHSUIBIK apEaKTHBTUIIK (TOJIEPAHTTHUIBIK) JIen atanajsl [7].

TonepaHTTHUTBIK TOJNBIK HEMecCe KapThlIal, Tya maiina OoiaraH Hemece
Kype maiina OonraH Oomysl MyMKiH. Tya maiiga OOiFaH WMMYHOJOTHSUIBIK
TOJIEPAHTTHUIBIKKA aJamMJa ©3 OpraHu3MiHIH AaHTHTeHAECpIHE UMMYH/IbI
KayanTblH OomMaybl MbIcall Oosia anajsl. bipiHiii skarnaiiia o1 OpraHu3MHIH
Oeunrii Oip yakpITTa HAaKThl O1p aHTUTEHMEH (MHUKPOOPTaHU3MMEH) OaiiylaHbICTa
OOJyBIMEH  CHIIATTalca, eKIHII  JKaFJaiijla HMMMYHOBl  PEAKIUSHBIH
KaJplTacyblHa kayantel antureHaep 10-20 ece apThIK OOJNBIN KEJETIH Ko
MOJIIepAeri aHTUreHaep (MHUKpPOOPTaHU3MAEP) OCEepiHEH KaJbITacabl.
OMIipiHiH AMOpHOHAIABI KE3CHIHJE Maiga OOJFaH TOJEPAHTTHUIBIK MBIKTHI
6ounbin keneni. [TocTHaTanapl Ke3eH e maiaa 00IFaH UMMYHHUTET a3 FaHa yaKbIT
(2-3 ait xememiHme) cakrajambl, Oipak OJI ajFall dCep €TKEH aHTHICH
KalTaJllaHFaH Ke3/e KaiTa jKalracybl MyMKiH.

ConrtycTikTe TypaThbiH aJaMHBIH UMMYH/IbI CTaTyChIH apHaiibl 3epTTETeH
ke3ne OyipekycTi  0e37iH KaOBIFBIHBIH  KbI3METIH TOXKIpHUOENiK Oachim
(bapMOKOJIOTHSANBIK) TacTaFaH Ke3Jeri WMMYHIBI JKayanThlH epeKiieTepi
anbIKTanAbl.  40-60 >kac apanbIFBIHAAFBl  JKYTIPYMEH  IIYFbUIJAHATBIH,
aHaMHE31HJe CO3bLIMAJIbl MaTOJOTHACH KOK, AeHi cay 21 epikTi ep agamra
UMMYHOJIOTHSUTBIK ~ TeKcepy  JKyprizinmi.  Jlumdouarsl  KieTKamapIsiH
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(OYHKIIMOHAI BT OeJICeHITITIH aHBIKTay YIIiH TUMOIUTTEPI1H
(UTOTEMAarTIFOTUHUH ~JKOHE KOHKAaHAaBAJIMH A  KaJbITACTHIPFaH JKOHE
CIOHTaH/bI Naii1a 00JFaH OJIaCTTYPJICHIEH peaKkMsChl MaiianaHbulisl [8].

CounTycTiKkTe aJaMHBIH KaHbl KYpaMblHAa OCJICEHIUIK penenTopiap/bl:
CD25", HLA-DR (II), CD 75" xowne anonto3 CD95-ke TaHOananraH KieTkaiap
LUTOTOKCUKAIBIK TUM(MOIUTTEP, HIUTOKUHACPAl IKCIIPECCHUSIIAUTHIH UMMYH/IBI
KETIK KJIeTKaJlapIbIH MeJiepi korapbl ekeHi 0enriti. CoNTYCTIKTIK aJlaMHBIH
SHIOKPHUH/IIK CTAaTYChIHBIH €PEKIIeIir ajJiaM OpraHu3MiHe TaOWFU HMMYHJIbI
JernpeccanT OoJIATBIH KOPTH30JI JICHIEHIH JKOFaphUIaTy TEHACHIUACH Oap,
runodu3-0yipexycti 0e3i kyheciHaeri KbIChIM OOJIBIN TaObUIaIbl. OYyeCKOU
CHIOPTIICH MIYFBUIIAHATHIH CONTYCTIKTE TYPATHIH P aJaMHBIH TAOUFH UMMYH/IbI
JIeTIpeccanT KaObuiqaraHHaH Keiin 10 )bUIIaH COH UMMYH/IBI TOMEOCTa3bIHBIH
TOJIBIK KaJIMIbIHA Keyi OoIMaiThiHbI Oenrini 6onasl. JlekcameTa3oH acepiHeH
muMdoruTTepaid Keioip denoTunTepi MeH T-KiieTKanap KOHIICHTPAIMSIChIHBIH
temeneyi, B-mumpormrrep (CD16; CD 22%) Men Taburu KHUIEpIEpIiH
GyHKIUAIBIK OCJICEHAUTITIHIH TOMEH/ Iyl 3apa OainaHbIcThl [9].

AnaM  opraHM3MiHE  OKYKMajgbl HEMece MapasurITiK  aypyJap
KO3IBIPFBINIBIHBIH ~ €HYyl, OJapAblH HMMMYHABI  JKyHe  MymlelnepiMeH
OaiiTaHbICYbIHA OKEIl COFa/Ibl a, apHAbl MIMMYHHUTETTIH KaJIbIITACYbIH YACTE .
OpOip KYKManel IMpolecte OapiblK UMMYHABI KeTik kinerkanapabi 0,1%
TeMeH1 OenceHninikke kentipinzeni. bym amam opranusMminge JUMQGOUITHI
KIICTKAJIAPJBIH ~ KONTEreH MOIMYJISIUsIIAPBIHBIH OOJIyBIMEH OHE OJapiblH
OpKaichIChl Oenriii Oip aHTHIeHre FaHa jkayan OepeTiHIIriMeH OailaHBICTHI.
ONTCe JIe, aHTUTeHIep MEH MUKPOOTapabIH e3/epi T- sxoHe B-mumdonutrepre
ocep eTyre KayKapchl3 eKeHiH aram eTy kepek. Omap Oy KaOiieTke Tek
(baronuUTTEp iy aNIbIH-aIa KOFaphl KOHIICHTPAIUSUIBI (hopMaFra «CylepreHre»
«alHANJBIPBIN JKIOEpreHHeH» COH FaHa wHWe Ooma amangel. Oireyip Oip
KO3IBIPFBIIITBIH «CYNEPAHTUTEHIHIH» (CylepaHTUreHaepiniH) T-muMdoruTKe
ocepi omapnma Omactesrepyi (YIKeH sApochkl Oap FhIpaT KIIETKara aifHamy)
TYFBI3bII, COHBIHAH HAKThI Oip (GYHKIIMAFA HE KEeKe KIeTKaIap CyOnomyIsusICchl
- addexropnapasiH auddepeHnuanusaceiaa okeneni. OnapasH Oipinmrinepi B-
muMdonuTTepaiH Xenmepiuepi (keMmekmriiep), B-mumdornurrepre aHTHIEHE
eHJIipyre kemek Oepeni [10].

Exinmninepi - kuuiepiaep (enripynriyiep), aHTUTeHI 0ap, COJl aHTUTCHIe
CEeHCHOMNMM3AIUsUTaHFaH (SIFHU, OCHI MMMYHJIBI PEaKIUSHBIH KaJIbITACYbIH
TYIBIPDFaH)  KJIETKajdapabl Oy3yMeH aiHanmbicaipl. T-kmiuiepiep o3
MeMOpaHaChIHIaFbl MHUKPOTYTIKIIENEPIiH KOMETriMeH  HbICaHa-KJIETKaHBI
TaybIll ajblll, a3 FaHa YyakKpIT ImIHAE OHBI Oy3bIm kibOepemi. An T-
auMQOIUTTEPIIH 031 TipHIiUTiKKe KaOiiaeTTi O0bIn Kaja Oepei.

T-a¢dexTopnapaplH ~ YIIiHINT ~ CyONOMyJSAIUsAcCH -  Oasy  THITI
runepce3MTanapikTel  TackiMasmaymbiiap  (TI'CT).  Omap  Gipaemre
MeJMaTopJiap OHIPIN, COJapAblH AapKachblHIAa OPraHW3MHIH HMMYHJIbI
KOpPFaHBIIIBIH JKy3ere achlpyfa KaTbicaibl. by memmaropiapasl WUMMYHIBI
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peakuusi KaJbIITaCyblH TYFbI3aThIH MHKpOOTapMEeH OailjlaHbIC Ke3lHIE
AuM@OUATHl KIeTKajdap eHIIpin IblFapazsl. OHBIH Oipeyl - XeMOTaKcHc
¢dakropsl. On (aromuTTepiH COJM AHTUTEHI'® TAKCHCIH KaMTaMmachl3 eTeli.
Exinmni  dakrtop - NIeHKOIUTTEp MUTPAIMACBIH — TEXKEWUTIH  (akTop;
JEUKOLMTTEP/Il AHTUTEH OpHANACKaH KepJle ycTam Kamajabl. YIIiHII (akTop
(harouuT KIeTKazap el OeJICeHIpim, OJap IbIH CIHIPII ay )KoHE METa0OIU3M/IIK
KaOineTiH >xorapeuiaTaasl. TepTiHmi (akTop -Tepi PEaKTUBTITIHIH (aKTOPHI;
TepiHIH KaOBbIHY peakuMsChbIH TyFb3aAbl. OcblFaH OallIaHBICTHI OyelliJie
AUM(OIUTTEPIIH CCHCUOMIN3AIMCHIH TYFbI3FaH aHTUTCH/II TeP1 11TiHE eKKeH e
12-24 cararTaH COH cOJ XepAiH Tepici KabbiHa Oacrtaiinbl. by dheHoMeHHIH
KOFaphl EpeKIIe KACHETIH KONTereH IKYKMajbl aypyJapiasl aHbBIKTay
MaKCaTbIH/1a KOJIaHAIbI.

T-mumdoruTTep iy TOPTIHILI CyONONMYIISAIHIACH CYTIPeccop A aTaiabl.
Omnap «e3iHiH» KoHE «06TEeH» aHTUTCHJIEP Il AXKBIPATHII, 63 MEANATOPIAPBIHBIH
KeMeTiMEH UMMYH/IbI JKayanThl iCKe achIpyFa KaTbicabl. OmapbIH CyNpecCuBTI
ocepl HETi31HEeH MMMYHJIBI KETIK KJIeTKajdapIblH IpoiaudepaTuBTI KaOUICTIHIH
peTTenyi apKbUIbI KOHE aHTHUJeHE oHiMAepiHiH Hemece conl anturenre TT'CT
PEeaKUUsCHIHBIH TEKETY KOJbIMEH XKY3ere acabl.

T-nmumdormrrepaiy araarad CyOmomyssiuusiIapsl Oip Me3riuige micimn-
x)eTiamenai. Oaerri 6ipinmi 6ombimn ['3T-3¢gdexkropnap, Tek cogan coH raHa B-
auMQOIHUT Xenmepiepi MEH KHJUIepIep Micim skeTinei. OpTypili aHTUTEeHAEP
TI'CT ocepi meH B-nmumdonut kemekmisiepin Oipaeit neHreiae OeinceHmipe
QJIMaNTHIHBIH €CKepe KEeTYy KepeK, COHABIKTaH Tepi ilIiHe aHTUTE€H €KKeH COH
Tepize OOJIaThIH peakiusi UMMYHHUTETTIH YJIKeH KYIITE TYpFaHBIH JOJIenieit
anmaiiasl [11].

MukpoOTsl aHTHTeHIepAiH B-mumdorutke ocepi, oJapablH aHTHIICHE
OHJIpyIIi -  TUIa3MajblK  KJIETKajapra  Opoiaudepanusuianybl  MeH
TpaHchopMalusIaHyblH TyFbI3afbl. bipak, T-muM@ounuTTep CHSAKTHI, ojap Aa
GyHKIUSITBIK KaThIHACTa OipTekTi eMec. OmapasiH B1, B2 xone B3 kneTkamapsr
Oap. Bi-mumdouunTrep mua3Mansik KieTkajgapra O0ip «CylnepaHTHUTeH» dCEpiHEeH
raHa nponudepanvsuiaHanasl  (SFHA,  B-TUMQONMTTIH — XenmepiepiHiH
KeMerTiHci3). bipak onap CHHTE3ACHTIH aHTHICHEIEp MaKPOTI00YIMHFA KATHIII,
CaNIBICTBIPMAJIBI TYpPAE apHailbl KacueTi TeMeH Oomnanbl. COHIBIKTaH Oyiap
KaThICAaTBIH HMMMYHJIBI peakuusuiap Kymi a3 Oomaapl.  Be-mamdorurrep
aHTHUJICHE  OHIIpylmliHe TeKk B-nmumdouut  xemmepiepi  CUTHAJIBIMEH
TONBIKTBIPBIIFAH ~ «CYNEpaHTUTEeHMEH»  OailmaHpicTaH  KeWiH  FaHa
muddepernmanusiiada anagapl. OapablH aHTHIEHENEPIHE JKOFAphl EPEKIIe
KacHeT TOH OOJBIN, MMMYHJBl peakius jkayaObl aa KymTi Oosambel. Bs-
mamporrrep Oeringe Tek [gG-re xaTaThiH aHTHAEHeNEp Oap KieTKajaapibl
OJITIpe ayajibl.

AHTHIIEHETIEp — TOMOJIOTHSIIBIK aHTUTCHIEPMEH KOChIJIa alaThIH raMMa-
rIoOyIuH e, oap (GU3HOIOTHSIIBIK KeAepTiIepIeH oTe anaabl, MUKPOOTap b
epiTin kibepe amazpl. XadbIKAPAIBIK JKIKTEYre COWKEC aHTHACHeNepIl
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MMMYH/IBI TI00OyMHAEp nen artar, Ig 6enricimen 6enrineiini. X X-raceipabe 50
KBUIIAPBIHBIH OpTachIHA JCHIH UMMYH/IbI TJIOOYTUHACP IIH KYPBUIBIMBI TyPajibl
emreHe Oenrici3 Oombin kenmmi. 1959 KbUIbl aFbUTIIBIH UIMMYHIIBI XUMHTI P.
[MopTep anramr per Ta3alaHFAaH WMMYHIBI TJIOOYJIWUHAEPII MPOTEOIU3IBIK
(bepMeHTTepMEH OHJIETEH Ke3/e YIII (PparMeHT TY31JIEeTiHIH KOPCETTi.

NvMyHsapl  tnoOynuHAEp aMUHKBIIKBUIAAPH  KOMOWHAIUSIIApbIHAH
TY3UIreH OeJoK MoJieKyanapsl 0oibin TadbuIansl (6apasirsl 12 Typii 6enok).
OnapIblH TIAFBIH  PEUENTOPIBIK TOOBI 0ap, COHBIH KOMETIMEH epeKIe
AQHTUTCHJCPMEH THIFBI3 Oailianpicaibl. OU3NKAIBIK-XUMUSIIBIK KYPBUIBIMBI MCH
OMOJIOTHSUIBIK KaCHUETTepiHe OalIaHBICTBI 5 TYPJIi HMMYHJIBI TJI00YIUHACPII -
IgA, IgM, IgG, IgD, IgE axbiparans.

NMMyHIBI 100y THHAEP TEK KYKITAIBI aypy Ke3iHAe FaHa Ty31IMEeN/I1, o1
Y3IiKCi3 AeHi cay OapiblK ajaM OpraHU3MiHJIE eHJipiminm >kataabl. OCBIHBIH
HOTWIKECIHJIE aJlaM OpraHU3MiHIe OapiIbIK MUKPOOTBIK aHTUTEHTE, TINTI OYPHIH
Ke3/IeCIeTeH aypy KO3ABIPFBIIIbIHA Ja KAPChI aHTHUICHEICPIiH OeNriii Meepi
naiina Oonaapl. by KyObUTbIC allaMHBIH SBOJIIOLUSUIIBIK JaMybl MPOLECIHIIE
naiina OoJbIn, TYKBIM KyajayMeH TYCIHAipiieai. byn uMMyHAbI rio0ynuHaep
(aHTHICHENEP) KAJBINTHI aHTHICHENIEp JIereH artayra wue OOJbIl, ajaam
OpraHu3MiHEe KO3JBIPFBINI EHTCH Ke31 MEH aypyJbIH allFallKbl Ke3eHiHe (i
aypyra HMMMYHIIbI pEaKIus KaIbIITACBIl YJTIPMEreH Ke3/e) OpraHu3Mii
nH(peKnusIIaH Koprayaa 0acThl poiib aTKapalbl. OJETTEe, aypy >KYKKaHHAH
KEHIHT1 4 KYH IIIaMachIH/Ia KYKIaJIbl UMMYHUTET IMaiiia 60, 14 ToyIik, onaH
KeWiH /16 MaKCUMyM alKbIH OlTiHEes].

NMMyHIBI  KyHE JKETKUTIKCI3IITIHIH JTabopaTopusuiblK — Oenriiepine
nepuepusiIbIK  KaHIaFbl  MakpodartapAslH KOHE HMMMYHIBI  JKETIK
(TuMGOUATHI) KIIETKANap CaHBIHBIH a3al0bl, COHBIMEH KaTap OJapJblH
GOYHKIUSIBIK — JKaFTalibIHBIH (peakusuIbIK ~ JKOHE METa0OTM3M/IIK
OCJICEHIUTIKTIH) TOMEH/IEY1 JKaTa Ibl.

Kenreren sxyKnaisl aypyap Ke3iHIeTi IMMYHJIBI )KETIMCI3/IIK JKaFainap
KPUTEPHIiHE TTaTOJIIOTUSUIBIK MPOIECTIH aybIp, aCKbIHFAH, CENTHKAIBIK, Y3aKKa
CO3BUIFaH, CO3BUIMAJIBI TYPAE OTYyi *karaapl. Tek BHpPYyCTHI rematuT B ke3inme
MaTOJIOTHSIIBIK ITPOIIECTIH aybIp 6Tyi, Oacka paKkTOpIapMEH KaTap OpraHu3MHIH
OCBl aypy KO3JBIPFBIIIBI AHTUTCHJEPIHE THUICPUMMYHIBI PEaKIUSICHIHBIH
OoybsiMeH OaiimanbicThl. Kasipri yakpITTa KOJJIaHBLIATHIH MMMYHIIBI TEPAITUS
o/licTepi epeKIIe KIHE epeKIlie eMec, OenceH 1l )KoHe 6aceH 0OobIM OetiHe .

Epexme omictep Oenrim Oip aypy KO3IBIPFBINIBI aHTUTCHIHE KayarThl
MMMYHUTETTIH KOFapblIaybl HEMECe TOMEHJICYIH Ke3Jeini. Al epekiie emMec
9/Tic IMMYH/IBI )KYHEHIH >KaJIbl PEaKTUBTITIHIH €pPEKIIe eMeC 3aTTap KoMeTriMeH
perteiini. beiacenmi ofic MMMYHUTETTIH OENTiNl JNEHIeHiH MMMYHIBI Kyihere
ocep eTy apKbUIbl KaMTamachl3 €Tce, 0dCeH oJ1ic MaKpOOpPTaHWU3MHIH IIIKi
OpTacblHAa OHJAA JKETICHEWTIH KIIETKAIBIK JKOHE TyMOPAIIBIK (haKTopIapabl
€HTi3y apKbUIbI KAMTaMAaChI3 €TE/i.
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bencenmi UMMYHIIBI TEPANTUSHBIH €PEKIIIe d/1iCi BAaKIIMHATIAP KOJIIaHY/IbI,
an epekiie emec oiicTepi OaKTepUsIIBIK JUIMOKOMIPCYJap HEMece AalllbITKbI
KeMipcynapbiH (THpOTeHall, MPOAUTHO3aH) KOJIAaHY Ikl KO3ICH/I1.

Kopvimwinowt

boceH MMMYH/IBI TepanusiHBIH €peKIIe 9IiCi eMAIK MaKcaTTa Kac >KoHE
KPUOKOHCEPBIJICHTeH MMMYHIBI I1a3Ma, UMMYHJIbI CapbICy KOHE OJap.IbIH
OCBIFaH KATHICTBI OMOJIOTHSITBIK OeCceH I (pakusuIapsl (TTUNONPOTEUITED) -
HMMYH/IbI TJIIOOYJIUHICP/I, all €peKIlle eMeC OJICl TOJBIKKAHIbI JTUMGOUATHI
KJIeTKanmapapl (KaHa albIHFAaH TOMNTAFbl JIOHOP KAHBIHBIH JKOHE OHBIH
TUM(OKOHIIGHTPATTAPbIH)  KOJJAHYAbl HEri3 eTim  amajel. MmmyHAbI
KOPPEKIHsIIay epPeKIIe eMeC MMMYH/IbI TEPaIUsHBIH BapHaHThIHA MbIcall 0oJia
ananapl. UIMMyHIIBI KOppEKIMsUIay UMMYHUTETTIH ©3repyiH OHBIH XKY3ere acy
MEXaHW3MiHE TiKelnel ocep ere oTeIphim 3eprreiigi. Ochl  MakcarTa
KOJIIaHbUIATBIH 3aTTapbIH UMMYH/IbI CTUMYJIIAYLIBI (JIEBAMU30J1, UHTEPPEPOH,
TUMYC TIPENapaTTapbl) KOHE HMMYH/IBI ICTIPECCAHTTHIK (TJIFOKOKOPTHKOUATAD,
Kei0ip aHTUOMOTUKTED - IEBOMUIIETHH, [IUTOCTATUKAJIBIK dCepJIi penaparrap -
TUMQOIMTKE KapChl capbiCyiap) KacueTTepi 0ap.

Cappicy UIMMYH/BI TJIOOYIHHIEPIHIH SPTYPJIl KJIaCTapbIHBIH KypamblHA
e3rele 3aHIbUIBIK ToH 001l IgA MeH [gM-HiH MUHUMYM IIaMachl Ky3/1e, al
MaKCHMaJbJbl IIaMachl-ka3na Oaiikaica, IgG memiepiHiH KOFapbl I1aMachl
’Kaszja, TOMEHI1 IIaMachl KbICTa TIpKenai, SFHM Oyl e3repicrepai Oenriii
Kargaiaa KyH OKapbIFbIHBIH Y3aKTBIFBIMEH OaiilaHbICTBIpyFa Oo0J1ajbl:
HEFYPJIBIM KYH y3aK 00Jica, COFYPIIBIM UMMYH/IBI TJI00YJIMH JICHIEH1 J1e )KOFaphI
OoJIabL.

OpraHu3MHIH HETaTUBTI OSKOJIOTHSUIBIK  (paKTOpiapAblH —KeIIeHiHe
OeiliMaeny TpoIeciH 3epTTereHjae, e3repici KopllaraH opTa oCepiHiH
WHIMKATOPBI OOJIBIN TaOBLIATHIH HIMMYH/IBIK JKYH€ JKaF IalbIHBIH MaHBI3HI 30.
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125uleyman Demirel University, Kaskelen, Kazakhstan

ONE TO MANY SUB-FLOW REALIZATION IN BUSINESS
PROCESSES

Abstract. The present paper aims to call into question how realize
complex type by using BPM and C# coding to connect from one to many
processes. In the background describes the IT concept part as a table and
questions for monitoring all cases of Event process in SDU, data saving in one
process, correction of responsible approvers. The using BPM methods
implement in business processes: description and design, development and
implementation, monitoring and control, optimization without different changes
by table or figures. Complex Event Processing (CEP) techniques can detect
event patterns that are specified as CEP rules. In the process of this article,
process maturity was important, such as characteristics and abilities that
determine the current state of the company on the path to understanding and
managing processes. Techniques and method results will be shown by
realization possibility and using comfortability with the eBA workflow system.

Keywords: BPM (Business Process Management), PDCA (Plan Do
Check Act), eBA workflow, EPC (Event-Driven Process Chain), CEP (Complex
Event Processing).

keskosk

AnHoTauus. Llenbro TaHHOW CTaThU SBIISIETCA OTBETUTH HA BOINPOC, KAK
peann30BaTh CI0KHBIE TUIIBI ¢ TOMOIIbI0 BPM 1 xoom B C# 111 IOAKITIOUEHUS
OJIHOTO KO MHOTUM TporieccaM. Ha OCHOBHOM TEKCT CTaThU OMUCHIBAETCS YaCTh
KOHIICTIIMU B BUJAE TAaONUIBI M BOMPOCOB JUII MOHUTOPHHIA BCEX CIIydaeB
ob6pabotku mportecca «Event» B CIIY, coxpaHeHHs TaHHBIX B OJTHOM IPOIIECCe,
0COOEHHO OTBETCTBEHHBIX YTBEPXKJIAIOUIMX. BHeIpeHue HUCHoIb3yeMbIX
Metoz0B BPM B Ou3HEc-TIpoliecchl: OMucanre U MpOEeKTHPOBaHNE, pa3padoTKa
U BHEJpPEHUE, MOHUTOPUHI U KOHTPOJIb, ONTUMH3AIMSI O0€3 pPa3IUUHbIX
W3MEHEHUH 10 TabJInIIe WK PUCYHKaM. METOIbI CII0KHOM 00paboTKu cCOOBITHI
(CEP) moryt oOHapyXHBaTh IIAOJOHBI COOBITHH, KOTOpBIE YyKa3aHbl Kak
npaBwia CEP. B mponecce Hanmucanust 3Toi cratbu ObUla Ba)kHa 3pesiOCTb
MIPOIIECCOB, HANpUMep XapaKTEPUCTHUKH U CIIOCOOHOCTH, ONpeAessIoIne
TEKyIlee COCTOSHME KOMMAaHWM Ha MNyTH K TOHUMAaHUIO M YIPaBJICHUIO
nporeccaMu. MeToJsl M pe3ysibTaThl MeToja OyAyT MpOJEeMOHCTPUPOBAHbI
BO3MOXXHOCTBIO peanu3ali M YJ0OCTBOM HCIOJB30BaHUS C CHUCTEMOM
pabouero mpoiiecca eBA.
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Kuarouesbie cioBa: BPM (ympaBnenue OusHec-mpoueccamu), PDCA
(Plan Do Check Act), pabounii mpouecc eBA, EPC (uemouka mporeccos,
ynpasiseMasi coobitusiMu), CEP (06paboTka cloXHBIX COOBITHH).

kksk

Anparna. byn marananbslH MakcaTbl Kypaeni TypaiH BPM xone C#
KOABIH KOJJaHy apKpulbl Oip TmpouecTeH OipHemie 1IKi IporecTepre
OailTaHBICTHIpA aly cyparbiHa kayan Oepy. Herisri 6emimae CIAY-marbr “Ic-
mrapa’ MporeciHaeri KOHIENIHsIa CypakTapabl OaKplIay YIIiH KeCTe TYpiHe
KOpCeTIITreH, ocipece Oip mporecTe O0apiblK aKmapaTThl KOPCETY, TOJBIFbIPAK
ailiTkanga keniciMm Oepyre *xayanTtsl agamaapiasl. busnecc mponecrepae BPM
OMICIH KOJIIaHy apKbUIbl akmapaT Oepy »oHe >koOayiay, ICKe achlpy KoHE
KOJIJIaHbICKa Oepy, Oackapy »oHe Oakpuiay, KeCTEe MEH CypeTTe e3repiccis
KakcapTy icke acwlpbuianbl. Kypaem sxkarmainapasl opeiaaay oxicin (CEP)
epexeciMeH CoMKec TMpoUecTepal JKy3ere acelpy aHbIKTaidbiHaAbl. OcCbl
MaKaJaHbl jka3y OapbhIChIHAA IMPOIECTEepli TYCIHY JXOHE Oackapy KOJBIHIA
MEKEMEHIH Ka3ipri JKarlalblH aHBIKTAWTHIH CHUIATTaMaliap KOpCeTy KOoHE
MPOIECTIH JYPhIC KYPACTBUIYbl MaHBI3JIbI OOJJIBL. OMICTEp MEH HOTHIKEIIEPIe
eBA XyMBbIC TIpolIecC KYHECiH KOJJIaHy KaHIIAJIBIKTBI THIMJII MEH BIHFANIIbI
€KEeH1 aHBIKTAJIIbI.

Tyiiin ce3nep: BPM (busnec npouectepin 6ackapy), PDCA (Plan Do
Check Act), eBA xymbic npornieci, EPC (okuramapra Heri3eiareH mporecTep
tiz0eri), CEP (okuramapsl KeMIeH I OHJIEY ).

Introduction

BPM for complex processes.

For current time BPM is a one of the desired areas, which changes the
view to manage the complex process analysis and effectiveness. Before every
process development process needs analysis, then practical work. BPM solves
the management discipline and management software [1]. The management
system includes a goal, essence, structure, culture and roles, a complete set of
processes. BPM- continuous optimization and he has a long-term approach to
improving performance [2]. In this continuous optimization very important roles
are: process architecture, process analyst, process owner. In the SDU after sent
requests from process holders, process analysts prepare different cases from the
system side, after that process architecting is solved by DMS commission.
Before all analysis processes, analysts prepare the standard design for all paths.
The last steps are: reporting in corporate architecture, design for implementation,
development in operational level, monitoring the effectiveness, improves and
process changes management.

EPC, the notation developed as part of the ARIS methodology, considers
the inputs and outputs of the process steps as an event and allows you to simulate
complex processes [3].
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Complex processes consist from three categories:

1. Main processes - cross-functional processes that directly create a direct
connection with the initiator. They are key and since initialization begins with
them. The most of DMS processes consist of main processes.

2. Auxiliary processes are designed to maintain the core, they are not
important if there are no equipment. For example, in our case, the workaround
process is not important if someone wants to dismiss or take a holiday.

3. Management processes are designed to measure, monitor and control
business activities. These processes are very important to improve. For example,
the DMS Budget plan process created to monitor Dashboard.

CEP is based on the observation that in many cases actions are triggered
not by a single event, but by a complex composition of events, happening at
different times, and within different contexts [4].

Aim and objectives of research

In this work aim is development of the main one process with relation n
sub-processes by using the BPM. From the previous research complex type was
an open question and idea. Now | will analyze all possible cases of this type in
eBA system workflow. The main difficulties in coding C# will be implemented
in this work. The objectivity to create the IT concept to control all parts and to
use future new processes. The main goal is to create a process connected with
each other, eliminate all errors and make a way to build an effective process.

Background of Literature Review

The used methods are the Deming cycle, PDCA focused on IT. This
method is used to create effective processes, where included process architects,
analysis and implementation roles. The level of processes are: chaotic, described,
controlled, integrated proactively controlled [3]. In usage this method assists in
a) more mature project portfolio management, b) improving the interaction
between business and IT, c)great focus on stability and repeatability.

In development and test the possibility of the one to many connection
chosen main process was “Event”, and other sub-processes are 1) AcCatering
request, 2) Maintanance help, 3) Pressa request

4) Assistant student requests, 5) Marketing recruitment requests, 6)
Dormitory usage requests, 7) Security control request [10].
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List of
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plan for realization

Helpful

Results(lin

tasks developer Deadline Action resources 9] Stas
Aigerim After
1. Meeting Abubakirova meeting
process Nabigazinova P DONE
Development complex
responsibl | 711dyz director type of
€ users Tazhmagamb Meeting sub-
et 15/12/19 questions processes
2. Analyze the
Analyze/ Aigerim 15- process after Analyzed DONE
Process Abubakirova given Concept document
Concept 25/12/19 | information Template
Aigerim
3. FoRM| Ao proceses esd ot
d(tevelopme Zhuldyz data from main event |PONE
n Tazhmagamb |25/12/19- form Standard process
et 10/01/20 Requirements
Aigerim
4. FLOW Abubakirova Coding and Ian:;Co);N
developme Zhuldyz functions for 7 STANDARD | EVENT DONE
nt Tazhmagamb | 10/01- processes HELPFUL process
et 25/02/20 CODES
Check the a :;T/aer:g Ginail Testin
5. Testing| Aigerim messages, codes, PP g
art Abubakirova user view pages 0 was DONE
P 25- flow hisforg " | dms@sdu.edu.k | successful
28/02/20 y z
6. Report) A NA NA NA NA | NA
section
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7.
Presentatio
Changes
n for Aigerim Present last aftegr
process 9eNM 1 05/03/20 | version in DMS ' IDONE
Abubakirova . i meeting in
owner/ commission Commission texct tabl
Protocol ext table
redevelop Template
8.User NA NA NA NA NA | NA
tutorial
Approvers
9. Launch Aigerim From test server and
to g . 06/03/19 . Serverand [messages |DONE
. Abubakirova to production .
Production Deploy changed in
Management |Flow
10. Process holder
Officially Aigerim . All  staff
process Abubakirova 10/03/19 che)lr“!d inform Announcement |mail DONE
open message

As shown in Table 1 created as part of the IT concept to monitor
realization of the process. In the development Form and Flow part tasks took
more than others. Because the main problems were in:

1. How can we make sub processes separately as the main process?

2. How can we show the approvals list in the main process flow history?

3. How can we start the one process n times? Why do we need it?

4. How can we take main process data to subprocesses?

Sub-process starts separately from the main process

The taken all 7 processes must be started from initiators. For example
process “MR request” to design, website announce, smm helps are not always
used in Event process, without event initiator able to start the process. That is
why | searched for different ways to find the best solution. For this case we need
a model of all sub processes and this enterprise process model provides a
complete high-level view of end-to-end processes [5]. This model may also
include subprocesses of application information systems and high-level
problems. Usually the enterprise process model is very generalized; it describes
the goals and key processes of the organization level as a whole.
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4.'6} Delete Ddcument 1
= -
- Cance
Flove Te.m 1
Q.J love Starter 1
reate ument 1 Else

d!;] —— public void FlowScript2_Execute()
Set Docdment I1d 1 (

X A
o
IR

Een V_GFORMID.Value = V_GFORMID.Value;
eBAForm frm = new eBAForm(Documentl.Profileld);
Ic-wapa yieaacTepy  frm Fields(["mainname").AsString=mainname.Value;
frm.Update();
MAINPROCESSID.Value = prmMainProcessId.Value;
MAINFORMIDD.Value = V_GFORMID.Value;
}

Sub Process Start

Figure 1. The realization of sub process possibility to be the main
process.

Figure 1 appears the sub process flow, where before the initiator putting
the compare with values: 1) main process name 2) else case. If compare value is
1 then runs function code in C#. To connect two processes we create value to
general form id and main process id, main form id, mainname.

“Flow history” visualization

After success in connecting one to many processes by functional codes,
we started to analyze the next question was the visual control of all send
processes. It is important not only to measure processes - to achieve the desired
results it is much more important on an ongoing basis to measure, monitor and
control processes. From this point of view, process efficiency management is
more a path than an endpoint. Functional monitoring as part of BPM includes
the adoption of a specific business application and an analysis of how it fulfills
its role within a particular process or part of a business [6].

User Description Syent Request Date public void FlowHistory2(string SubPr ID2,string s 2)
{

=~ Aigerim Blow S —_ 3/13/2020 RunQuery

G Abubakirova fow Start 1 Started 22415 PM s ¥

[0} ;fj::l,o"a Flow Starter 1 +id.ToString ()+"*

+"', ' "+subprocessname2.

Bekzhan Tolybay Hoproparazsi
Koproperaszi
TIpexTOp

&

done by Aigerim
Abubakirova
x)anvate void RunQuery2(string pSql)

: eBADBProvider myDBProvider = CreateDatabaseProvider();
32 myDBProv: Connection.0; 3

Started %4152.203% .;53.Acy1de:...nn>c:‘.n.,pen(),

{

o

OracleCommand command = new OracleCommand (pSql,
|(0racieConnection) myDBProvider.Connection) ;
command. ExecuteNonQuery() ;

}
3/13/2020 finally
24324PM {

g_(l’ﬂ
C} Abubakiro Flow Start 1 Started

Aicerim A . myDBProvider.Connection.Close () ;
@ Abubakiro Check Waiting - Ll }
" }

Figure 2. The realization of sub process can be the main process.
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As shown in the Figure 2 flow history visualization was possible by code
that was shown in the right side. By placing processes that create value one after
another and processing one subject at a time, we achieve a smooth flow of work
from one step to another and in the end to the client, such a chain of processes
that create value is called a value stream.

Discussion

By using the BMP the realization and analysis were more effective. This
method involves examining the value stream of a process to differentiate value-
added operations (which result in customers paying for a product or service) [7]
from activities without added value (which complete the concept or order). If
something does not add value or is not part of policy and regulation, it is
considered wasteful. The main two problems solved by shown in the
backgrounds of the literature review. Other two questions of this work also find
alternative solutions. To start one sub-process n time we define the n is a limited
number, for example “MR request” process consists of 3 part: design, website
and smm requests. That is why we put one sub process 3 times with unique
names. We need it to control all event related MR processes in one flow history.
To take main process data to sub processes we used query and getAttachment()
C# function code. That is why all problems are solved and now in Figure 4
delivers the production flow of the “Event” process.

ecleiec e
L

Figure 4.Flow history for main process with function of sub-processes in DMS.

Conclusion

This research result appeared eBA workflow can connect CEP in main
and sub-processes. BPM assists to realize the logic part of this work and PDCA
used to finish and produce to users control in one history flow. The next level
will be centralization of more than automated 60 processes by using these
experiments and methods in eBA workflow. Centralization in the performance
part of every department processes. Now we started from the SSC processes to
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connect all requests to “Protocol”. Same as this we need to use it in HR,
Accounting and CEC processes. In the result this research helped to find new
features in eBA system, helped to increase coding experiences, and created a
big useful process.
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