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CIINPTKYPAM/IBI CYIHBIKTBIK KYPAMBIHIAFBI 3T CIUPTIH HK- KOHE SIMP-CIIEKTPOCKOITIA
OJICTEPIMEH CAPAIITAY

B cmambe paccmampueanuce tccnedosarus criupmocodepxalyux xuokocmel 60 epeMs peuleHue
OQuasHoCmMUuYeCcKUX 3aday Mymem MexMemoOH020 CAUYeHUs, 8 YacmHOoCmU, Knaccudeckoll Memod uccre-
OosaHus 3MUI08020 Criupma, 8 MoM Yucie 803MOXHOCMU ucnons3osarus VK- u SMP-cnekmpockonuu.

Maxanada cnupmkypamdbl cylibikmbikmap 6olbiHuia OuasHocmuKkansiKk MiHOemmepdi wewy yuwiH
adicapanblk canbicmblpy Xypeidy apkbifibl, aman almkaHda smun crnupmiH Knaccukanbix adicmepmeH
Koca, VK- xerne AMP-cnekmpockonus adici kKemeaiMeH 3epmmey MyMKiHWInikmepi Kapacmbipbindbi.

The article covers investigation of alcohol containing liquids in solving diagnostic challenges via inter
method collation, particularly the classical method of these liquids investigation including possibilities of
applying infrared and magnetic nuclear resonance spectroscopy.

Kinm ce3dep: cnupmxypamObi cylbiKmbiKmap, amun crnupmi, uHgpakbidbin (MK) cnekmpockonus,
A0ponbiK MagHUMMIK pes3oHaHc (IMP) cnekmpockonuschl.

Keiftinri yakpITTa OpbIH QJIBI JKATKAH KBUIMBICTBIK ICTEPAIH IIIIHAC CHUPTKYPAMIbI CYHBIKTBIKTAPIbI
(CKC) cepru(uKaTChI3 JKOHC JHICH3WACH3 MAHBIHAAY, CATy, OTKi3y, COHBIMCH Karap Kasakcrax
PecnyOmkachl TeppHTOPHSICHIHA IONMIIK OHIMICPIH TacyJa aKIM3IIK CAJBIKTBHI €CENTEy YINiH Tayap
KOJATAPbIH MCHIUIKTEY CHAKTHI KYKbIK OY3VIIBLIBIK KCHIHCH Tapajbim Oapansl. MyHIall KaTeropusanarbl
icTepai e Teprey skoHe corra Kapay ymiH CKC-ra cor-capamramamibIK 3epTrey Kyprizy Kaker. Ocbl
opaiiga ap3aH Oaramsl INNMAIKTEPAl JAMBIHAAYJAFBl CYCHIHABI CYHBINTY (DAKTICIH aHBIKTAY, CYCBHIHIbI
Oenrim Oip THIKE, TYpre, MapKara, 6HIM HMAPTHACHIHA >KATKBI3Y OLIIKTI CApANMIIBLIBIK 3€PTTEY KYPri3yai
tajan erei. CIMpPTKYpaMasl CYHBIKTBIKTApPAbl COT-CApaNTAMANbIK 3CPTTCY CYHBIKTHIKTBIH KYpPaMBbIH,
TYPiH, IIBIFY TETiH, CCHM()HKANBIK >KaFIaHbIH, Kacajly >KOJbIH, (panbCHpuKAIIIbK (DAKTICIH 'KOHE
MEMJICKETTIK CTAHAAPTKA COUKECTITIH aHbIKTayFa OarbITTamams! [1].

JKammer cnmpTKypaMabl CYHBIKTBIKTAPABI CapanTaMAJbIK 3CPTTCYOIH OO0BCKTiACpi Ocnmrimi  Oip
kenemacri CKC Oakpumay OOHMBIHIIA OpTYPJi MAKCATTAFBI TAFANBIHIAY, COHBIH iMIiHAC TAOWFATHI ©3TC
cyibikThikTap, CKC eHepkocinTik JaWbIHIAY: CIHPT, apak, KOHBAK, MIApam >KOHE T.0. CHHPTTIK
cyceiHAapasIH (pamscudurarTapsl, xxacanasl skoaMeH maisiHgaran CKC (camorown, waua, tyaba), CKC
OpTYpNi TackIMaNAAyJaFbl 137ep, >KACAHABI KOJIMEH JAWBIHAATIFAH KYIUTI CIHPTTIK CYCBIHAAP YINiH
Ocliimney, KOHCTPYKIHS, Kypajmap, OHEPKICINTIK-TEXHOJOTHAIBIK YPAICTED >KOHE Kypangap, ca-
aeicTeipManst 3eprrey ymin CKC ynrinepi, COHBIMCH Katap apak eHIMiH JAaHBIHAAYA HETIsTl IMHKi3aT
KO31 3THJI CIHPTi OOJIBIT TAOBLIAIBL.

Capanmsiisik 3eprTey Hbicansl perinae CKC kikTenyi keneci TajanTapasl KAHAFATTAHIBIPYH KAsKCT:

- OapmbIk mcHreinmeri kmacrapra OipikkeH caHamyaHablmelK skoHe CKC  TyciHirine OipikkeH
JKaJIIbLIaMa ayKbIMIBI KYPBUTBIMBI KOHIHAC TYCIHIK OCpy;

- okuraHbIH cunathH koHe CKC KacumerTepiniH 63apa OalIaHbICHH amy;

- OOBCKTIICPi AHATUTHKAIIBIK 3CPTTCYAC CAPATIIBIHBIH HAKTHI CYJIOAHBI OAFAapIaysL;

- seprrenerin CKC kimaccu(pMKanusuIBIK KATETOPHSCHIH «TEK» JKOHE «TOID» AHBIKTAYJAFBl HETi3Tri
KbI3MET.

CKC capantamacsl OOBCKTIICPIH 3EPTTCY OApPBICHIHAA KYPACLIITT OPTYPIi JOPEKEIACTi capamrta-
MAJIBIK MIHACTTEPIiH €Ki TOOBI memriteni. bipiHmi Tom - AHATHOCTHKAJBIK KOHC KIACCH(DHKALMAIBIK
MIHZICT, EKIHIII TOM — WACHTU(QHMKAIMAIGIK MiHACT. KiIaccn(puKaIIbIK MIHACTTI MICOIyTE aJABIH aia
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Oenrimi Oip TexHmkanmelk okarmaina MMCT-men OedrisieHreH OOBEKTUIEpAl JKATKbI3yFa OONAbI.
JlmarHocTHKANBIK MiHACTTI mremyre (anbcudukammsa (axTiciH, OOBCKTIHIH KaFrmalibl MCH KACHETIH,
TaOuFaThlH, OOBEKTiHIH Oenrimi Oip Kypamfa >KAaTATHIHIABIFBIH HEMECE IKATHAHTBHIHIBIFBIH, ©3TC
CYMBIKTBHIKTApPMCH apanacy (akricin, mmkizat Ocnrinepin, CKC malierHmay omiciH skoHE TaralibIHAAY
makcarstH, CKC TypiH aHbIKTay )atampl. VACHTH(OHMKAIMIBIK MIHACT Ma3MyHBI >KCKEHIC HAKTHI
YKCACTBIKTBI OCNTINCY CHAKTHl KPUMHHAMMCTHKANBIK HICHTU(QHKAIMA TCOPHSACHIMCH AHBIKTATIAIBI.
WaeHTn(hUKAHATBIK OCITinepaiH MOHI HAKTHI CBIHBIMIBLIBIKKA, «CHIHBIM/IBLIBIK — CYHBIKTBIK) MMAPTHIHA,
OHBIH OJIIIEMiHC, TCPMCTHKAIBIFbIHA, CYHBIKTHIK KypaMbIHIA IIBIFY TEri ©3T€ 3aTTapablH OOIybIHA
OalimamsicTel. Bynm MiHACTTI memyae craHmaprraiFaH eHiMmHIH TypiHe, CKC XoHe merenaik
OHCPKACINTIK Iapan eHIMACPIHIH 6HIIPIC TEXHOJOTHSUIAPBIHAA PETTEIMETCH KOCHANAPABIH OOIMAaybl
KUBIHABIK TYFBI3aJbl. ATaJIMBINI MIHACTTCPAl INCIy OApbICHIHAA CH ANABIMCH 3aTTall AdJeIIeMe
OOBEKTIIEPIHIH 631HAIK KACHETTCPiH KCH KOJIEMJE 3EPTTEI OiMyl Ka’KeT, SFHH 3EPTTCYTe YCHIHBLIATHIH
CYHBIKTBIKTHIH aJbIMCH TAOMFATHIH AHBIKTAY KAKET OOAIbI.

CKC cor-capanmraMansiK 3¢pPTTCYAIH KIKTCIYiH OCNTiNCYy MAKCAaThl OPTAHOJICTITHKANBIK, XHMHSITBIK
JKOHE (DM3HKA-XHUMILIIBIK SICTEp HETI3IHAC AHBIKTAJIFAH OCNTiNepiHiH *XubIHThEFbIHA Herizaeneni. CKC-
JBIH KYPAMBIH XHMISUTBIK KO3KapaclieH Kapacak Cy »KOHE 3THI CHHPTIHEH 0acka 1a KeIMKOMIOHCHTTI
JKYHeHI Kypaiiasl. Atan aifiTKaHZa, METAaHOJN, W3OIPONAHON, W300y TAHOM, H-TIPOMAHOJ, AMHH CITUPTiHIH
H30MCPJICPi; ATHUIAKTAT, ANBIACTHATCP KOHC KypAeh 3(Hpicp — aneTambACTHI, STHI(OPMHAT KOHC
STHIIALIETAT; COHBIMEH KOCA KAHT, OPTAHHKAJBIK KBIIKBIIIAP, KOMIPTEK JHOKCHIl, KYKIPT aHTHAPHUII,
APOMATHKAIIBIK 3aTTap KOHE T.0. [2]. ATaaMbpImn KypaMIapAbIH iMIiHAC MCTAHON — KYHKE KOHE TaMBIPFa
KO3IBIPFBINI 3CEP €TETiH, ITAHON — CYHbIK €CIPTKi, ¥3aK 9CEpP CTKCHAC XKYHKE, ac KOPHITY, KaH TaMBIp,
0aysIp aypyIapbIH TYIBIPATHIHBIH JKOHE TAFBI COJT CHAKTHI KOMIIITIK KYpaMAAPAbIH YIIBI OOJIBIN KCIICTiHIH
opi OymapaslH KypbUTBIMABIK (HOPMYJIamapel €3apa yKcac OOJBIN KCICTIHITIH ©CKEPCeK, capamrama
JKYPri3y OapbICBIHAA CYHMBIKTHIKTHIH TAOWFATHIH AHBIKTAY YIOiH, SFHU THATHOCTHKAJBIK MiHICTTCPII
HICHTy YIIiH TeK Oip FaHa dAICIICH IMEKTEI KAy a3/bIK ETCIi.

Con cebenTi CYHBIKTBIK KYPAMBIHAAFBI 3THJI CHHPTIH AHBIKTAy OapbICBIHAA IKYPTi3LIeTiH
JUATHOCTHKAIBIK 3EPTTCY KE31HAC TEK KAHA KJIACCHKANIBIK ONICTEPMEH INEKTENIN KaIMai Sicapanbik
CaNBICTRIPY B! KoinaHy, sFHH UK- sxore SIMP-CeKTpOCKOTHA ONiCTEPiHIH KOMETIMCH 3CPTTCY JKYPri3y
©3€KTi OOJIBIN TAOBIIAIBL.

Maxkanana CKC-asI capanTay 0apbIChIHAA KIACCHKAIBIK daicTepMeH koca, mH(pakersul (MK) sxone
SIIPOTIBIK MArHUTTIK pe3oHaHc (SIMP) criekTpocKOmus 9AiCTEPiH KOITAHy MYMKIHIIIIITI KAPaCTHIPHLIIBL.

3epTTey KYPrizy YIIH COT CapamTaMachblHAa Kemim TYCkeH aiFrak 3at, sfHH CKC 3eprrey HBICAHBI
peTiHze anbIHbI, Kraccukanbik, UK- (PT-801 Simex) xone SIMP-cniekrpockomnus (Avance 111 500 MHz
Bruker) amicTepi KeMeTiMEH capanTay >KyMbBICTaphI >KYPTi31i.

KnaccukanbIk omic OapbICBIHAA CYHBIKTBIKTBIH TAOWFATHIH AHBIKTAY YINIH STHI CIHHPTIHE CAAbIK
peaknusl acananbl. 3epTTCY ChIHAMACHIHBIH 2 Mi-HE 10 %-mp1 1 MU CiaTi epiTiHAICI JKOHE capbl TYC
JKOFAJIIFaHFa JCHIH JIFOTOIb CPITIHAICI TAMIIBLIATHIN KyHbLIaAbl. 3epTTey OapBICHIHAA KOCIAHBI KAHHATY
HOTIDKECIHIC CapFBINI TYCTI TyHOA TY3uadi. OHBI MHKPOCKOIIMSUIBIK CApANTay apKbLUIBI CYHBIKTHIKTHIH
TYHOACBIHA AanTHIOYPHINTHI HOA TMHINIHAI KPHCTANAApABIH TY3UIreHi aHbIKrangsl (1-cyper). byn
CYHBIKTBIKTA THJI CIHPTIHIH 0ap eKeHIITiH Kepcerei [3].

ApbI Kapal CYHBIKTBIKTAFbI 3THJ CHHPTIHIH KOHICHTPAIMICH «ITHa crmpti. Kommany Topridi sxoHe
amamm3zaey oici» P 5962—51 MMCT werisinae ansikranas [4]. Konnerrpamus 10 °C Temmeparypana 0,1
typansikra ACIT-1 caHaTThI apeoMeTpaiH KOMETIMEH aHBIKTANIbL. JKYpTi3iiareH 3epTTey AiH HOTIKECIHC
STHJI CIIAPTIHIH KOHICHTPAUMACH 37,5 KeIeMAIK maibiFa (TPaxyCKa) TCH CKCHAITI Oemrimi 00ab!.

CKC xrypamsrazarsr 3t crmprin MK-ciekrpockomms oxiciMer anbIkray yoris 0,1 M3 3epTreneTin
epiTinai kroseTara Kywpuisin, onblH UK cnekrpnepi ambasl (2-cyper). UK cnexrpi 6oitbrama —CH)—
TOIIIACKIHBIH, CHTHAIBI V=2910 cM’! apamsirbiHaa, —CH; Tommacer v=2940 CM'I, OH Tommace v=3350cM”
! an C-O rommacsr v=1050cy™ aymarsiaaa kepinai. OChl HOTHKETE HETi3ICil, TOMIANAPIBIH JKYTHLTY
MOHJIEPi APKBLIBI 3TUJI CIIUPTIHIH KYPHIIBIMABIK (POpMyIachiH HAKThUIAyFa 00mazsl [S].
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1-cypet — a, 9, 0 - OipHemIe ece YIKSHTINTeH anThIOYPBIITH HO MIMNH KPHCTAIIAPIBIH 3ICKTPOHIBI
MHKpPOCYpeTTEpi

v [hiviinbiots iy
50

2-cypet — 3t cimptinig MK crexrpi

UK cnexmpomempoe2i smun cnupminiy KypoLIbIMObIK (POPMYTACLIHOA2bL
MONULANAPOBIY HCYMBLTY MaHOepi

AToM HOMIpI OYHKIHOHATIBIK TOII v, oM.
a -C-O 1050
b -CH,- 2910
b -CH; 2940
c -OH 3350

CKC-xp1 3epTTey OaphICHIHIA KOMAAHBUFAH Keeci omic — SIMP-cniekrpockomus omici. byn oaicre 0,1
MIT 3epTTeNeTiH epitingini 1 M1 cyma - D,0 (semece H,0) epitin, cnexrpomerpae npoTorask ('H) sxome
xemiprextik (°C) cmextpmepi Tycipimmi (3-4-cypertep). 'H crmexTpi GOMBIHIIA 3THN CIOHPTiHIH
KYPhUIBIMIBIK (opmyracsiHaarsl —CH; TonmachHbIH curaanst 6=1 ppM apansrbiHaa, —CHy— Tommack
5=3,5ppm, an OH tommacs! 3=4,8 ppM aymarbisaa kepingi. Am, °C cnexrpinae —CH; TOMIACKHIAFHI
KOMIPTEK aTOMBIHBIH curHamel 6=16,78 ppm, —CH, kemiprek arOMbIHBIH CHTHAIBI 0=57,37 ppm
ayMarblHIA KOPiHAI. Byl 3THI CHpTiHIH KYpBIIBIMABIK (POPMYIACHIHAAFEI OPKANCHICHI TOIINANAPIBIH
3JIEKTPOH THIFBI3ABIFBIMCH JKOHE 3JICKTPOHFA BIHTHIKTHIFBIMEH TYCIHAIpiesni [6].
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Avance 111 500 1H C2HSOH-1lin D20
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4-cyper — 3tmn criupTinig C SIMP cnekrpi — D,0

KopsiTa kenrenzae 3eprrey OaphICHIHIA albIHFAH HOTIOKENIepre cyiicne oreipsin, CKC-abl 3eprreyae
QIicapanblK CaNbICTRIPY KYprizy apkeuiel, MK- sxone SMP-CekTpockomma OoAiCTCPiH KOJIOAHY 3THI
CHHPTIHIH CaNaJbIK AaHATU3IH dPi T€3, 9pi HAKTHI CApanTay¥a THIMIl CKCH/Ir aHBIKTAJIIbI.
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MATEMATHYECKOE OIIMCAHHE ITPOLNECCA ITPOKAJIbBIBAHH S
KOXKYPBI AbIHI NUJINHAPHTYECKHAM IIUIIOM

lIpu cosdaHuu u pacdyeme Hogol ycmaHosKU Ons 04YUCMKU ObIHU OM KOXYpbl U €€ U3MenbYyeHuUs1 00-
HUM U3 OCHO8HbIX f1oKa3amersel aensemcs ycunue rnpokasibleaHus, KOmopoe enusem Ha 6enuqUHy Mouj-
Hocmu anekmpodeueamens. C UCMONb308aHUEM MameMamuKo-cmamucmuyeckux memodoe paspabo-
maHa Mamemamuyeckas Modesib PoKanbieaHus KOXypbl ObiHU UUNUHOPUYECKUM WUMOM, 10380/1uewas
onpedenume onMUMalbHble napamempsi wiuna 013 G0CMUXeHUS MUHUMaNbHO20 yCunus.

KaybiHObI KabbifblHaH ma3afay XoHe OHbl ycaKkmayra apHalifaH )XaHa KOHObIPFblHbI ecerimeyde XoHe
Kypacmbipyda 31eKmpKO3FanmKbiuImMbIH KyambiHa acep ememiH Heaizai kepcemkivumepOiH 6ipi - KaybiH
KabbifblH mecy Kywi. VIHeHiH oHmalinel napamempiH aHbiKmayra Kaxemmi MUHUMandb! Kywmi aHbikmay
YWIiH MameMmamukanblk-cmamucmukanbik meacinfepdi nalidanaHa ombipbi, YWKip yunuHOp mepiszdec
UHeMeH KayblH KabbifblH mecyee apHaliFaH MameMamuKaiblk MoOesib XXacalfaH.

In development of and making calculations for the new melon peeling and crushing plant, piercing force
is one of the major performances that affects the electric engine capacity. A mathematical model for pierc-
ing the melon peel with a cylindrical pin has been developed with the use of mathematical and statistical
methods; the model made it possible to determine the optimal parameters of the pin for achieving a mini-
mum force.

Knroyesnble cnoea: ObiHs, Ouamemp wiuna, ycusue npoKanbieaHus.

B HayuHOW mpakTHUKE HCCACAOBAHHUS CIOKHBIX MPOLECCOB, K KAKHUM OTHOCHTCS MPOKa-
JBIBAHUEC KOKYPBI JBIHHU, MOJIYYUTh JOCTOBEPHOC M B TO K€ BPEMS MPOCTOC MATCMATHUYCCKOS
OMHCAHUE 3a4acTyIO He yaacrcs. QOHaKo, KaK MOKa3al OMBIT HAYYHBIX Pa3pabOTOK MOCIEIHUX
JCT, TAKHUE MPOLIECCHI MOXKHO HCCICAOBATH IKCICPUMCHTAIBHO-CTATUCTHUYCCKUMU METOAAMH.
ITO MO3BOJSET MOJIYYUTh JOCTOBEPHBIC MATCMATHUCCKUEC MOACIH, aICKBATHBIC TOCTABJICHHOMY
IKCIICPUMEHTY, Ha 0a3¢ KOTOPBIX ¢ OMPESACICHHONH TOYHOCTHIO U MPOCTOTOH MOKHO PEIINUTH
chopmynupoBaHHbic 3a1a4d [1].

Obwvexmol u Memoodvl ucciedosanuii. B kauecTBe 00bEKTA UCCICAOBAHUS U MOJCTUPOBAHUS
ObL1 B3sT copt abiHu «MmkupHasy». s 0003HAYCHHS pacCMATPUBACMOrO MPOLIECCa MPOKATBI-
BaHUS KOXKYPBI JbIHH, MEXaHU3M (DYHKLIMOHHUPOBAHHS KOTOPOT'O CJOKCH W HCH3BECTCH, HAMH
OblLiTa HCTIONB30BAHA KOHLETILUS «IEPHOTO sIuKay (puc. 1).

l 7z
W

Pucysox 1 - Moaens npouecca mMpoKaIbIBAHUA KOKYPBI JbIHA

X Y
—P ——-9>
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Kak CIeAyeT U3 NPUBCACHHOM HA PUC. | CXEMbI, BEIXOZHBIC MEPCMCHHBIC Y SIBISIOTCS Pe-
3yIBTATOM BO3ACHCTBHS Ha cHcTeMy W B IIPOLIECCE MPOKATBIBAHHS KOXKYPHI JBIHH X - BXOTHBIX
¥ Z - Bosmym@omux daxropos. Takum 06pa3oM, 4T0Gk Y3HATH, KAK PA3BHBACTCS TCXHOIOTH-
YECKHH MPOLECC MPOKATBIBAHUS KOXKYPBI ABIHH B CHCTEME, HY)KHO 3HATh, Kak cucremMa W
TpaHcHopMHUPYET BXOAHBIC U BO3MYVIIAIOINUE BO3ACHCTBHUS B BBIXOAHBIC MepeMeHHBIC. Onuca-
HHUE CBS3H BBIXOIHBIX MEPEMCHHEIX C BXOJHBIMH H BO3MYILIAIOIIUMH B BHAC HEKOTOPHIX VPaB-
HEHUW HA3bIBACTCSI MATEMATHUYECKOM MOJAEIBIO TEXHOJOTHMUYECKOH CHCTEMBI, B HAIIEM CIydae
MPOLIECCa MPOKATBIBAHUS KOXKYPBI JBIHH.

OCHOBHOH 3aJaucil HAIEro WUCCICAOBAHUS SBILIETCS ONTHMHU3ALUS MApaAMETPOB IMporecca
MPOKATBIBAHUS KOXKYPBI JBIHU: X| — VIJa 3aTOUYKH una (o, Tpan); X, — auamerpa muna (d, Mm),
IIPH KOTOPBIX CHIIBI MPOKaJIbIBaHUA KOXKypbl AbiHH F (H) mMmeror mamnydmme (onTuManbHBIE)
3HAYCHUSA. PelllcHHEe MOCTaBICHHOW 3aJa4ydl MOJIYYCHO MCETOAAMU IUIAHWPOBAHHUS MHOTO(aK-
TOPHBIX SKCIICPHUMEHTOB, CTATUCTHICCKOW 0OPaOOTKH OMBITHBIX AAHHBIX U IOUCKOBOW ONTHMHU-
3amuu. Jnsg 3toro 6 0TOOpaHBI MapaMEeTPhl ONTHMHU3ALMH U HAaHOoIee 3HAYNMBbIC (PakTopEL,
BIHSIOIOUC HA MPOLECC MPOKATBIBAHHS KOXKYPBI AbIHH, ONPEICIICH IIaH NPOBCACHUS IKCIICPH-
MEHTATBHBIX HCCICAOBAHHM, U Ha 0a3c MOIYUCHHBIX ONMBITHBIX JAHHBIX pa3paboTaHa MaTeMa-
THYECKas MOJACTb, HA KOTOPOH HCCIEAOBANIOCh BIMSHHE PETYIHPYEMBIX (PAKTOPOB HA BBIXO[-
HBIC TIApaMETPhbl IpoLecca B CTAMOHApHOU oOnactu ¢axropHOro mpocrpanctea. [lapamerps
MPOKATBIBAHUS KOXKYPBI JbIHH U BEIOPAHHBIC YPOBHHU MX BAPHHPOBAHUS MPUBCACHEI B Ta0M. 1.

Tabnuua 1
Hccenedyemvie napamempobl nPOKANBIBAHUS KOHCYPbL ObIHU
U UX YPOGHU BAPLUPOBAHUA 8 IADOPAMOPHBIX YCI0GUAX
Perynupyemsic mapaMeTpsl: KoaupoBaHHBIE YDOBHH HutepBan
KOJMPOBAHHbIC (HATYPAIbHBIC) —1 0 +1 BAPbHPOBAHHS
X — YIOJ 3aTOYKH MM, TPaj 30 60 90 30
X, — AMAMETP IIUNA, MM 1,4 2,1 2,8 0,7

Marpunia niaHUpPOBaHHUS U PE3YJIbTAThl OMBITOB MOMHO(AKTOPHOrO 3kcnepumeHra (I1DJ)
tuna 2° npuseaeHs! B Ta61. 2. OmBITH MO ONPEACICHUIO YCHIHS MPOKATBIBAHMS MPOBEACHBI C
noMompio apromaruucckoro npudopa «Crpykrypomerp CT-2», ommcaHue KOTOpOro mpHBe-
JICHO B UCTOYHUKC [2].

Tabnuua 2
Mampuya naanupoeanus u pesyromamot onvimoe I1O3 muna b
DakTOpHI B ®daxrops! B Oe3pas-
Homep | HarypaibHOM MEPHOU CHUCTEME BeIxoanoi mapameTp
OIIBITA Macmrade KOOPZMHAT
Z Z Xo X] X2 Y1 Y2 Y3 Ya Ys Yep

1 30 1,4 0 -1 -1 5,16 5,1 485 | 4,72 | 3,81 4,73
2 90 1,4 0 1 -1 7,12 6,73 5,41 5,13 4,9 5,86
3 30 2,8 0 -1 1 16,3 16 15,8 8,7 9,7 13,30
4 90 2,8 0 1 1 1798 | 169 | 17,89 | 16,91 | 17,11 | 17,36
5 60 2,1 0 0 0 8,52 | 10,77 | 9,98 [ 10,59 | 8,76 9,72
6 90 2,1 0 1 0 12,02 | 10,79 | 10,12 | 9,1 14,19 | 11,24
7 30 2,1 0 -1 0 9,94 | 9,22 8,9 9,12 | 8,15 9,07
8 60 2,8 0 0 1 17,68 | 16,21 | 16,31 | 16,49 | 14,15 | 16,17
9 60 1,4 0 0 -1 5,99 5,38 | 4,92 | 4,83 4,7 5,16
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JlaboparopHoe HCcIeOBaHHE MPOLECCA MPOKANBIBAHUS KOXKYPBHI ABIHH NMPOBOJHIOCH IO
CXEME MOTHOrO TPEX(PaKTOPHOTO TIAHUPOBAHUS SKCIICPUMEHTOB.

OnTrMyM (MakCHMyM) LENEBbIX (DYHKLUH: HOKa3aTenb Y - CHNIA MPOKATBIBAHUSA KOMXKYPBI
aetan (F, H) onpenensnca B makere mpuxnagasrx nporpamum (IITIT) STATISTICA 10.0 mero-
aoM TouckoBod omrumusanmu [3]. Ilocme 3TOro HAWACHHOC PCIICHUC KOPPCKTHPOBAIOCH C
YUETOM PE3yIbTATOB, MOIYIEHHBIX METOJAMH IUTAHUPOBAHUA 3KCepuMeHTOB. [Ipensapurerns-
HO OXapaKTepHU3yeM MOIYICHHYIO COBOKYIHOCTh 3KCIIEPUMEHTAIBHBIX TaHHBIX, PACCUUTAB CTa-
THCTHYECKUE XaPaKTEPUCTHKH OCHOBHBIX ITOKA3aTENEH MapaMeTpOB IMPOKATIBIBAHUA KOXKYPHI
JbIHY (Tadm. 3).

Tabnunoa 3
Cmamucmudeckue XapaxmepucmuKy napamempos NpoKaibl8aHUS KOHCYPbl ObIHIU
CTaTHCTHYUCCKHUE XaPAKTCPUCTHKH Yeaosroe Tapaerp Y
0003HAUCHHUC X X

O61BeM HAOTFO ACHUH N 9 9 9
CpemHee apu(pMETHICCKOS M 60 2,1 10,29
CranpaprHas ommoOka m 8,660 0,202 1,551
Cranpapraas onmbka, % ot M m, % 14,434 9,623 15,071
Menuana med 60 2,1 9,24
Moga mod 30 1,4 #H/JT
CTraHmapTHOS OTKIIOHCHHC s 25,981 0,606 4,652
JTuCIepCHS BRIOOPKH s 675 0,368 21,641
DKCIece E -1,714 -1,714 -1,251
Acummerpust A 0,000 0,000 0,301
Pa3max R 60 1,4 12,63
MuHuMyM min 30 1,4 4,728
MaxkcumyMm max 90 2,8 17,358
Koappuuuenr sapuammm, % 4 43,3 28,9 45,21

[To paHHBIM SKCIEPHUMEHTA I KAXKAOTO IMOKA3aTens B TaOl. 2 OLEHEHHI: cpeanee M u
owmudKka cpegHed m, meauana (med) u Moza (mod), craHAapTHOE (CPEIHEKBAAPATUICCKOE) OT-
KJIOHEHHE S ¥ JUCHIEPCHS S°, HAMMCEHbIIEE (Min — MHHHIMYM) H HauGOIbIIEe (MaX — MAKCHMYM)
3Ha4YCHUs, pasMax R, mokazarenn acummerpun A m skcuecca E, kosdduument Bapuamun V.
CTaTHCTHYCCKHUE XapPAKTCPUCTUKH (Tadi1. 3) AT KOMUYSCTBCHHOS MPEACTABICHUE 00 SMITUPH-
YECKHX JAHHBIX H B TIEPBOM MPUONIKCHUH MPOBEPSIOT MPCAMIOIOKECHHUS, CKAIMUE B OCHOBE
perpeccuonHoro aHannza. CTaHIapTHBIC OIIMOKH PE3YIbTHPYIOIINX MOKA3ATENCH COCTABISIOT
MeHee 15% OoT COOTBETCTBYIOLIMX cpeaHHX 3HaucHud. HaOmromaercs mpuMepHOE pPaBEHCTBO
cpeanero u Meauanbl. Moga a1 Y OTCYTCTBYET, a 3HAUCHHS IKCLIECCA OTPHULIATCTIbHbBI; MUHH-
MalbHOE W MaKCHMATbHOC 3HAUCHHS HMPUMEPHO PABHO VAAICHBI OT CPEIHET0. DTO CBHICTCNb-
CTBYET O OIHU30CTH SMIMPUYUCCKOTO H HOPMATBHOTO HIH 0000MICHHO-HOPMATBHOTO PaCpene-
JcHUI.

CraeayomuM 3TanoM HAIIero HCCICAOBAHUS OBLIO MOCTPOCHHE HETHHEHHOH perpeccHu
Mpolecca MPOKATbIBAHMS KOXKYpbl NBIHA. B Hamem ucciaeaoBaHHM BUA (PYHKIMH OTKIHKA
Y. =f(x,x), i=12o0r PEerynupyeMbIX mapaMerpoB HeussecTeH. [Ipu oTMeueHHOH paHee He-
JWHEHHOCTH MPOLECcca MPOKATBIBAHUS KOXKYPbI JBIHHU, KAK HPUHATO MPH UCIOIb30BAHUH MHO-
ro()aKTOPHOT0 IJIAHUPOBAHHS SKCIIEPUMEHTA, VPABHCHUE PETPECCHH NPEACTABISIOT B BUAC MO-
JVHOMA BTOPOH CTEIICHH HPHU JOCTATOYHOM KOJHUYCCTBE IKCICPUMEHTATBHBIX TOUCK. BriOpaH-
HBIU TU1aH (Tabmn. 2) uMeeT 9 SKCHEPUMEHTAITBHBIX TOUCK U MO3BOJSCT PACCUUTATh MareMaTuyie-
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CKYIO MOJENb MPOLECCa CHIIBI MPOKATIBIBAHHMS KOXKYPBI ABIHA B BUAC MOJHOU KBaAPaTHYHOH
(YHKLIHHU JBYX HCCICAYEMBIX APaAMETPOB:
Y, = b, +b,x, + b, X} +b,X,+b,, X; . (1)
Annpoxcumarnus (MPUONIKEHHE) KPUTEPHUEB ONTHUMAIBHOCTH Y1 MOJIWHOMOM BTOPOU CTe-
MCHH TIO3BO/LICT MOJYYHTE XOPOIIEE MPEACTABICHUE O (opMe MOBEPXHOCTH OTKIUKA. B pe-
3VIBTATE PCATH3ALMH BEYHCIHTCIBHBIX MPOLICAYP, PCATH30BAHHBIX B KOMIBIOTCPHOH MpO-
rpamme Statistica 10.0, paccuntansl nath b-k03(Q(QHIMEHTOB HEMTHHEHHON PErpeccu mpu Ko-
JUPOBAaHHBIX TICPEMEHHBIX X U X,, UX CTAHAAPTHBIC OIHOKY, t-kKputepu CTBIOACHTA LIS MPO-
BEPKH 3HAYMMOCTH KOMIIOHCHTOB PETPECCHH, VPOBHH BEPOSITHOCTH P, BEPXHUE H HIKHHC 95%-
¢ JOBEPUTENBHEIC rpaHuLbl (Tadm. 4).

Tabnuua 4
Pesynomamol pecpeccuono2o anamusa pe2yiupyemoix napamempos
MPOKANBISAHUS. KONHCYDLL ObLHU

. 95%-¢ IOBEPUTEIBHBIC
Koappummenr | CranmaprHas | t-kpurepui P-YPOBCHB
daxTop TPAHMIBL
perpeccun omuoKa CTBIOICHTA | 3HAYUMOCTH
HIDKHSISL | BEPXHSS
Y — cuibl mpokanbeBanust KoKypsl abHE (F, H)
— 10,07333 0,345501 29,15574 0,000089 8,97380 11,17287
xl 1,22767 0,189239 6,48740 0,007435 0,62542 1,82991
x; -0,09300 0,327771 -0,28373 0,795069 -1,13611 0,95011
X2 5,17933 0,189239 27,36932 0,000107 4,57709 5,78158
X 0,41800 0,327771 1,27528 0,292005 -0,62511 1,46111
x1x; 0,73200 0,231769 3,15832 0,050937 -0,00559 1,46959

Takum 00pa3oM, HCIONB3YS OLECHKUA b-KO3(h(UIMCHTOB, MOXHO 3alUCaTh CJACTYIOIINC
YpaBHCHHSI KBAIPATHIHOW PErPECCHH IBYX NAPAMETPOB MPOKATBIBAHHS KOKYPbI JbIHH:
Y =10,07333 +1,22767x1 — 0,093000x. + 5,17933x,+0,41800%; +0,73200xIx, 2)
rae Y — cmuia mpokasieiBaHus KoxKypsl astHu (F, H).
AHann3 Nony4YeHHBIX 3HaYeHUH t-kputepus CTBIOJCHTA U COOTBCTCTBYIOIIUX YPOBHEH 3Ha-
YHUMOCTH P TMOATBEPIKIACT CYIICCTBCHHOC BIMSHHC HA PE3yIbTHPYIOIIUC IMMOKA3ATCITH CHIIBI
MPOKAJIBIBAHUS KOXKYPBI ABIHHU: X| - YIJ1a 3aTOUKH [INMA, TPAJ; X, - JHAMETPA LKA, MM. 3HAYH-

2
MBIM OKAa3aJI0Ch BIIHSHHUC MAPAMETPOB X| U X,, & TAKIKE X1+Xp, Y KOTOPbIX p<0,05. 3HaucHUe X; u
X, HECYMIECTBEHHO BJIMSET HA PE3yIbTUPYIOIIHE KpuTepuu Y. Ha OCHOBE MOMYYEHHBIX B JKC-

MEPUMEHTAX JAHHBIX METOJAOM HAUMEHBIINX KBAAPATOB PACCUUTAHB! YPABHCHUS KBAAPATHIHON
perpeccuu (2).

Jns npoBepkH KauecTBa MONYYCHHBIX YPaBHCHHUH perpeccru (2) ObLIN paccUHTaHBI KO3(-
(QHIMEHT MHOXECTBEHHOM Koppemsimuy R, kospuiment aetepmunarmu R, kputepuii ®umme-
pa F u xpurepuii lapbuna-Batcona d (tadm. 5).

[IpuBeacHHBIC B TAOI. 5 3HAYCHUS CTATHCTUYCCKUX KPHUTCPUEB CBUICTEIBCTBYIOT O TOM, UTO
TTONTYYIECHHBIE YPaBHEHMS perpeccud ¢ 95%-i TOBEPUTEIBHON BEPOSTHOCTHIO JOCTOBEPHO U aJIEK-
BATHO OITMCHIBAOT BIIMSHUC UCCICAYEMBIX NAPAMETPOB CHITBI POKATBIBAHUS KOKYPbI JbIHH.

HocraTouno BeicOkue 3HaucHus kod(pduimenTa MHOxKecTBeHHON Koppemsiimuu (R = 0,998)
CBUICTCIBCTBYIOT 00 OYCHb TCCHOU B3aMMOCBSI3U PE3YIBTHPYIOIUX MOKA3aTeACH Y U BKIO-
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YEHHBIX B UCCIEAOBAHNE PErYIMPYEMBIX ITApaMETPOB CHIIBI ITPOKATBIBAHUA KOXYpPHI AbIHA. Ko-
sbdumment aerepvunanmn (R = 0,996) xapaxrepusyer 99,6% BapHAIIMH COOTBETCTBYIOLIECTO
OTKJIMKA B SKCIICPUMCHTAIBHBIX JaHHBIX. JHaucHUs kpurepusa Pumepa F, pasasie 160,570 co-
OTBCTCTBCHHO M1 Y, W PACCUNUTAHHHIC VPOBHU 3HAUMMOCTH P<0,001 CBHOCTCIBCTBYIOT O JO-
CTaTOYHO BBICOKOH amNpPOKCUMHPYIOMECH CIIOCOOHOCTH MOIYUCHHBIX ypaBHeHHH. Kak cBuae-
TEMBCTBYIOT 3HaucHU kpurepus JdapOuna-Barcona d, MOXKHO CUHMTATH, UTO CEpHATbHAS KOPpE-
JSIIMS OTCYTCTBYET.

Tabnuna 5
Ilposepra adexeamnocmu u 0ocmogepHocmu Mooeneil pecpeccuu 01 000CHOBAHUS
napamempos Cuibl NPOKANBIBAHUS KOHCYPbI ObIHIL

OTrmx
Crarucriieckue MOKa3aTeI! KauecTBA M KPUTCPHH aICKBATHOCTH Y

MHOxKeCTBEHHAS KOppeninust R 0,998
Ko3((HimeHT qeTepMuHAIMT R 0,996
HopmuposaHHbIi R-KBaApaT 0,990
CranpaprHas ommoOka 0,464
Umncno crencHer cBo0oaw! df 1ki; k; 5,3
Kpurepnit ®umepa F 160,570
3HauuMocTh F 0,000769
Kpurepmit laponna-Barcona d 1,48

HpI/IMe‘IaHI/Ie ck 1 1 kz — YKCIIO CTETICHEN CB060Z[I>I JULL YUCIIUTE U 3HAMEHATEIS COOTBETCTBCHHO.

Takum 0Opa3zom, MOTYUCHBI JOCTOBEPHBIC U aACKBATHBIC YPaBHCHHS perpeccuu (2) KOHTPO-
JUPYEMBIX MAPaMETPOB, JOCTATOYHO MOTHO XAPAKTCPH3VIOLIHE HCCICAYEMBIH TEXHOIOTHYC-
CKUI MPOLICCC CHITBI TPOKATBIBAHUS KOXKYPbI AbIHH.

B ¢unaneHON yacTH HaIEro MCCICAOBAHUA Mbl PACCMATPHUBAIH AHATNU3 MOBEPXHOCTEH OT-
KIHKa A7 MoKas3aTeNici mapaMeTpoB CHIIbI NMPOKAIBIBAHHUS KOXKYPH ABIHH B 00nactu ¢akrop-
HOTO MpocTpaHcTBa. DYVHKUMU OTKIMKA JIYUIIC BCEro MpPeaCTaBUTh B rpaduueckoM Buae. Ha
pHC. 2 N300paKCHBI NOBEPXHOCTH OTKIMKOB M JINHHH PABHBIX VPOBHEH (M30IHMHHMH) CHIIBI MPO-
KaJIbIBAaHUS KOJKYPH JBIHH B 3aBUCHMOCTH OT Pas3IHYHBIX COUCTAHUH HCCICAYEMBIX MapaMeT-
POB: (YIia 3aTOYKH IIUNA X U AHAMETPA LINMA Xj).

Y - cuma mpokameiBaH KOxKypel aerad F, xogup. = 10,0733+1,2277- x1+5,1793- x,-0,093-
X x110,732- x1- x,10,418 x5 X»,

[JIE X| - YTOJ 3aTOYKH 1WA, KOTUPOBAH.; X; - TUAMETP IINIA, KOTUPOBAaH.

Y - cuibl mpoKanbIBAHUS KOXKypbl aeiau F = -1,8829+0,0688* x;+2,1604- x, -0,0018- x;-
X]+0,0928‘ X1 X2 -0,2857 Xp * X, (3)

[JIE X|- YTOJI 3aTOUKH LIMMA, IPaL.; X, - THAMETP LIUIA, MM.

TpexmepHas auarpamma (puc. 2, 3) AaeT HarMAAHOE MPEACTABICHHE O TOM, KaK ITOKA3aTelhb
Y — cuiiel mpokasbiBaHus Kokypel aeiau (F, H) cBsizaH ¢ yriaoM 3aToukd UIJbl, rpaj d AHAMET-
POM HIBl, MM NP (PUKCHPOBAHHON CKOpocTH BHeApeHH v=100 Mm/MuH (puc. 3).

LlBeToBEIC METKH HJIM TOHA CEPOro MOKA3BIBAIOT MOCPEICTBOM WHTCHCHBHOCTH BEITUYHHY
cubl ipokasbiBanust Koxkypst aetan (F, H). [To HuM MoxkHO onpeaenuts 00nacTh 3HAUCHUH yT-
Ja 3aTOYKH, TPaj, U JHAMETPa HHACHTOPOB, MM, B KOTOPOH CHIa MPOKATBIBAHUS KOXKYPBI JBIHU
(F, H) mmeer ontumanbroe 3HaUCHUE (puc 3).
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Pucysok 2 - TToBEpXHOCTD OTKIMKA M JTUHHH PABHOTO YPOBHA YITIA 3aTOYKH IIHIA
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Pucysox 3 - TToBEpXHOCTD OTKIMKA H JTUHHH PABHOTO YPOBHA YITIA 3aTOYKH IIHIA
W THAMETP IIHUMNA B HATYPAJIbHBIX 3HAUCHMUIX (B)

Hzonuann wiyM KOHTYPHBIC AUArpaMMbl MPEIACTABISIOT COOOH MPOSKIMKU HA TOPHU30HTA/Ib-
HVIO IUTOCKOCTh TOPHU30HTATBHBEIX CCUCHHUH MOBCPXHOCTH OTKIIMKA, MOMYICHHOH B PE3YJIBTATEC
AIMTPOKCUMAIUH 3KCICPUMCHTAIbHBIX JAHHBIX KBaJparudHou perpeccucii. Crpasa ot rpadu-
KOB HAXO/ITCS LIBETOBBIC METKH, MO KOTOPHIM MOXKHO OHPEACIHTh 001aCTh 3HAUCHHUHA PEryIiH-
PYEMBIX mapaMeTpoB, rae GpyHkuus oTkanka Y = F umeer ontumanpHoe 3HaucHue. [ns ompe-
JICICHUST OMTUMAIBHOIO 3HAYCHUS Y MOJYYCHHBIC YPaBHEHHS perpeccuu (3) ObITH HCIOIB30-
BaHBI B KAYCCTBC LICJACBBIX (DYHKIIMH, & HUKHUN U BEPXHHUH YPOBHHU BapPbUPOBAHUS HC3ABUCH-
MBIX MCPCMCHHBIX TIPHHATH 32 IBYCTOPOHHUC OTPAHMNCHHS HA UCCICAYCMBIC mapaMceTprl. Pe-
LICHBI ONMTUMH3AIMOHHBIC 3391 METOAOM peaakcanuu. B atom ciydae HaMu BRIOHPATUCH 1a-
T'H, UCXOAS U3 3BPUCTUUYCCKUX MPSATIONOKCHHN O BU/AC (PYHKIIMK OTKIUKA.
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B nannOM ciiyuae BCXOAHOU ABIAETCA TOUKA ¢ KoopauHaTamu Vy=(30; 2).

Kpurepuii ontummsanum B ucxoanoi Touke Yont;.= 18,63 H.

B mocneayroumx npeobpazoBaHusx Hoaydmian, 410 X;=39,9. KoopauHaTel HOBOW TOYKH:
Vo=(39,9; 3,78). Beanuuna kpurtcpus ontumusanuu Yonr=16,77 H, Tak kak ganpHCHIICE M3-
MCHCHHE (DAKTOPOB X| U X, HE MPHUBOAMUT K 3HAYUTCIBHOMY H3MCHCHHIO KPHUTCPHUS OMTHMH3A-
uun. Pe3ynbTaThl PEHICHHUS MOCTABICHHBIX BHIMIC 331a4 (KOOPAMHATHI OCOOBIX TOUYCK M COOT-
BETCTBYIOILIHE 3HAYCHUS UCCIACTYCMbIX (PYHKIINH OTKIUKOB Y) MPUBEACHBI B TAa0I. 6.

Tabnuna 6
Koopounamvi 0cobvix mouex u 3Ha4eHus CUIbI NPOKANBLIBAHUS KOHCYPBL OblHlL Y
KoopauHaTel CTAOHAPHBIX TOYCK 3HavcHNe
OTrIHK X| — yIOJ 3aTOYKH X, — AUAMETP OTKJIMKA
IIUIA, TPaj AT, MM
Y, (F, H) (Y — opt) 39,9 3,78 16,77

ITpm Takux pekOMEHIOBAaHHBIX 3HAUCHHX TIAPAMETPOB!

X1= 0L — YrOJ 3aTOYKH IIUMA, TPpaj.; X;= d — JHaMETp LIHIIA, MM.

Kpurepun ontumansHOCTH HPUMYT CIEAYIOUINE 3HAUCHHUA:

Y =F — cuna npokanssanus koxypsl aerau, H; Y = 16,77H.

Ha ocHOBaHMM BBHIIIEU3I0KEHHOI'O MOXKHO CAENATh cleAyromue BiBoabl. [lomyuensr nocro-
BEPHBIC W aJCKBATHBIC VPAaBHEHHS PETPECCHM TEXHOJIOTHYECKUX IMApaMETPOB, XapaKTEPHU3YIO-
mMHX HAUOOIEE MOTHO UCCICAYEMBIH TEXHOMOTHUCCKHH MPOLIECC MPOKATIBIBAHUS KOXKYPHI AbIHH.
Paspabortana maremartHueckas MOAEIb, KOTOPAs MO3BOIUT ONTHMH3HPOBATH MAPAMETPHI MPO-
necca MpoKambIBaHUA KOXKYpEL AbiHE. OrpeaeneHo ontuManbHoe 3HaucHUE (Y) CHITBI IPOKAITBI-
BaHWA KOXKYPBI JBIHH U IIAPaMETPHI IINTIA.
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NHPOPMAIINOHHAA BE3OITACHOCTDb CUTYANIMOHHOI'O IEHTPA

PaccmompeHbl HasHadeHUe U xapakmepucmuka cumyalyuoHHbix yeHmpoe (CL|) kak uHgopmatjioHHO-
mexHonoau4eckux obbekmos, obecredugalouux peanusalyuro cumyaytoHHo:0 yrpasneHus. B kavecmee
gakmopa npobnembl uHgopmayuoHHol bezonacHocmu (MB) CL npuHumaemcs pasnuyHbil yposeHb
KoHpuderyuanbHocmu obpabambieaemoll uHbopmayuu. VHbopmayuoHHas besonacHocmb npedcmas-
naemcs Kak 3awjuma uHgpopmayuul.
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Maxanada aknapammbl-mexHonoausansl o6bekm pemiHOe xardali opmarnbiKmapblHbiH MaKcambl MeH
cunammamanapb! KapacmbipbinObl. XKardal opmanbifbiHbIH aKfnapammblk Kayincizdik coakmopb! pemiHde
eHOenin amkaH aKknapammbiy epmypni OeHeelini Kynuanbinbifbl Kapacmbipbinadbl. AKnapammbik
Kayinciadik aknapammel KopFay pemiHde YCbiHbIFaH.

This article considers the purpose and characteristics of situational centers as information technology
facilities that ensure the implementation of situational management. The variety of levels of confidentiality
related to the processed information is a factor of situational centers information security. Information secu-
rity is performed as information protection.

Knroyesnie croea: cumyayuoHHbIl UEHMP; cumyauyuoHHoe yrpasneHue; KoHhUuOeHLuUanbHOCMb;
uHehopmauyuoHHas besonacHocmb, cucmema 3alumsi UHGhopMayuu.

Curyamonsnsiii nentp (CL]) mpeactaBisercs Kak KOMILIEKC, KOTOPBIH KOHLICHTPHPYET HH-
(dhopManrIo 0 NOAKOHTPOIBHOM MPOCTPAHCTBE OT PA3TUYHBIX UCTOUHHKOB U 0OCCIICUNUBACT CH-
TYalIMOHHOE VIIPABICHHE, NMPUHATHE YIPABICHUYCCKUX PECLICHUH C IMHPOKUM HCHONb30BaAHUEM
nH(POPMATHOHHO-KOMMYHHKaHOHHBIX TexHomorui (MKT), Moaenelt 1 MeTO0B CHTYAIIMOHHO-
ro aHamiza. CUTYallMOHHOE VIPABJICHUE KaK CUCTEMa CTAHOBHUTCS S (EKTHBHBIM, KOTAa HEOO-
XOAMMO, ITOOBI «YIPABISIIOIICE BO3ACHCTBHE CYOBCKTA YIIPABJICHHUS OCHOBBIBAIUCH HA AaHATTH3E
BapPHAHTOB MPHHATHS PEIICHHS C VICTOM TEKYIIErO COCTOSHUS 00BEKTa YIIPABICHHS, Pacioa-
racMBIX BapUAHTOB ACHCTBUH W MPOTHO3a MOCICACTBHN MPUHUMACMBIX VIPABICHUYCCKUX BO3-
pericteuin [1].

Takas HEOOXOAUMOCTh MPAKTHYCCKH MOCTOSHHO HPUCYTCTBYET, KOrJa OOBEKTAMH YIIPaB-
JICHUS SIBISIOTCS OONBIINC M CIIOXKHBIC OOBEKTHI, [0 CBOCH MPHPOIC SABIAIOIIUCC COLIMOTCXHH-
yeckuMHu cucteMamu. MMy MOTyT OBITH YIIPaBICHYCCKHE, TPEANPHHUMATEIBCKUC, TPOU3BOA-
CTBCHHEBIC, (PMHAHCOBO-ONICPALIMOHHEIC M MpoYHe 00pa3oBaHus (OpPraHH3alMU, HPSIIPUATHS,
¢dupMel, GHUHAHCOBO-KPECOUTHBIC VUPEKIACHHS U T.4.). Ecnu ucxoaute u3 atoro odiiero mpen-
craicans, CLI momkeH nMeTh KOMIUIEKCHYIO (YHKIHOHAIBHYIO HAlPaBICHHOCTh OOecreyde-
HUS IPOLIECCOB YIPABICHUS U MOAACPKKH MPHHATHS PCIICHUN U BKIIOYATh B €e0s1 CICAVIOIINE
KOMITOHCHTBI HH(OPMALMOHHO-TEIICKOMMYHUKAUOHHOH CHCTEMBI:

- KOMIUICKC amnmapaTHO-POrpaMMHBIX CPEACTB (cpeacTBa OTOOpaskeHHS HH(OpPMALIWH,
CpeAcTBa XpaHECHUS MHGOPMALHUH, CPECACTBA TCICKOMMYHHUKALIMOHHBIE, CPCACTBA 3AIMUTHI UH-
dopmanun);

- KOMILIEKC crnienuansHoro nporpammuoro obecneuenus (I10), peanusyromuii BEIMOTHEHNE
(YHKIMOHANBHEIX 33124 1o HasHaueHuio CLI;

- 0OCTYKUBAIOIIUI NEPCOHAN, CICHUANBHO MOATOTOBICHHBIN 11 3 (HEKTUBHOTO MpUMCEHE-
HUA U noagepxkanus ¢yHkunonuposanns CLL B 3amaHHBIX pexuMax ¢ COOMIOACHHEM MEp IO
nHpopmamonHoH 6ezonacuocty (UB).

Opraunuzauonno CL[ cocrout u3 ueThipex cerMeHToB [2, 3]:

1) pyKOBOACTBO OpraHa yInpaBJiIcHHUS;

2) MOHHTOPHUHT COCTOSIHHS KOHTPOIHUPYEMOro HHGOPMALMOHHOTO MPOCTPAHCTBA;

3) CUTYalMOHHBIH aHATH3 W MOAACPIKKA MPOLECca MPUHATHSI YIPABICHYCCKUX PELICHUH,
BKITIOYAsI CHTYALIMOHHBIN 32T,

4) aAMUHHCTPHPOBaHHE HH(POPMALMOHHOTO OOCCICUCHUS, AalNapaTHO-POrPAMMHBIX
CPEACTB U CPEACTB 3aIHUTH HHPOPMALHH.

Takxum obpazom, CLI — 310 Oazupyromuiics Ha OPraHU3aLUOHHO-TEXHHYCCKOM KOMILICKCE
UH(POPMATHOHHO-TCXHUICCKUH 0OBEKT B CUCTEME YIIPABICHUS, 0OCCIICUMBAIOIIUI peann3anio
Heobxoaumeix KT, moaroroBky u mpeanoxkeHne WH(PpOPMALHOHHO-aHATUTHYCCKUX PELICHUH
U TIOAJCPKKY MPOLIECCOB MPHUHATHS PELICHUH HA KOMIICTCHTHOM YPOBHE (JIMLA MPHHATHS pe-
menuii — JIIIP) B pexxumax cutyarmmoHHoro yropasicHus. Ha ero ocHoe JomkHBI OBITE 0Occ-
MEYCHBI MOHUTOPUHT ()aKTOPOB BIMSHHUS HA Pa3BUTHE MPOUCXOAAINMX MPOLIECCOB, HH(pOpMa-
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LUOHHO-AHATMTHYCCKAS MOAACPKKA MPOLEAYP M MPOLIECCOB, MO3BOIOINX ONCPATUBHO aHA-
JU3UPOBATE, MOACIUPOBATD, IPOTHO3ZHUPOBATH CLICHAPUH PA3BUTHS CHTYALMH U JUHAMHYHO BbI-
pabatrBaTh 3GPEKTHBHEIC PEIICHHUS.

OauuM u3 onpenensrommx (PAKTOPOB BHIOOPA PErIAMEHTOB U OOCCIICUCHUS YIPABICHHUS
¢yukunonuposannem CLI, opranuzammn paboTel KaKIOTO W3 MEPCUHUCICHHBIX KOMIIOHCHTOB,
0cOOCHHOCTEH BBIOOpA TEXHHUCCKUX M HHKCHCPHBIX PCLICHUH NMPH CO3AaHUHU U IKCITYATALHN
CL sBmseTcs XapaKTEpPUCTHKA KOH(QUACHIHMATIBHOCTH HCIOIb3YEMBIX HH()OPMAILTHOHHBIX pe-
cypcos. Kak npaBuno, cobcTBeHHbIC HakaruBaeMble HHpopmaumonnsie pecypest CL u mpu-
BIICKACMBIC BHCIIHNE HH(OPMAIIMOHHBIC PECYPCH ATl OOCCIICUCHUS CUTYALHOHHOTO VIIPAaBIIC-
HUS W NPUHATHA PELICHUH HE3aBHCHMO OT BHAA OOBEKTA YIPABJICHHUS COACPIKAT B TOH WIH
WHOU CTEeHU HHpopMalmio, TPeOYIOMYIO KOHTPOIHPYEMOTro JOCTYIIA.

Hcxons u3 310ro, B COBPEMEHHBIX YCIOBHX MPH HCIONB30BAHUM IS MPUHATHS PELICHUN
Gompmnx 00bEMOB MH(OPMALIUH, PA3THYHON MO0 YPOBHIO KOH(GHACHUHAIBHOCTH U MPH3HAKY
BraacHuA U pacnopsokenns, K CL npexbsaBistorcs moBEIMICHHEIEC TPEOOBAHUS MO 00SCIICUCHUIO
UBb. Ilpu stom mog obecnieucHuem Wb B aanHON pabote MOHMMAETCs PEIICHUE CUCTEMHOMN 3a-
Jaud 3amuTel MHQOPMALUU OT HECCAHKLIMOHUPOBAHHOW YTCUKH HH(POPMAIMH HIH H3MCHEHUS
(HapylIeHHs LIETOCTHOCTH) MpPH OOpaboTKe M XPAHCHUH B WHQOPMAITMOHHO-aHATHTHUCCKON
cucreme (MAC) CL, nepenave B Tenckommynukanmonssie cuctemsl (TKC), npu peanuzarnyun
TEXHOJOTHU CUTYALIMOHHOTO YIIPABJICHUS U MPHHATHS PEICHUH. X 0T 3TO TONBKO YaCTh CIOXK-
HOU M MHOroacnekTHOH mpobaemel obecneucnns Mb aBTomaTtnsnpoBaHHbIX HHPOPMALIMOHHBIX
CUCTEM Ha 00beKTax HH(pOpMaTu3aumu [4].

[MTockonpky npeameroM 3amuThl aeisercs nHpopmanus, a CL BricTynaeT 0ObEKTOM peannusa-
uun onpeaencHuerx UT, To crcteMHad 3ama4da 3ammThl HHQOPMALUK PEIIACTCS HA BCEM TEXHO-
noruueckoM npoctpadcTse CLL B ero KOMHOHEHTaX, PU peanu3alii CaMHUX MPOLICCCOB YIIpaB-
acuws, B KoTopeix yuacteyer CLI. C yaerom manubix npeanocsiiok CLL hopmupyeTcs kak 00beKT
3aIINATHI, X OJHUM M3 €r0 CUCTEMHBIX KOMIIOHCHTOB JOTKEH OBITh KOMIIOHCHT OOCCIICUCHHMS 3a-
muThH vHbopMamH. Peamuzanug Mep OpraHH3allHOHHOTO, TEXHUYECKOTO XapaKTepa MO 3alluTe
ungopmanuu B CLl Bosnaraercs Ha cucremy 3amuTsl uHapopmanmu (C3M1), koropas mpu mpock-
tupoBanun CLI Kak CHCTEMBI SBISCTCS ¢ 00CCICUUBAOIICH MOACHCTEMOM [3].

B pamkax apxurekrypHoro nmogxona k cozganuto CLL 6a30BbIM NOT0KEHHEM MPOCKTHPOBAHHS
C3U BricTymaer crenyromee TpeOOBaHUE: CTPYKTYPHBIC, TCXHHUECKHE, TEXHOIOIHYCCKUE H Op-
TaHU3ALUOHHBIC PEIICHHS 10 3auTe HHQOPMALIH JOKHBI OBITE HEPA3PEIBHO CBS3aHBI C MPO-
extHbiMU petncHusivi o CLL 1 obecnieunBaroineii ero QyHKIIMOHUPOBAHUE HHPPACTPYKTYPE.

ITo cucremuomy mpeacrasneauro C3M CLI siBisieTcs: aBTOMATH3UPOBAHHOW OPraHU3ALMOH-
HO-TEXHHYECKOH crcteMoi yrpasieHus Wb u Bkmouaer B ceOs QYHKUNOHATIBHYIO B o0ecrie-
YHBAIOIIYIO YACTH.

Oyuknmonansras 4acte C3U CL — 310 COBOKYIHOCTh (hDYHKIIHOHATBHBIX 33,34 110 HEHTpa-
AU3aUKd YIpo3 HHPOPMALTUH, KOTOPEIE MOTYT UMETh PA3JIMYHBIC HCTOYHHKH U OBITh PA3IHIHON
npupoabl. DYHKIHMOHATBHEIC 338a49H CTABATCS U PELIAIOTCS B OTHOLICHHUH akTyanbHbIX 111 CLI
yrpoa. [Ipu aTom obecnieunBaercs:

- PacCMOTPEHHE BCEX yrpo3 MHGOPMALIUH, BIUSIONIMX HA COCTOSHHE 3alUHTH HH(popMannn
B CLL;

- PAHXKHPOBAHHUE AKTYANBHBIX YTPO3;

- BBCACHHE B KJIACCH(PUKALMOHHYIO CXEMY yrpo3 HH(GOPMAIIUH BCEX BBLACICHHBIX aKTValb-
HBIX YTpo3, yanTeiBaeMbiX nipu coznanuu C3U CLI,

Cxema ¢opmuposanus (yHKIHOHATBHEIX KOMIIIEKCOB MOKa3aHa Ha puc. 1.
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X — KomnoHeHTsl/npoueccsl CL,
Y — QYHKLMM 3aLLMTEI
Az Z — nogcucrembr C3M CL,
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Toukn popMmUpoBaHUA
$YHKUMOHANBHBIX 33434

PucyHoxk 1 - Cxema opmupoBaHust PYHKIHOHAIBHBIX KOMIUICKCOB

O6ecneunBaromas yactb C3U CLL — COBOKYIMHOCTh MEP U CPEACTB, TEXHUUCCKUX, OPraHu3a-
LMOHHBIX M MPABOBBIX PCUICHHUH, 00CCIICUMBAIOIINX PeaIu3alun QyHKImoHaIpHBIX 3a0a4. K
00CCIeUNBAOIICH YaCTH MPEIBIBIISIOTCS OOIIECUCTEMHBIC TPpeOOBaHuUs [5]:

- TOJKHBI OBITH pa3pa0oTaHbl U AOBCIACHBI 10 YPOBHS PETYJISPHOrO UCIOIB30BAHUS BCC HE-
00XOIUMBIC MEXAaHU3MBl TapaHTHPOBAHHOTO oOccreueHus TPeOyeMOro VpPOBHS 3alOUTHl HH-
dopmanmy;

- MEXaHHU3MBI TPEOYEMOT0 YPOBHS 3aIIUTH HHGYOPMALIUU JOKHBI CYIIECTBOBATEH B MPAKTH-
YECKOH peann3aiyy B BUAEC CPEACTB U TEXHOIOTHH.

[Ipoextuposanue u mocaeayromas sxcryatamus C3M CL nomkna 6azuposaTbes HA KOH-
LENTYaTbHBIX HOPMATHBHBIX JOKYMCHTAX: MOJCITH YIPo3 HHPOPMALMOHHOU OE30MacHOCTH,
MOJICTIH BEPOSATHOIO HAPYIINTEN M MOTUTHKH WHpopMarpionHoit 6ezonacHoct CL[. Mogenun
VIPO3 M BEPOSTHOTO HAPVIIUTENS SBILIIOTCS HCXONHBIMH KOHLENTYATbHBIMH JOKYMCHTAMH,
MOATOTABIMBACMBIMI B OCHOBHOM IO PE3YJbTATaM HPEeANPOCKTHOro obcaenopanus. OHU mo3-
BOJLIIOT ONPEACTIUTE aKTYAIbHEIC YIPO3bI, VA3BHMOCTH, KOHKPETH3HPOBATh MOCTAHOBKY 33434
mo samuTe uHGOPMAILMK U TEM CaMbiM odecneunTh MHUHHMu3anuipo 3arpar Ha Wb, Cxema
CTPYKTYpHBIX oTHOmEeHNH Mexay komnoneHtamu C3U CLI npeacrasnicna Ha puc. 2.

CUTyalMOHHBIC LEHTPH! ABIAIOTCS 00BEKTAMH HH()OPMALMOHHON ACATEIBHOCTH C OTYCTIIH-
BO BhIpakeHHOM crnenupukoi. OHU AOIKHBI 00CCICUNTh OC30MACHOE ArPEerUPOBAHKE MOy~
EMBIX U3 PA3IUYHBIX UCTOYHUKOB OONBIINX 00BEMOB pa3TuyHOM HHPOPMALMH U ¢¢ HHpOpMa-
LUOHHO-aHATUTHYCCKYIO 00paboOTKY CpeacTBaMH COOCTBCHHOU HHPPACTPYKTYPHI.

B cBasu co cneungukoit CLI, ux ycnoxxaeHHeM U OYPHBIM Pa3BUTHEM B HACTOSLIECE BPEMs
MOSIBJISFOTCSL HOBBIC akTyanbHbie 3aaun 1o odecneueHuro b CLI [6-8]. [IpakTuueckoe perie-
HUC 3TUX 33434 BCE O0Nee MoATBEPKAACT TOT (akT, uTo (PYHKIUH 3aIMUThl HHPOPMALIUH CTa-
HOBATCSl HEOThEMIICMOH 4acThi0 (PYHKLUOHATBHBIX CEPBUCOB 00PabOTKH HHpOpMALMK 1 apXu-
TEKTYPHBIX PEHICHUH NPU MOCTPOCHWUH CHCTEMHBIX WHQPACTPYKTYPHBIX KOMIIOHCHTOB. JTO,
Oe3yciaoBHO, BiuseT Ha npoekTHbie pemenns C3U CLI,
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PucyHOK 2 - CxeMa CTPYKTYPHOTO OTHOIICHHS KOMIIOHCHTOB

K taxum akTyanbHBIM 331a9aM MOYKHO OTHECTH:

- CO3JaHME 3ALUINCHHON MIMHBI HHPOPMAIMOHHOTO B3aUMOACHCTBUS, CIIOCOOHOH 00bean-
HUTb PA3HOPOAHBIC MCPBUYHBIC PECYPCHl B CIYYAC WX BBIPLKCHHOH TEPPUTOPHANTBHOU pacmpe-
JECTCHHOCTH;

- mocrpoenue CLI kak gactHOro o0jaka, KOrja BO3HHKACT MPOOJeMa BUPTYAIbHOTO IMPO-
CTPaHCTBA B3aUMOACHCTBHSL, 3T0 MpUBOIUT K yenoxkHeHuo C3U CL ¢ yuetoM crieruguucckux
VIpo3, IPUCYIIUX BUPTYATbHOU CPEIC UCIIOTHCHUS;

- peanM3aLHMIo PEKUMA YPE3BbIUAHHON cuTyanuy, koraa Bce BHuManne CLI Hanpasngercs Ha
(hopMHPOBAaHHE HOBOCTHOTO WH(POPMALMOHHOIO MOTOKA HUCKIIOYHTEIBEHO BOKPYT HHTCPECYIO-
miero coObitust. B 3rom cnyuae yposens konpuaeHmansaoctu CL MokeT OBITH TOBBIIICH 10
MaKCHMAITBHOTO YPOBH:. BO3MOMKEH paspbiB CTHIKOB ¢ OTKPHITBIMU KoHTYpamu CLI.

[lepeuncnennsie U psa Apyrux akryansHbix 3aaau obecneuenus Ub CLI, ocobenno crsazan-
HBIX ¢ TUIAHUPYEMBIM co3AaHueM B cerel pacnpenencHHeX CLI, TpeOyroT cBoEro moctatouHo
OBICTPOrO M KAYSCTBCHHOrO PCIICHHS, YTOOBI MOJASpkarh Oombinyio BocTpeOoBanHOCTh CLI
JUTS PELICHHS 3224 YIIPABICHUS B COBPEMEHHOM OBICTPO MEHAIOIEMCS OOIIECTBE.

Crucok nutepaTtyphbl

1. CnoBapb TepmuHoB MUC. — M.: defepanbHoe rocyjapCTBEHHOE YHUTApHOE aBWaLUOHHOe
npeanpusatue MYC Poceun. - EQWART, 2010.

2. 3auapuHHblin A.A. CUCTeMbl CUTYALUOHHLIX LEHTPOB cneuuansHoro HasHadeHus. OCHOBHbIe
onpeaeneHns, NOHATMA U noaxoAbl K co3gaHuo / A A. SauapuHHbiiA, All. Cy4dkoB // MexoTpac-
nesas MHdopMaLmoHHas cnyxba. - 2015. - Ne 4. - C. 31-41.

3. 3auapuHHblii A A. OpraHu3aunoHHbIe U CUCTEMOTEXHUYECKUE MOAXOALI K MOCTPOEHUIO COBpe-
MEHHbIX CUTYaLUOHHBIX LeHTpoB // MeTofbl NOCTPOEHUS U TEXHONOTUM (PYHKLMOHUPOBaAHUA CU-
TyauMoHHbIX LieHTpoB: CB. Hay4.-TexHuu. cTaTeit / Mog peg. A A. 3auapurHoro. — M.: UM PAH,
2011. - C. 10-25.



MATEMATUHKA, ®U3UKA 186
XUMUYS, THOOPMATHUKA ISSN 1561-4212. «BECTHW/K BKITY» Ne 3, 2017.

4. Koponés B.N. MeTogonorua nocTpoeHUsA KOMMIEKCHOW 3aluTel UHGOPMaLUM Ha obbekTax UH-
dopmaTusauum // Cuctemsl BeICOko gocTynHocTH, 2009. - T. 5. - Ne 4. - C. 4-24.

5. Koponés B.N. MHTerpupoBaHHble cucTeMbl 6€30MacHOCTH U BNUsiHUe MHPOPMaLMOHHBIX PUCKOB
Ha AesTensHocTb opraHusaumn / B.1. Koponés, U.H. CyxoTuH, A.B. Koponés // TexHonoruu 6es-
onacHocTh: OduuynancHelid otyeT X MexgyHap. dopyma: C6. maTepuanos / Nog. peg. U.K. du-
noHeHko, H.B. Anekcangposoit. — M.: NTIPOBKCTIO, 2005. - C. 284-291.

6. AHApees B. 3awmTa WHdopmaLum B CUTYALMOHHOM LIEHTpEe — KNIoYeBblE acnekTsl: TUNoBLIE U
cneunansHele 3agadm // Connect, 2012. - Ne 5. — Pexum pgoctyna: http://www.connect-
wit.ru/category/, agazine/connect-wit-2015-7-8.

7. Hukudopos . O6 nHpopmMaLmoHHol 6eszonacHocTn ByayLueid CUCTEMBI CUTYaLMOHHLIX LIEHTPOB
B Poccun /I Connect WIT, 2015. - Ne 7-8. — Pexum pgoctyna: http://www.connect-
wit.ru/category/magazine/connect-wit-2015-7-8.

8. LlUapai B.A. Jlornko-BeposaTHOCTHbIE MOAENMW Yrpo3 MH(OPMaLMOHHOW Be30MacHOCTU CUTyauu-
OHHbIX LeHTpoB / B.A. Wapai, A K. ManawuxvH // Hay4yHble Tpygabl Kyl TY, 2014. - Ne 6. - Pe-
Xum goctyna: http://ntk.kubstu.ru/file/306.

Mony4veHo 16.08.2017

YK 538.911

F.M. Noskov, L.I. Kveglis

Siberian Federal University, g. Krasnoyarsk, Russian Federation

M.A. Sadenova

D. Serikbayev East Kazakhstan State Technical University, g. Ust-Kamenogorsk, Kazakhstan

DESCRIPTION OF POLYMORPHOUS TRANSFORMATIONS IN METALS ON THE BASIS OF THE CLUSTER
MODEL OF STRUCTURAL FORMATION

B pabome paccmampusaromcs rpoyecchl cmpykmypoobpasogarus, npoucxodauwjue npu noaumMopag-
HbIX nNpespauleHusx 8 Memannax. C noauyul knacmepHo20 nodxoda Kk cmpykmypoobpaszogaHuto ebi08u-
Hyma modlenb nonumopghHbix nepexodos & memannax ¢ 'UK-, I'TIY- u OL{K-pewiemkamu. B ocHoge mo-
Oesnu aexum rnpedcmaseHue o coxpaHeHuu obbema oKmMasdpUYecKUX KnacmepHbiX 31eMeHoe coom-
gemcmeayiowjux pewiemok. COenaHHbie pacdems! MoKasbigaiom xopowiee coenadeHue pacyemHbix OaH-
HbIX € MOBesbHbIMU npedcmasneHusmMuU, npednoxeHHbIMU & pabome.

Kymbicma memandapda ememiH nonumopghmalK aybicyOarbi KypblibiMmysiny npouyeci Kapanadsl.
Knacmepnik o0ic myprbicbiHaH Kypbinbimmysinyze [LK-, [TIY- xene OLIK-mopnbi memandapdarbi
nonumopebmsi aybicynaplObiH yneici ycbiHbinfaH. YneiHiH HeaisiHe muicmi mopnapObiH okmasdpuxanbiK
Knacmepiik aneMeHmmep KeneMiHiH cakmanybi xamaodbl. JKacanraH ecenmeynep XyMbiCma YCbiHblFaH
yneinik natisiméaynap meH ecenmik 0epexkmepliH calikec KelyiH kepcemedi.

The work deals with the processes of structure formation that take place during polymorphic transfor-
mations in metals. From the positions of the cluster approach to structure formation, a model of polymorphic
transitions in metals with FCC, HCP, and BCC lattices is proposed. The model is based on the idea of pre-
serving the volume of the octahedral cluster elements of the corresponding lattices. The calculations made
show a good coincidence of the calculated data with the model representations proposed in the paper.

Keywords: polymorphic transition; crystalline clusters; FCC, HCP, BCC lattice.

Research of features of polymorphic transitions in metals attract the attention of scientists for
centuries. The understanding and prediction of the characteristics of polymorphic transitions is
of great practical importance, because of the polymorphic transitions in equilibrium there are
more than a dozen metals [1-3]. In nonequilibrium conditions, the list of metals capable of expe-
riencing polymorphic transformation is expanding [4]. Of particular importance in the study of
polymorphic transitions is the so-called martensitic transformation, which plays a decisive role
in the phenomenon of hardening [5, 6].
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At present, the most common method for describing the change in the type of crystal lattices
in polymorphic transitions is the model of relative displacements of planar grids [7-9]. We, as
well as the authors of numerous other works on the peculiarities of structural transformations,
encountered the difficulty of describing the evolution of the structure, which is associated with
various designations of atomic planes and vectors of direct and inverse lattices for structures
with different symmetries.

In parallel with the model of plane meshes, was an approach of the geometrical volume [10].
Known method of modeling a cooperative movement of atoms in symmetric systems, while pre-
serving their connectivity based on the representation of each structural state in the form of
combinations of elementary crystalline clusters [11-21]. Consider the description of the most
common types of crystal lattices in metals within the framework of the cluster model.

Pearson [11] describes the structure of the BCC lattice as a system consisting of 6 abnormal
octahedra (Fig. 1, a). Such an octahedron has a height equal to the edge of the cube of the BCC

lattice a, and the other two heights are equal ax \/5 . Six irregular octahedra constitute a do-
decahedron with twelve faces, shaped like rhombuses (thombododecahedron). One rhombus
height is equal to the edge of the cube of the BCC lattice a, and the other height is equal to

ax~2 . Thus, the described abnormal octahedron can be represented as an elementary cluster of
a BCC lattice.

According to [13] FCC-lattice can be represented as a combination of one correct octahe-
drons surrounded by the right tetrahedra associated common triangular faces (Fig. 1, b). Hexag-
onal close-packed (HCP) lattice can be represented as a combination of linked pairs correct oc-
tahedra, alternating with pairs of correct tetrahedra (Fig. 1). Thus, the elementary clusters FCC
and HCP lattices are the correct octahedron (all of height equal to the edge of the cube a, and

edges are equal %) and a regular tetrahedron (all heights are equal —_ and whose edges are
2 3

respectively equal to i) [13].
V2

The difference between FCC and HCP lattices is in the order of the arrangement of tetrahe-
dra and octahedra. Thus, the interplanar distance dhgo of the HCP lattice is equal to the dj;; FCC
lattice, i.e. one lattice can easily transfer to another as a result of minor displacements of indi-

a
J6

We emphasize that the edges of the octahedral and tetrahedral clusters of the constituent
FCC or HCP lattice are equal within the crystal lattice of the same type, as is clearly seen from
Figure 1,b,c.

In the literature, many examples of transitions from HCP to FCC are known with increasing
temperature, this can be easily explained [13]. It is known that the density of space filling by at-
oms in FCC and HCP lattices is the same and is 0.74. The grid model of crystal structures as-
sumes the arrangement of triangular grids in the FCC lattice in the ABCABC system, and in the
HCP lattice by the ABABAB system. Thus, in order to move from the FCC lattice to the HCP
lattice, it is sufficient to move one flat triangular grid C from the row of ABC by an amount

vidual atoms. The maximum value of such displacements is , as shown, for example in [22].

T . However, in reality, such an operation is impossible, while the displacement of individual

atoms is quite possible.
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a b c
Figure 1 - The clustered representation of the crystal structures: a — abnormal octahedral clusters the BCC
lattice [11]; b — rhombohedral cluster unit FCC-lattice [13], consisting of tetrahedral and octahedral clus-
ter; ¢ — cluster assembly of HCP-grid consisting of tetrahedral and octahedral clusters [11, 13]

The transition from BCC to HCP explain to ambiguous [11]. In our opinion [22], during
phase transformation can occur by the displacement of atoms in BCC lattice at a distance equal
to 0.15xa FCC lattice (the distance shown by arrows up and down in Figure 2).

An analogous transition can be proposed for the transition of the BCC lattice to FCC. To do
this, it is also necessary to translate the abnormal BCC octahedron into the correct FCC lattice
octahedron.

At high voltages, the lengths of all interatomic bonds tend to "equalize", which is easily re-

lated to repulsive energy, usually described by potentials — , where 7 is the interatomic dis-
er

tance, » is the natural number of numbers, and B is a constant [23]. The author [23] showed that
repulsion in symmetric structures, such as clusters of the FCC lattice, plays a much smaller role.
At high pressures, when the energy of the system is determined mainly by repulsive forces,
those structures in which all bonds have approximately the same length are the most stable [23].

Figure 2 - Formation of a FCC lattice from an octahedral cluster BCC lattice
(arrows indicate displacement of BCC atoms to the position of FCC atoms) [22]

In the Figure 2 shows that the green octahedral cluster, the BCC is significantly inferior to
that of red octahedral FCC cluster. However, in accordance with our hypothesis, the amount of
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these two cluster elements must be equivalent to one another. This can be achieved by small
displacements of the atoms of the clusters from their idealized positions shown in Figure 2.

To analyze the possibility of the transition shown in Figure 2, the geometric parameters for
the correct octahedron of a FCC or HCP lattice are calculated, as well as for an abnormal BCC
octahedron (Figure 3). In Figure 3 shows the dependence of the volume of a correct octahedron
and an abnormal octahedron of the bcc lattice on the length of the rib, as well as the lattice pa-
rameter of the FCC lattice composed of correct octahedra and tetrahedra with a given length of
the edge.

The lattice parameter of the FCC, A
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Figure 3 - Nomogram for the determination of lattice parameters in polymorphic transitions in metals

Consider the example of using nomograms. Cobalt It has f-Co—0-Co a transition at 450 °C
(table. 1). B-Co a FCC crystal lattice with parameter a=3,554 A, a-Co — lattice HCP with pa-
rameter a=2,514 A. Assuming the cluster model of structure formation, the transition of B-
Co—a-Co is a small displacement of atoms in an elementary crystal clusters is less so intera-
tomic distance (see Figure 1,b,c¢) that changes the order of octahedra and tetrahedra in the origi-
nal HCC and the final HCP lattices. It is important that the elementary octahedral and tetrahe-
dral clusters must be preserve volume in accordance with our hypothesis.

To analyze this transition, we use the nomogram in Figure 3. We find the crystal lattice pa-
rameter of the FCC corresponding to B-Co and draw arrow / on the line describing the volume
of the initial FCC phase octahedron. Knowing that the volumes of the octahedra of the initial
and final phases must coincide, and therefore the edges of these correct octahedra must coin-
cide, we draw arrow 2 on the axis describing the length of the edge of the octahedron of the
HCP phase. Since the parameter a of the HCP phase is equal to the length of the edge of the cor-
rect octahedron (and tetrahedron) of the HCP lattice (see Figure 1,¢), then arrow 2 will indicate
it. Indeed, this characteristic is 2.514 A (as in Figure 3 and the data in Table).
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Consider another example of working with the nomogram. It is known that strontium equi-
librium undergoes two phase transformations upon cooling: y-Sr—[-Sr at 605 °C and B-Sr—a-
Sr at 215 °C. The characteristics of the various phases are given in tab. 1. Examine the lattice
parameters of strontium in phase transitions. The transition y-Sr (BCC)—f3-Sr (HCP) can be
traced back, taking as a basis the hypothesis about the equality of the volumes of the initial ab-
normal octahedron of BCC and the finite, the correct octahedron HCP. For this purpose, find the
parameter corresponding to the edge length of the abnormal octahedron of the BCC lattice (it
coincides with the parameter a of the crystal lattice of the BCC, see Figure 1,a). Determine the
volume of irregular octahedron of BCC lattice in the direction of arrow 3 in Figure 3. The arrow
4 determine the correct volume of the octahedron HCP grid and the corresponding size of the
source abnormal octahedron of the BCC, and according to the arrow 5 the edge length of the oc-
tahedron proper HCP grid (matching the parameter a). Again, as in the case of cobalt there is a
good coincidence of the parameters of a real phase transition and descriptions made on the basis
of the cluster model. The transition of B-Sr (HCP)—a-Sr (FCC) is traced in direction of the ar-
row 6 and shows good agreement with experiment (see Figure 3 and table).

On the basis of the proposed model, calculations were made of the parameters of the crystal
lattices of the elements, which undergo phase transitions in the equilibrium state, and the results
are summarized in Table. Experimental data on the types and parameters of crystal lattices in
the first five columns of Table 1 are given by [24].

From Table follows that the proposed method makes it possible, with an error not exceeding
1%, for the majority of pure metals to model the parameters of the crystal lattices of phases
formed during polymorphous transformations.

Experimental and calculated parameters of crystal lattices of phases experiencing
polymorphic transformations

Type | Type | The crystal The param- |- The calculated The difference
y . eter of the | parameter of the
. ofini- | of fi- | lattice pa- ) between the real
Transformation . . crystal lat- | crystal lattice of
tial nite | rameter of . and calculated
. . - tice of the the final phase,

lattice | lattice | the initial parameters of the
final phase A :

phase a, A < a A crystal lattice, %

is a,

B-Co—0-Co FCC | HCP 3,554 2,514 2,513 0,04
5-Fe—y-Fe BCC | FCC 2,93 3,671 3,692 -0,56
v-Fe—a-Fe FCC | BCC 3,65 2,89 2,897 -0,24
3-Mn—vy-Mn BCC | FCC 3,08 3,862 3,881 -0,48
B-Ca—a-Ca HCP | FCC 3,94 5,56 5,572 -0,22
B-Li—o-Li BCC | HCP 3,5093 3,086 3,126 -1,31
B-Th—a-Th BCC | FCC 4,12 5,0843 5,191 -2,10
v-Sr—f-Sr BCC | HCP 4,85 4,32 4,321 -0,02
B-Sr—o-Sr HCP | FCC 4,32 6,085 6,109 -0,40
v-La—p-La BCC | FCC 4,26 5,296 5,367 -1,35
B-La—o-La FCC | HCP 5,296 3,754 3,745 0,24
B-Tl—o-TI BCC | HCP 3,882 3,456 3,458 -0,07
B-Ti—o-Ti BCC | HCP 3,28 2,951 2,922 0,98
B-Zr—a-Zr BCC | HCP 3,62 3,232 3,225 0,21
B-Hf—a-Hf BCC | HCP 3,615 3,195 3,221 -0,80
3-Ce—y-Ce BCC | FCC 4,12 5,143 5,191 -0,93
v-Ce —B-Ce FCC | HCP 5,143 3,65 3,637 0,37
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The method shows good results when analyzing not only pure metals, but also certain alloys.
As an example, let us consider the phase transition in ferromanganese alloys with a manganese
content of 15%. The data from [25] show that solid manganese solutions in crystalline lattices
based on a- (BCC), y- (FCC) and &- (HCP) iron can be present in this alloy, with parameters a
equal to 2,868, 3,586 and 2,535 A, respectively. To trace the transition of FCC — HCP — BCC
in this alloy it is possible along the lines 7, 8, 9, 10 (Figure 3).

Thus, it was shown that the cluster model of structure formation is adequate and allows
modeling the parameters of crystal lattices of phases under polymorphic transformations both in
pure metals and in certain metal alloys.
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Mony4veHo 16.08.2017

no crpadmuam

3EMJIETPICEHUI CTAJIO BOJIBIIE

Hamma nianera nepe:KMBaeT MUK 4acTOTh MOIIHBIX 3emuetpsicenuii. C 1977 mo 1999 rox He
CIIYYUJIOCh HU OJHOTO CEHCMHUYECKOro SBICHHS ¢ MarHUTYnod 8,5 Oamnos u Bbime. Ho ¢ Tex
mop mo ampenst 2017 roga Takux CHIBHBIX 3EMJICTPICCHHE ObLIO yike 1iecTh. [1ogo0HbIC MuKH
orMeuanuck U panee. Tak, ¢ 1950 mo 1965 rox mpouzomno ceMp KatacTpod ¢ MAarHUTYAOH 8,5
OamioB u bojece.

«Hayxka u xxuzsap» Ne 10, 2017



