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PE3IOME. Y6y makonaza Gupnaman ummyibcaaps 4,2 A GeV/e 6yiran mapkasuii pr2C- va d**C- tyknauysnapuna
xocun 6ymran A’-n306apnapHHHHT TypIM XapakTEpHCTHKAIApH OYifMua SKCIEPUMEHTAT MAbIyMOTIAP KENTHPHITAH.
Mapxkas3nuk napaxacu cudartuia ymoy xoaucanapaa Xocuil OyiraH UIITHPOKYHM NPOTOHNIAP COHU OJIMHraH. Mimrupokun
IPOTOHJIADHUHT ypTada KYIUIMTMHUHI SKCIIEPUMEHTA]l KUMMariaapyd ypraHwiaéTraH TYKHAIlyBJIap ydyB aHUKJIAHAIH.
Wxkana Typaaru TYKHAIIyBIapjaa Xam YOy u300apiapHUHT 3((QEKTUB MAaCCACHHMHI KMHMAaTH Ba Macca CIIEKTPHUHT
KEHIJINTH Onp-Ompura TYFpu KeIraHIury KypcaTHIIraH.

PE3IOME. B nHacrosmeit paboTe mpencTaBieHBl 3KCIIEPUMEHTAIbHBIC JaHHBIE O PAa3JIMYHBIX XapaKTEPUCTHKAX A°-
n3o00ap, 00pa3oBaHHBIX B IICHTPAIBHBIX plZC— u dlZC-COYZ[apeHI/ISIX mpu 4.2 A I'3B/c. B kauecTBe cTeneHN IEHTPAIEHOCTH
MPUHATO YHUCIIO MPOTOHOB-YYaCTHHKOB, OOPAa30BAHHBIX B 3THUX COOBITHSX. DKCIICPUMEHTAIbHBIC 3HAYCHUS CPEIHEH MHO-
KECTBEHHOCTH NPOTOHOB-YYACTHUKOB ONPEEIICHBI U U3y4aeMbIX CTOJIKHOBEHHH. BBISBIIEHO, 4TO B 000MX THIIaX COya-
peHuit 3HaueHne 3(P(EeKTHBHON Macchl M IIUPHUHBI MACCOBOTO CIIEKTpa 3THX M300ap OKa3aJHCh COBMAAAIOIIMMH JIPYT C
JPYTOM.

SUMMARY. The present paper presents experimental data on various characteristics of A’-isobars formed in central
p*?C- and d*2C- collisions at 4.2 A GeV/c. Take the number of participating protons formed in these events as the degree of
centrality. Experimental values of the average multiplicity of participant protons are determined for the studied collisions. It
is shown that in both types of collisions the value of the effective mass and the width of the mass spectrum of these isobars
were found to coincide with each other.
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Kundalik hayotda ham, sanoatda ham hayotimizni  zamonaviy sirt gattigligini oshirish usullarida kimyoviy
osonlashtiradigan,  yaxshilaydigan ~ mahsulotlar ~ va  qoplama va plazma nitridlanishidir [2].
xavfsizroglari juda muhim. Shuni hisobga olgan holda, Nitridlash zamonaviy sanoat uchun juda muhim bo‘lgan
doimiy ravishda takomillashtirish zarurati mavjud bo‘lgan sirt qattiqligini va eyilishga qarshilik ko‘rsatishni oshirish

ishlab chigarishga yondashuv zarur. Sirt xususiyatlarini ~ usullaridan biridir. Bu ko’plab sohalarda, - jumladan,
yaxshilash  usullaridan  biri  mahsulotning ishlab mashinasozlik, avtomobilsozlik va asbobsozlik sanoatida

chicarilishidan kevin unina vuzasiga ishlov berish. odatda qo‘llaniladi. Nitridlash jarayoni sirt xususiyatlarini, birinchi
. . e gy g a1 L navbatda qotishmani yaxshilashni kafolatlaydi. Nitridlash
uning qattiglashishiga qaratilgan bo‘ladi. Materiallarning,

. . e . uchun mo‘ljallangan po‘latlar, minimal o‘Ichovli gismining
aynlqsa.metallarnmg sirtini mustahkamlash zarurati har haqigiy o‘ziga xosligi, shakli yoki joylashuvi va
qachongidan ham ko‘proq talabga ega bo‘lmoqda [1]. Bu parametrlarining o‘ziga nisbatan ruxsat berilgan fargni
metall materiallarga muntazam ravishda o‘sib borayotgan  ko¢rinishilarni hamda yugori yuza garshiliklarni saglagan
talab tufaylidir, yugori qattiglik bilan, yuqori kuch, abraziv. holda olib boriladigan jarayondir. Sirt qattigligini
yeyilishga qarshilik ko‘rsatish va eng muhimi ishlab  oshirishdan tashqari, yuza qarshilik va korroziyaga
chiqarish xarajatlarini kamaytirish orqali olinadi. Ko‘pincha  chidamliligini ham o‘z ichiga oladi.
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Bu jarayonda Temirning (Fe) turli allotropik shakl
orgali uning fazasini yo‘qotishi, bu fazalar esa belgilangan
haroratlar oralig‘ida hosil bo‘ladi hamda tegishli gotishma
go‘shimchalari bilan birgalikda fazalarning shakllanishiga
yordam beradi. Temir (Fe) ma'lum bir haroratga yetganda
turli  kristall panjara tuzilmalarida kristalllanadi, bu
materialning mexanik va fizik xususiyatlariga ta'sir giladi.
Masalan: 912°C gacha bo‘lgan haroratda temir tanaga
markazlashtirilgan krilstallografik parjara (Body-Centered
Cubic) hesil bo‘lsa, 912°C dan 1394°C gacha bo‘lgan
harorat  oraligida temir yuzaga  markazlashgan
krilstallografik parjara (Face-Centered Cubic) hosil giladi.
1394°C dan 1538°C gacha bo‘lgan haroratda temirning
yuqori haroratdagi fazasi kristallari (Feé+Body-Centered
Cubic) hosil bo‘ladi. Bu fazalar gismlarining o‘zgarishlar
temir va qotishma issiqglikka etkazib berish jarayonida katta
yuklanishga ega bo‘ladi. Quyida temir-azot tizimida sodir
bo‘lgan fazalar ko‘rsatilgan muvozanat holati keltirilgan.
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1-diagramma. Temir va azot (Fe—N) oralig ‘idagi
muvozanat fazasi diagrammasi.

Diagrammadan ko‘rinib turibdiki, temir ferrit (Fea)
fazasi tarkibidagi azotning eruvchanligi past va 590°C da
maksimal darajaga etadi. Bu haroratda eruvchanlik 0,10%
ni tashkil giladi va haroratning pasayishi bilan tez
kamayadi, shuning uchun 200°C da u fagat 0,004% ni
tashkil giladi. Temirdagi azotning bu oralig eritmasi azotli
ferrit deb ataladi. Fea panjarasida azotning joylashishi
mumkin bo‘lgan ikkita interstitsial joy mavjud. Oktaedr va
tetraedr bo‘sh joylarning radiusi mos ravishda 0,019 nm va
0,052 nm ni tashkil gilmogda. Azot atomining radiusi 0,07
nm bo‘lsa ham, u Fea panjarasida kichikroq oktaedral
bo‘shligda ekanligi aniglandi, bu esa Fea panjarasining
kengayishiga, eritmaning mustahkamlanishining oshishiga
olib keladi. Harorat va azotning miqdori bo‘yicha turli
fazalar ko‘rinishi. Masalan, 590°C da Fea+y fazalari
mavjud bo‘lib, bu temirning ferrit va austenit aralashishini
anglatadi. Harorat va azot miqdori o‘zgargan sari y, e kabi
yangi fazalar hosil bo‘ladi. Diagramma azotning turli
fazalar bilan o‘zaro ta'siri va kristall panjara tuzilmalarida
ganday joyni oshirish uchun muhim ilmiy asosdir.

Ichki eruvchanligi va Feyda azotning eruvchanligi
ancha yuqori va azot ostenit deb ataladigan bu eritma fagat
590°C dan yuqori haroratlarda barqaror bo‘ladi. Fey da
azotning eng katta eruvchanligi 650°C da 2,80% ni tashkil
giladi, keyin esa evtekoid haroratda 2,35% gacha kamayadi.
Bunday tarkibga ega azotli ostenit evtekoid tarzda Fea(N)
azotli ferrit va y' faza aralashmasiga parchalanadi. Sekin
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sovutish paytida hosil bo‘lgan bu evtekoid braunit deb
ataladi. Tez sovutish orgali azot ostenitini diffuziyasiz
transformatsiya natijasida azot martensiti hosil bo‘ladigan
haroratga gadar sovutish mumkin.

Harorat Ms (martensit) bu holda po‘latlarga qaraganda
pastroq va evtekoid tarkibiga ega qotishmada u atigi 35°C
ni tashkil giladi.

y' fazasi temir nitridi Fe,N asosida tor bir jinsli
diapazonli qattiq eritma hisoblanadi. Bu faza 680°C gacha
barqaror bo‘lib, keyin olti burchakli va fazaga o‘tadi, bu
keng bir xillikka ega bo‘lgan qattiq eritma. Azotli ostenit
kabi e fazasi 4,55% azotni o‘z ichiga oladi, 650°C da y va
y' fazalarning evtekoid aralashmasiga parchalanadi.

Hosil bo‘lgan diffuziya qatlamlarining tuzilishi, birinchi
navbatda, nitridlanish haroratiga, nitridlanish
atmosferasining kimyoviy tarkibiga va nitridlangan
obyektlar materialining kimyoviy tarkibiga bog‘liq.

Yuqorida aytib o‘tilganidek, nitridlangan namuna sirt
gattigligining oshishi, garshilikka bardoshliligi, yeyilishga
chidamliligi, korroziyaga chidamliligi bilan tavsiflanadi. Bu
mumkin, chunki po‘lat yuzasida azotning yetarlicha yuqori
konsentratsiyasi Fe-N fazalarining shakllanishini belgilaydi.
Agar azot kontsentratsiyasi yetarli darajada oshsa, sirtda bu
birikmalarning qattigligi juda yuqori bo‘lgan gatlam hosil
bo‘ladi. Bu qatlam ostida qotishma nitridlarning mayda
cho‘kmalari bilan oraliq qattiq eritmadagi azotdan iborat
diffuziya zonasi hosil bo‘ladi. Oddiy nitridlangan
namunaning soddalashtirilgan tasvirlar diagrammasi quyida
ko‘rsatilgan. Diffuziya zonasi Fex panjarasida erigan
interstitsial azot va Fe gotishma karbonitridlaridan iborat.
Azotlash natijasida olingan yuqori sirt gattigligi mayda
donador qotishma karbonitridlarning cho‘kishidan kelib
chigishi ko‘rsatilgan. Ikkinchisi po‘lat substratda Al, Cr,
Mo, Ti, Mn, Si va V kabi kuchli nitrid hosil giluvchi
elementlarning mavjudligi natijasidir. Diffuziya zonasidagi
qattiqlik po‘latdagi qotishma elementlarning turi va soniga
bog‘lig. Bundan tashqari, yuqori qotishma po‘latlarda
qotishma nitridlarning cho‘kishi tufayli nitridlashdan keyin
gattiglashuv chuqurligining pasayishi kuzatiladi, bu esa
azotning substratga tarqalishini qo‘shimcha ravishda
cheklaydi. Quyidagi diagrammada namuna hajmi
(compound layer), diffuziya maydoni (diffusion region),
kompozit gatlam (sample bulk) lar keltirilgan.

y ompound Layer

Diffusion Region

Sample Bulk

2- diagramma. Nitridlangan komponentning tipik kesma
ko ‘vinishining diagrammasi. Bu yerda diffuziya hududi
bo ‘Igan aralash qatlam(Diffusion Region) ham bor.

Plazmani  nitridlash ~ termokimyoviy ~ zamonaviy
usullaridan biri bo‘lib, u odatda asosan azot va boshqa
ikkilamchi  kimyoviy moddalardan foydalangan holda
amalga oshiriladi. Jarayon kamaytirilgan bosim ostida
amalga oshiriladi, bu erda namunalar va pechning devorlari
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o‘rtasida kuchlanish holatida qo‘llaniladi. Qism atrofida
yuqori darajadagi ionlanish (plazma) bo‘lgan nurli razryad
hosil bo‘ladi. To‘g‘ridan-to‘g‘ri ionlar bilan bombardimon
gilingan ish gismi yuzasida azotga boy nitridlar hosil
bo‘ladi va parchalanadi va faol azotni yuzaga chigaradi.
Katodik darajasini sozlash, tegishli ogim kuchlanish
xususiyatlarini tanlash va ish kamerasidagi bosimni oshirish
yoki kamaytirish qobiliyati nitridlangan gatlamlarning
tuzilishini  shakllantirish  imkonini  beradi.  Plazmali
nitridlash sirtni kerakli xususiyatlarga ko‘ra o‘zgartirishga
imkon beradi. Gaz aralashmasini (proporsiyalarini) sozlash
orqali, past azotli birikmalar qatlami bo‘lmagan va qalinligi
20 mikrongacha bo‘lgan sirtdan nitrid birikmalari va qattiq
eritmani o‘z ichiga olgan gatlamgacha moslashtirilgan
gatlamlar va qattigliklshgan yuza natijaslarini olish
mumekin.

An’anaviy nitridlash usullari ko‘pincha nugsonlarning
paydo bo‘lishiga olib keladi, masalan, mo‘rt sirt qatlamlari
shakllanadi, metal yuzasida bir xil bo‘lmagan mikro qirralar
paydo bo‘ladi. Ushbu muammolarni bartaraf etish uchun,
aynigsa plazma nitridlashda, tegishli nitridlash usullari
chigilgan. Ushbu sohadagi so‘nggi yangiliklardan biri
Active Screen Plasma Nitriding (ASPN) innovatsion
texnologiyasini joriy etishdir. ASPN nitridlash usuli ishlov
beriladigan gismning shaklini aks ettiruvchi nitridlarning
bir xil shakllanishini ta’minlaydi. Bu effektga metal yuzasi
kristallografik ko‘rinishi, shuningdek, nitridlangan detalda
bombardimon bo‘layotgan azotni faollashtiruvchi plazma
orqali erishiladi, bu detalda katta o‘lchamli plazma ajralishi
natijasida kelib chigadigan boshga qatlam yuzalari
shikastlanishi yoki metal yuzasida kuyishlar bo‘lmasligini
kafolatlaydi. Bu texnologiyada elektr yoyi bilan ishlov
berilgan elementlarning shikastlanish xavfini va turli
o‘lchamdagi elementlarning yuzasiga ishlov berish vaqtida
issiglikning notekis targalish xavfini kamaytiradi va
an‘anaviy plazma nitridlashdagai ishlov beriladigan
elementlarga boshga bir gancha kuchlanishlarini yo‘q
gilishga yoki kamaytirishga katta yordam beradi.

Tadgiqotning birinchi bosgichida plazma
go‘llanilishidan oldin va keyingi holatda bo‘lgan 38HMJ
po‘latdan olingan namunalar nitrlash jarayoni sinovdan
o‘tkazildi. Korxona uchun xos bo‘lgan nitridlash
jarayonining parametrlaridan foydalanildi: gaz ogimining
tezligi (1,3 litr hajmda/min N; 0,7 litr hajmda/min H; 0,2
litr hajmda/min Ar); ogimlari (BIAS-420 V 50 A,
SCREEN-320 V 3,0 A); vaqt (26 soat va 35 minut); va
harorat (510°C).

lon nitridlash usuli bilan issiglik-kimyoviy ishlov
berilgan namunalarni mikroskopik tekshirish natijasida
yuqorida qayd etilgan parametrlarga ko‘ra yupqa, g‘ovak va
bir hil bo‘lmagan nitridlangan gqatlam mavjudligi va
diffuziya mavjudligi aniglangan.

Olingan natijalarni tahlil gilgandan so‘ng, hozirda
foydalanilayotgan po‘latga alternativ sifatida zamonaviy
po‘latdan foydalanish imkoniyati taklif qilindi, masalan,
33CrMoV12-9, 32CrAlMo7-10, 42CrMo4  markali
po‘latlar.

ASPN (bias-on) { Botast |
I o B

ASPN (bias-off) et tack
Anode - 1

®)

Biroq, yuqorida keltirilgan harakatlar kerakli natijani
bermadi. Shu sababli, nitrlash jarayonining parametrlarini
o‘zgartirish choralari ko‘rildi. Shunday qilib, to‘rtta sinov
o‘tkazildi. Har safar boshqa jarayon parametrlari (gaz

aralashmasi, oqimlar, vaqt va harorat) o‘zgartirildi,
golganlari esa dastlabki giymatlariga gaytdi.
Nitridlashdan ~ so‘ng  namunalarni ~ mikroskopik

tekshirishlar asosida yadroda issigq plastmassa bilan ishlov
berishdan keyingi xom holatga xos bo‘lgan ferrit-perlit
tasmasimon strukturaning mavjudligi aniglandi Bu nitrlash
jarayonidan oldin talab gilinadigan issiglik bilan ishlov
berish qo‘llanilmaganligini ko‘rsatadi. Nitrlashdan keyin
namunalar yuzasida azot miqdori o‘rtacha 8,50% massani
tashkil etdi.

Sirt zonasida umumiy metallografik galinligi taxminan
0,2 mm bo‘lgan nitridlangan gatlam topildi.

Xulosa. Tadqiqot shuni ko‘rsatadiki, po‘latning turi va
nitridlash parametrlarining to‘g‘ri tanlanishi nitridlash
qatlamining samaradorligiga katta ta'sir ko‘rsatadi, bu esa
komponentlarning qattiqligi, asinma qarshiligi va ishlash
xususiyatlariga ta’sir giladi. Xom holatda 38HMJ po‘lat
foydalanish uchun mos plazmali nitridlash orgali olinadi.
Uning tuzilishida ko‘plab metall bo‘lmagan
go‘shimchalarning mavjudligi notekis tagsimlanish va
nozik dispersli ferritning bir hil bo‘lmagan tarmogli
tuzilishi bilan perlit topilgan. Bu materialning sifatini
pastlatadi. Shu bilan birga, sirtdan azot miqdorini
kamaytirish aniglandi.
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REZYUME. Magqolada plazmali nitridlash (azotlash bilan po‘latning yuza qatlam o‘zgarishi) borasida olib borilgan.
O‘tkazilgan metallografik sinovlar natijasida, yupga, g‘ovak va geterogen azotli qatlam mavjudligi yoki uning yo‘qligi,
yadrosi uning to‘yinmagan holati va termal parametrlari o‘zgarganligi aniqlangan. Nitridlash parametrlarini o‘zgartirishda
gazlar, vaqt va nitridlashning harorati o‘zgartirish bo‘yicha jarayon taklif gilindi. lon azotlash jarayonining eng optimal
natija olish uchun gaz ogimi, vaqt, harorat parametrlarini rostlash zarur.

PE3IOME. B crathe paccMaTpuBajoCh IUIa3MEHHOE HHUTpPOBaHWE (M3MEHEHHE ITOBEPXHOCTHOTO CIIOS CTajl
a30TI/IpOBaHI/IeM). HpOBeILeHHLIe MeTaJ’IJ’IOFpa(l)I/I‘IeCKI/Ie HCIbITaHUA BbBIABWIM HaJIW4YUC HWIIU OTCYTCTBUEC TOHKOTIO,
MOPpUCTOr0 W HCOAHOPOAHOTO Aa30TUCTOr0 CJIod, dApa B €ro HEHACBINICHHOM COCTOAHWMU W U3MCHCHUC TCIJIOBBIX
napaMeTpoB. HpI/I HN3MCHCHHUU TapaMETPOB a30TUPOBAHUA ObLI MNpEeAJIOKECH IMPOUECC U3MCHCHUA Ta30B, BPEMCHHU U
TEMIICPpATypbl a30TUPOBAHUA. ﬂﬂﬂ MOJYUYCHUA ONTUMAJIBHOI'O pE3yjibTaTa mpouecca MOHHOI0 a30TUPOBAHUSA HeO6XO}II/IMO
OTPETYJIUPOBATHL NAapaMETPhI pacxoda rada, BpEMEHH, TEMIICPATypPhI.

SUMMARY. Plasma nitration (changing the surface layer of steel by nitriding) was considered in the article. The
metallographic tests carried out revealed the presence or absence of a thin, porous and heterogeneous nitrogen layer, a core
in its unsaturated state and a change in thermal parameters. When changing the nitriding parameters, the process of
changing gases, time and temperature of nitriding was proposed. To obtain the optimal result of the ion nitriding process, it
is necessary to adjust the parameters of gas flow, time, and temperature.

INTERVAL EIGENVALUE PROBLEM AND METHODS FOR ESTIMATING SOLUTION SETS
D.N.Khamroeva — doctor of philosophy in physical and mathematical sciences
Navoi state university
Tayanch so‘zlar: interval tahlil, xos giymat, simmetrik, interval matritsa, ichki baholash, tashgi baholash.
KiiloueBble cJI0Ba: HMHTEPBAIbHBIA aHajdn3, COOCTBEHHOE 3HAa4Y€HHE, CHUMMETPUYHOE, WHTEepBaJibHAs MAaTpHIIA,
BHYTPCHHsA OIICHKA, BHCIIHAA OLICHKA.
Key words: interval analysis, eigenvalue, symmetric, interval matrix, internal evaluation, external evaluation.

Introduction. In many practical problems, it is neces- Here it is assumed that the matrix elements and the
sary to take into account the inaccuracies or uncertainties of ~ components of the vector of the right parts lie in the given
the numerical information being processed. For this pur- intervals. Such an assumption is possible in the case when
pose, there are currently such uncertainty models as, for  the coefficients of the system lie within some permissible
example, probabilistic (stochastic), interval (limited in  deviations or have some variations. Systems of the form (1)

magnitude) and fuzzy (blur), which have found wide appli-  are often encountered in practice.

cation in solving various applied problems. Among them, The set of solutions of ISLAU in most cases is formu-
the interval description of uncertainty is the most “sparse”, lated as

but the mathemat_ical apparatus for _its proce§siqg is quite = {x eR"| (3Ae A)(@beb)(Ax= b)}- (2)
developed. A review of the world literature indicates that ) ) )

interest in interval analysis methods has been increasing Set (2) is called the united set of solutions of ISLAU

intensively recently. The basics of interval analysis are cov-  [3]. For the combined set of ISLAU solutions, we present
ered in monographs by G.G.Alefeld [1], Yu.l.Shokin [2], the Oettli-Prager characterization [7].

S.AKalmykov [2], Z.Kh.Yuldashev [2], S.P.Shary [3], Theorem 1. The vector x e R" belongs to the set of so-
R.Moore [4], R.B.Keafott, Z.Rump, A.Neumayer [5], lutions = of the system Ax=b ifand only if
G.Mayer, E.Hansen and others. |(mid A)x—mid b| <rad A-| x|+radb- (3)

Preliminary facts and notations. The interval algebra-
ic eigenvalue problem arises in those problems where the
value of the elements of a given matrix fluctuates with a
known amplitude, i.e. is limited from below and above by
certain numbers, in the form of intervals. In this case, the . . —
analysis is applied to interval matrices to answer three main interval hull covering the sets = . L
questions [6]: Statement of the problem. Algebraic eigenvalue prob-

1. What is the arrangement of the eigenvalues of an  lem with square interval matrix A IR™":

For ISLAU of the form (1), a large number of methods
for obtaining lower and upper bounds for the vector have
been developed [1], [2], [3], [4], [8]. Some developed algo-
rithms, for example [4], [9], [10], also calculate the exact

interval matrix? AX=AX, (4)
2. How does the spectrum of an interval matrix depend  are a little-studied area of interval analysis, relative to
on the spectrum of its point matrices? ISLAU.
3. How can we calculate the tight lower and upper The set of all eigenvalues for system (4) in the general
bounds for each eigenpair of an interval matrix? case constitutes a domain in the field of complex numbers
One of the typical problems of interval analysis, which  (C gefined as the united set
is closely related to the solution of the eigenvalue problem, A(A)={AeC | AcA x=0, Ax=Ax} (5)

is the problem of solving interval systems of linear
algebraic equations (ISLAE).
By interval linear system

and it is a compact set. If the interval matrix A has a
special structure, stronger results can be obtained. This is

Ax=b () especially true when the interval matrix A is symmetric,
. N . . since in this case all its eigenvalues form continuous real
we mean the family of all systems of linear equations intervals

Ax =Db , with the condition Ac A, beb.
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