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V]JIK 332.05:664
C.T. AHTHIIOB

MNPOBJIEMBI PA3BUTHUSA U IPOEKTUPOBAHUSA
TEXHUKH BYJIYIIETIO NUIIEBBIX TEXHOJIOTUM:
MAIINH, AIINTAPATOB U BUOPEAKTOPOB

B umkeHepHOM 00pa30BaHUH MPUIIIIO BPEMsl, IPU H3II0KESHUU
CHELUANBHBIX KYPCOB MEPEeUTH OT CyMMBI 3HAHUH B pa3pO3HEHHBIX
yueOHUKaX U y4eOHBIX MOCOOUIX K yueOHOM JUTepaType KaKk CUCTEME
3HaHMWI B BUJE KOMIUIeKTa KHHUT. CrcreMooOpasyronmM (akTopoM
KOMITJICKTa KHHUT CTAaHOBSITCS MEKOTpacieBas KiacCHQUKaIHs TeXHO-
JIOTHH 1O MPHU3HAKY MpeoOpa3oBaHMs CEIbCKOXO3IHCTBEHHOTO CHIPhS
B MIPOAYKTHI IUTAHHUA U MEXOTpacieBas Kiaccu(UKaIys MpoLecCoB B
MallMHaX, almapaTax 1 OMOpeaKkTopax, a Tak)Ke X KOHCTPYKIHM, 4TO
MPUBOANT K CHUHepreTndeckoMy 3¢ ¢ekty B o0pa3oBaTeIbHOM IpO-
Iiecce 3a CUET €ro CTPYKTYpPH3aLUH.

OO11ee HanpaBJIeHUE Pa3BUTHS TEXHUKH OyIyIIEro MULIEBBIX TEX-
HOJIOTHH OTIpe/IeNIAeTCs 3aKOHOM YBEIIMYEHHS CTETICHH HICaTbHOCTH TeX-
HUYECKHX CUCTeM. [IpHHIMI MICATbHOCTH MPU PEIICHUN 33/1a4 CIIeyeT
CTPEMHTBCS K MACATHHOMY PE3YJbTaTy (PEICHHUIO), KOT/IA IOCTUTaeTCst
MaKCHMAaJBbHBIA PE3yJIbTaT IPU MUHUMAJIBHBIX YCHIHUSX (3aTparax).

B pamkax TpaauMIIMOHHBIX TEXHOJOTHYECKHX IPOIECCOB IUIIE-
BOU MPOMBIIICHHOCTH JIJIs MHOTHX MallliH, allliapaTtoB U OHOPEakTOPOB
OTCYTCTBYIOT BO3MOXHOCTH CKOJIBKO-HUOY/b CYIIECTBEHHO HX pa3BH-
THSI B COOTBETCTBHHM C TAKMM OOLICTIPUHITHIMU KPUTEPUSIMU TEPCIIeK-
THBHOCTH HOBOW TEXHHKH, KaK CHIDKEHHE Y/ICIBHOTO SHEPro — MaTepH-
aJIONOTPEOICHUsI,  TOBBIIICHUE  Y/CIGHONH  MPOM3BOJUTEIBHOCTH,
YIPOIEHHE KOHCTPYKIHHU, YHHBEPCAIBHOCTh HMCIOJIB30BaHus 0Oe3 3a-
MEHBI pab0YHX OPraHoB, BO3MOXKHOCTbH OJIOYHO — MOJIYJIBHOTO UCTIOJTHE-
HHSI, Y/IOBJIETBOPEHHE COBPEMEHHBIM HKOJIOTHYECKUM TPEOOBAHHSM.
Junst JoCTHXKEHHsT 9THX Telied HY>KHbI NPUHIUIAAIGHO WHBIE, OPUTH-
HaJlbHBIC pelleHHs. B OOJBIIMHCTBE Cly4acB MMEHHO HECTaHIAPTHBIC
PpeLIeHus, YacTo UAYLIHE Bpa3pes ¢ TpaIUIUOHHBIMU MPEICTaBICHUSIMHY,
CITy’KaT OCHOBO# CKauK00Opa3HOTO pa3BUTHS HAYKH U TeXHUKH. [Ipu mmo-
WICKe MHBIX, Oosiee pe3ysIbTaTUBHAIX CIIOCOOOB M CPEICTB OCYIECTBIIE-
HUS TEXHOJIOTHYECKUX MPOIECCOB HEOOXOJIMMO OPHUEHTHPOBATHCS Ha
NPUHLUI HIean3alii, KOTOPBIH MO3BOJISET a0CTparupoBaThest OT He-
M3BECTHBIX TEXHUYECKUX PEUICHHUI M BBIWICHHTH T€ MPOOJIEMBI, pere-
HHE KOTOPBIX 3aTParuBacT UX OCHOBHBIC KAUeCTBA M CBOMCTBA.



Mogenb naeanrbHOTro TEXHOIOTHYECKOTO IPOrpecca 3TO OTKPHITAs
cucTeMa TpeOOBaHMMN, KOTOPhIe HEOOXOANMO NPENbIBUTH K BBIIOJIHE-
HHIO T€X WJIM WHBIX CTAJWI WIIM STAlOB TEXHOJOTWYECKOTo Mporpecca
Ha TaKOM YPOBHE, IPH KOTOPOM JIOCTUTAIUCH ObI KOJTMYECTBEHHBIE U Ka-
YeCTBEHHbIE TIOKA3aTell, COOCTABUMBIE C TIPEIEIbHO BO3MOXKHBIMH X
3HaueHHsIMH. [Ipuembl uaeanu3aluM peajbHBIX TEXHUYECKHX 3a/1adu
JOJDKHBl YUYHMTBHIBATh CHENU(PHUKY TEXHOJIOTHUECKOTO Tpoliecca, IMpH
9TOM HOHCK UJICATBHBIX PeIIeHHH 1eI1eCO00pa3HO OCYIECTBIATH IIOCIIe-
JIOBaTeNbHO. B 3TOM cilyyae TeXHUUECKas pea3alusl HaliIeHHBIX UJie-
TBHBIX PEIICHUH MOXKET CO3/1aTh MPEANOCHUIKH ISl OTHICKAHUS HJIe-
JIBHBIX PEILCHUI PYTHUX Mpoliem.

JexnapupoBaHyue NPUHLUIIOB HACATBHOTO PELICHUs TOH WIH
MHOH ITpOoOJIeMbl He IPUBOAUT K HEIPEMEHHOMY CO3aHUI0 HeaIbHOI
MalllMHbI, annapara u ouopeaktopa. Tem He MeHee, yeTKoe (HopMyIIu-
pPOBaHHE KOHEUHBIX LIEeJIeH CO3/1aeT IBPUCTUUECKUE NPEATOCHUTKN ISt
OpraHu3alKy OCTPOHAIPABICHHOTO MMOMCKAa KOHCTPYKTHUBHOT'O BBIMOJI-
HEHHS TeX WJIM UHBIX Y3JI0B, KOTOPBIE COOTBETCTBOBAIM OBl YPOBHIO
W/ICATLHOTO PELICHUs JaHHOW MpoOJIeMbl B UACATLHOM, TUIIOTETHYC-
CKOM BapHaHTe.

[TpoGembl pa3BUTHS U IPOCKTUPOBAHUS TEXHUKU OYTyIIEro MH-
HIEBBIX TEXHOJIOTHIA: MAIIIVH, alapaToB U OMOPEaKTOPOB U3JI0KEHBI B
HIDKETIEPEUHCIICHHBIX MPOEKTaX, BKIIOYAMONIUX TIyO0OKYyI0 repepa-
OOTKY CelIbXO3ChIPhs: aKyCTHYECKHE W DJIEKTPO(U3NIECKUE METOIbI
WHTEHCU(HUKAIIH MEMOPAHHBIX MPOIIECCOB MOIYYEHHUsI OEITKOBBIX MH-
IPEAMEHTOB Ha OCHOBE MOJIOYHOM CHIBOPOTKH; pa3paboTka pecypcoche-
perarouieil TeXHOJIOTHU U 00OPYZOBaHUS Ul CYLIKH CBEKJIOBUYHOTO
KOMa IEPerpeTsiM MapoM Uil IOJIyYeHUs! MEKTHHA; pa3paboTka CH-
CTEMBI KaBHUTAITMOHHO-030HHON OapoMeMOpaHHO 00pabOTKH CTOYHBIX
BOJI ITUILEBBIX MPOU3BOJICTB; pa3pad0TKa KOMIUIEKCHON TEXHOJIOTUH U
000pyHOBaHUSI KOMOMKOPMOB C MCIIOJIb30BAHUEM CHHE-3EJICHHBIX MUK-
poBoOpOCiieil IMMYHOCTHUMYJIUPYIOLIETO W MPeOHOTHYECKOTO AeH-
CTBUSI HA OCHOBE IPHHIIMIIOB 3HEPro- U PecypcocOepekeHus; pas3pa-
0OTKa TEXHOJIOTUH WHTEHCHBHOTO 3aMOPaKUBaHUS B KPUCTAJIIU3ATOPE
OMHAPHOTO JIbJa U MPOEKTHPOBAHUE 00OPYIOBAHUS IS €r0 peaynsa-
[1M; HHHOBAIIMOHHAS TEXHOJIOTHSI BaKyyM-CYOJIMMAIIHOHHON CYIIIKH C
UCTIOJIb30BAaHMEM TEPMORJICKTPUUECKUX MOAYJIEH MpH KOHCTPYHpPOBa-
HHH allapaToB; pa3paboTKa U Hay4HOE 00eclieueHHe BBICOKOTEXHOJIO-
TMYHOTO IIPOM3BOJCTBA IPOTEHHOBBIX MSCOPACTUTENIBHBIX CHEKOB,
HACBILICHHBIX MIPSHO-KONTHIBHBIMU apOMaTU3aTOPaMH.



V]IK 628.33
C.B. lllaxoB

PA3PABOTKA CUCTEMbI KABUTAIIMOHHO-O30HHOM
BAPOMEMBPAHHOM OBPABOTKH CTOYHBIX BO/J|
IMUINEBBIX MPOU3BOJACTB

3arps3HAIONINE BEIIeCTBA, HAXOAAIINECS B CTOYHBIX BOIAX IH-
IIEBBIX TPOM3BOJCTB, OUYCHb PA3JIMYHBI [0 CBOEMY COCTaBy, 00beMaM
00pa3oBaHUsl, arperaTHOMY COCTOSIHHIO M XapaKkTepy BO3JCHCTBHS Ha
OKpyXarolnyto cpery. MIx MoxkHO Tpy0O pa3ieiuTh Ha JIBeé OCHOBHBIE
IpYIIBl — MUHEpaIbHbIE (B3BEILICHHBIC YACTHUIIBI 3€MITH, TIeCKa, TIIHHBI
U JIp.) ¥ OpraHuyeckue (0OCTaTKH 3eJIEHOI Macchl, KOPHEIUIO0B, JKUPHI,
OeNku, TYMHHOBBIE BeniecTBa U Jp.). CTOKHM MHIIEBBIX MPEANPUSITHH,
COZIepyKaIlle H OCTaTKU PaCTHTEIBHOTO M )KUBOTHOTO TIPOMCXOKICHHUS
II0XO0 (PUITBTPYIOTCS, OBICTPO 3aKNUCAIOT, 3aTHUBAIOT, BBIEIISIS CHIIbHBIC
HETPUSATHBIE 3allaxy, OBBIILICHHAs KOHLEHTPAUs HX BBI3BIBAET HEOO-
paTtuMoe 3arpsi3HEHHE OKPY)KAaIOIIEH Cpeibl, YrpoKas 3J0POBBIO JIFO-
neii. [Ipobnema oGocTpsiercs emie U TeM, YT OOJIBIIHMHCTBO MPEIpPHs-
THUI MTUIIEBON U NiepepabaThIBaronieli IPOMBIIUICHHOCTH PACHOI0KEHO
Ha TEPPUTOPUH TOPOJOB U HACEJICHHBIX IYHKTOB, TIO3TOMY HX 3arpsi3-
HEHHbIC CTOYHBIC BOJIBI TTOMA/IAI0T B TOPOJICKYIO KaHaam3armo [1].

Jnst obecniedeHuss KOMIUIEKCHOTO MOAX0/Aa K OYMCTKE CTOYHBIX
BOJI IMIIEBBIX ITPOU3BO/ICTB NPEUIOKEHA KaBUTAIMOHHO-030HHAsI MEM-
OpaHHas yCTaHOBKA, IPEUMYIIECTBAMH KOTOPOI SBJISIOTCS TO, YTO BBI-
MOJIHEHHE OYMCTUTEILHOTO 3JIEMEHTA M IITOKA MOJBIMH, 00IIast BHYT-
PEHHSISI MOJOCTh KOTOPBIX COCAMHEHAa C CHCTEMOW CO3JIaHMsI O30HA,
MIOCJIEIOBATENIFHO COCTOSIIICH M3 KOHIIEHTPAaTOpa KUCIOPOAa M 030Ha-
TOpa, a TaK)Ke BBITOJIHEHNE OOJIBILIETO 10 HANPABICHHIO ABHKCHUS T10-
TOKa TOPLIEBOI'O OCHOBaHMsI KpaliHETO K BBIXOLY M3 MEMOPaHHOTO afl-
napara KaBHTaTopa M3 METaUIOKePaMHUYECKOHl MeMOpaHBI MO3BOJISET
MOBBICUTH 3(h(heKTHBHOCTH 00e33apakuBaHusl 00padaTHIBAEMBIX JKUJI-
KHX cpell TIpu 0apoMeMOpaHHOH OYHCTKE, a Takke 00ecIeduTh odec-
I[[BEYMBAHUE KUAKOCTEH M MX AE30[0PAIHIO ITyTEeM COBMECTHOTO BO3-
JNEWCTBHS HAa JKWUAKHE Cpelbl Hapsay C KaBUTAllMEH CHJIBHOTO
OKHCIIUTENS BUJE 030HA.

JIuteparypa

1. BiugHue nesTeIbHOCTH MUIIEBBIX MPEANPHATHI HA OKPY KAIOUIYIO
cpeny URL: https://nomnoms.info/vliyanie-deyatelnosti-pischevyh-predpriya-
tiy-na-okruzhayuschuyu-sredu



YK 534.121.2
AM. Kmounukos, A.W. Iloranos

AKYCTUYECKHE U QJIEKTPO®PUINYECKUE METO/bI
MHTEHCUO®UKALIUN MEMBPAHHBIX ITPOLHECCOB
MHOJYYEHUA BEJKOBBIX UHI'PEIMEHTOB HA OCHOBE
MOJIOYHOM CBIBOPOTKHA

Kax m3BecTHO, HHTEHCUUKAIHS MEMOPaHHBIX MIPOIIECCOB CBO-
JUTCS K YMEHBIICHUIO KOHLIEHTPAIMOHHON MOJIspU3aliy Ha Mexdaz-
HOW TpaHHIle, KOTOPOE MOXKET OBITH OCYIIIECTBIEHO CIEAYIOUIIMH CIIO-
cobamMu: TOJAEp)KAaHWE HHU3KOTO TPAaHCMEMOPAaHHOTO  TIOTOKa;
o0ecrieueHre MaJIoi Pa3HOCTH KOHIICHTPALMi MEXAY 0OBEMHBIMH T10-
TOKaMH HCXOJHOTO PAacTBOPA U CIIOEM OEJKOBBIX OTIIOXKEHHWIA;, cOo37a-
HUE HU3KOI KOHIIEHTPAIH PACTBOPEHHBIX BEIECTB B UCXOIHOM pac-
TBOpe. Peanmuzanms Tperbero crnocota ¢ MOMOIIbIO aKyCTUYECKUX U
ANEKTPOPU3NUECKIX METOJIOB Ha MPAKTHUKE MPEICTABISET OONBLION
HAYYHO-TIPaKTUIECKHI HHTEpEC.

Hcnons3oBanue ynpTpa3Byka B )KHIKHUX cpelax, oOpabaTpiBae-
MBIX C IIOMOIIBI0 MEMOpaH, CBA3aHO C OONBIIMMH TPYAHOCTSIMH, T. K.
oOpa3yromeecss KaBUTAlMOHHOE 0071aKko, ChHOPMHUPOBAHHOE pacTy-
MU U CXJIOTBIBAOIIMMHUCS ITAPOTa30BBIMU ITy3bIPEKAMU MPUBOIUT K
JEKCTPYKLIUH KOMIOHEHTOB MOJIOYHON CHIBOPOTKH M MaTepualia MeM-
OpaHsbl.

CrexyeT OTMETHTH BO3MOXXHOCTh pPEATH3AIHHA aKyCTHUYECKHX
METOJIOB MHTCHCHU(DHUKAITMH MEMOpPAHHBIX TPOIIECCOB, 3aKIIIOYAIONTY-
10CS1 B Ilepesiaue yIbTPa3ByKOBOTO BO3EHCTBH Yepe3 Kopiryc TpyOua-
TOr0 MeMOpaHHOTO MOZAyJs. B 3ToM ciydyae mHTeHCcH(UKANS MEM-
OpanHOTO Tmporiecca oOecreymBaeTcss 3a CYET  IyJIbcanuid
pas3zaesnsieMoro pacTBopa, BUOpanuu MeMOpaHbl M YCHIICHHS €CTECTBEH-
HOM KOHBEKLIUH.

YIpTpa3ByKOBOU M3ITydaTelns (Harnpumep, «Boimra-M», Moenb
V3TA-1/22-OPB) 3a c4éT KOHTaKTHOTO HaJOXEHHs KOJICOAHUH Yiib-
TPa3BYKOBBIX BOJIH Ha KEPAMHUYECKYI0 MEMOpaHy He TOJIBKO YCKOPSIET
mporiecc MEMOPAHHOTO pa3fielieHus, HO U HE BBI3BIBACT ACCTPYKIHUU
KOMIIOHEHTOB MOJIOYHOM CHIBOPOTKHU B PE3yJIbTaTe KaBUTAIIHH.



YK 66.047
A.B. KypasJies, A.B. IIpu0biTKOB

PAZPABOTKA PECYPCOCBEPET'AIOIINX MAIINHHBIX
TEXHOJIOT'UM CYIIKU JUCIEPCHBIX ITPOJYKTOB
B 3AKPYYEHHOM INOTOKE TEIIJIOHOCHUTEJIA

OmHOM W3 BaXKHEHIINX MPOOJIEM MOBBIMICHUS 3¢ (HEKTHBHOCTH
MIPOU3BOJICTBA SIBISIETCSI KOMIUIEKCHOE HCITOJIb30BAaHUE MaTepUaTbHBIX
PecypcoB IMyTEM COBEPIICHCTBOBAHUS TEXHOJIOTHUYECKUX MPOIIECCOB U
BHEpeHUS 0€30TXOMHBIX MAIIHHHBIX TEXHOIOTHIA.

PecypcocOepexenne Hapsay ¢ TOBBIIIIEHUEM HHTEHCHUBHOCTH
BJIAr0OT/Ia4yM paccMaTpUBAETCs KaK Ba)KHEMIIas 3ajadya Npu pas3pa-
0OTKEe HOBOW TEXHOJIOTUU CYIIKH M KOHCTPYKIIMHA CYIIIIOK, 8 TAaKKe
MIPU COBEPIICHCTBOBAHUU CYIIECTBYIOIIMX, 00CCIICUNBAIONIUX TIPOU3-
BOJICTBO TPOAYKIUU C MUHHUMAJIFHO BO3MOXXHBIM TOTpeOJIeHUEM HC-
TOYHHMKOB SHEPTUH, a TAKXKE ChIPhsl U MaTeprasioB. OTHUM U3 NEPCIIEK-
TUBHBIX HaNpaBJICHUH CO3/JaHN HOBOW CYIITMJILHON TEXHUKHU SBJISIETCS
pa3paboTka ¥ BHEAPCHHE B MPOMBIILICHHOCTh BHICOKOMHTEHCHBHBIX
amnmnaparoB ¢ 3aKpyYEHHBIMH MOTOKaMH TEIUIOHOCHUTeN. Mcnons3oBa-
HUE 3aKPyYEHHBIX TOTOKOB TEINIOHOCUTEIIS, & TAKIKE KOMOMHHPOBAHUE
UX C PA3NUYHBIMU TUAPOAMHAMUYECKMMH pexumamu u CBY-
SHEPTOMOIBOJIOM TO3BOJISICT MHTCHCU(MHUITUPOBATH MPOIIECC CYIIKU H
pacimmpuTh 06J1aCTh IPUMEHEHHSI CYIITIIIBHBIX alapaToB.

AKTyaJNbHOCTh pa0OThI HEPA3PHIBHO CBS3aHA C MMOJIOKHUTEIBHON
JUHAMUKOU yBEIMUYEHUS [TOCEBHBIX IIOLIAACH 3€PHOBBIX KYJIbTYp, Ta-
KHX KaK, Tpedrxa, aMapaHT, JICH, paric, pacCTOPOIIIIIA U T. . B BopoHexk-
CKO¥ obmacTu u 1o Bcei Poccun B 11e10M.

[Ipu opranu3anuu MamuHHON TEXHOJIOTUU MEpepaboTKU CEeMSIH
parnca, Tpeurxu, aMmapaHTa, paCTOPOIIIIH, JIbHA HAMU OBLTH TPOBEICHBI
rIyOOKre HAayYHBIE UCCIICIOBAHNS, 3aKITIOYAIOIINECS B H3YUYCHUN TEX-
HOJIOTHYECKHX, CTPYKTYPHBIX, THAPOJMHAMHYCCKUX ¥ TEIUIO(hH3MYIe-
CKHX MMOKa3aTeliel. TeXHOIOTHYeCKre U THAPOINHAMUIECKUE XapaKTe-
PUCTUKH MO3BOJIWIN ONPEIECTUTH PEKUMHBIC TaApaMETPHI IPOIECCOB.



B pesynbraTte mpoBeACHHBIX TEOPETHUECKUX U DKCIIEPUMEHTAITb-
HBIX UCCIIEZIOBaHUM, a TaKKe aHaNU3a HH(PpOpPMAauu B 00JIaCTH TEXHO-
JIOTUW B TEXHUKH TepepaOd0TKH CEMSH OB pa3padOTaHbI U 3alaTeH-
TOBaHBI CIOCOOBI OE30TXOMHOHN IepepabOTKH CEeMsH, a Ha OCHOBE
CHUCTEMHOTO U (YHKITMOHAIBHOTO aHAJIN3a pecypcocOeperammmux Ma-
IIMHHBIX TEXHOJIOTUH pa3paboTaHbl TEXHOJIOTHYECKHE JTUHUH TS HX
OCYIIECTBJICHHUS.

C nenpio noBeimeHUs 3P GEKTUBHOCTH TPOIECcca CYIIKA U 00ec-
MIEYEHNUs pecypcocOepekeHus pa3padoTaHbl: CII0CO0 aBTOMAaTHUECKOTO
YIIpaBJIEHHUS MIPOLECCOM CYIIKH TUCIEPCHBIX MAaTEPHUAIIOB B BUXPEBOM
pexumMe, crocod aBTOMATUIECKOTO YIPABJICHUS IPOLIECCOM CYIIKH I10-
JUIUCTIEPCHBIX MaTEpUaNOB BO B3BEIIEHHO-3aKPY4YEHHOM CIIOE, CIIO-
co0 aBTOMAaTHYECKOTO YHPABJICHHs MPOLECCOM CYIIKH TUCTIEPCHBIX
MaTepualioB B 3aKpyuye€HHOM TOTOkKe Terionocutens c¢ CBY-
9HEPTOMOABOIOM, CIIOCO0 aBTOMATHYECKOTO YIPaBJICHHUS MPOLECCOM
CYIIKH JUCHEPCHBIX MATEPUANIOB C PELUPKYJIALUEH TEIUIOHOCUTEIS B
amnmaparax ¢ akTUBHOW TUJPOJAMHAMUKOM, a TAKXKe MPOrpPaMMHO-JIOTH-
YeCKUe alTOpUTMbI PYHKIIMOHUPOBAHUSI CUCTEM, IT03BOJISIIOIINE 0Oec-
NEYUTh MHOTOKaHAJbHOE MHOTOYPOBHEBOE YIpaBJICHHE U IOIydYaTh
TOTOBBIH MPOAYKT BBICOKOTO KaYE€CTBA 3a CUET ONTUMH3ALNHN TEXHOJIO-
THYECKHX MTapaMeTpOB Mpoliecca CYIIKH AUCIIEPCHOTO MaTeprana B 3a-
KPYYEHHOM TIOTOKE TETUIOHOCHTEIIS.

[IpumeHeHne B COBOKYMHOCTH KOHCTPYKIIMH YCTaHOBOK CIIO-
co0a CYIIIKK ¢ ajJroOpuTMaMH MX YIpPaBJIeHHS ITO3BOJISIET MTOyYUTh TO-
TOBBIH TPOIYKT O0Jiee BHICOKOTO KadecTBa 3a CUET ONTHUMH3AINH Pe-
JKUMHBIX TMapaMeTpoB Mpolecca CYIIKH MaTephalia BO B3BEHICHHO-
3aKpYUYCHHOM CJIO€, OCYIIECTBHTH MHOTOYPOBHEBOE YITpaBJeHHUE, Oa-
roaapsa 4€My IMOBBIMIACTCA OIICPATUBHOCTE U HAJIC)KHOCTD YIIPABJICHUA
B HamOoJIee ONTHMAaIbHBIX AuarasoHax M3MEHCHHA MapaMETpoOB pe-
Knma pa6OTBI CYLIHWJIKH, 00€eCIIeUnTh CHHKEHHE OHEPTETUYCCKUX 3a-
TpaT Ha CAVMHUIY MAaCChbl TOTOBOT'O IIPOJAYKTa.

[TpoBeneHa MpoMBINIUIEHHAST arTpoOalus, KoTopasi oATBepIuIa
BBICOKYIO 3(EKTUBHOCTH MMOJyYEHHBIX PE3yIbTATOB.

PaspaboTaHHbIe MallIMHHBIC TEXHOJIOTUH OE30TXOMHOH mepepa-
OO0TKHM TUCTIEPCHBIX MPOYKTOB (CEMSH parica, Ipeurxy, aMapaHTa, pac-
TOPOIIIIY, JIbHA) MO3BOJIAIOT MPOU3BOJAUTE MIMPOKUI aCCOPTHUMEHT T'O-
TOBOI MPOAYKIMH, OTJINYAIOLIEHCS] BHICOKUM KaueCTBOM.
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YK 631.563
A.B. IpanHuUKOB

PA3BPABOTKA PECYPCOCBEPEI'AIOLIEI'O CIIOCOBA
N OBOPYJOBAHUA JJIs1 CYIIKU CBEKJIOBUYHOI'O
KOMA INEPET'PETBIM ITAPOM JJIs1 TIOJTYUYEHUA
IHEKTUHA

K GpyHKIIMOHATBEHBIM MPOILYKTaM OTHOCSITCS TEKTHHBI. [IeKTHHBI
UCTIONIL3YIOTCSL B KauecTBE TreneoOpazoBareis, cTaduiau3aropa, 3ary-
CTUTEJISl, BIAaroyIep>KHUBAIOLIETO areHTa, OCBETINTEINS, a TAK)KE Bellle-
CTBa, obJerJaroniero GUIbTpOBaHUE M KaK CPEJCTBO ISl KaICYIHPO-
BaHMUSL.

B nanOonpuield creneHn 3TUM TpeOOBaHMSAM OTBEYAET MPOMU3-
BOJICTBO IIEKTHHA U NMEKTUHONPOIYKTOB, IPEIyCMaTPUBAIOIIEe BbIPa-
0O0TKY OMOJIOTHYECKH [IEHHOTO KOMIUIEKCO- U CTyAHEe0oOpa3oBaTes u3
BTOPUYHBIX CHIPHEBBIX PECYPCOB, K KOTOPBHIM OTHOCHTCSI CBEKJIOBHY-
HBIH JKOM, MOTy4YaeMblil Ha caxapHbIX 3aBojax P® npu exxeronHoil ne-
pepaboTke 6omee 40 MITH T. caxapHOU CBEKIIBI

B nannoi#1 paboTe HaydHO 000CHOBAH CIIOCOO MOTYYEHHUS CyXOTO
CBEKJIOBUYHOT'O JKOMa IIEPErPEeThIM MapoM ITOHMKEHHOIO JABJICHUS B
BUOpoKuIsIIeM ciioe. OnpeeneHo co/iep>KaHue MeKTHHA U IPOTOTeK-
THHA B CyXOM CBEKJIOBUYHOM >KOME U €70 KOMIUIEKCO00pa3yIomias Cro-
COOHOCTB B 3aBUCHMOCTH OT PEXKUMHBIX IapaMETPOB MPOLIECCa CYILIKH,
YTO OCOOCHHO aKTyaJlbHO B COBPEMEHHBIX YCIIOBUSAX peaslu3alvu 310-
pPOBOTO MHUTAHMS, HAIICIIEHHOTO HA COXPAaHEHUE U YKPEIICHUE 3]I0pO-
BbSl HACETICHHUS, Pa3BUTHE MTPOM3BOJCTBA HOBBIX O0OTALICHHBIX, TUETH-
YeCKHUX U (PYHKIMOHAIBHBIX MUIIEBBIX MPOLYKTOB.

Pa3paborana cymmibpHast ycTaHOBKa C KOMOMHUPOBAaHHBIM SHEp-
ronoaBoaoM (mar. PO Ne 2706874), mo3Bostomas peain3oBarh CIo-
€00 CyIIKM CBEKJIOBUYHOTO )oMa (mateHT PO Ne 2674610) npu nonu-
JKEHHOM JIaBJICHUM MEPEerpeTroro Iapa M IO0JydaTb KaueCTBEHHBIN
OpPOIYKT 0e3 CHIKEHHS MHTEHCHBHOCTH TPOBEACHUS MpoIiecca.

[To TemaTrke paboOTH MMeIOTCs Oosee 20-TH HAy4YHBIX ITyOJIHKa-
il u 6osnee 10 maTeHTOB HAa N300PETEHUS.
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V]IK 664.8.047
B.B. IloiimanoB

NHHOBAIIMOHHASA TEXHOJIOI'US BAKYYM-
CYBJIUMAIIMOHHOHM CYHIKH C UCITOJb30BAHUEM
TEPMODJIEKTPHUECKHUX MOIYJIEN ITPA
KOHCTPYUPOBAHUU AIITITAPATOB

Tennenmus sHeprocoepexeHnss 0COOCHHO aKTyajabHa JJIs YHEp-
rOeMKOro 000pyJ0BaHUsI, K KOTOPOMY OTHOCSTCSI M BaKyyM-CyOIuma-
[MOHHBIE CYMMIKK. HaMu CKOHCTpyHpOBaH amnmapat, MO3BOJIIOMUI
Ha 20-25 % CHU3UTH yNeNbHbIC SHEPro3aTPaTHI.

OH coCTOUT U3 cyOIuMaTopa B BUJE FepMETHYHON KaMepsl, PU
9TOM CyOJMMAaTOp BBINOJHEH B BUAE LWIMHAPA C KPBILIKOW, BHYTPHU
KOTOPOT'O PaclOJIOXKEHbI TEIIONEPENAIONINe TUIUTHI, BBIIOJIHAIOMNE
POJIb MOJOK AJI pa3MELIEHUsl IPOTUBHEN ¢ poaykToM. Ilocpencrteom
narpyOKa ¥ BaKyyMHOH 3aIBHKKH CyOJIMMAaTOp COCAMHEH C AecyOnu-
MaTOpPOM, COCTOSIIIIMM M3 JBYX KOHTYPOB: C TPAJULIMOHHONW MapOKOM-
MIPECCUOHHON XOJIOJUILHON MAlIMHON M TEPMOIIIEKTPUUECKON XO0JI0-
JUIBHOU YCTaHOBKOU. TepMO3IeKTpUUecKasi XOJIOAWIbHASL YCTAHOBKA
COCTOUT M3 OJIOKAa TEPMOIIEKTPUUECKUX MOAYJIEH M OXJIAXKIAIOLIETO
KOHTYpa, TIO3BOJISIFOIIETO TOAIEPKUBATh TEMIEpaTypy Ha XOJIOJHON
MOBEPXHOCTH TepMo3eMeHTOB oT -50 mo -60 °C. B oxnaxkmaromem
KOHTYpE IIUPKYJIHPYET TEIUIOHOCUTEINh, HarPEBAIOIIMIACS 32 CUET Tell-
JIOTHI, BBIJCNSAIONIEHCS Ha TOPAYMX Clasgx TepMmolasieMeHToB. KoHTyp
CBSI3aH IOCPEACTBOM TEMJIOO0OMEHHHUKA C TEIUIONEPENarolMMH IUIH-
TaMu. BakyymHas cTaHIuS COCTOUT U3 pabOYero 1 IMyCKOBOTO BaKyyM-
HBIX HACOCOB, OCIIEA0BATEIHLHO COCMHEHHBIX MaTpyOKaMu C BaKyyM-
HBIMHU 33JBI)KKaMH.

YMeHbIIeHHe YIEeIbHBIX S3HEPro3aTpar JOCTHUTaeTCs 3a CUET UC-
MOJIb30BaHMS B JAeCyOIMMaTope MapoKOMIIPECCHOHHOM XOJIOIMIBHOMN
MAIIHHBI ¥ TEPMOIIEKTPUIECKOMN, O3BOJISAIONIEH HarpeBaTh TEIIOHO-
CHUTEIb 32 CUET TEIUIOTHI, BBIISIAIOMIEIHCS Ha TOPSIUUX CHasX MOIYJIEH,
a TaKXKe 3a CUET OTKJIIOYEHHUS AecyOmMaropa Ha CTaluu, KOIia BhICY-
IIIMBAE€MBII MPOIYKT JOCTUTAET MOJOKUTEITLHON TeMIIepaTyphl, a yaa-
JICHHE MTapoB C KaMephl B IIPOLIECCe JOCYIIKH OCYIIECTBIISETCS BaKyyM-
HOM CTaHIMEH HANIPSAMYIO, MUHYS JIeCyOIuMaTop.
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YK 582.866
B.IO. OBcsinnnkos, C.A. TpyHos

HNCCJIIEAOBAHUE BO3PACTAHUSA TEMIIEPATYPBI
CMECHU PACTUTEJIBHOI'O MACIJIA U ’)KMBIXA
BBICYIIEHHBIX IIJIOJOB OBJIEIIUXH B ITOJIE CBY

CKOpOCTh BO3pacTaHUsl TEMIIEPAaTypbl B JJIEKTPOMAarHUTHOM
noJie cBepXBhICOKOH yacToTsl (CBY) onpenensiin B mporiecce SKCTpak-
UM PACTUTENBHOTO CHIPhS IyTeM M3MEHEHHsI Beca DKCTParupyeMoro
Mmatepuana. [Ipu uccnenoBaHusIX OBUTA UCTIONH30BAHBI BETUIUHBI TH]I-
pomonyist pasusie 0,6; 0,4 u 0,2. MccriemoBanue CKOpOCTH BO3pacTa-
HUSI TEMIIEpaTypbl IPOU3BOAMIOCH B SKCIIEPUMEHTAILHON yCTaHOBKE,
CMOHTHPOBAaHHOH Ha ©0a3e MHKPOBOJIHOBOH medd  Samsung
CE283DNR.

B xone skcnepuMeHTa BapbUpPOBAIM BEIMUYMHAMHU yIAEIBHON
MOUIHOCTH, TOABOAMMOMN K 00pa3ily HCIIBITYeMOro MaTepraia 1 3Haue-
HUSIMH TUAPOMOIYJISL.

[Tocne HarpeBa cMecH N3MENBYEHHOTO KMbIXa OOJIETINXH | TIO/I-
COJIHEYHOT'O Maciia 00pasel] OXJIaKAaIN U pa3aesisuid QUIbTPOBaHUEM
TBepAyo (ha3y W KOMITO3UIIMIO TOJCOTHEYHO-00JIETMXOBOTO Macia,
KOTOPYIO MTOIBEPTain Ja00paTOpHOMY aHAIH3Y.

Cxkopocts pocTta TemmnepaTypsl npu CBY-—-snepromoasone
MO>KHO pa3JeiuTh Ha 2 3Tamna: Ha nepoM dtare oT 20 °C go 70 °C temn
HarpeBa n3MeHseTcs B npezenax ot 1,6 1o 0,5 °C/c, Ha BTopoM 3tamne —
ot 70 °C HacTymaeT HEKOTOPOe CHIDKEHHE CKOPOCTH M3MEHEHUS TEM-
neparypsl.

[Ipu 5TOM CletyeT OTMETUTH, YTO TEMITEPAaTyphl HarpeBa CMECH
U3MENLYEHHOTO XKMbIXa 00JICITUXU U MOJICOTHEYHOTO Macia, C IeIbI0
MOJYYEHUsS] C COXPaHEHHEM BCETO BUTAMHUHHOTO KOMILIEKCA ILIOJIOB
o0nenuxu HenenecoodpazHo noseimatk 6omee 60 °C.

HccnenoBanns  KOMIIO3WIMK  TIOACOTHEYHO—OOJIEITHXOBOTO
Macia 1Mo OpraHoJIENTHYCCKUM U (U3HKO—XUMHYCCKUM TOKa3aTelsM
MOKa3aJl, YTO KaUeCTBEHHBIE XapaKTEPUCTHKH UCCIIEAYEeMOi KOMIIO3HU-
IIUM HAXOJATCS B TIPEJIeNIaX HOPM, perilaMeHTHPYEMbIX CTaHIapTOM Ha
pacTHuTeNbHbIe Macia.
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YK 664.66.047
C.A. Hazapos

HUHTEHCUO®UKANUA TEXHOJOTI'MYECKUX
MPOLIECCOB NUIIEBOM TEXHOJIOI' MU ITYTEM
HAJIOKEHUS BUBPAIIMOHHBIX KOJIEBAHUI HA CJIOM
OBPABATBIBAEMOI'O MATEPHUAJIA

B nactosmee Bpemst B mepepabarsiBaromux orpaciax AIIK cra-
BSITCSI 33/1a41 CO3/IaHMsI K BHEPEHHS COBPEMEHHBIX TEXHOJIOTHH, 0bec-
NEYUBAIOIIUX COKPALIEHNE SHEPronoTpedIeHnsl B COUSTaHUH co cOe-
pEeKEHHEM CBIpbSI M JPYTHX PECYpCOB, YCOBEPLICHCTBOBAHHS
TEXHOJIOTHYECKOTO O0OpY/IOBaHMS TI0 TMEepepadOTKe pPacTUTEIHLHOrO
ceipbi. OIHUM W3 MEPCIEKTUBHBIX HANpPaBICHUN SIBIAETCS CO3AaHUE
000pyZIOBaHMs, IO3BOJISIIOIET0 MHTEHCU(HUIMPOBATH TEXHOJIOTHYE-
CKHE MTPOILECCHI.

B numieBoii NpOMBIIIICHHOCTH Ha 0a3e MeXaHMUECKUX Koneda-
HHUH BHEAPEHBI ¥ MCIOJIb3YIOTCSI HOBBIE METO/BI 00paOOTKH MUILIEBBIX
NPOJYKTOB. M3BECTHO UCIIONIb30BaHNE BUOPAIIUIT U yCKOPEHUSI TIPO-
eccoB ApoOJIeHUs], MPOCEUBAHMSA, JIJIsI MOWKH TPAHCIIOPTHPOBAHHUS
Pa3JIMYHBIX MPOAYKTOB B TOPU30HTAIILHOM, HAaKIIOHHOM M BEPTHKAJIb-
HOM HaIpPaBJICHUIX, U3MEJIbYCHUH, JIO3UPOBAHUY U YIIJIOTHEHUH B pa3-
JENUTEIbHBIX, (ACOBOYHBIX aBTOMATax CMEIIWBaHHA, pPachacoBKU
NPOIYKTOB, CYLIKE U IIp. DKOHOMHUYECKUH 3¢p(ekT 0T ncnonp3oBaHus
KOJIeOaHMH BO MHOTHUX CIJIy4asiX IOJIy4aeTcsl JOCTATOYHO OOJbIINM, a
WHOT/Ia MPOIeCcChl BUOPUPOBAHUS SIBIISTIOTCS €ITMHCTBEHHBIMH TP BbI-
MOJHEHUH PsiJIa TEXHOJOTHYECKHUX OIepamnii.

HccnenoBanu npolece CyIKd BapeHbIX KPYIl B BUOPOKHUIIAIIEM
cJioe TIpH KOMOMHHPOBAHHOM TEIIONOJBOJIC C UCIIOJL30BAHUEM TIO-
IPY’KEHHOW TMOBEPXHOCTH HarpeBa. YCTaHOBIIEHAa MEPCHEKTUBHOCTH
yKa3aHHOTo crocoba cymku. OnpeneneHsl ONTUMANbHBIE PEeKUMHBIC
mapaMeTphl IpoIecca: aMIUUTyAa BuOparun A=3-5 MM, 9acTtoTa Ko-
ne6anwmii f=11-13 'y, ckopoctu Bo3nyxa Ve=0,6-0,8 m/c, Temneparypa
Bo3ayxa tg=90-110 °C, remneparypa noBepxHoctu Harpesa tn=130-
140 °C. ITomyueHsl MaTeMaTH4YeCKas MOJENb U KpUTEPHATIbHBIE YPaB-
HEHHS, OIMCHIBAOLINE IIPOLIECCH TEIUIO- ¥ MacCOOOMEHa.
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YK 636.085
A.B. Ipannuxos, A.H. PsizanoB

PA3PABOTKA KOMILIEKCHOM TEXHOJIOTUA
N OBOPYJJOBAHUS KOMBUKOPMOB
C UCIIOJIB30BAHUEM CUHE-3EJEHBIX MUKPO-
BOJOPOCJIEM UMMYHOCTUMYJIUPYIOIIEIO
U IIPEBUOTUYECKOTI' O JIEMCTBUSI HA OCHOBE
MHNPUHIAIIOB DHEPI'O- U PECYPCOCBEPEKEHUA

[ToydyeHue SKOIOTHISCKH YHCTONH KOMOMKOPMOBOH MPOTYKIIHH
NPEATNOoIaraeT 0TKa3 OT CTUMYJIHPYIONINX, TOPMOHAIBHBIX, aHTHOHO-
TUYECKUX U APYTruX (papMakoIOTHUECKUX IMpernapaToB, 00Iagarommx
KyMYJISITUBHBIM JICHCTBHEM U CIIOCOOHBIX MEpeaBaThCs YEIOBEKY de-
pe3 moTpedsieMble TPOYKTHI )KHBOTHOBOJICTBA.

OTUM TpeOOBaHUSAM OTBEYAIOT MPUPOAHBIE OMOJOTMYECKH aK-
TUBHBIE JT0OOABKH — CHHE-3eJICHbIe MUKPOBOJIOPOCIH (XJIOpenia, CIu-
pyJMHA, AyHAIWENIa W. T. J.), KOTOpble OOraThl BHICOKOKAUECTBEH-
HBEIMH TIMTATEIBHBIMHA BEMIECTBAMH, 0COOeHHO Gemkamu (65...72 %),
B-KapoTHHOM W MUHEPaJbHBIMU BEHIECTBAMU. Y HUKAIBHOCTh UX OHO-
XUMHYECKOTO COCTaBa JIeJlaeT UX MPUBIIEKATENIbHBIMU U TIO3BOJISET HC-
MOJIb30BaTh B COCTABE KOMOMKOPMA KaK MCTOYHHKA Ba)KHEHIIINX KOM-
MOHEHTOB, YYaCTBYIOIIMX B OOMEHE BEHIECTB CENLCKOXO3IUCTBEHHBIX
KUBOTHBIX.

B nanHoit paboTe poBeACHBI SKCIIEPUMEHTAIBHBIE U TEOPETH-
YECKHUE MCCIICAOBAHMS aBTOTPOGHOTO OMOCHHTE3a CYyOCTaHIIMI CHHE-
3€JICHBIX MUKPOBOJIOPOCIIEH B IJICHOYHOM (OTOOHOpPEaKTOpe C MPOTH-
BOTOYHBIM JIBIDKEHHEM T'a30BOW M KUAKOW (Da3 U pa3paboTaHbI perer-
TypBI cOaTaHCHPOBAHHOTO KOMOMKOpMa, o0ecrieuynBaronme (GpyHKIno-
HAJIBHOCTh,  KOPPEKUHUI0 HMMMYHHOTO CTaryca M  BBICOKYIO
NPOIYKTUBHOCTB CEIbCKOXO035HCTBEHHBIX KUBOTHBIX.

PazpaboTtana Qusnko-mMaTemMaTHUeCcKass MOJIEIh MaccOOOMEHa
npu GoToaBTOTpOPHOM OHOCHHTE3E CYCTICH3UN CHHE-3EJICHBIX MUKPO-
BOJIOPOCIIEH M MX UCIOIBb30BAaHKE TSl IPOCKTUPOBAHHS OMOPEaKTOPOB
HOBOT'O TTOKOJICHUSI U YIPABJICHHUS TEXHOJIOTHYECKHIMH TapaMeTpaMu
mporiecca adpoOHOTO MOIYIeHHUS KyIbTypaTbHOM KUAKOCTH.
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V]IK 664.724
A.H. Psa3zanoB

PA3PABOTKA TEXHOJIOI'MX U OBOPYIOBAHUS JIA
IJTYBOKOM MMEPEPABOTKHU 3EPHA AMAPAHTA

B xone pa3paboTKu TeXHOJOTHU MepepaboTKU 3epHa amapaHTa
Oblma pa3paboTaHa HEMMOCPEICTBEHHA cXeMa TIIyOOKOM mepepadoTKu
(Pucynoxk). [IpoBeneHHBIN aHaIM3 CYIIECTBYIONIEH TEXHOIOTHH TIEpe-
paboTku amapaHTa BBISBUI Takue MPOOJIEMBbl KaK OTCYTCTBHE OyHKEp-
HOTO XpaHEeHUs 3epHa MEITKOCEMSIHHOM KYJIbTYPBI H MaJIble CPOKH Xpa-
HEHHUSI MYKH ¥ KPYIIBL.

| iyl S e e i e i Sy S e e e W 1
! XpaHunuwe noarotoska !
| 3epHa —) 3epHOONMCTKA —p cbipbs —  MmenbHMua - IKCTpyAep I
1 amapaHTa K NPeccoBaHuio 1
1 1
| |
| |
| |
I KMbIX macno Myka ”“mm":;.""m |
| |
| Bazosas TexHonorus |
--------------- y--a v v v |
I I
coz I ¢hacoska thacoska chacoska 1
SKCTpakmus f; |
./ \ e e o P -

Benkoserit OKCTpakT Beinenenne > CkBaneH

KOHIICHTpAT! Macna CKRATEH

Pucynok. biok cxema riry0okoii nepepaboTkn aMmapaHT

IIpoBenenHbIe UcCIEN0BaHUS O3BOIMIN MIPEUIOKHUTE CIETYIO-
M€ PEIIeHHs] YKa3aHHBIX POOIeM:

— pa3zpaboTaHa HOBas KOHCTPYKLMS OyHKepa Al XpaHEHHS
3epHa aMapaHTa U IPYIuX MEJIKOCEMSHHBIX KyJIbTYyp;

— B KadecTBe crocoba /uid XpaHeHUs] MyKHd W KPYITbI aMapaHTa
HEOOXOJMMO HCIOJIB30BaTh BaKyyMHYIO YIIAKOBKY B TE€PMETHYHBIH
MHOTOCIIOWHBIN MaKeT (MOIMATHIUICHOBBIH ¢ POIBIHPOBAHIEM).
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YK 542.47: 519.8
B.H. lapwos, E.B. JIutBunos, K.B. Xapuenkon

PA3PABOTKA CIIOCOBA U OBOPYIOBAHUSA
JJIs1 TIPOU3BOACTBA CYXOI'O KASEMHA HA OCHOBE
INPUHIAIIOB SHEPI'OCBEPEKEHUSA

Hamu OpIm paspaboraH 3¢ GeKTHBHBIA, dHEprocOeperarommni
Croco0 ISt HeNPEPHIBHOM CYIIKH TPaHyJTUPOBAHHOTO Ka3eHHA U MPE/I-
JI0KE€HA KOHCTPYKIUS YCTAHOBKH ISl €70 Pean3ali.

[IpenBapuTenbHO OTHPECCOBAHHBIM M TpaHyJIMPOBAHBIN Ka3eUH
MOJIAIOT B MOJIOTPEBATENb, a4 3aTEM B KaMepy JJISl CYIIKH MeperpeThiM
napoM aTMoc(epHOro JaBlIeHHs B KOTOPOI MPOAYKT HAXOAUTCS B TICEB-
JIOOKKEHHOM clioe. Jlanee rpaHyIibl HAIPaBISIOT B KAMEPY VIS CYIIKA
MOJIOTPETHIM aTMOC(HEPHBIM BO3IyXOM, IIPH 3TOM OJTHOBPEMEHHO TIOJ-
BoasT CBY suepruto ¢ nomomipbio CBY MarHeTpoHOB U CO3AaI0T MOHU-
JKCHHOE JIaBJICHHE B Kamepe BakyyM-HacocoM. OCYIIECTBICHUE IPO-
1iecca Ipy TOHMKEHHOM JIaBJICHUH TI03BOJISIET IOCTUYh €r0 BBICOKOTO
Ka4ecTBa NP BHICOKOW MHTEHCUBHOCTH IPOBEJICHUS MpoIiecca.

3areM MPOAYKT HANPaBISIOT B KaMepy UIsl IOCYIIKU ITOA0Tpe-
THIM aTMOC(EepHBIM BO3IYyXOM, TIpU OJHOBpeMeHHoM moaBoae CBY
9HEPTUU U CO3JIaHWW MOHWKEHHoro aapnenue. Cyxue, ropsdyue rpa-
HYJIBI TO/IAI0T B OXJIaJUTENb I OXJIAXKICHHS XOJIOIHBIM BO3IYyXOM,
MOCJIE YET0 rOTOBBIN MPOAYKT HAPABJISAIOT HA YITAKOBKY.

[Ipemnaraemslii cioco0 1 yCTaHOBKA MO3BOJISIOT:

— TIOBBICUTh JHEPreTUYecKylo 3¢ (eKTUBHOCTh pPabOTHI ycTa-
HOBKH, T. K. IPAKTUYECKU MOJTHOCTHIO UCHONB3YETCs TEIIoTa 0Tpado-
TaHHBIX TEIUIOHOCUTENIEH B KOHTYpaxX PEHUPKYISAIUN U TeIUIOTa KOH-
JeHCAINN XJIaJIareHTa NPUMEHSIEMOTO JUIst TONYYCHUS
UCKYCCTBEHHOT'O X0JI0JIa HEOOXOIUMOTO [Tl Pa0OTHI JINHHM;

— IOJYYUTh XOJIOJHBIA BO3IyX, KOTOPBIA UCIIOIB3YIOT IS OXJ1a-
JKACHUS ToToBOTO mpoaykTa 1 CBY MarHeTpoHOB, 9TO MO3BOJSET TO-
BBICUTh Ka4e€CTBO I'OTOBOTO TMPOJYKTa W AKCIUTyaTAIlHOHHYIO HaJleK-
HOCTb pabOThI JIMHUY;

— IOCTHYB BBICOKOTO Ka4ecTBa TOTOBOTO MPOAYKTa 33 CYET OCY-
MIECTBJICHUS CYIIKH ¥ AOCYIIKH MPOJYKTa MPH NOHWKEHHOM JaBlie-
HUMU.
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V]IK 621.564.36
B.10. OBcaHHHKOB

PA3PABOTKA TEXHOJIOT'MX HHTEHCUBHOI'O
3AMOPAKUBAHUSA B KPUCTAJIJIN3ATOPE
BUHAPHOTI'O JIBJA U ITIPOEKTUPOBAHUE
OBOPYIAOBAHUSA AJIA EE PEAJIM3ALINA

TexHomorust oxyaxaeHus IByX(}a3HbIM TEIUIOHOCUTENIEM — On-
HapHbIM JIbJ0M (TexHonorust Alic-ciappu) IpeaycMaTpuBaeT co3fia-
HHE TEXHOJIOTHYECKHX PEXHMOB, IIPH KOTOPBIX (OPMHUpPYETCS JbJI0—
BOJsHAs 1ryTa, comepskamast ot 10 1o 50 % mpaa ¢ pa3MepoM KpucTai-
JI0B OT 5 10 50 MKM, paclpeieIeHHbIX B XKUIKOM (ase.

HccnenoBan xapakTep H3MEHEHHUS TOJIIMHBI CII05 JIbAa, GOPMHU-
PYIOIIErocsl Ha IMOBEPXHOCTH MOPO3MJIBHOIO LWIMHAPA BO BPEMEHHU
IIPU OTCYTCTBHUHU NEpEMEIINBAHNS.

HawuGonbmas ckopocTs 1b000pa3oBaHus HaOII0AAETCS Ha TIPO-
TSXKEHUU MEPBBIX MUHYT oxyaxaeHus. [Ipu temneparype munyc 2° C
yepe3 5 MUHYT mporiecca CKOPOCTh JIbA000Opa30BaHMsI COCTaBIIsIIA TT0-
psiaka 20 Mm/4ac, a IpU TeMIeparype TeIIO0OMEHHONW MOBEPXHOCTH
muHyc 15° C 310 BennumHa cocTaBisuia okono 45 mm/dac. Ha mpots-
JKEHUH JAbHEHIIIEr0 OXJIaXACHUS C YBEIWYEHHEM TOJIIWHBI CIIOS
JIbJ1a TIOBBIIIATIOCH TEPMUUECKOE COMPOTUBICHUE MEXKY TEMJI000MEH-
HBIMHU TOBEPXHOCTAMH MOPO3UIBHOTO LMIMHJPA U CJI0S HAMOPOXKEH-
HOT'O JIBJA.

KonmaectBennoe cpaBHeHNE () PEKTUBHOCTH TTpoIiecca JIbI000-
pa3oBaHUs MIPU Pa3IMYHBIX TEMIEPATypax TEIII00OMEHHON IIOBEPXHO-
CTH IPOBOAWIN 1O KpUTEpHIO 3P deKkTuBHOCTH. BBIsSBIEHO, YTO C HO-
BBIIIEHWEM  TEMIIEpaTypbl  CTEHKH  IWIMHApPA  IOBBIIIAETCS
NPOJIOJDKUTENFHOCTh HAMOPaXKUBAHUS IO JIb/Ia, HO 3 PEeKTUBHOCTD
npoliecca OCTaeTCsl JOCTaTOYHO BeICOKOH. Takxke 3 (hekTHBHOCTH Mpo-
11ecca BbICOKA [P MOJIyYSHUH JIbJa U3 PACTBOPOB C MaJION KOHIIEHTpa-
[IUEeH pacTBOPUMBIX BEIIIECTB.

N3y4eHo n3MeHeHue Mponu3BOAUTEIBHOCTH U 3aTpaT SHEPTUH Ha
BBIPA0OTKY OWHAPHOTO JIbJA.
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YK (664.3)
A.A. Bbepecrooii, U.C. IOpoBa, A.H. Maprexa

PA3PABOTKA 1 HAYYHOE OBOCHOBAHHUE
TEXHOJIOTUHA AE30JOPAIIMU PACTUTEJIBHBIX
MACEJ HEKOHAEHCUPYEMbBIM UHEPTHbBIM I'A30M

Jlesomoparus — OCIeTHAA U OAMH U3 OCHOBHEIX ATarioB o0Opa-
OOTKHM PAaCTHUTENBHBIX Macell U JXKUPOB. Jle3o10paluu mpenecTByeT
b0 XuMuYeckas paduHanus MHUIIEBBIX Macell M >KUPOB, BKIIOYAIO-
mas craguil 00e3BOKMBAHWSA, HEHUTpaIHM3allH, BHHTEPHU3AIHH, IMIPO-
MBIBKH M QIIIBTPOBaHUS JIN0O (hr3mueckas paduHaIus, BKIIOYAIOMas
CTaguu 00e3BOKUBAHUS, OTOCIKN ¥ (QUITBTPOBAHHUS.

Crucok yaaiasieMbIX HpU AE30A0pAlMH BELIECTB, AOCTATOYHO
OOJBITION W BKITIOYAET B ceOsl CBOOOMHBIE JKUPHBIC KUCIIOTHI, Pa3iInd-
Hble KOMIIOHEHTBI, BBI3BIBAIOIINE HEMPHUATHBIA BKYC M apoMaT, THIa
AJIBJETHIOB, KETOHOB, CIIMPTOB U YIJIEBOJOPOJOB; U BEILECTBa, 00pa-
30BaHHBIE TIPHU TEIUIOBOM pa3lIOKEHUHM TepokcuaoB. Kpome Toro,
TOJILKO Ha CTAJIUM JIC30JI0PAINHN YJIANSIOTCS OCTATKA XUMUYECKUX BeE-
HIeCTB (SIOXUMHKATOB, TEPOUIIUAOB U MECTHLUAOB), HCIOIb3YEMBIX
NP BBIPAIIMBAHUN CBHIPBS JIJISI TIPOM3BOJICTBA Macel M KUPOB. s
npHUIaHus TpeOyeMOoro KadecTBa MacyiaM U / WITH )KUpaM 3TH BEIIeCTBa
JOJDKHBI OBITH YIaJIeHbI TPAKTUYECKU TIOJTHOCTBIO.

Bce nmepeuncieHHbIi BelecTBa — BBICOKOTOKCHYHBI, & 3TO 3Ha-
YUT, 9TO B MHIIY ¥ B MPOU3BOJICTBE MHUIIEBHIX MPOIYKTOB MOXHO HC-
MO0JIb30BaTh TOJIBKO PaQUHUPOBAHHBIE JIE30/IOPUPOBAHHBIC MACIIA.

B pesynbTare mpoBeaeHHs aHaJIM3a CIIOCOO0B, CYNIECTBYIOLIMX
CHUCTEeM ¥ OOOpYIOBaHHS ISl JE30/I0palliil PACTUTEIHHOTO Maclia
WHEPTHBIM ra30M OBbLIH MPUHATHI TEXHUYECKUE U TEXHOIOTUIECKHUE pe-
HICHUS 17151 pa3paOdOTKH U M3TOTOBJIICHUSI KOMIUIEKCHON CHUCTEMBI J1e3-
OJIOpalyy PaCTUTEIBLHOTO MAacyia HHEPTHBIM Ta30M.
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YK 639.3.043
A.H. Octpukxos, B.A. Adpanacses, .C. BoromoJioB

HNCCIEJOBAHUE ITPOLECCA BAKYYMHOI'O
HAIIBUUIEHUS ’)KUJIKUX KOMIIOHEHTOB
HA OKCTPYAUPOBAHHBIE I'PAHYJIBI AKBAKOPMOB

Jnsg moirydeHust SKCTPyIUPOBAHHBIX TPOTYKIIMOHHBIX KOMOU-
KOPMOB C BaKyyMHBIM HaIlbJICHHEM B COCTaB JKCIIEPHMEHTAIbHOMN
YCTaHOBKH BXOJAWUT YCTaHOBKA JJIsi BaKYyMHOI'O HalbUICHUS JKUAKUX
KOMITOHEHTOB U YCTPOMCTBO ISl BBOJIA KHIKUX KOMITIOHEHTOB (pHc. 1).

W3mepenne u KOHTPOIb OCHOBHBIX TEXHOJOTHYECKHUX MapaMeT-
POB mpoliecca SKCTPY3UH IPH NPOBEISHUN SKCIIEPUMEHTAIbHBIX paboT
MIPOBOJMIUCH IIPU TIOMOILHU TPUOOPOB, OTTPAAYHPOBAHHBIX U MIPOLIE-
IINX TIOBEPKY.

Puc. 1. YcTaHoBKa BaKyyMHOTO HaIllbIICHUS

Bce KOMIOHEHTBI KOPMOBOM CMECH OTAEIBHO MU3MEJIbUaInuCh U
OTCEHBAJIMCh Yepe3 Habop CHT.

OKCTpyIUpOBaIM KOPMOBYIO CMeCh ¢ pa3MmepoM uactun 0,32—
0,63 MM. ®pakiuu OOJIBIIETO pa3Mepa HAIMPaBIIIH Ha MOBTOPHOE
npoOnenue. M3amensueHHbIE KOMIOHEHTHI € 33aHHBIM pa3MepoM 4Ya-
CTHII THIATEIHHO CMEIINBAINCh B MUKCEpPE M HAINPABISUIMCH B 3arpy-
309YHBIA OYHKEp IKCTpyAepa.
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Harpes marpuipl u Kopryca A0 HEOOXOIOMMOW TeMIepaTyphl
MPOU3BOAMIICA IIPpeIBapuTENbHO B TeueHue 20...25 mun. Korna noctu-
rajiach TeMIepaTypa B MaTpHIle U Kopiyce, Onuskas k padoueit (110—
160 °C), BiIt0Yany NpUBOJ, 3aTeM 00padaThIBaIM UCXOJHYIO CMECh B
YCTaHOBJICHHOM DPEXKHME.

VYcraHoBka JAJsl BBOJa B KOMOMKOpMa >KUAKHX KOMIIOHEHTOB
(KOPMOBOTO KUpa, PACTUTENHLHOTO Macia M Jp.) 00ecrednBaeT BBOJ]
KHUJIKAX KOMIIOHEHTOB B BUJIE OT/ICJIbHBIX 03 HJIM B HEMPEPHIBHOM pe-
KHME C 33JJAHHOW BEITMYMHOM pacxo/ia B CMECUTENN NEPUOMYECKOTO
Y HETIPEepBIBHOTO JICHCTBUSI.

YcraHnoBka (puc. 2) UMEIOT MINPOKUI JUaNa30H PeryIupOBaHHS

103 xKuaKocT — oT 1 10 200 11 u ee pacxona — ot 100 mo 4000 /4.
Ly ST .

A

Puc. 2. YcraHnoBka jijist BBoJja B KOMOMKOpMa KUIKHX KOMIIOHEHTOB

YcTaHOBKa BBO/IA KHPA OCYIIECTBIIACT aBTOMATHUECKOE 00beM-
HOE JI03UpPOBaHUE C MOMOIIbIO pacxonomepa. OHa HarpeBaer XUp 10
3a/IaHHOM TeMIIepaTyphl 111 ONTUMHU3aLUN BEIUYUHBI BS3KOCTH, YTO
MO3BOJISIET JOOUTHCS 0oJiee TOYHOTO JO3UPOBAHHS M PABHOMEPHOTO
pacnpeneneHus ) KUIKUX KOMIIOHEHTOB MPH MOJAY€E UX B IPaKUPOBOY-
HBIW amnmapar.

[Momyuaembie BUIbI aKBAKOPMOB 00JIAZIAF0T MAJIOH KalUIIIPHOM
MOPUCTOCTHI0. DTO CBSI3aHO C MEPEXOI0M OT TPATUIIMOHHBIX TTPUEMOB
TpaHyIUPOBaHUS K BBICOKOI(D(PEKTHBHOMY 3KCTPYTUPOBAHUIO C PETY-
JUPYEMOI OPUCTOCTHIO.
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[Monmy4eHHBIE KCIIEPUMEHTANBHBIE JaHHBIE CBHICTEIBCTBYIOT,
yTo (opMa, IIIOMAAb HONEPEUHOr0 CeYeHHsl o0pasla CyLIECTBEHHO
BIIUSIIOT HA KMHETHKY BIIATOIOTIIONICHHUS, ONpeAesseMyto auddy3nueit
Y KaWUISIPHBIM TPAHCIIOPTHBIM MEXaHU3MOM MOTHATHS B )KUAKOCTH.

[Tonaraem, 4TO KaNMJUIAPHBIE Pa3pBIBBI, COCTOSILIUE U3 Y3KHX
IPOXOJ0B WM OOJBIINX IMYCTOT BAOJIb IyTH ABMKEHUS BOJSHOIO IO-
TOKA 10 CHCTeME KallMJUISIPHBIX TIOP, MOTYT CO3/IaBaTh JOTOJIHUTENb-
HBIE MPEMsATCTBUS. M TeM caMbIM BHOCSTCS TPaHUYHBIE YCIOBHUS Ha
IPOLIECCH MACCONIEPEHOCca B IOPUCTOM TEJIE.

OdyeHp MaJIEHPKUN PaCYETHBIN pa3Mep Mmop, a Takke MoAn(UIHN-
poBaHME MOPOBOH MOBEPXHOCTH IOBEPXHOCTHO-aKTUBHBIMU Belle-
CTBaMU CBUIETENLCTBYIOT O TOM, YTO CTPYKTypa IOP CUIBHO MPENsT-
CTBYET IPOHUKHOBEHHUIO )KUIKOCTH.

310 BBI3BIBAET OJOKUPOBAHHE MTOP U MIPUBOAUT K HU3KOH NPOHU-
naeMocty. Toraa MexaHu3Mbl KaWUIAPHOTO BCACBIBAHUS HE MOTYT ca-
MOCTOSITENILHO OOBSICHUTH IPOLIECCHI BJArONOIJIOIEHHUS TIOPUCTHIM Te-
JIOM.

[TomyueHHbIe pe3yabTaThl MO M3YYEHHIO KaNMUISPHOTO BIIAro-
HOIJIOLICHUS! CBUAETENLCTBYIOT, YTO IMPOLECC ATOT MPOTEKAaeT UIU-
TETBHOE BPEMSI.

OKCTpyIUpOBaHHbIE KOMOMKOpPMa C BaKyyMHBIM HaIlblJICHHEM
MMEIOT MPEUMYIIECTBA [0 CPABHEHHIO C IKCTPYAMPOBAHHBIMH KOMOU-
KOpMaMH, IPUTOTOBJICHHBIMHU 110 TPAIULIMOHHON TEXHOJIOTUH:

— 3HAYHUTEIbHOE YIyYIIEHHE IMHTATeNFHBIX Ka4ecTB KOMOH-
KOpMa;

— He3HauuTeNIbHOe ApolieHne KOMOMKOPMOB; YiIydlIeHHbIE (Qu-
3UYeCKre KauecTBa KOMOUKOPMOB;

— BBICOKHH YPOBEHb IPOHUKHOBEHUS JKUAKUX KOMIOHEHTOB;

— MOBEPXHOCTh KCTPYyIaTa OCTAETCS CyXOM; COXpaHEHUe J0po-
rOCTOSIIMX 100aBOK;

— IpUMEeHEeHHEe HeOOIbIIUX 103 UHIPEIUECHTOB.
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YK 664.1:579.6
C.H. 3060Ba, A.H. OcTpukosn

COBEPHIEHCTBOBAHME TEXHOJIOI'MU CYIIEHOI'O
CBEKJIOBUYHOTI'O ’)KOMA METOJOM JIBYXKPATHOI'O
HNPECCOBAHUA

ITpou3BOACTBO CYLIEHOTO I'PaHYJIUPOBAHHOIO CBEKJIOBHYHOIO
’KOMa METOJIOM OJJHOKPATHOTO IPEeCcCOBaHMs, Kak Haubojiee pacrpo-
CTPaHEHHOTO CIIOCO0a ero MmepepadoTKH, COMPSKEHO CO 3HAYUTEINb-
HBIMH 3HEpro3aTpaTaMu, 3aTpauuBaeMbIMU, B OCHOBHOM, Ha 3TaIle KOH-
BEKTHUBHOM Cyliku B GapabanHo# cymmmike [1].

s moBeIeHus 3HeprodPekTuBHOCTH Ha bopuHCcKoM caxap-
HoM 3aBoge AO «AIIO «Aspopa» (JIumenkas 061.) mraHupyeTcs pas-
paboTKa ¢ oCcIeyIOUIMM BHEAPECHUEM TEXHOJIOIHHU CYLIEHOTO CBEKJIO-
BUYHOT'0 KOMa METOJIOM JBYXKPAaTHOT0 npeccoBanus (puc. 1).

W3 BepxHeii yactu n1udy3noHHON yCTaHOBKHU KOM € HauaIbHON
BIaXHOCTBIO 93-94 % BRITpYy’KaeTcs MpH MOMOIIH TOPH30HTAIBHBIX
[IHEKOB MMOCTYIAET Ha Ipecc IS MPeBApPUTEIHLHOTO OTKUMa JI0 CO-
neprxanust okojio 8,0-12,0 % cyxux BemecTB. 3aTeM KOM MOJIAIOT Ha
npecc pupmsi «Babbini» (puc. 2), rae o omkEMaeTcst 10 CoAepIKaHUS
24-32 % cyxux BemiecTB. OTXKATHII JKOM, MMOJISHKAIINHA CYIIKE, 11013~
eTcs B 0apabaHHYIO CYIIWJIKY, B KOTOPOM OH CYIIUTCS JBIMOBBIMH Ta-
3aMH, OJTy4aeMBbIMH IIPY C)KUTaHUHU IPUPOAHOTO Ta3a. J{bIMOBBIE Tra3bl
npu cyike xxoma umerot Temreparypy 500-800 °C. Temmeparypa ot-
paloTaBIIEro CyIIMIBHOIO arcHTa Ha BbIXOJAE M3 yCTaHOBKH, 120—
150 °C. Cmech OBIMOBBIX Ta30B W MapoB BOABI Temmeparypoid 120—
150 °C otcacbiBaeTcsl U3 KOMOCYIIMJIBHOTIO allapara JbIMOCOCOM H
HAIpaBIISETCS B IIUKIIOH-YJIOBUTEIb JUIS YIABIUBAHUS YHECCHHOTO Ta-
3aMHM YaCTHIl CYIIEHOTO »OMa. Blia)KHOCTh BBICYIIEHHOTO OMa CO-
craBnsier 11-13 %. YoBneHHBIN KOM Crpy»KaeTcsl B IIHEK CYIICHOTO
’KOMa, a IbIMOBBIC Ta3bl U3 IIMKJIOHA-YJIOBUTENS BEIOPACHIBAIOTCS B aT-
Mocgepy. BICYIIEHHBIH %KOM BBIXOJUT U3 CYIIMJIKH C TEMIIEPaTypOi
50 °C. CyuieHslii koM 3a0upaeTcs U3 CYyLUIMJIBHOTO ammnapaTa BUHTO-
BBIMU KOHBEHepaMH U TpadesIbHBIM TPAHCIOPTEPOM MOAACTCS B CKIIAM
WIN Ha TPaHyJIUPOBAHUE.
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JKomoepanyrsuuonroeomoenenie

Kavocpanygiommocomderene

JKomocyunuenoe omoenenue

Omdenene 21y60Kk020 omaxcuma

Puc. 1. TexHomornueckas JUHUSI IMPONU3BOACTBA CYIICHOT'O CBEKJIOBUYHOTI'O KOMa

Bapabannas cymmmnka amst
CBEKJIOBUYHOI'O YOMa JIJIHMHOU
12 merpoB m amamerpom 2,4
METpa MOKET AaTh 3a CYTKH MPH
IBYX 000pOTax B MUHYTY U TEM-
nepatype  ObIMOBBIX  Ta30B
800 °C mo 300 meHTHEpPOB Cy-
XOT0 KOMa, YTO COOTBETCTBYET
nepepaboTke mpumeprHo 5000
LIEHTHEPOB CaxapHOW CBEKJIBI.
I'panynupoBaHHBI1 )KOM, UMEIO-
UK pa3Mepsl TpaHys ITUaMeTp
10 MM 1 uay 15-50 MM, Tem-
nepaTypa rpaHy’ Iociie TpaHy-
nstopa cocrasiser 70-80 °C,
IOTOMY OH HAampaBisieTcsl B
IPOTUBOTOYHBIN OXJIAJUTEINb, B
KOTOPOM TpaHyJbl KOMa OXJia-
JKIAK0TCS 10 TemnepaTtypbl 20—
25 °C.

Puc. 2. YKomoBsrii ipecc «Babbinix

N3 100 xr ceiporo xoma
MOJIy4YaeTcsl IPUMEPHO 7 KT Cy-
XOro ’xoMma. BrICylIeHHBIH IO
npearaeMblit TEXHOJIOTUU
CBEKJIOBUYHBI KOM II03BOJIUT
CHU3UTH pacxo/ TOIIJIMBA IMOYTH
Ha 13,5 %.



o nccnenoBanusm A.B. JIpanHukoBa: 1 KT CyIIeHOro xoMa co-
IEpKUT B cpemHeMm: Kanpimsa 4,7 u ¢ochopa 1,2 T; U3 BUTAMHUHOB
rpymisl B — Butamun B (aneBpuH) — 0,55 Mr/kr; Butamun B (j1akto-
¢maBun) — 0,20 mr/kr; ButamuH Be (mupupoxcun) — 0,1 Mr/kr; konnye-
CTBO IEPEBAPUMOro Oejika cocTaBisieT 33 T.; coaep)kaHHe KOPMOBBIX
enuuann 0,85 [2]. [osToMy TpaHyIHPOBAHHBIN CYLIEHBIH KOM MOYHO
MCTOJIH30BAaTh KaK BaKHBIH KOMIIOHEHT IPU IPOU3BOJICTBE KOMOUKOP-
MOB JUIsl KPYITHOT'O pOTaToro CKOTa.

Jlutepatypa

1. Opnos, B.JI. IIpou3BoACTBO CYIIEHOTO CBEKJIOBUYHOI'O
sxoma [Texcr] / B.JI. Opnos, A.C. 3a6opcun, C.JI. SIposoii. — M.: Jler-
Kasi ¥ TUILIEeBas IPOMBIIIIIEHHOCTh, 1983. — 112 c.

2. JpannukoB A.B. IloBbiuenune 3¢ dexTHBHOCTH mpouecca
CYIIIKM CBEKJIOBUYHOTO ’KOMa MeperpeTsiM napom // MoHorpadus / Bo-
ponex, BI'TA/—2010. -172 c.
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VK 662.7

K.A. Cu3uxos, JI.H. ®pososa, B.H. Bacuienko

PECYPCOCBEPETI'AIOIIIAA TEXHOJIOI'UA
IKCTPYAUPOBAHHBIXKOMBUKOPMOB JJIs1I KPC

Ousnonornieckas MOTPeOHOCTh KOPOB B 3AIIUIICHHOM M HE3allld-
OIEHHOM IIPOTEHHE B Pa3JIMYHbBIC JIAKTAIMOHHBIC NEPHOABI YCTAHOBIECHA
HAay9YHO OOOCHOBAaHHBIMH HOpMaMH. Tak, BBICOKOIPOIYKTHBHOH KOpOBE,
ocobenHo B nepeble 100 mHei mocie orena, He0OX0UMO 00ECIICUHTD I10-
TpebIeHne HepacuIeIusIeMoro mporerna a0 45 % B cyxom Bemectse (CB)
paunona. B ciydasx HecoOmoieHHs 3TOro TpeOOBaHUs aMMHUAK HaKarlTU-
BaeTcs B pyOlie ¢ MOCEeIyIONIUM BCaChIBAHUEM B KPOBSHOE PYCIIO U IPO-
JIBIDKCHUEM 110 BOPOTHOM BeHE K TiedueHH. HaMu npearaercs TeXHOIOTus,
B OCHOBE KOTOPOH JIS)KUT IKCTPYAUPOBAHHUE — KPATKOBPEMEHHBIH BBICOKO-
TeMIIepaTypHBIN TpoIrecc 00pabOTKH CHIPBS O] JaBJIEHHEM C IIEIBI0 J10-
CTIDKEHMS 3aIaHHBIX MApaMeTpoB 3aIlUTHI pacliajga MpoTenHa B pyOre y
KPC. Pexxumsl miporiecca no1o0paHsl TAKUM 00pa3oM, 4TOOBI YCBOSAEMOCTb
B TOHKOM OTJeje KuineuHnka Obi1a Ha ypoBHEe 90-95 %. OcoOGeHHOCThIO
TEXHOJIOTUH SBJISIETCS TO, YTO SKCTPYAUPOBAHHOE CHIPhE M3 IKCTPYAEpa Mo-
JIaeTCsl B ammapart JJisl HAHECEHUs] MaCIOKUPOBBIX KOMIIOHEHTOB M JaJiee B
TapeNbYaThlii TPAHYJSITOP, Ky/a MOAal0T H3MEIBYCHHOE Ha APOOHIIKE MH-
HepaJbHOE CHIPhE (II€OJIHUT, OEHTOHUT, U3BECTHSIK). 3a CUET XOPOIICH ajre-
3WH MUHEPAITLHOTO ChIPhsi PABHOMEPHO HAHOCUTCS Ha TOBEPXHOCTH IPaHYJI.
PaspabotanHast kopMoBas To0aBKa NpeIHa3HaYCHa IS aICOPOIHH, TPAHC-
(hopMaIy 1 IFOUPOBAHNST MUKOTOKCHHOB U MX TIPOU3BOJHEIX B KOPMaxX U
numeBaputenbHoi cucreMe KPC, a taxke st npoduiiakTike TucOakTe-
pH030B, HH(EKIIMOHHBIX 3a00JICBaHIIA U YITYYIICHUS MEKPO(IIOPHI KAIIICY-
Huka. Takum oOpa3oM, npeanaraemMas TEXHOJIOTHUS CO3/IaeT JIOTIOJIHUTEIb-
HYIO 3aIIUTYy OMOJIOTWYECKH aKTUBHBIX BEIIECTB OT BHEIIHHX (DaKTOpOB,
YTO MO3BOJIIET JYYIllEe COXPAHSTh aKTHBHOCTh KOMITOHEHTOB, BXOJISIIUX B
KOPMOBYIO JI00ABKY, B TOKE€ BPEMsi OJTHOPOJHOCTb PacIpe/IcliCHHs BUTAa-
MUHOB ¥ MuHepayioB nocturaet 95-97 %. [lomyyaemble 100aBKH He clie-
JKUBAIOTCS TP XPAaHCHWH, HE TBULIT W HE PacclauBalOTCsS B Iporecce
TPaHCIIOPTUPOBKH U MPUTOTOBIICHHS KOPMA.

Jlutepartypa

1. Bacunenxo B.H. u np. Pazpabotka pecypcocOeperaromnieir TEXHOIO-
THU [ICEBIOKAICYIMPOBAHHBIX IIPEMHUKCOB U3 OTXOJOB MAaclOXUPOBOH Ipo-
mbinuteHHOCTH // Koud «IIpropuTeTHbie HanpapieHHs HHHOBAIIMOHHON JIesi-
TEJNBHOCTHU B MpoMbInuIeHHOCTH». Kaszanb, 2020. C. 38-41.

2. AdanacneB B.A. u ap. PazpaboTka craprepHbIX KOMOMKOPMOB JIJIst
KpynHoro poraroro ckora // Kopmonpoussozacrso. 2020. Ne 2. C. 39-43.
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YK 662.7
JL.H. ®poJioBa, U.B. [Iparan, H.A. MuxaiiiioBa

PA3PABOTKA YKOJIOT'MYECKH BE30ITACHON
TEXHOJOT'MUITPOU3BOJACTBA BUOTOIIJINBA
TPETBEI'O ITIOKOJIEHUSA

AHal3 METO/IOB OICHKH M MyTeH CHUKEHUS! OTPUIATEIBHOTO
9KOJIOTUYECKOTO BO3/ICHCTBHS AU3ENeii Ha OKPYIKAIOIIYIO CPEIy MOKa-
3bIBACT, YTO B HACTOAIIECC BPpEMA OCHOBHBLIM HAIIPABJICHUCM ABJIACTCA
UCIIOJIb30BAHUE alTbTEPHATUBHBIX TOTLIUB.

Hcnosnb30BaHue MOJyIaeMOro M3 OTXOJO0B MEepepadOTKH Cellb-
CKOXO3SIMICTBEHHOT'O ChIpbsl U JXKUBOTHOBOAYCCKUX KOMILICKCOB 6I/IO-
TOIJIMBA TO3BOJUT CYIIECTBEHHO MOBBICUTH DHEPrETHUYECCKYIO (D (hek-
TUBHOCTH MPOU3BOICTBA.

OCHOBHBIMY HANpaBJICHUSIMU HCCJICIOBaHMI BBIOpaHBI: pa3pa-
00TKa KOHLISTILIUH MOJICITMPOBAHUS PECYPCOCOEPETatoIIUX TEXHOIOT U
KOMITJICKCHOM mepepaboTKH MacIUYHBIX KYJIbTYp, pa3paboTka HayuHO-
TEOPETUIECKUE OCHOBBI MPOIIECCOB TOIYYCHUS] OMOU3EISI H TOTUIHB-
HBIX I'PaHyJI U Ha €IMHOM METOJ0JOTNYECKOI OCHOBE, U3yUEHUE MEXA-
HH3Ma W KWCCIIEJ0BaHNE BHYTPEHHETO M BHEIIHETO TEIIO-U Macco00-
MCHA, BBIABJICHHE OCHOBHBIX THAPOAMHAMHUYECKHUX U KHUHECTHYCCKHUX
3aKOHOMEPHOCTEH 00pabOTKH U pa3paboTKa Ha 3TOH OCHOBE pallvo-
HaJILHOTO crioco0a 00pabOTKH, a TAKKE IKCIIEPUMEHTAIBHOE HCCIIEI0-
BaHKE MPOIIECCOB MOTyUCHHs OHON3ENS U TOTUTUBHBIX TPAHYII.

CoBepIIeHCTBOBAHHS MPOIIECCOB MOMTYUCHUS] OUOIM3ENISI U TOTI-
JIMBHBIX TPaHyJl SBIISIOTCS, HAa HAII B3I, CHIDKCHUE SHEPTronoTped-
JICHUS1 OCHOBHOTO MMPOU3BOJICTBEHHOT'O 000PYIOBAHUS, 38 CUET IPUME-
HEHHUS TCIJIOHACOCHBIX YCTAHOBOK, IPHUMCHCHHUC aJIbTCPHATUBHBIX
MACJIUYHBIX KYJIBTYD U UX KOMHO3I/IHI/II>1, a TaKK€ COBEPIICHCTBOBAHUEC
MacJIONpPeccOBOro 000PyI0BaHMs, KAK OCHOBHOT'O TIOTPEOHTENS IHEP-
THH.
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YK 661.187.84
E.10. Kearoyxosa, U.H. Boarosa, U.C. HaymueHko

PAZPABOTKA PELHEINIITYPBI TBEPJOI'O TYAJIETHOI'O
MBLIA C AHTUCENITUYECKUMHW CBOMCTBAMHU

[ BapKy TyaJIeTHOTO MbLJIa HCHOIB3YIOT OCHOBHOE M BCIIOMO-
raTenbHOe Chlphe. B KauecTBe OCHOBHOTO CHIPBSI UCIIOJIB3YIOT: PacTH-
TeNbHbIe Macia (MaIbMOBOE, MaJIbMOSIPOBOE Macia), TBEpAYIO (ppak-
[IUI0 TIAJIbBMOBOI'O Macjla — CTE€apHH, )KUBOTHBIN JKHP; CUHTETHYECKHE
JKUPHBIE KUCIIOTHIL, THAPUPOBAHHBIE PACTUTEIbHbBIE Macia — CaJIOMAcCHl.
BcenomorarensHOe ChIphe T00ABISAIOT AU TOTO, YTOOBI MPUAATH MBLTY
HEeOOXOIMMBIN LIBET M 3allaX, aHTHCENTHYECKHE CBOMCTBA. B KauecTBe
AHTHCENITUYECKUX J00aBOK MCHOJIB3YIOT 3KCTPAKT THICAYETUCTHUKA
OOBIKHOBEHHOT'0, SKCTPAKT KaJCHIYJIbl JIEKAPCTBEHHON I[BETKOB, JKC-
TPaKT pOMAIIIKK anTeyHol 11BeTkoB; BuTamuubl (FL BS u np.). [Mapdro-
MEpHBIE OTIYIIKU MPUAAIOT ONPEIEIEHHBIN 3a11ax MbLTY, KOTOPBIA MO-
JKET OBITh I[BETOYHBIH, PPYKTOBO-SITONHBINA (haHTA3UITHBIN.

Bapka MbI1a HauMHAETCS C TOTO, YTO JKUPOBOE CHIPhE XPAaHUTCS
B pe3epByapax 1o BujaM. sl HarpeBa JKHPOBOTO CHIPbS BHYTPH €MKO-
CTell YCTaHOBJICHBI 3MEEBHKH, IO KOTOPBIM IOAACTCSA TIIyXOH map.
Bapka 0CHOBBI TyaJIETHOTO MBIJIa OCYIIECTBIISIETCSI B MBUIIOBAPEHHBIX
KOTJIaxX.

TexHomorn4eckuii mporecc NPUTOTOBIEHHS OCHOBBI TyalleT-
HOT'O MbUIA HEPHOAMYECKUM KOCBEHHBIM METOJOM M3 HEHTpaJbHBIX
JKUPOB BKJIFOYAET CIIEAYIONINE CTAINH: KAyCTHUECKOE OMBUICHHE KH-
poBoro Habopa, nuM(OBaHNE MBUIBHOW OCHOBBI, OTCTAUBAHUE MBLIb-
HOH OCHOBBI, CIIMB MBUIBHOH OCHOBBI, 00JIarOpaXHBaHHE NOIMBUIb-
HOTO KJiesi. Maccy B BApOYHOM KOTJIE HArpEBaIOT OCTPHIM ITapoM depe3
Oap6otep. danee uaer pacoka TyaneTHoro meiia. llex ¢acoBku Tya-
JIETHOT'O MBLJIa BBIpAa0aTHIBACT MPOAYKIHUIO 32 CUET MEXaHUIECKOW 00-
padOTKN BBICOKOKaUYECTBEHHOI'O SPOBOr0 MblIa (KOTOPBI COCTOUT B
OCHOBHOM M3 HATPHEBBIX COJIEH HATypaNbHBIX U CHHTETUYECKUX XKHUP-
HBIX KHCJIOT) ¢ A00aBICHUEM AaHTHUCENTHUYECKUX M CMSTYAIOLINX
CpPEACTB.
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YK 664.8.22
A.A. llleBuos, H.A. CepalokoBa, K.B. Opeminn

BBIEOP OIITUMAJIBHOM HATPY3KH PEAKTOPA
HEPEDTEPUDPUKAIINN PACTUTEJIBHBIX MACEJI

[Tpu BbIOOpE ONITUMAIBHOM Harpy3KH peaKTOpa nepesTepuduka-
UM PACTUTENBHBIX Macel HEOOXOAMMO YYHUTHIBATH SKOHOMHUYECKYIO
3¢ (heKTHUBHOCTH, OCHOBHBIMH M3 CIaraéMbIX KOTOPOH SBISIOTCS cebe-
CTOMMOCTD MPOJYKTOB U €€ COCTaBJISIOIINE, a TaKXKe JI0XO OT YIelb-
HOM TPOM3BOIUTEIHHOCTH peakTopa. Heo0XoIMMOCTh SKOHOMHYECKOM
OILICHKH 00BsICHSIETCSA TEM, YTO TCXHOJOTHYCCKHUE MMapaMETPhI (KOHI_[eH-
Tpanus, TEMIIEparypa, JaBIE€HHUE, COOTHOLIEHNE Pearupyronux MOTo-
KOB) MOTYT ITO-pa3HOMY BJIHSTH Ha TaKHE [TOKA3aTeNH, KaK KOHBEPCHS,
CEJIEKTUBHOCTb, yACTbHAS POU3BOTUTENFHOCTS PEAKTOPa, a CIIeJI0Ba-
TEIBHO, U Ha Ce0ECTOMMOCTh MPOIYKTOB.

KonBepcust chIpbs 3a OJUH IPOXOA ONPEAEISIET PACX0 SHEPTHH,
TaK Kak ee 3aTparhbl TpeOYIOTCS Ha BBIICIICHNE HENPOPEearnpoOBaBIIero
CBIPBS, IOBEIEHUE €T0 JI0 HEOOXOIUMBIX YCIOBUH (TemmnepaTypa, /1aB-
JIHWE) U TPaHCIOPTHPOBKY. BBIXOA I€NIeBbIX MPOIYKTOB ONpEaeseT
SHEpreTUYecKe 3aTpaThl Ha pa3zieieHne U GOpMHUPYET IPEATIOCHITKH
JUTSE CO3/IaHMs 0€30TXOTHBIX TPOU3BOJICTB, TaK KaK YeM OOJIBIIIE 3Ta Be-
JIMYMHA, TEM MEHBIIIEC MOOOYHBIX MPOIYKTOB, KOTOphIE TpeOyeTcs Te-
pepabdaThIBaTh WM JOBOJUTH A0 TOBAPHOTO BHJA.

B pabore paccmaTpuBaeTcs HeKaTATUTHYECKask TEXHOJIOTHS T10-
JMyYeHHsI CIOXHBIX 3(UPOB KUPHBIX KHUCIOT W3 PAIiCOBOTO Macia,
NpeAyCcMaTpUBAIOIIas MepeITCPUPHUKALNIO MACIIa CBEPXKPUTUIECKUM
CIIUPTOM U (PIIIOUTHYIO CBEPXKPUTHUECKYIO CO2-3KCTPaKINIO PeaKIln-
OHHOH CMecCH, ee CermapupoBaHHe B IOJIE€ IIEHTPOOESKHBIX CHJI JUIS OT-
JIEJIEHUS TIIMIEPHHA OT IIeJIeBOr0 MPOAYKTa, OTAENEHHE AUOKCUAA YT-
Jepoja Ta30KUAKOCTHOW cemapanuedl ¢ MOJIy4YeHHEM OYHIIEHHOTO
Omomm3enbHOTO ToruIiBa. OHAKO BHIOOP ONTUMATBHOM HATpy3KH pe-
aKTopa MEePedITHEPUPHUKAIIMN 110 HUCXOJHOMY Macily HE MO3BOJSET B
MOJHOM Mepe CYUTATh NPEATIOKCHHYIO TEXHOIOTUIO SHEProdPPEeKTHB-
HOW.
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B mpouecc nepearepuduKanuy pacTUTEIbHBIX Macell MUHUMU-
3alUM TOABEPTANINCEH yIEJIbHBIE CHIPHEBBIE M TEIUIO3HEPreTUYECKUE
MOTEpH:

Rmin:r’nin L(,w(GM_M.u/Mﬁ Gﬁ)/G6+llc(Gc_G:_MC/MﬁGE)/G6+Zé_N !

D)

rac L[M ,Hc OIITOBBIC [ICHBI COOTBETCTBCHHO PACTUTCIILHOI'O Macjia U CliupTa,

p/kr; G,,G,,G),G; COOTBETCTBEHHO MacCOBBIE PacXOIbl PACTUTEIHHOTO

M
MacJa, CBEPXKPUTUYECKOIO CIHAPTA, HEMPOPEArupOBABIIETO CIUPTA HA BBI-
XO0JIe U3 peakTopa, Onou3eNnbHOI cMecH, Kr/a; M, M, M, MONspHbIEe MacChl

M
COOTBETCTBEHHO pAaCTUTEIBHOIO Macja, CHHPTa, OWOIU3ENbHOM CMecH,
Kr/mMoinb; 2. N — yMMapHBIE TEIUIOOHEPTeTHYECKUE 3aTpaThl B AWHHILY Bpe-
MEHH, p/4.
2N =c,0, +C,0, +C, (N, + N, +N; + N, + N + Ny ), (2)
rie C;,C, CTOMMOCTb XJIaJlareHTa, p/Kr 1 JIeKTpodHepruu, p/kB1 4; g, pacxon
XJIaJIareHTa Ha KOHJEHCAIMIO MapoB HEMPOPEarHpoBABLIETO CIUPTA, MY/d;
0, — CXOJ IEKTPOIHEPrHHU IapOreHepaTopa Ha CO3JaHUe CBEPXKPUTUUECKUX
ycnoBuit B peakrope, p/kBru; N;,N,,N,, N,,N., N, coorBercTBeHHO TI0-
TpebisieMble MOIHOCTH HAaCOCOB BBICOKOTO JaBJICHUS IOJIaudl ParcoBOTO
Macja 1 STHIOBOTO CIIMPTA, IPUBOJIAa MEUIAJIKH, Hacoca 0TBOJa OMOaM3eTbHON
CMecH, BaKyyM-Hacoca OTBOJa IapoB M30BITOYHOTO CIHPTA M IaporeHepa-
TOpa, KBT.
[To maHHBIM TIPOU3BOJICTBEHHOTO TIPOITecca epedTepuPUKAIINN
B
u _
(6.-G'-M,/M,G,)/G, =a(G,)", (4)
rae o, — HeKOTopble (prKCHpOBaHHBIE KOA(PPHUIIHEHTHI.
Pazpemas (3) oTHOCHUTEIBHO

M
Gﬁ G6 = Mz G.n’ (5)
Nmeem HOpMUpyronuil KO3UITUCHT:
B
M M
R=I1 xax| —2G | +—2-kXN. 6
LI( M.w " M6 GM ( )

CyllleCTBOBaHUE CIUHCTBEHHOTO MHUHHMYyMa OMNpPEICICHO W3
YCJIOBHSI PaBEHCTBA MEPBOI MPOU3BOTHOM (6) HYIIO:
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B
dr M, L M ;
—— =1 xax|—2%| BG'-—2KkYNxG *. 7
dGM Ll‘ [M MJ ﬂ " M 6 " ( )
Bripaxxenue (7) mpuBeaeHO K BUAY:
G/t M m,Y
2 =G/ =""KkEN xax| —o 8
GM_Z M M6 Z / Hc ( MM j ﬂ ( )
OTcrofa HaliieH eJMHCTBEHHBIN YKCTPEMYM
s p+1
. M M
G =|—*kXN xax| —2& . 9
M Mé Z HC [M’H j ﬂ ( )

Huddepenuupys (7), noaydeHo

B
M, L, oM
—LG -1)G,/?+2—*k
HCXGX[M ,\zJ IB(ﬂ ) M M

M

(XN)xG,*>0, (10)
o

Orcioma ciemyer, 9TO TOYKEe €AMHCTBEHHOTO 3KcTpemyMa (9)
HUMEET MECTO MUHUMYM.

Takum 00pa3om, 00OCHOBAHO CYIIECTBOBAHHE IKCTPEMATBbHOM
XapaKTEePUCTUKH TIpoliecca nepedTepuuKaluy pacTUTEIIEHOTO Maciia
B CPEIe CBEPXKPUTHIECKOTO CIIHPTA.

3aBHCUMOCTH YACHIBHBIX CBIPHEBLIX U TCINIOOHEPTETUYCCKUX T10-

Tepb OT PacXo/ia pacTuTeNbHOro Macaa R = f (G, ) o3Bosster Henocpe-

CTBEHHO OIEHUTh JIKOHOMHYECKYIO 3()(PEKTHBHOCTh ONTHMAIBHOMN
Harpy3KH peakTopa mepe’TepuuKaii pacTUTEIFHOTO Maciia CBEepX-
KPUTHYECKUM CITUPTOM.
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VK 66.047-912
A.A. HleBuos, C.C. Kyaukos

MOJYSMINPUYECKHUHA MOIXOJ K OMMCAHUIO
KPUBBIX KHHETUKU CYIIKHU 3EPHA TPUTHUKAJIE

[Ipu onmucaHMy KMHETHUKU CYIIKH JUCIIEPCHBIX MaTepHajoB B
HETIPEPBIBHO JEMCTBYIOUIMX CYIIMIKAX BO3MOYKHO IPUMEHEHHE IBYX
Pa3HBIX MTOJIX0JI0B K IOCTPOEHHUIO MaTEMAaTHYECKUX MOJIeel KHHETUKU
cyuku. IlepBbiii moaxox mpeanosaraeT ONHUCaHWE KMHETHKH CYLIKH
€IMHUYHBIX YaCTHII C MOCIIEeTYIOIIM 0000IEHNEM ATOTO OITMCAHUS Ha
BECh aHCaMOJIb JBIDKYLIMXCS YaCTHIl B ITOJBI)KHON CHCTEME KOOPAHU-
HaT. [Ipu BTOpOM MOAXOJE B HEMOABMXKHON CUCTEME KOOPAMHAT pac-
CMAaTPHUBAIOTCS B COBOKYIIHOCTU BCE YaCTHUIIBI, ABHKYIIUECS CIOEM I10
CYIIWIIBHOMY TPAaKTy.

ITpodeccop C.I1. Pynobamra npenioxkui AeKOMIIO3UPOBATh 00-
IIyI0 KHHETHYECKYIO 3a/a4y Ha JIBa OCHOBHBIX YPOBHS IIPH HCITOJIB30-
BaHUM 3TUX MOJXOJO0B: MHUKPOKHHETHUECKHH — ONMHMCAaHHE KUHETHUKU
CYIIKY €IMHWYHBIX YaCTHI] ¥ MaKPOKWHETHYECKUH — OMMCAHHE TIPO-
Hecca CyIIKd MaTepuana Bo BceM padoueM oObeme anmapara. [Ipeumy-
[IECTBO MUKPOKHMHETHUKH CYIIKH €AMHUYHBIX YaCTHI[ COCTOWT B BO3-
MOJKHOCTH PacCUMTBIBATh W3MEHEHHE CPEIHETO BJIArOCOJEpIKaHUs
YacTHIBI BO BPEMEHHU U TIOJI€ BIArOCOJEPKaHWW B HEH. A TpH mepe-
X0JIe Ha MaKpOypOBEHb MOABISAETCA BO3MOKHOCTh PACCUUTATh TEMIIE-
paTypy Marepuaia B cJIO€ Ha BBIXOJE M3 CYIIWIKHA U TEM CaMbIM Ooiiee
TOYHO COCTaBUTH €€ TEIUIOBOH OanaHc.

B pabote oTnmaercs mpeanodreHne MaKpOKHHETHYECKOMY OITH-
CaHMIO MPOIIECca CYIIKH 3€pHa B TPABUTALMOHHOM CJIO€ IIaXTHOH 3€p-
HOCYITIIIKH. OOBEKTOM HCCIICIOBAHUS SBISLIOCH 3pPHO TPUTHKAIIE, 00-
Jajaromee BBICOKMM OHOJIOTHYECKHM MOTEHIIMAIOM, IOJYyYEHHOE
CKpEIIMBAaHUEM IPEJICTABUTENEH JBYX pPa3HBIX POJIOB 3JIAKOBBIX pacTe-
HUH — MIIEHNABI ¥ pKH. MccneqoBaHus pexXMMOB CYIIKH 3epHA TPUTHU-
Kajie IPOBOAMINCH HA 3KCIIEPUMEHTAIBHON YCTAaHOBKE, B KOTOPOH MO-
JIJIMPOBAJIOCh MPOTUBOTOYHO-TIPSIMOTOYHOE IPOJYBAHUE 3EPHOBOIO
CJIOSI ITyTE€M M3MEHEHHS HAIpaBJICHHs areHTa CYIIKH. DMHUTHPOBAJICS
MIPOIECC CYIIKH B IIAXTHOW 3€pHOCYIIMIIKE: CJIOH 3epHa He nepeMe-
mascs, a U3MEHUIOCh HallpaBJICHHE IT0TOKA CYLIMIIBHOTO areHTa, YTo B
PEaIbHBIX YCIOBHUAX COOTBETCTBYET €ro Mojaue yepe3 MOABOJSAIINE
KopoOa ¥ OTBOy Uepe3 OTBOIAIIIIE KOpooa.
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DKCIepUMEHTAIBHBIE KPUBBIC CYIIKH M HAarpeBa 3epHa TPUTH-
KaJie, a TaK)Ke KPUBbIE CKOPOCTH CYIIKH, TIOJyYSHHBIC METOIOM rpadu-
yeckoro audQepeHrpoBaHns CBUAETENBCTBYIOT O HANWYNE Nepruoia
yOBIBAIOIICH CKOPOCTH CYIIKH.

20 8% | 330 0,666 /’
+ K %le
i / 0
18 -z e 0,583 i
6 Ll 320 ‘
L 0,500 1
/ g
14 f 315 !
A 1234 ) 0,417 t
12 ‘ N 310 ﬁ/,m.z J 4 /
+ +\ dr 5
| 3 \ 0 0,334
W 10 305
v N
S
g ‘ *+\+\ 3 - 0,251
6 év 205 0,168
y 293
4 290 0,085
0 720 1440 2160 ¢ 3600 415 16 17 18 19 %20
T— W »
(a) (6)

Pucynok — KpuBble cyliky U HarpeBa 3epHa TpUTHKaE (a); KPUBBIC
CKOpOCTH CyIKH 3epHa Tputukaine (6):v = 1,1 m/c; T =363 K; h: — 0,25 m,
Xo, Kr/kr: 1 —0,001; 2 - 0,005; 3 - 0,010

Ilo pe3ynpTaraM 3KCHEPHUMEHTAIBHO-CTATUCTHYECKOTO HCCIIE-
JIOBaHHUSA MOJTy4Y€HAa YMIHpHUIecKas popMyiia KpUBOW CYIIIKH 3€pHA TPH-
THKaJe:

W -Wp)/ (W -W,) =exp [—8, 22.107 11 - 273)5v2h_21},

dopmyra cripaBeiiBa B CICAYIONIEM AMAla30HE H3MEHCHUSI
HapaMeTpoB: TEMIEpaTypa, CKOPOCTh M BIArOCOAEP)KAHUE CYLIHIIb-
Horo arenra I = 363-393 K; v = 0,2-1,2 m/c; X = 0,001-0,015 kr/kr;
TonumHa npoaysaemoro cios h = 0,10-0,25 m.
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Jlns onpenienieHus pacnpe/IeNieHUs] TEMIIepaTyp B CJI0€ 3epHa 1Mo
BBICOTE MIAXTHI MEXK/TY TTOIBOIAIINM U OTBOSAIINM KOPOOOM B HaIpaB-
JICHUU BEKTOPA JBIDKEHUS 3€pHA B IMIAXTE UCIIOIH30BAIOCh Auddhepen-
[UaTbHOE ypaBHEHHE TEIIOBOTO OajaHca B CIEAYIOIIEM BHUIE:

ap (z.y) @ YT (7))
=a,(T (7,y)-T (z,y) +
or
W(r,T,.v, ,Y)
100+W (7, T, v, ,Y)
or

[Toce mHTETPHPOBAHUS U MPEOOPA30BAHNN ITOTYICHO BRIpaXKe-

HUE JJIS OTIPEICTICHIS TEMIIEPaTyPhl 3€pHA B CICAYIOIIEM BHIC:

P (7 ¥ia)e (7 Vi) _

p (z,Y)

_ P (ri,yi)c (Ti:yi) (Z\,(Ti _Ti,l)
T(z, %)= o (7, -7.) To(zi0 Yig) + ,D—(Ti e (@, yi)Tca(i—l) +
p (@,y)c (7, v)
W (T, T Vini s Vi) _
r 1OO+W(7i’Tcai’Vi’ixyi)p @)
X '
p (@, y)c (5, y) _ W(Ti—l’Tca(i—l)'Vi—l’(i—l) Vi) 0 (Y

100-W (7, Ty 00 Viy 1(i-1) 1 Yia)

[TpuHMMast BO BHUMaHKE, YTO PACCTOSTHUE MEXK/TY ITOABOASLIMMHU
¥ OTBOISIIMMH KOPOOaMU MOXKHO CUHUTATh IIOCTOSIHHBIMH, TO BbIpaXke-
HHE CYIIECTBEHHO yIpoIuraeTcs. Pacnonaras 3aBHCHMOCTBIO HAaCHIITHOM
IUNIOTHOCTH ¥ TEIUIOEMKOCTH 3€pPHA OT BIAXHOCTH, OCYIIECTBIISS MOM-
0op koaddwuimeHTa Teroo0MeHa METOIOM MAIIMHHOTO JKCIEpH-
MEHTa, MOXHO MPOBOJHUTh CUCTEMATHYECKHE pAcUeThl CpPEJIHCHHTE-
TpaIbHBIX TEMIEpaTyp HarpeBa B cJO€ 3€pHA TPUTHKAJC B IAXTHOH
3€pHOCYIIMJIKE [0 BEPTUKAIBbHON KoopauHaTe i (1...n).

OOBIYHO B IIAXTHBIX CYIIWJIKaX 3€PHO HAXOAWUTCS B IUIOTHOM,
MaJIOTIOIBIXKHOM ciioe. CKOpOCTh BO3IyXa B CJIO€ HEBEJIMKA, a CKO-
pocTh ABMKEHUs 3epHa npumepHo B 100 pa3 MeHbIIe CKOPOCTH BO3-
nyxa. Ilpu mocTosHHOM cKOpOCTH ABMKEHHUS 3€pPHA MOXHO B JIFOOOH
MOMEHT BPEMEHHM OIPENENATh CPEIHCHHTETPATIbHYI0 TEMIEpaTypy
CJIOSI 3epHa B TOPH30HTAIBHOM CEYCHHUH MEXKAY KOpoOamH MaxTHOM
3€PHOCYIIMIKH.
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YK 664.3
M.B. Konsuios, U.H. Boarosa, U.C. Haymuenko

YHUDOUKALUA JJIEMEHTOB MACJIOIIPECCYIOLIET'O
OBOPYAOBAHMUSA AJIA ITIOJYYEHUS PACTUTEJIBHBIX
MACEJ

[Ipy momy4yeHUM pacTUTENBHBIX Macesl Ha HIHEKOBOM MAacio-
mpecce IIHEK SBISIETCS NeTaIbl0, MaKCUMAJIbHO MOJIBEPraeMon Mexa-
HUYECKOMY BO3JIEHCTBHIO, YTO B Pe3yJibTaTe MPUBOAUT K CHUKEHHUIO
MIPOU3BOAUTEIHHOCTH 000PYAOBaHUS.

CaMbIM W3HAIIMBa€MBIM 3Jie-

MEHTOM UIHEKa SBISIOTCS BUTKH. [Ipu

WX H3HOCE NPUXOAUTCS H3TOTaBIH-

BaTh HOBBIH IITHEK, YTO MOPOM coCTaB-

JISIeT HEMaJIy10 CTOMMOCTh. CyIecTBy-

IOLINE TEXHOJOTUM BOCCTAHOBIICHUS

BUTKOB JIOPOrOCTOSIIIME U YacTO He

00ecneunBaloT 3asiBIEHHBIA CPOK JKC-

ruryatauuu. [Ipennaraercst KOHCTPYKIMS IIHEKA, PEACTaBISAIONas co-

0ot cOopHyI0 KOHCTpYKIHIO. [1IHEK cocTouT 13 Bana 1 co MmoHOYHBIM

nma3zoMm 12, nByx BTYNOK 2 1 4, IByX BUHTOBBIX HABUBOK 3 H 5, IPHKAM-

HOW 11ai0BI 6, BUHTA 7, ABYyX 1mmoHok 10 u 11, [lInek cobupaercs cie-

IOyroumM odpa3oM. B mmonounsiii ma3 12 Bana 1 BcTaBnsieTcs MIOHKA

10, 3ateM oxmeBaeTcsl BTyJKa 2 ¢ BUHTOBBIM mazoM 8. Ha Brynky 2

HaKpy4YHBaeTcs BUHTOBas HaBUBKa 3. [Ipoduiie HAaBUBKH 3 TIOTHOCTHIO

MOBTOPSIET NPOUIb BUHTOBOTO Ma3a 8. 3aTeM B IIIMOHOYHBIN ma3 12

Baja 1 Bcrapisiercs mnoHkKa 11 u ogeBaercs BTyjka 4 ¢ BUHTOBBIM Ma-

3oMm 9. Ha BTysIKy 4 HakpydYHBaeTCs BAHTOBAsI HaBUBKa 5. Jlanee BTyIKu
(UKCUPYIOTCS IPYKUMHOM 1aii00# 6 1 BUHTOM 7.

Takum 06pazoM, UCHOIB30BAHME MPEIJIaraeéMoil KOHCTPYKIUU
MO3BOJISIET: MEHSTH TOJIBKO BUHTOBYHO HABUBKY IPU U3HOCE BUTKOB, HE
3aTpayuBas JOMIOJIHUTENbHBIE CPEICTBA HAa BHITAUNBAHUE BCETO LITHEKA,;
no0upaTh ONTUMATBHYIO TOJNIIMHY BUTKOB JAJIsI HIMPOKOTO AUANa30Ha
MPECCYEeMOTO CBIPhs; HCIIONB30BaTh PA3INYHBIE MPOQPUIN BUHTOBOMN
HaBUBKH (HampumMep, ¢ MPope3siMH B BUTKAX ), YTO MO3BOJMUT JOIIOJTHHU-
TEJbHO U3MeNIbYaTh ChIPhE B 30HE TPAHCTIOPTUPOBAHUSI.
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V]IK 664.3
A.H. Octpuxos, M.B. Konbu1os, H.JI. Kiieiimenoa

PA3PABOTKA MHOT'OKOMIIOHEHTHBIX
PACTUTEJIBHBIX MACEJI OPUEHTUPOBAHHBIX HA
PA3JIMYHBIE I'PYIIIIBI HACEJIEHUA

BoNbIIMHCTBO pacTUTENBHBIX Macell 00Iaal0T 3aMeuaTeIbHBIMH
HOJIE3HBIMU CBOMCTBaMHU, SIBIISISICBIIPU 3TOM O0SI3aTENbHBIM 3JIEMEHTOM
cOalaHCUPOBAHHOTO PAllMOHA MUTaHHUA YesioBeka. [Ipuuém, y kaxmoro
U3 HUX MUMEIOTCSl CBOU OTIIMYMTENBHBIEC TOJIe3HBIE 0COOCHHOCTH, KOTO-
phIME He 001a1a10T IpyTHe BUABI Macia. [loaToMy pekoMeHIyeTcs yIo-
TpebJIeHNe B MHUIILy HECKOJIBKO BHJIOB IOJIE3HBIX PACTUTENBHBIX Macell.

B cBsi31 ¢ 3TUM BO3HHKAaET HEOOXOIUMOCTE B Pa3paboTKe peLen-
TYPMHOTOKOMITIOHEHTHBIX DPAacCTUTENBHBIX Macel (QYHKIMOHAIBHOTO
Ha3HAa4eHUs] OPUEHTHPOBAHHBIX HA Pa3JIMuHbIC IPYIIb HACEICHHUS.
CTporux CTaHAapTOB, pErVIAMEHTHPYIOIIUX CYTOYHYIO HOPLHIO
omera-3, 6 u 9 He cyniecTByeT. UTOOBI COPHEHTHPOBATHCS B I03UPOBKE,
HYXKHO OOpaTHTHCS K PEKOMEHIANMUSAM OQPHUIMAIBHBIX YUPEKICHHM.
Tax, Munzapas coseryet npuauMath 1.5-3 r. [IHXK B cyTkn. Amepu-
kaHckass FDA B o0mux npeanucanusx Jyist B3pOCHbIX Jitojei (0T 2 T.)
yKa3blBaeT Ha HEOOXOAMMOCTh MPOQHIAKTHYECKOTO YIOTPEOICHHUs
omera-3 o 2 r. u3 BAJloB u o 3 r. u3 numu. A BO3 B memsix npemy-
NPEXICHUS CEPACYHO-COCYJUCTHIX MATOJIOTUI M aTepOCKIIepO3a PeKo-
MEHJIYET 03y 10 2—3 T. B cyTku. OTMeuaeTcs, YTonpogecCHOHATBHBIX
CIIOPTCMEHOB, HanOoJ1ee MoJIe3Ha UMEHHO -3, TaK KaK OHa CO3/IaeT JIU-
MOJUTHYECKUHA 1 aHaOoImaecKuii 3QdexTsl. Kpome Toro, y MHOTHX JTFO-
Jield, B 0COOEHHOCTH CIIOPTCMEHOB, Ha0II0AaeTCs HEKOTOPBIH HeocTa-
TOK 3TOro BemectBa. CyTouHasi HOpMa CIIOPTCMEHOB: -3 — 56 T., -6
— 2-3 r. B nepuox 6epemennoct norpebHocts oprannzma B [THXKK
BO3pAcTaeT, MO3TOMY U I10JIb3a CYTOYHOH O3Bl ®-3 A1l OepeMeHHBIX
BO3pacTaet u cocrasiser 1,5 — 2,5 r., notpednenune o-6 — 1-1,2 r.

B pesynbrare sKCIepuMEHTATBHBIX HCCIIeOBaHUH OBUIH pa3pa-
0OTaHbl KyNa)kKl PACTUTENbHBIX MAacel, COCTOAIIME W3 TOPYUYHOIO,
parcoBoro, JbHAHOTO, Macja PacTOPOIIIIH, TOACOTHEYHOTO, COTJIACHO
BBILICTIPUBEICHHBIM HOPMaM U peKOMeHAauusIM. MeTooM MaremMartu-
YeCKOTO TUIAHMPOBaHUS OBLIO PACCUUTAHO TOYHOE COOTHOIICHUE -3 U
®-6 JUIsl KaXKJI0¥ TPYIIIIbI HACEJIEHHUA.
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YK 636.934
B.A. Adanacwes, U.C. Boromouos, I1.B. ®uaunuos

OCOBEHHOCTH ITPOU3BOJICTBA
IKCTPYAUPOBAHHBIX KOMBUKOPMOB-
KOHIIEHTPATOB JJIs1 IYIIHBIX 3BEPEM

B mnocnenHee BpeMsi B OTEUECTBEHHOM 3BEPOBOJICTBE OJHOW U3
IJIaBHBIX TpPOOJIeM SBJSIETCS OpraHM3alys KOPMIICHHSA, KOTOpas B
NEPBYIO OUepeb BOZHUKIA W3-3a OTCYTCTBUS LIEHTPAIbHOM KOPMOBOMH
0a3bl. [MaBHOM npoOIEeMOl B KOPMIICHUH KJIETOYHBIX IMYIIHBIX 3BEpeit
SIBISICTCSl HEXBATKa KAYeCTBEHHOTO )KUBOTHOTO OEJIKa.

OCHOBHBIM MCTOYHHMKOM O€JIKa U JKHpa CIIy>KaT KOpMa >KUBOT-
HOT'O TIPOUCXOKACHUS, SBISIIOIINECS OCHOBOM pallMOHA MyIIHBIX 3Be-
peit. 1nst momyyeHus yriieBOJOB UCTIONB3YIOTCS PaCTUTEIbHBIE KOpMa,
JUIS TIOJTyY€HHsI BUTAMUHOB U MUHEPAJIbHBIX BEIIECTB — KOPMOBBIE J10-
O0aBku. CrnenuanucTaMd pPEKOMEHAOBaH LEJIBIH PAd  KOPMOBBIX
CpeAcTB, 100aBOK W Owuonornuecku axkTHBHBIX BemecTB (BAB),
HAIpaBJICHHBIX HAa TOBBINICHUE MPOJIYKTHBHOCTH U KH3HECIOCOOHO-
CTH KHBOTHBIX M CHKAOIINX 3aTpaThl Ha uX kopmienue [1-3].

3aMeHa B pallMoHaX IMyIIHBIX 3Bepel MACO-PBIOHBIX KOPMOB Cy-
XHMMH, a TaK K€ MIePeBo/ia UX Ha MMOJTHOPALUOHHBIE KOMOUKOpMa UMEET
PSLI IPEUMYIIECTB 110 CPABHEHHUIO C BIIAYKHBIMU MEIIaHKaMH. [ JIaBHBIM
(hakTOpOM SIBJISIETCS CHH)KEHHE 3aTpaT Ha COAeprKaHUE XOJIOAUIBHOTO
000pyI0BaHMs, KOPMOKYXOHb, XpaHEHHS, TPAHCTIOPTUPOBKY, UTO BIIE-
4eT 3a co0oil cokpamieHne cebecTOMMOCTH MKYPOK B 1.5-2 paza. Tak
K€ TIOBBIIIACTCSl CAHUTAPHOE Ka4eCTBO KOpMa, a 3HAYHT ITOHMKACTCS
BEPOSITHOCTh 3aHOCa MH(MEKUUil B X03siicTBO. Vcnonb30BaHue CyxXux
KOMOMKOPMOB-KOHIIEHTPATOB TapaHTHPYET cOanaHCUpOBaHHbIN U Npa-
BWJIBHO TIOZOOpaHHBIN 110 OCHOBHBIM NHUTATEIBHBIM, MHHEPAIbHBIM H
OMOJIOTMUECKH aKTUBHBIM BELIECTBAM IIOCTOSHHBIN COCTAaB KOPMA.

OpHrM 13 3PQPEKTUBHBIX CIOCOOOB MONTYYEeHUS KOMOHKOPMOB-
KOHIIEHTPATOB SBJISACTCS 3KCTPYJUPOBaHUE. JKCTPYAUPOBAHUEM HA3bI-
BArOT 00padOTKY ChHIPbsI IIOA IEHCTBHEM BBICOKOTO AABIEHHS U TEMIIE-
paTypbl AJIs MOBBILICHNS! YCBOSIEMOCTH MUTATEIbHBIX BeulecTs. [lome-
JKarlee IKCTPY3UU ChIPhE TOBOJSAT 10 BiakHOCTH 12—16 %, n3Menbyarot
U TIOJAI0T B OKCTPYAEP, T/Ie OHO pazorpeBaercs o Temreparypbl 120—
150 °C 3a cuer TpeHMs U BHICOKOTO HaBienus (2,8-3,9 MITa).
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3aTteM ChIpbE NEepeMelacTcsl U3 30HbI BBICOKOTO IaBJICHUS B
30HY aTMOC(EpPHOTO U IMTPOUCXOANT TaK Ha3bIBAEMBIN B3PBIB, B PE3YIIb-
TaTe KOTOPOrO T'OMOTE€HHAs Macca BCITyYHMBAeTCs W oOpasyercs Impo-
JyKT MUKPOIIOPUCTON CTPYKTYpHL. Ilox neiicTBuEM BBICOKOU TeMIEpa-
Typbl U JAaBJICHUSA MOYTH MOJHOCTHIO YHUUTOXAIOTCA MATOT€HHAas
MHUKpOGIopa U IIIeCHEBLIE TPHOBL.

TexHoMOTNs MPOU3BOJCTBA SKCTPYAHMPOBAHHBIX KOMONKOPMOB-
KOHLIEHTPATOB JUJIsl MyIIHBIX 3BEpEd BKJIIOYAET IIPUEM U HAKOILICHUE
ONEPaTUBHOIO 3amaca ChIpbsl, €Ero OUUCTKY, IPONAPUBAHUE, SKCTPYIU-
pOBaHue, OXJAXICHUE U U3MENBbUYECHHUE SKCTPYAATa, HAHECEHUEM KU/
KUX JKHPOBUTaMUHHBIX JOOABOK Ha MOBEPXHOCTH SKCTPYIUPOBAHHBIX
rpaHyll, O3UPOBaHHE W CMENIMBaHHE KOMIIOHEHTOB KOMOWKOpMa,
TPAaHCHOPTUPOBAHUE CHIPhSI U CKIIAJUPOBAHUE TOTOBOM NPOAYKLIMH.

[TpumeHeHue SKCTPYAUPOBAHHBIX KOMOMKOPMOB-KOHIIEHTPATOB
JUTS YITHBIX 3BEpEl MO3BOJIUT CO3aBaTh PELIENITHl HOBOI'O TIOKOJIEHHUS
JUTS pa3iMYHBIX BUOB ITyIIHBIX 3Bepeil cOaTaHCHPOBAaHHBIX IO CO-
CTaBy M C BBICOKHM COJIEp’KaHHUEM OEIKOBO-)KHPOBOTO KOMILIIEKCA CO
CHI)KEHHOW Ce0ECTOMMOCThIO KOHEUHOU MPOJIYKIUK MYITHOTO 3BEPO-
BOJICTBA.
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V]IK 664.8.047:621.5
I'.B. Kanamnukos

ONTUMM3ALMA JEHTOYHOM CYIINJIKHU KAK CIIOCOB
CHUXXEHMUS DHEPI'O3ATPAT

BaxHoe 3HaueHHe A1 MEpepabOTKU IIOAOOBOIIHOIO CHIPHS
AIIK uMeroT 3amaum SHEProcOepeKeHHs, 4TO MPEAyCMaTPUBAET HC-
noJib30BaHue 3P (HEKTUBHBIX KOHCTPYKIMKA U TEXHOJIOTHHA CYIIKH.

Llens paboThl — OnpeAeseHNue HApaBlIeHUH CHUYKEHUS YHEPTo-
3aTpart AJI1 KOHCTPYKLUH JICHTOYHOH CYIIMJIKU.

Haubonee BaxHbIe HaNIpaBIeHNs! CHUKEHHS SHEPro3aTpaTt onpe-
JIEJIAI0TCA, B OCHOBHOM, KOHCTPYKTMBHBIMHM M 3KCIITyaTal[MOHHBIMU
(hakTOpaMu CYIIHITKY.

OmHUMH W3 HaIpaBiICHUH IJOCTIDKEHHUS SHEProcOeperaromero
a¢pexTa Ha OCHOBE KOHCTPYKTHBHBIX COCTABIISIOIINX CYLIHIIKH SIBJISI-
IOTCS MCTIOJIB30BAHNE: PELUPKYJISALUH CYIIMIBHOTO areHTa; peKymnepa-
[IUU TEIUIOTH OTPAOOTaHHOTO TETUTIOHOCHUTENS WM BBICYIIICHHOTO Ma-
Tepuana; 3QGEKTUBHONW TEIION30NIANNN KOPIIyca CYIIWIKH, a TaKke
3G PEKTHBHOW THAPOAMHAMUKU Tporuecca. OnTUMalbHBIE PEKUMBI
AKCIUTYyaTalluy CYIIMJIOK B3aUMOCBSI3aHbl C COOTBETCTBUEM KHUHETHYE-
CKMM 3aKOHOMEPHOCTSIM TIPOIIECca BIIarOy1aIeHuSI.

B npennaraeMoil KOHCTPYKLMM JIEHTOYHOW CYIIWJIKH JTOCTHIa-
€TCsl CHIDKEHHE SHEPro3arpat NpuBoJa 1 TpeOyeMol MOIITHOCTH BEHTH-
nsTOpa. ITO 0OECTIeunBaeTCs BCIECTBIE YMEHBIIICHNS THPOINHAMHU-
YECKOT'O COTPOTHUBIICHHUS TIOTOKY TETUIOHOCHTENSI CO CTOPOHBI Pabodnx
3JIEMEHTOB (Ta30pacIpeeUTeILHOM PEIIeTKH) X0JIOCTON BETBU TPaHC-
noprupytoutero oprasa [ITY, cHIkKeHUa TOTEpbh HAIOPHBIX XapaKTepH-
CTHIK TETJIOHOCHUTEIIS, NCTIOIh30BAHNS NHEPIIMOHHBIX CHII, 8 TAKXKE KOM-
OMHMPOBAHHOTO THAPOJMHAMUYECKOTO pPEXUMa CIJIOSI JHUCHEPCHOTrO
Mareprasa ¢ BUOPaMOHHBIMH PEXUMaMH IpoLecca CYIIKH.

DHeprocoeperaromuii 3P PexT 00yCIOBIICH TAKKE TPH TOCTIKE-
HUHM WHTeHCH(UKaMY mpouecca Cymkd. [Ipu 3ToM HHTeHCHUpUKAIUI
CYLIKH TO3BOJISIET HE TOJIBKO CYIIECTBEHHO COKPAaTHTh SHEPTomnoTpeo-
JICHHWE Ha MPOBeJIeHHE MPoIlecca, HO U MUHUMU3HPOBATH Ta0apUTHI CY-
niikd. [Ipu yncne neperopoaok N=2 B KOHCTPYKLUHH JUIMHA CYIIHIIKH
cokpamaercs B 1,28 pasza.
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YK 664.1.031:664.1.034.6
B.B. Toponues

HCCJEJOBAHUE BO3MOKHOCTEM MMOBBLIINEHUS
IOPEKTUBHOCTHU NPOLHECCA INOJYYEHUSA COKA U3
CAXAPHOM CBEKJIBI

[Iponecc mosyyeHus cCoKa U3 caxapHOU CBEKJIbI ITPH peain3aluu
JIBYXCTaIUHHOTO CIIOC00a, IOpa3yMeBaeT MOBHIIIEHHOE COJIepKAHHE
HECaxapoB, UYTO CBA3aHO C HU3KMM KauyeCTBOM cOKa. B nmanbHeimei
TEXHOJOTMH HEOOXOAMMO JIOIOJHUTENbHOE 000pyloBaHUE IS
OYHCTKHU COKa, IPHYEM, €CJIU IPUMEHSFOTCS MeMOpaHHbIe (QDUITBTPEL, TO
HeoOxorMa JacTas perenepanust Memopan. COOTBETCTBEHHO, CHUKa-
€Tcs MPOU3BOJIUTEIBHOCTh JIMHUU B PE3YJIbTAaTe€ YacThIX OCTAHOBOK
obopynoBanus. IlomuMo 3TOrO, TaKXKe CymecTByeT npolieMa MOBBI-
HICHHBIX SHEPro3aTpaT NpU MPSIMOM U3BJICYEHUH COKa MPECCOBAHUEM
Ha HA4aJIbHOW CTaHH.

B kauecTBe pelIeHUs] AaHHBIX NMPOOJIEM MOXXHO PaccMOTPETh
BO3MOJKHOCTD IPEIBAPUTENHHON 00pabOTKM CBEKJIOBHYHOW CTPYKKH
pasnuuHbIMU criocobamu. [IpoBeneHHbIe SKCTIEpUMEHTaIbHBIE UCCIie-
JOBaHMsI BO3MOXXHOCTH HHTEHCU(UKALINY ITpOLiecca ITOJyYeHUs COKa €
MOMOIIBIO MTAPOBOTO ONINAPUBAHMS, 32 KOPOTKHHA MPOMEXKYTOK Bpe-
MEHH HE yJaeTCs TOCTHYb ITOJIHOTO M PABHOMEPHOTO Harpesa. [Ipume-
HEHHE OLIMapUBaHUs B COUYETAHUU C 00pabOTKOI TMIICOBBIM PacTBO-
poMm Oonee sddexTuBHO, TOCKONBKY KoapdumueHt auddysnn
caxapo3bl BO3pacTaeT, a YUCTOTa yBenmuuBaercs Ha 3...5 %, 3a cder
NPESATCTBUS MEepexoqy HecaxapoB M3 KIETOYHOH TKaHU B COK Jaxe
IOpu BO3ACHCTBUU BBICOKMX TemiepaTyp. lIpuMeHenue depmeHTOB
CHIDKaeT BA3KOCTh coka Ha 20...30 % v moBbIIIIaeT ero YucTOTy BIJIOTH
no 87...89 %, mpuOnmkas KadyeCcTBEHHBIE IOKa3aTelIM IPEeCcCOBOTO
COKa K aHaJIOTMYHBIM TMIOKa3aTessIM CoKa, olydeHHoro aupddysuei.

ITo pe3ynpTataM SKCHEPUMEHTAIBHBIX HCCIEIOBAHUM MOXKHO
C/IeNaTh BHIBOABI O BO3MOYKHOCTH IOBBIIEHHUS 3()(HEKTHBHOCTH MPO-
Hecca MOoJTy4eHHs] COKa M3 caxapHOH CBEKIIBI ¢ IOMOLIBIO MpenBapu-
TENBHON 00pabOTKH.
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YK 663.551
C.10. Hukurtuna, J. [3epenauc, J1.B. IIblibHbII

COBPEMEHHOE COCTOSHHUE U OCHOBHBIE
HAIIPABJIEHUSA PA3ZBUTHUS ITPOLECCA
PEKTU®UKAIIMOHHON OYNCTKH MAIIEBOT'O
9TAHOJIA

B mpaxTike cnmpTOBOrO MPOW3BOACTBA MPOIECCHI TUCTHILIS-
uu (TIepEeroHKN) W PeKTU(HUKAINK PeaTu3yIoTCsl B MPOTHBOTOYHBIX
MacCOOOMEHHBIX ammapaTax KOJOHHOTO THIa HENPEPHIBHOTO MAEi-
CTBUS: TIPHU B3aMMOJEHCTBHH (Pa3 Ha KOHTAKTHBIX YCTPOHCTBaxX KO-
JIOHH TIPOUCXOUT AUQPy3us JETKOIETYyIero KOMIOHEHTA U3 KUIKO-
CTH B Tap H TPYAHOJIETYyYero W3 TMapa B JKUAKOCTb. B
OparopekTuukannoHHbIX ycTaHoBkax (BPY) mns momywenns nume-
BOTO THJIOBOTO CIUPTa TEXHOJOTHYECKHE ONEpay AUCTUILISAIUN U
PEeKTH(UKALUU COBMEIICHBI, I03TOMY OJHOBPEMEHHOE MOJIy4YEeHUE
PEKTH(PHUKOBAHHOTO W AMCTWIIMPOBAHHOIO 3TaHONA C HCIOJIb30Ba-
HHEM THUIIOBOT'O KOJIOHHOTO U TEIJIOOOMEHHOIro 000pyloBaHuUs Mpel-
CTaBISICTCA YKOHOMHUYECKH LIEIeCO00pa3HbIM.

B nacrosimee Bpemsa B PO neHa Ha JUCTUIUIMPOBAHHBIN U peK-
TU(GUKOBAHHBIA CIIUPT CPaBHHMMA, XOTSI CEOECTOMMOCTb MOJYUYECHUS
MOCIIEAHETO MPOIYKTa CYHIECTBEHHO BbIle. Ha phIHKE BBICOK CIIpPOC
Ha TPOIYKIMIO Ha OCHOBE CIHUPTOBBIX AUCTHIUIATOB, 00JaJaOIIMX
pa3HoO0Opa3HOW BKYCOBOM M apoMaTHYecKOil ramMMmol, BocTpeOoBaH
TaK)K€ BBICOKOKAUYECTBEHHBIM ATWJIOBBIM CIHPT Ui H3TOTOBJICHUS
JINTHBIX BOJOK, MIO3TOMY 3aJada pa3padO0TKH TEXHUUECKUX M TEXHO-
JIOTHYECKUX PEIICHHUH, TTO3BOJIIONINX OJHOBPEMEHHO BHIPAa0aTHIBAThH
CIHUPTOBBIE AUCTHIUIATHL U PEKTU(UKATHI B CUCTEME OparopekTuduka-
IIUY TP TOBHIIIEHNN KadecTBa LEJIEBBIX MPOAYKTOB, MPEACTABIAETCS
BAYKHOU U aKTyaJIbHOM.

B Hactosimee BpeMs Hanbouiee pacpocTpaHeHbl CIOCOOBI TOITY-
YEHUSI CIUPTOBBIX TUCTUUISTOB APOOHOH EpHOANYECKOH TIEPETOHKOI
COpPOXEHHOTO CHIPBS B KyOOBBIX alnaparax ¢ OTIAeJIeHHEM TOJOBHOH,
CpeAHel W XBOCTOBOHW (pakUuii W HENPEPHIBHOW peKTHU(PHUKaLnei
OpaXKM B OJTHOKOJIOHHOM amiapaTe, COCTOSILEM U3 OTTOHHOW M KOH-
IICHTPaLMOHHOIT yacTei [3, 5, 6].
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IlepBeiii croco0 oTaAMYAETCSl BRICOKONH CEOECTOMMOCTBIO Lieie-
BOT'O IPOJYKTA, XOTS MO3BOJISIET MOMyYaTh AUCTHIIISAT C BBICOKUMH Op-
TaHOJIENITUYECKUMH CBOWCTBAMH, ONpEACTISIeMbIMUA KBAIH(UKAIIHEH
00CITy>KHBAIOILETO NIE€PCOHANA, KAaY€CTBOM MCXOAHOIO CBIPbSI U BCIIO-
MOTaTeNbHBIX MaTepPHUaIoB; BTOPOH crocol JaéT BO3MOXKHOCTD C MEHb-
HIMMH 3aTpaTaMu MOJYYHUTh JUCTHIUIAT CTAaOUITBHOTO XUMUYIECKOTO CO-
CTaBa, HO €ro OPraHOJENTHIECKUE KaYeCTBA MPU 3TOM IPOUTPHIBAIOT
3a CUET 00CTHEHMSI IPUMECHBIMU COSAMHEHUAMH, (HOPMHUPYIONTHX OY-
KeT HanuTKa. B padoTax [6, 7] npoaHaaM3upoBaHbl HEKOTOPHIE H3BECT-
HBIE TEXHOJIOTUYECKUE PEUICHUSI, TO3BOJISIOIINE TOTyYaTh TUCTHILISAT
Ha TUIOBBIX KOCBEHHBIX YCTAHOBKAX CIHMPTOBBIX 3aBOJIOB: KOPPEKTHU-
POBKa PEeXHMOB pab0Thl OpaXHOU (CBHIPLIOBOI) KOJIOHHBI, BEIOOD 30HBI
otOopa IEeNeBOro mpoaykra; ocHaiienue BPY nonmomHuTEensHBIM KO-
JIOHHBIM aIapaToM JUIs YKPEIUICHHUS M JIOOYHUCTKH JUCTHILIATA; HC-
N0JIb30BaHKE ATl HPOU3BOACTBA JUCTHWIIIATA CUBYIIHOM U peKTH(HKa-
IUOHHOH KOJIOHH. (NOCHEOHUN TEXHOJIOTUYECKUH NPUEM HENb3s
NPU3HATH YJauHbIM, IOCKOJIBKY CYIIECTBEHHBIC H3MEHEHHS PEKUMOB
9KCIUTyaTallMy STHX KOJIOHH Hen30€)KHO MOTYT IIPUBECTH K JIECTAOMIH-
3ammy paboTHI BCETO amrmapara).
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YK 663.551
C.1O. Huxkuruna, A.H. lllopuukos, C.B. lllaxos

COBEPUIEHCTBOBAHHUE ITPOLHECCA IIEPEPABOTKH
MOBOYHBIX ®PAKIIUA ITPU MMOJTYYEHUU CIIUPTA

TurmoBsie OparopekTHPUKAINOHHBIE YCTAHOBKH KOCBEHHOTO Jei-
CTBUSL, TIOJyYMBIIIME paclpocTpaHeHue B Poccuu u ctpaHax OnmKHEro
3apy0eKbsi, OTIUYAIOTCS BRICOKOH SHEPTO- U PECYPCOEMKOCTBIO, KpOMeE
TOTO, MUIIIEBOW 3TAHOJ, BEIPA0ATHIBAEMBIN MO KIACCHYECKUM TEXHOJIO-
TUSIM, COAEPXKUT CJIEJOBBIE KOJIMYECTBA COIYTCTBYIOLIUX IMpPHUMECEH,
YXYIIAOIHMX €ro MOTPeOUTEILCKIE CBOWCTBA, MOITOMY COBEpIICH-
CTBOBAaHHUE PEKTU(PHUKALMOHHBIX MPOLECCOB C LENBIO MOTYUYEHHUS BBICO-
KOOYMIIIEHHOTO 3TUJIOBOTO CHMPTA MPHU OJHOBPEMEHHOM CHUKEHUH €r0
ce0eCTOMMOCTH MPEACTABIISAETCSI OUYSHb BaXKHBIM M aKTYaJIbHBIM.

[Ipumenenne B cucteme OparopeKTH(UKALWU SIIOPAIIIOHHO-
peKTU(HUKAIMOHHON Pa3TOHHOW KOJOHHBI A(P(PEKTHBHO NPU OYUCTKE
(hpaxmii, B cOCTaBe KOTOPHIX UMEIOTCA TOJBKO MPOMEKYTOUHBIE WU
TOJIBKO FOJIOBHBIE TPUMECHBIE coequHEHUsI. OJTHAKO Ha MPaKTUKE NpU-
XOJIUTCSL UMETH JEJI0 C KUAKOCTSAMHU, BKIIOYAIOIIMMU IPUMECH Pa3iny-
HOTO XapakTepa, MO3TOMY NPEACTaBIAETCS IEIecO00pa3HbIM OCHA-
CTUTH  OparopekTH(PHUKANMOHHYID  YCTAaHOBKY  JIOTIOJIHUTEILHOU
KOJIOHHO#, pabotatomieii mo meroy runpocenekiuu (I'PK), obecrneun-
BaroiieMy 3¢ heKTHBHOE U3BJICUEHUE TOJIOBHBIX COCIUHEHHUN U3 pa3ze-
nsieMbIX (hpakuumii. B 3TOM ciydae co3naroTcs 6JaronpusTHeIE YCIOBHS
JUISL OYMCTKH 3TAHOJIAa OT METHIIOBOTO CITUPTA, BHICIIHNX aMn(aTHIECKUX
CIHPTOB U JIPYTHX NPOMEXKYTOYHBIX KOMIIOHEHTOB B SMIOPALMOHHO-
PEKTU(DHUKAIIMOHHON Pa3rOHHON KOJIOHHE. JIaHHBIM TEXHOJOTHYECKUIt
MIPUEM TTO3BOJISIET CHU3UTH KOHIIEHTPALIMIO IPUMECHBIX COETMHEHUH BO
(hpaxknmu 3TaHONa, BO3BPAIIA€MON B MPOMBIIUICHHBIA UK, 1 00ecte-
YMBAET MOJyYCHNE BRICOKOKAYECTBEHHOW KOHEYHON PO Ty KITHH.

[Ipennoxennas mojepHuzalrga bPY no3BosieT yTHIN3UpoOBaTh
OpaxoBaHHBIC TUKEPOBOTOTHBIC H3ACTHS M TIOOOYHBIE (DPAKIIUH STHIIO-
BOTO CIIMPTA, COJepKAIIUE METaHOI, Y(QUPHI, alTbAETH/IBI, KAPOOHOBBIE
KHUCJIOTBI, HETIPEAENIbHBIC COEAUHECHMS], BHICIIME CIIUPTHI U APYTHUE IPU-
MECH, MPOSIBISIOLIUE TOJIOBHOM, XBOCTOBOM U TPOMEKYTOUHBINA XapaK-
Tep B Mpoleccax peKTU(UKALHH.
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VK 517.4
M.B. ITo1oBHHKHHA

O PA3JIMUHAU XAPAKTEPA YCTOMUNBOCTH
CTAIIMOHAPHBIX PEHIEHUH B JIOTUCTUYECKHX
N JNPPY3NOHHO-JOT'NCTUYECKHUX MOJEJIAX

PaccMoTprM HauaIbHO-KPAEBYIO 337249y

oug /ot =9 Au, +F (u),x=(x,....x,) e Q= R", (1)
MU +77, ?j; =B,,XxedQ, p+n’ >0,u,20,An, >0, (2)
u, (x,0)=u?(x),As =1,...,m, (3)

rae (2 — orpaHmYeHHAsT 00J1acTh ¢ KYCOYHO TIIAIKOU TrpaHumeid oQ, V - emu-
HUYHBIA BEKTOp HOpMalu K rpaHune OQ obmactu Q, & 20,

u=(u(xt),....u, (x1)), B/(x)eC(6Q), ul(x)eC(Q),
s=1...,m, Q=0 woQ, A - onepatop Jlamaca.
BeezieM B paccMOTpeHHe crienuanbHblil BuI QyHkuuit F, (u):
F(u)=>byu +> >a,uu;+ f (),
k=1 =1 j1

rie fs(x)eC(ﬁ), a =ay, | j,s=1...,m

[Mycts W= (V\ﬁ (X),....w (X)) — CTAIMOHAPHOE PEIIEHHUE CUCTEMBI

m

(1). OrpunarenbHas  ONpPENENCHHOCTh  KBaJpaTHYHOH  (OPMEI

ZZ'AEK 7,2, e A, =0y ~5.9,/d*, O :(Bsk +Bks)/27 d - nmamerp

s=1 k=1

obmactn Q, z=2z(x,t)=u(x,t)-w(x), By =by + Zm:as,k W, SIBIISIETCSI J10-
1=1

CTaTOYHBIM YCJIOBUEM yCTOI\/'I‘II/IBOCTI/I CTallMOHAPHOT'O pCIICHUSA 3aJa4n

D-O).

Hanuune andy3HoHHBIX WICHOB Y AU, PUBOAUT K TOMY, YTO

JOCTATOYHOE yCJIOBHE YCTOWIUBOCTH CTAIIMOHAPHOTO PEIICHUS CTAHO-
BUTCSI MCHEE )KECTKHUM, YeM B Cllydae Mojelneli 0e3 quddy3um.
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YK 539+517.95
A . Yepubimos, C.®. Ky3neunos, O.10. Hukudoposa

HEKOTOPBIE YACTHBIE PEIIEHUSA YPABHEHUA
MPOTUBA MPSIMOYTOJIbHON MEMBPAHBI

PaccmatpuBaetcs 3agaya o mporude NpsSMOyrojabHON MeMOpaHbI
1oJ| IeHiCTBHEM NMepeMeHHOH Harpysku. DyHKuuo Harpysku W(X,y)

OyzeM NpeacTaBisTh NPOCTEHIIEN 3aBUCUMOCTbBIO U3 TEOPUU OBICTPBIX
pasnoxenwii [1] B BHIe CyMMbI TpaHHYHOM (PYHKIIUH BTOPOTO MOPSIIKA
u psga Oypbe Mo CHHycaM, B KOTOPOM YYTeHBI JBa K03 dunueHnta
dypne.

Vckomas GyHKIms W(X,y) IPHMET BU:

w(x, y):i/—\ (y)R (x)+A5(y)sin7r§+A6(y)sin 272'2, 0<x<a

4
A(y):ZAJP}V(y)+AY55in;r%+Avesin27z%, i—1:6, 0<y<b
j=1

j=

. (1)

y y y° y by y" by
P(y)=1-2, P(y)=2, P(y)=L-L X =3
()=t RO =g RY=F 55 RY=% 5
X X X X ax ¥ ax
Pl(x):l—g, Pz(x)zg, Pa(x)=7—g—?: PA(x):a—E
Juas GyHKimu w(X,y) 3alHiIeM ypaBHEHHE MPOruda mpsMo-
YTOJBHON MEMOpaHBbI
2 2
aW+6W+F(x,y):0, (x,y)eQ,, 0<x<a, 0<y<b, (2)

aXZ ayZ
rae F(X,y) — Harpyska Ha MeMOpaHy.
3aa MM rpaHuYHbIE YCIOBHS

W, =fi(y) W =f(x), W =f(y), W, =f(x) @

IIpu 3TOM penienne 3a7a4u JOKHO YIAOBICTBOPSITEH YCIOBUSIM
COTJIaCOBAaHUH, CIICIYIOMINM M3 HE3aBUCUMOCTH BEIMYUHBI MPOTHOOB
W(x, y) OT HAMpPaBICHUS TOIX0/IAa K TUM YTJIaM.
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Oyuxuun f(y), f,(x), f,(y), f,(x) 3anaxum B BUIC

4
f,(y)=> 1, ;P (y)+ figsin ﬂ%-f- f,¢sin 27[%,

f,(x)= z f, ;P (X)+ f,ssin 7Z'§+ f,sin Z;rg,

@
4
f(y)=> ;P (y)+ fy5sin 7l'%+ f,ssin 27[%,

4
f,(x)=> f, ;P (X)+ f,qsin 7r§+ f, ¢ sin 2ﬂ§,

rIe nocTossHHble |,

i i=1+4, j=1+6 cuMraeM H3BECTHHIMU BEIHYMHAMH.

Harpysky Ha MeMOpaHy F (X,Y) 3aIuiieM KOHEYHON CyMMOI 110

aHAJIOTHH C 3aBUCUMOCTHIO (1):

F(x, y):ZA:Fi (Y)R(x)+ Fs(y)sin7z§+ Fs (y)sin 27;2, 0<x<a, (5)

4
F(y)=2_F .P.(y)+Fissin7zl+FiGsin27rl, i=1+6, 0<y<b

= ! ’ b ’ b
Tak xak F ( X, y) — 3a1aHHas QYHKIHS, TO BCe K03 PumeHTs

F,; i=1+6, j=1+6 B BbIp@KeHUHU (4) CUINTAEM U3BECTHBIMH.

Hcnons3yst MeTo OBICTPHIX Pa3oKEeHUH IS TIOCTPOCHUS [IBY-
MEpHBIX TOYHBIX pelIeHui ypaBHeHus Ilyaccona [2], HaiizeMm aHamu-
THUYECKOE pelleHHe ypaBHEHHs (2), yOOBJIETBOpPSIOIICE TPAaHUYHBIM
ycnoBusiM (3) 1 ycnoBusM coritacoBanust. OOTuit BUIT pEIICHUS 33 1AM
COJICP)KUT cBOOOTHBIE KOA(PPUIIMEHTBI, KOTOPHIMH MOYKHO alMpPOKCH-
MHpPOBaTh IIUPOKUN KPYT MH)KEHEpHBIX 3a1a4. B [3] merogom ObICT-
PBIX Pa3NIOKEHHUH TOIYyYEeHO pelleHue 3afadu o TudGy3un B mMpsMo-
YTOJBHOM €MKOCTH C BHYTPEHHUM HCTOYHHKOM.

Cuuras mporud MeMOpaHBl Ha €€ TpaHHIaX PaBHBEIM HYIIIO,
HaliIEM TOYHBIE PEUICHHS 3a/la4d JUIS CIoydas )KEeCTKO 3aKperIeHHON
MEeMOpaHbl TOA JEHCTBHEM KYIIOJIOOOpa3HOH W CHHYCOWIATBHON
Harpys3oK.
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Hcrnosnb3ys METOIbI IIOMCKA PEIICHUH, TPETIOKEHHbIC B [2], s
KyI0JIOOOpa3HOH HAarpy3KH MOJIYYHM peLIeHHE 3aaull B BUAE

oYY by oY by )X X ax)
wixy)= (Q{z 6b 3J+Q2[6b en(z 6a 3}

y: y® by y* by )| x* ax
— _____+ —_— _—_’
(Q{z 6b 3] Q“(Gb 6))\ 6a 6
rne F3,1=F1,3=Q1’ F1,4=F3,2=sz I:4,1=F2,3=Qs’ F2,4=F4,2=Q4-

Bup kynonooOpa3Holi Harpy3Kd Ha MEMOpaHy IpH YCIOBUU @ =
1,5m,b=25m, Q =4-10?, i=1+4 npencrapieH Ha pucyHKe 1.

(6)

Puc. 1. Kynonoob6pa3Hast Harpy3ka Ha MeMOpaHy
Jlurepartypa

1. YepnsimoB A.Jl. MeTo OBICTPHIX Pa3I0oKEHUH IS peIIeHIST Hellu-
HeHHbBIX uddepeHnaTbHbpIX YpaBHeHuUH // JKypHan BRIYUCIUTEIEHOW MaTe-
MaTukd ¥ Maremarnueckod ¢usuku. 2014. T. 54. Nel. C. 13-24. DOI:
10.7868/S0044466914010062

2. Chernyshov, A.D. et al. Using of fast expansions in the construction
of two-dimensional exact solutions of the Poisson equation // 2020 Journal of
Physics: Conference Series 1479(1), 012146 - C.1576-1583. DOI:
10.1088/1742—6596/1479/1/012146

3. YepnsimoB A.JI. u np.. Tounsle pemenus 3amaun o quddy3un B
MIPSIMOYTOJIBHOW €MKOCTH C BHYTPEHHHM HCTOYHHKOM, TIOJIy4YEHHBIE METOIOM
ObICTpBIX pasnoxkeHwii / HayuHo-texumueckue Bempomoctu CIIOITIY. ®u-
3uKo-MareMaTmdeckue Haykm. 2020. T. 13. Ne3. C.42-55. DOI:
10.18721/JPM.13304
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YK 617.55-089.844
J.B. Apanos, C.A. Ckopo0oratos

PABPABOTKA MATEMATHYECKOI'O OBECIIEYEHUSA
ABTOMATU3UPOBAHHOMN CUCTEMBI
MNPOI'HO3UPOBAHUA COCTOAHUA BOJIBHBIX
C I'PBI’KAMM KNBOTA

Lens nccnenoBanus — cO3JaHNE KOMIUIEKCA OPUTHHAIBHBIX Ma-
TeMaTtuieckux mojeneir (MM), mO3BONISIOMIMX BBHIOpATh CIIOCO0 Iia-
CTHKH TIepeIHEH OPIONIHON CTEHKH M C JOCTATOYHON TOYHOCTBIO MPO-
THO3MPOBATh  IIOCJICONIEPAIMOHHOE  COCTOSIHHE  OOJBHBIX  CO
CPEIUHHBIMH IOCJIEONEPAllMOHHBIMU I'PhDKaMHU KHUBOTA Pa3HBIX pa3-
MEPOB — OT MaNbIX JO THTaHTCKUX.

BHyTpuOploIHOE 1aBIeHNE OLEHUBAIOCH 110 CaTypalyuu KPOBU
KHCJIOPOJIOM, KOTOPYIO OIPENENsTH A0 ONepaii B COCTOSIHUM TOKOS
U IpH QPU3NIECKOM MOJIETUPOBAHUH MTOCICONEPALIMOHHOTO COCTOSHUS
niepeiHel OpIOITHOW CTEHKH, a Iocie orepanud — B 1-e, 2-e u 7-¢
CYTKH. DJIEKTPOMHOTpapUIecKUM METOIOM OIIEHWBAIACh 00IIIast dJIeK-
TpUYecKasi aKTHBHOCTb MBIIII] TepeJHel OPIOIHONW CTEHKH U 10 Hel
OIIpEaessIach CTENEHb YTOMIIIEMOCTH MBIILI] A0 ONEPALlM U Yepe3 6
MecsIIeB Tocye onepanni. MareMaTndeckoe MOJIeTMPOBaHNE MTOKa3a-
TeJlel MalMEHTOB PEeAIM30BaIM METOJAMHU JINHEWHOTO U HEJIMHENHOTO
MPOrpaMMHUpPOBAaHMsI MOCPEACTBOM aBTOPCKONM MHTEPAKTHBHON CH-
CTEMBbI ONITUMM3ALIUH.

YcraHoBIeHa MaTeMaTHYeCKast 3aBUCHMOCTD TTOCIIEOTIEPAIlHOH-
HBIX IIOKa3aTeled caTypanuu KpoBH OOJBHBIX, OOIIas aKTUBHOCTD
MBIIIL )KUBOTA M CTENEHb X YTOMIJIIEMOCTH 4epe3 6 MecsleB Iocie
oTIeparyiy OT JOOTEPAIIMOHHBIX 3HAYEHUH 3THUX TIOKa3aTesel, a TakxKe
OT pe3ysibTara (U3UUECKOT0 MOJCTHUPOBAHUS YCTPAHEHUS TPBIKU M
BBIOPaHHOTO c110c00a ONepallMOHHON TUIACTHKH.

Pa3paboTana morudeckas MoAelb BRIOOpa CrIocoba oreparmon-
HOM TUTACTUKH M KOMIUIEKC are0pandecKux MOJENeH It OIEHKH TI0-
CJIEONEPAI[IOHHOTO COCTOSHUS MAllUEHTOB C CPEIUHHBIMU BIPaBH-
MBIMH T'PBIKaMH )KHBOTA Pa3HBIX Pa3MepOB.
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YK 664.1.037
JA.B. Apanos, M.A. 3aiiueBa

MOJAEJINPOBAHME BJIUAHUA CTECHEHHOCTH
HA POCT KPUCTAJIJIOB
B NIPOMBIINJIEHHBIXCAXAPHBIX PACTBOPAX

JIns onucaHus TPOMBIIIIJIEHHON KpUCTAIIIM3AIMU caxapa pa3pa-
O6otaHa 0000MIeHHAs MaTeMaTHIECKasi MOAEIb YIASITHbHOU CKOPOCTH PO-
CTa KpUCTAJJIOB, 3aBUCHILAS OT TEMIIEPATYpPbI, COACPKaHUS CyXHX Be-
IIECTB, YHMCTOTHl PACTBOPA, KOHLEHTPALUH U CPENHEro pasmepa
KpHCTAIUIOB. MOJIeNb BKIIFOUAET BEPOSTHOCTHYIO KOMIIOHEHTY CKOPO-
CTH pOCTa MOHOKPHUCTaJJIa U YMEHBIIAIONIYIO MOMPAaBKY CTECHEHHOTO
POCTa KPUCTAIJIOB, 3aBUCALIYIO OT COACP)KAHUS U CPEAHEro pasmepa
KpHCTAJUIOB. MaccoBasi KpUCTaIM3allMsA €axapos3bl, BKJIIOYAs CKO-
POCTBH POCTa MOHOKpHUCTAJJIA U MHOKECTBA KPUCTAILIOB B yTdene. Ma-
TeMaTuieckasi 00pabOTKa ONMBITHBIX TAaHHBIX BBIMOJHEHA KOMIUIEKCOM
METO/I0B HEIMHEWHOTO nporpaMmmupoBanusi. Ha ocnose 421 onbita co-
3JlaHa BEPOSITHOCTHASs MaTeMaThieckass MOJENb YICIbHON MaccoBOMN
CKOPOCTH POCTa CaxapHOTO MOHOKpHUCTasla OT TeMIepaTrypsl pac-
TBOpa, YMCTOTHl U COAEP)KaHUs CyXux BemiecTB. [lorpemHocts Mo-
nmemn: £11,3 orH. %. Mojeib 0XBaThIBAE€T JAHAIla30H U3MEHEHUS TEM-
nepaTypbl, KOHICHTPAallMH CYXHX BEHIECTB W YHCTOTHI PacTBOpA,
KOTOPBI CYLIIECTBYET Ha caxapHoM 3aBojie. CTECHEHHOCTb KPUCTAJIIOB
YUUTBIBACTCS] 3aBUCUMOCTBIO OTHOCHTEIBHOW CKOPOCTH pOCTa OT HMX
KOHIICHTPAIIMA W CPEJTHEro pa3Mepa, MOrpermHocTs kotopoi +1,3 %.
Juana3oH mMpUMEHEHHUs MONPAaBKH — KOHLEHTpAUUs KPUCTAIOB 5 —
60 %, cpenuumii pasmep 0,25 — 1,5 mm. PazpaGorana o6o06menHas ma-
TEeMaTH4ecKasi MOJIENIb KPUCTAITU3AINH, YYUTHIBAIOIIAS TEMIIEPATYPY,
YHCTOTY ¥ COIEP’KaHHE CyXUX BEUIECTB B yTdele, KOHICHTPAILUIO KPH-
CTaJUIOB caxapo3bl M MX cpegHuil pazmep. CpaBHEHHE PacUETHBIX M
OTIBITHBIX BEIWYMH YIEIbHON MaccoBOH CKOPOCTH POCTa CaxapHOTO
MOHOKpHUCTaIa B Oe3pa3MepHOl MOMpPaBKH POCTa MHOXKECTBA KpH-
CTaJUIOB OT MX JIMHEHHOTO pa3Mepa M KOHICHTPAlH MOKa3ano Onu-
30CTh PACUETHBIX BEJIMYUH K 3KCIIEPUMEHTANBHBIM M IIO3BOJIWIO CHE-
JaTh BBIBOJ 00 ameKBaTHOCTH pa3pabOTaHHOW 00O0OIIEHHOM
MaTeMaTHYeCKON MOJIENIN KPUCTATUTN3AIHH.
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VIIK 004.93'12

JI.A. KopoGoBa, C.H. Yepusiea, U.E. MenBenkosa

PABPABOTKA HTHCTPYMEHTAPUA JJ151 ONPEJAEJIEHUA
CBEXECTHU IMIIEBLIX ITPOAYKTOB

B nmamnHoif paboTe mpemmaraeTcs HHCTPYMEHTAPHH I pacIio-
3HaBaHHA CBEKECTU MPOAYKTOB, KYIIJICHHBIX HE€ B CIICHUAJIM3UPOBAH-
HBIX TOPTOBBIX TOYKAaX, UMeS JHUIIb N300paxeHue mpoaykra. OcobeH-
HOCTh MHCTPYMEHTApHs SIBIISETCS TO, YTO CTAHOBHUTCS BO3MOXKHBIM
OMpPEACIICHUE CBEKECTU MMPOAYKTOB ITUTAHUA «HA MECTE», C ITIOMOLIBIO
ycTpoiicTBa ¢ kamepoi. [Ipunoxenue OyneT onpenensiTb, Kakol mpo-
IYKT HaXOAWTCSA Ha M300pa)KeHHH, NEepPeIaBaeMoOM C KaMepbl YCTpOii-
CTBa, U CBEXKECTh c(hoTorpadipOBaHHOTO MPOAYKTA, 3aTEM JIaHHAs HH-
(dhopMmarust Oyzmer oToOpakaThCsi Ha dKpaHe mosib3oBarens. [Tomumo
pacro3HaBaHus, TMPUJIOKEHHE HMMEET CIPaBOYHYI0 HH(POPMANHIO O
TOM, KaK Pacro3HaTh CBEXKECTh MPOAYKTa JPYTUMH CIIOCOOAMU IO KaXK-
JIOMy TIpH3HAKy, HampuMmep, mo 3amaxy. CambIM pacrpoCTpaHEHHBIM
00BEKTOM JUII MACCOBOTO BHEAPECHUS IPUIIOKEHHSI SIBIISICTCS MOOUIIb-
HbI TenedoH. CoOBpeMEHHOE MOOMIIEHOE YCTPOWCTBO UMEET KaMepy,
MO3TOMY TSI paclio3HaBaHUs ObLTa BRIOpaHa Kiaccuukanus n3oopa-
skeHnit [2]. EAMHCTBEHHBIM CIIOCOOOM CO3/1aTh CHCTEMY, KOTOpPask MO-
JKET OTJENUTH OJIMH KJIacC H300PaKEHUH OT IPYTHX, SBISETCH HEHPOH-
Has ceTb [3]. [IpoBeneHHBIN aHAIM3 MMO3BOJISET CHAEIATh CIICIYIOLINE
BBIBOJIBI: HEOOXOAMMO COOMpAaTh M300paKEHUS MPOITYKTOB Oe3 ydera
PEIMTHUO3HBIX U KYJIBTYPHBIX OCOOCHHOCTEH; HE BBI3BIBAIOLINE OTPaB-
JICHWE OpraHu3Ma 3JJ0POBOTO YeJIOBEKa; HE BHI3BIBAIOIIUX OTPABIICHHE
JUTSL 37I0POBOTO YENIOBEKa C YKa3aHWEM KOJMYECTBA TpaMM IS KaXK-
JIOTO, OHM K€ OyIIyT CUMTATBCSI CBEXKUMH U cheloOHBIMU. PazpaboTan-
HBI HTHCTPYMEHTapHii OyIeT MoJie3eH MOKYyMaTesiM Ha PhIHKAX, B TOP-
TOBBIX IIGHTPaX W paziMyHBIX MarasuHax camooOciyxusaHus. C ero
TTOMOIITBIO0 KaXKIBIH YeTOBEK MOXKET YOSIUTHCS B O€30ITaCHOCTH U CBE-
JKECTH MOKYIAeMOM MPOAYKIHH.

Jlutepartypa

1. lepkanocoBa, H.M. [IpoektupoBanue u odecrieueHre KauecTna u-
IIEBBIX MPOJYKTOB (HAa MpHMepe XJIe000YI0UYHBIX U3JeNui) / MOHOTpadus,
Boponex, 2016.

2.Yto Takoe KJIaccu(QUKAIAS n300paKeHU I -
http://desktop.arcgis.com/ (nara obparenus 07.09.2019).

3. Kopo6Ooga, JI.A. [IpumeHeHne CBEPTOYHOIN HEHPOHHOM CeTH I 3a-
Jla4 pacro3HaBaHus n300pakeHus [Dnektpounsiii pecypce] / B ¢6.: Monenu-
poBaHue 3HepronHpopMaHOHHEIX mporeccos. 2020. C. 251-255
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YIK 519.816
C.H. YepusieBa, U.C. TosacroBa, E.B. Myxuna

AHAJIN3 JESATEJbHOCTH OPTAHU3AIIMIA HA OCHOBE
METOJA SKCTPANIOJISIIUU SKCIIEPTHBIX OHEHOK

Ha ocHoBe ananuza 3)(heKTHBHOCTH ACATEIBHOCTH 00pa30BaTEIbHBIX
OpFaHH?,aHHfI IMPOUCXOOUT UX peOopraHu3anusd Wil OLCHHUBACTCA MHBECTHIN-
OHHasl TPUBJIEKATEILHOCTh. KpyITHBIE OpraHu3aluy UMEIOT OOJIbIIE IPEUMY-
IIECTB IO PsIIy KPUTEPHUEB NEPe CPEAHUMH U MaJBIMU opranuzanusMu. [To-
9TOMy HeoOXoIuMa OOBEKTHBHAs OIEHKa S(P(PEKTUBHOCTH ESITENFHOCTH
opraHuzanuid. B pabore nenaercs MOMBITKA NMPEIJIOXKUTH albTePHATHBHBINA
MOAXOJ K OLCHKE OpraHM3alluii Ha OCHOBE METOA YKCTPAIOJISIUH SKCIIEePT-
HBIX OLICHOK. B kauecTBe mokasateineil 3p()EeKTHBHOCTH paccMaTpUBAJINCH:
[TokazaTenn oGecriedeHHOCTH U IPPEKTHBHOCTH HCIOIH30BAHUS OCHOBHBIX
cpencts, [Tokasareny 3 HEeKTHBHOCTH UCIIONB30BAHUS TPYIOBBIX PECYpCOB,
INoka3zarenu 3 (HeKTUBHOCTH MCHOJIB30BaHU MaTepHaIbHBIX pecypcoB, Ilo-
KkazaTenu 3¢ PEeKTUBHOCTH UCTIONB30BaHK KanuTana. Takum o0pa3om, olieHKa
3¢ PEKTUBHOCTU BENETCS 110 MOKA3aTelsiM, KOTOPBIE B CBOIO 0YePElb COCTOST
u3 noxanokasaresei. [1o kakaoMy mokasarento CTaBUTCSl B COOTBETCTBHE 3HA-
YeHHEe, KOTOPbIe B OCHOBHOM Pa3JIn4aloTCs MKy OpraHu3alusMi, HO MOTYT
U coBnajare. [Ipenyaraercs ciaeayomuil aaropuTM MOJArOTOBKH JTAaHHBIX LIS
00pabOTKH METOJIOM 3KCTPANOJISLUH IKCIIEPTHBIX OLEHOK. [lepeunciennsie
MOKazaTeny OyJieM CUUTaTh TI00aNbHBIMH TOKa3aTelsIMU. A TIOKa3aTelH, u3
KOTOPBIX OHH COCTOST — JIOKAIbHBIMH. [10 Ka)XXZI0MY JIOKaITbHOMY ITOKa3aTellto
Cpe/r BceX aHAUTM3UPYEMBIX OpPraHn3alMi BEIJIENsIeM MaKCUMaIbHOE U MUHH-
MaJIbHOEe 3HA4YeHHE, 3aTeM NPOU3BOANM HOPMHUPOBKY Ha MAaKCHMYyM, TaK Kak
YeM JydIlle TOKa3aTellb, TeM BHIIIE d(PPEKTHBHOCTh. 3aTEM CYMMHPYEM BCE
JIOKaJIbHBIE 3HAYEHHMS B IIPeiesiax KaKI0Tro III00aIbHOT0 KPUTEPHs, U ITPUCBa-
MBaeM IOJy4YEeHHOE 3HaYCHHUE II100aNbHOMY KpUTEpHUIo. Tak Kak KOJIMYEeCTBO
JIOKQJIBHBIX KPUTCPUEB B KAXKIOM FJ'[O6aHBHOM KPpUTEPHUU OTJIINYACTCA, TO O3TO
MOXET MPUBECTU K HCOJHOPOAHOCTU IMOJYyYACMBIX 3HAYEHHUH TJI00aIBHBIX
kputepueB. [109TOMy NPOBOAMM MMOBTOPHYIO HOPMHUPOBKY IO KXKIOMY IJIO-
OaJpHOMY KpHUTEpHIO. B pesynbrare onmcaHHBIX JeHCTBUI MoiydyaeM Habop
AIBTCPHATHUB C OJHOPOAHBIMHU 3HAYCHUAMU OCHOBHBIX KPUTCPUCB OLICHKU. 3a-
TEM U3 BCero Habopa opraHuzanuii popMupyercst odydaromas BEIOOpKa, Ko-
TOpasi IoJJaeTCst SKCIEePTy Ha CpaBHEeHHUE. B pe3ynbrare Ha OCHOBE METO/1a IKC-
TPaNOJALUKA SKCIIEPTHBIX OLEHOK (opMupyercst (QyHKIUS 0000IIEHHOTO
Kkputepust. Ha ocHOBe 3ToH QyHKIINH oIpeneseTcst Hokas3arenb 3¢ ekTuBHO-
CTH JUTS KaXKIoi opraHuzaiui. OpraHu3alny paHXUPYIOTCS B OPSAKE YObI-
BaHUS KpuTepus d3¢GeKTUBHOCTH. TakuM 00pa3oM, oIpeAemsaroTcs Hanboee
3¢ PexTUBHBIC OpraHU3aAIUH.
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YJIK 004.89
T.B. I'magkux

HOBBIE BO3MOKHOCTH ITPOI'PAMMBI «1C»-
MOBWJIBHBIE TEXHOJIOT' A

MoOubHbIE TEXHOIOTUH 3aHUMAIOT 0CO00€ MOJI0KEHUE B UCTO-
puu UT. U mepBoe, 4TO ClleyeT OTMETUTE, TOBOPS O crienu(uKe maH-
HOTO HAIPaBJIEHHS, — 3TO BHICOYAMIITHE TEMITBI €r0 Pa3BUTHA.

C nauasiom smoxu iPhone (2007 rox) u Android (2008) mup Tex-
HOJIOTUHA M3MEHUJICA IO HEY3HABAEMOCTH. Y CTPOMCTBA CTAHOBATCS BCE
0oJ1ee M3ANTHBIMU 1 (PYHKINOHATILHBIMH.

HoBoe noxosenne cMapT(OHOB U TUIAHIIETOB OBICTPO 3aBOCBHI-
BACT MOTPEOUTENbCKUN PHIHOK M HAUMHAET PELINTEIbHOE MPOIBHKE-
HHE B KOPIIOPAaTHUBHYIO CpeLy.

HckmtouenneM He crana u nporpamma «1C».

B 2012 roay Owina Bemmymena Bepeust 1C Ilpennpusitue 8.2, B
KOTOpOH pas3BUTHE lC HpeAnpuATHsS HPONODKMWIOCh. OCHOBHBIMU
HapaBJICHUSIMH paclIupeHus (QyHKIIMOHANA IaTGOopMBI cTana MHTe-
rpaiys ¢ pa3nuaHbIMA Web-TeXHOIOTUsIMH.

MoOuibHbIE pelIeHus O3BOISIOT BECTH CBOW On3Hec ¢ Tenedo-
HOM B pyKax. MoOWIBHOCTB — IJTaBHOE JOCTOWHCTBO. Takke MOOMITb-
HBIE TIPUJIOKEHUS MOTYT OJHOBPEMEHHO paboTaTh C IPYTUMH HPUIIO-
KEHUSIMH, KOTOpble MOTYT M He ObITh co3gaHHbIMH Ha «l1C:
IIpennpusitue 8».

®upma «1C» BIMyCKaeT CBOM MOOMIIbHBIE TIPHIIOKEHUS U BEp-
CHH JUIA pa3padoT4nKOB. B 0CHOBHOM 3TO MOOWIIBHBIE aHAJIOTH «Tpa-
JULMOHHBIX)» CEPBEPHBIX NpHIokeHUH 1C, KOTOpbIe peaIn3yIoT MIPaK-
trndecku Bech ux (yakmmonan («1C: oxymentoobopor», «1C:
Ynpasnenune Hebombimoit ®@upmoity, «1C: 3aka3e» U T. 11.).

[t paboTsl B MOOMIIBHOMW Cpeie MPeAyCMOTPEHBI CIeIYIOIIHe
TEXHOJIOTHW: MOOWIBbHAs TuiaTopma, MOOWIBHBINH KIWEHT, MOOWIh-
HBIE PELICHMUS.

I'oToBOoe MoOMIIEHOE mpuinokeHue Ha 1C mon cuiy co3aars U
CTYACHTY B TUILIOMHOH pabore.

OmuH U3 IPUMEPOB TOTOBOTO MOOWMIIBHOTO TpHIIOKEeHHS: "Mo-
O6unpHas goroctyaus”.

54



YK 519.632
Bb.E. Hukutun, M.H. UBanes, U.A. Bopona

OB ATPETATOPE HE3ABHUCHUMOM OIIEHKH BBICIIIETO
OBPA30BAHUA

CornacHo [1], arperatop He3aBHCUMOIi OIICHKH BBICILIETO 00pa-
30BaHUS COCTOUT U3 YETHIPEX PEUTHHTOBBIX CHCTEM — HALIMOHAIBHBIN
arperupoOBaHHBIA PEUTHHT BY30B, TJIO0ANBHBIM arpernpOBaHHBIA pei-
THUHT, TJI00AJIbHBIN MIPEIMETHBIH PEUTHHT B KOHTEKCTE OTEYECTBEHHBIX
BY30B M PEHTHHI aKKpEIHTAllMOHHHBIX areHTCTB. B cBOIO ouepens,
HaI[MOHANBHBIN arperupoBanHblid petunr (HAP) cTpouTcst Ha ocHOBE
neBATH pedTuHroB (B 2020 rogy noGaBuiicsd peHTHHT Ha OCHOBE HMH-
JeKca XHpIa), KOTOpble Ha PBIHKE CYIIECTBYIOT HE MEHEe TpeX JIeT,
KaKIBI U3 HUX OIeHUBAIOT He MeHee 100 By30B, MyOIHKYIOT CBOH pe-
3yJbTaThl €KETOHO U B OTKPBITOM JOCTyIle. B kauecTBe mpouemaypsl
arperupoBaHusl B paMKax METOAMKH, Hucronb3yemoid B HAP, BeICTy-
MaeT OJJHA U3 MPOLEAYP FOJIOCOBAHUS B MaJbIX Ipynmnax. Ha cerogusm-
HUM J€Hb IIPU NOCTPOCHUM arperupoBaHHOr0 pelTuHra By30B Poccun
IpUMEHSETCs IpaBwiio bopaa. B paMkax mpoBeIEHHBIX UCCIIEN0BAHNN
ObUIM TIOCTPOEHBI KOHTPIPHUMEPHI, IMOKA3bIBAIOIINE MAaHHUITYJIHpPYe-
MOCTh Pe3yJbTaTOB arperupoBaHUS PEUTHHTOB IPH HCIIOJIB30BaHUHU
JTAaHHOM IpoleAypsl. B kauecTBe aabTepHATHBHI ITpeIIaraeTcst HCTIOb-
30Bath npouenypy Kemenn.

Takxe 3aMeTuUM, YTO TIIOOANBHBIA arperHpOBaHHBIN PEUTHHT
(AP) ctpontcs mo pesynbTrataM OAWHHAAIATH PEUTHHTOB, B TOM
yncie AByx oredecTBeHHBIX — MOSIUR u RUR. OkonuarensHeie pe-
3yJbTaThl TpeacTaBistorcs B Buae mmectu cruckos (TOITos) — 1 %,
2%, 3%, 4%, 5% u 10 % ay4imux By30B OT OOILIEro KOJHUYECTBA
(2500 By30B co Bcero mMupa). AHanu3 pe3yiabratoB I’ AP mokasreiBaer,
YTO 3a MOCJAEAHNUN TO/l B MEKIYHApOAHbIE PEUTHHTH Nonaiu 82 oTede-
cTBEeHHBIX By3a. B Tom uncne B TOII-1 — ogua (MI'Y), 8 TOII-10 — 52
By3a (B yactHOCTH, BI'Y).

JIuteparypa

1.URL: https://best-edu.ru/ratings/nacionalnyj-agregirovannyj-
rejting (mata obpamenus: 18.02.2021).
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YK 519.81
I0.B. byraes, JI.A. Kopo6oBa, C.B. I'ynkos

CBEJIEHUME 3AJIAUH PA3BO3KH I'PY30B K OBPATHOM
3AJIAYE YIIAKOBKHU B KOHTEHHEPKI

3amava pa3BO3KH — 3TO TPAHCIIOPTHAS 3a/1a4a Mo JOCTaBKe Hera-
OapHUTHBIX I'PY30B U3 paclpelelIMTeIbHOTO IEHTPa, HalpuMep, ONTO-
BOii 0a3bl, MHOXKECTBY mouryuyaresneid. OHa siBsieTcs: 00001meHueM u3-
BECTHOHW 3a/1audl KOMMHBOSDKEpa, OT KOTOPOH OTJIMYAETCS YCIOBHEM
OTPaHUYEHHOCTH TPY30I0IBEMHOCTH MPUMEHSEMOTO TPAaHCIIOPTHOTO
cpenctBa (TC) u, Kak cieacTBHE, HEOOXOIUMOCTHIO HEOTHOKPATHOTO
BO3BpalleHus Ha 0a3y 115l TONOJIHEHHS IEPEBO3UMOTO Tpy3a I obec-
neyeHus Beex KneHToB [1]. Martematndecku 3aa4ya pa3Bo3ku Gopmy-
JUPYETCS CIEeIYIONTUM 00pa3oMm.

JlaHo: N — YKCIO KIMEHTOB, KOTOPHIM HEOOXOIUMO JOCTABHUTH
Ipy3bl; ( — BEKTOP 3aKa30B, ONPEACIISIONNA KOIMYECTBO TPpy3a, J0-
CTaBJIIEMOTO KKIOMY KIUCHTY; JIOMYIICHUE O HerabapuTHOCTU TPY-
30B HCKITIOYAET U3 PACCMOTPEHHSI TPOOIEMyY UX pa3MEIeHHS B UCTIONb-
syemoM TC; M — maTpuiia paccTosSHUN MEXITy BCEMH KIMEHTAMU H
0a30ii, a TaKke KIMEHTOB MeXAy co00i. C — Tpy30N0ABEMHOCTD MPHU-
mensiemoro TC.

[Tpu Hanmmuum HeckombkuX eauanIl TC UX MOKHO UCTIONTB30BaTh
OJTHOBPEMEHHO TSI YCKOPEHMs pa3Bo3ku. Torma Hamo OyIeT ONTH-
MaJIbHO pactpenenuth TC M0 WHAMBHYAJTBHBIM MapIIpyTaM JJis MU-
HUMU3AIMK BpeMeHu ux pabotel. [Ipemmaraercs cBecT NaHHYHO 3a-
Jlady K M3BECTHOH 3a/1a4e Y IaKOBKH MTPEIMETOB B KOHTEHHEPHI.

Omna popmynupyercs cnenyromumM oopa3oM. MiMeeTcst KOHETHOE
mHOkecTBO U = {U1, Uz..., Un} 00BEKTOB, «pasmepbl» S(Ui) KOTOPBIX 3a-
JIlaHbl U TIPEJICTABIICHBI PAIlMOHAIBHBIME YuCiaMu. TpeOyercs HaiTu
Takoe pazouenue MmHOxecTBa U Ha mogmHoxkecTBa Uy, Us. .., Uy, 9T00BI
CyMMa pa3MepoB OOBEKTOB B KaXKJOM ITOJIMHOXECTBE HE MPEBOCXO-
JIWJIa HEKOTOPOTO TOJIOXKHUTENBHOT0 Yrcaa H, u gucio kiaccos pa3ou-
eHus K ObIJI0 MUHUMATBHBIM.

3amaya yMakOBKHM OTHOCHUTCH K KJIacCy TaK Ha3bIBAEMbIX
NP-TpyaHbIX 33734 B CHJIBHOM CMBICHE [3], T. €. Uil TIPOU3BOJIBHBIX
UCXOJHBIX JaHHBIX HE HAWJCHO 3(P(PEKTUBHOI'O AITOPUTMA PEIICHUS.
[Ipu MasbIX N MOXHO BOCTIOIB30BATHCA ITOHBIM TIEpeO0pOM, st O0ITh-
mrx N pa3paboTaHO HECKONBKO MPHOIMKEHHBIX aITOPUTMOB TpH-
MEpPHO OJMHAKOBOH 3()(PeKTHBHOCTH.
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Ms1 npemiaraeM OOBEKTHI Ui acCOIMHPOBATH C MapIIpyTaMHu
nekeHns kaxaoro TC mpu pa3Bo3ke rpy30B, S(Ui) — CO BpEMEHEM I10-
€3[IKU 10 MapuipyTy, a moJMHokecTBa Uj OTOXIECTBIATH ¢ MHOXeE-
CTBOM MapmipyToB, peanmm3yembrx ogauM TC. Ilog H ciaexyer moHu-
MaTh MAaKCHMAaJIbHO JIOIyCTUMOE oOIee BpeMs pa3BO3KU. Tak MbI
MPUXOJUM K HOBOM MOCTAaHOBKE 3aJaud ynakoBku: Ilpu 3amanHOM
qucie Ko Ki1accoB onmpeaenuTh MUHUMaIbHOE 3HaueHne H, mpu koto-
poM obecnieunBaeTcs pa3oueHHe.

HasoBem ee oOparHo#i 3amayeir ymakoBku [4]. Tlpemmaraercs
CIIEYIOIINH aJTOPUTM €€ PEeIICHUsI.

Tycts ko 3amano. U H=H_ = max{Zs(ui) JKs miax(s(ui))} .

[loctenenHo yBenuuuBas 3HaueHue H, pemraem npu kaxaom H
OPSMYIO 33j1ady YIIaKOBKHM M HaXOJUM PEabHOE YHUCIIO KOHTEHHEPOB
k(H), B koTOpO€e MOXHO yrakoBaTh Bce npeameTsl. Pabora anropurma
3akaHumBaeTcs npu ycnouu K(H) < ko.

ITockoNbKy BCE HMCHOJIB3yEeMBIE AJITOPUTMBI PELICHHS MPSMOii
3a7a4n 00JIa1a0T I0OCTATOYHBIM OBICTPOICHCTBHEM, TO TIPEIaracMbIid
anroput™ 3G HEeKTHBEH C TOUKH 3pEHHsI BpDEMEHHBIX 3aTpaT. TeM He Me-
Hee, Mpe/IaraeTcsi MOBBICUTH OBICTPOJCHCTBHE ANTOPUTMA 3a CUET
BBOJIa TaK Ha3bIBaeMbIX OllecHOK Mapreiuio u Tora.

O603uaunm L = {1..., N} — MHOXECTBO HOMEPOB OOBEKTOB, Wi =
s(ui) / H — pasmepnr 06bekToB B qossx H, 0 < w; < 1. Jins mpou3BoIis-
Horo a €[0; 1/2] momoxum Ly = {iel | wi > 1 — o} — MHOKECTBO HOME-
poB kpymHbIX mpeametos; Lo = {iel | 1 — o> w; > 1/2} — mHOKeCTBO
HOMepoB cpenHux npeametos; L= {iel | 1/2 > w; > a} — MHOXKeCcTBO
HOMEPOB MEJKUX mpeameToB. Torma ais aroooro o €[0; 1/2] cripasen-
JIMBBI HYKHUE OLICHKH BEJTMYHHBI K:

Ml(a):|Ll|+|L2|+maX 0, .Zwi—|L2|+_Zwi , D
L=, 11w /a

M, (@) =|L|+|L,|+max-0, S| z[l/i] ] , (2)

m, = max{mgx(Ml(a)); max(MZ(a))} . (3)

Db dexr yckopeHHs anropuTMa IOCTUTACTCSA 3a CUET TOTO, YTO
OIICHKa M; BBIYUCISETCS HAMHOTO OBICTpEe, YeM pealbHOE 3HAUCHUE
yucia KoHTelHepoB. [loHOe omicanne anropuT™Ma cM. Janee.
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< CopTMpOBKa CIMCKa pasMepoB s (u) 0O yOHBaHMUD >

m = n;
for H = Hpn ..2.s (Ui)

if m > kO

m = QOuexHka (H); continue;
else

kl=Ynaxk 1 (H); k2= Ynak 2 (H); k=min(kl, k2);
if k £ k0 return; -

end;

end for

Stop

Vmak_1(H), Ymak_2(H) — 1Be pekoMeHIyeMbIe MPOIeLyphl YIaKOBKH

CopTupoBKa pa3MepoB 0OBEKTOB JIeiaeTCs I TOW MPUIHHE, ITO
BCE alITOPUTMBI YIIAKOBKH B Kaue€CTBE HAUAJIHHOTO IIIara MPUMEHSIOT
COPTHPOBKY 3TOT0 MaccuBa. Tak oHH paborarot >hdextuBHee. B maH-
HOM aJITOPUTME COPTHPOBKA MPOU3BOJIUTCS OAUH pa3, YTOOBI HE Tpa-
TUTH Ha 3TO BPEMsI K&KIOTO aITOPUTMA yITaKOBKH.

Hanee ucnonn3yercs nukia «For» mo Benuunde H. On coctout
13 IByX OJ0KOB. B mmepBOM BBIUHCIsAETCS omeHka Maprtemio u Tora.
ITpu pocre H umcio konTeiiHepoB K u ero omeHka M yosiBatoT. Ho moka
BBITIOJIHACTCS YCIIOBHE M > Ko HET CMbICIIa IPUMEHSTh AJITOPUTM yIia-
KOBKH M HAaXOJUTh TOYHOE YHCIIO KOHTEHHEPOB K, T. K. ISl HETO TeM
6onee 6yner K > Ko (1. . kK> m > ko). 1 Tonbko korma H craner gocra-
TOYHO OOJIBIIIMM U yCIIOBHE M > Ko HAPYIIUTCS, MOKHO OYIET MOKITIO-
YaTh BTOPOM OJIOK ITUKJIA M BEIYUCIIATH TOUHOE 3HaYeHHE K.

Kak Op110 cKka3aHo BbIIIE, TOYHOTO U APPEKTUBHOTO aITrOpUTMa
pelIeHus 3a1a4k He CymecTByeT. FiMeeTcss HECKOIbKO MPHOIMKEHHBIX
aNTOPUTMOB C TPUMEPHO OJWHAKOBOW TEOPETHIECKON 3(PPEeKTHBHO-
CTBIO U TOUHOCTRIO. Ho peanbHoe 3HaueHue K OHM MOTYT 1aTh pasiny-
Hoe. [loaTromMy MBI OoTOOpanm aBa HambOJEe MOAXOMANINX AITOPUTMA
(Ymak 1 u Ynak 2), KOTOpble IpeaiiaraeM HCIoJib30BaTh B mape.

[IpuBeném npumep paboTHI TpemIaraeMoro ainroputma. Vme-
ercsi 12 KIMEeHTOB U CHUCTEMA U3 5 KOJBIEBBIX MaplIpyTa pa3BO3KH MO
HUM Tpy30B, cM. Ta0II. 1 u puc. 1. TpedyeTcs parpioHaILHO pacIpee-
JUTH UMEIOIIKECS B HAMUYUU enuHulbl TC Mo 3TUM MapIHipyTaMm Tak,
4TOOBI MakcuManbHOe BpeMsl paboTsl TC ObLTO MUHUMAITBHO.

Ha puc. 2 npuBeneHo aBa pemieHus 3TOW 3aqadd MpU IBYX U
Tpéx equannax TC. Kak Buanm, B o0oux cirydasx ucnoiab3dyembie TC
3arpy’kKeHbl prUMepHO oauHaKoBo. [Ipu Ko = 3 pasnuune npumepHo 6
MUHYT, IpH Ko = 2 — oxHa MuHYTa. T.€. TOCTUTAETCS «CIPABETHBOCY
pacnpezeneHue Tpyaa.

58



Puc. 1. Cucrema
KOJIBLIEBBIX
MapuIpyToB

o0cTy>KHBaHUS
12 xaneHTOB

Tabmuna 1.

MapuipyT. Macca Paccros- Bpews,
Touka rpysa, HUE,
MUH
13—cknaxg KI' KM
13-5-8-3-13 1150 33,9 135.6
13-11-1-13 1110 19 64
13-12-6-13 1000 16,6 56
13-9-4-13 1150 16 76
B2 | 1250 14 66.4

ko=3 ko=2

TC Nel, t= 135.6 muH; TC Nel, t= 199.6 muH;
TC Ne 2, t=132 MuH; TC Ne 2, t=198.4 MUH:
TCNe 3, t= 130 Mmun Lpax —199.6 MuH.

Tmax — 135.6 MHITH.

Puc. 2. BapuaHTsl cBeIeHUS 3a/1a4H Pa3BO3KH IPy30B K 00paTHOM 3amade

YIIaKOBKH

Jlutepatypa

1. YepkecoB A.I'. DxoHoMmudeckas Teopus. MareMaTHUECKHE MOJICIHN:
Vueb. nocobue. // CI16.: U3a-so CII6 I'TIY, 2003. 52 c.

2. byraes, 10.B. [lnanupoBaHue rpy30BbIX MEPEBO30K MOAUDUIIHPO-
BaHHBIM MeTOozIoM Kiapka—Paiita / B ¢6.: BupTtyansHoe MoaenupoBanue, mpo-
TOTUIIMPOBAHUE U NMPOMBIIUIEHHBIN an3aitH. Mar. |ll Mexn. H.-n1. koHd.: O6-
mias pen.: B.A. Hemtunos. 2016. C. 179-182.

3. I'spu M., JI)xoHcoH /I. BeruncnuTensHble MALIMHbL U TPYHOPELIae-
mble 3agaun / [lep. ¢ anri. M.: Mup, 1982. 416 c.

4. YenmkoBa, A.B. 3amaua TpexMepHOH yIIakOBKU JIEMEHTOB / AJest
Hayku. 2018. T. 1. Ne 9 (25). C. 433-436.
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YIAK 517.95
A.l. Yepnbimos, JI.C. Caijiko, O.1O. Hukudoposa
BBICTPBIE PA3JIOKEHUSA PASPBIBHBIX ® YHKIIUI

W3BectHO, ecnu (QyHKIMS TEPIUT paspbiB MEPBOTO PoAa, TO €€
psin @ypbe cymecTBYeT U B TOUKE pa3pbiBa MPUHUMAET cpeaHeapupme-
THUYECKOe 3HadeHue. Takue psiibl MEJVIEHHO CXOAATCS U B OKPECTHOCTH
TOYKH pa3pbiBa UMEIOT OOJIBIIYIO MOTPEITHOCTE. Juddepenmnuporanue
NOJOOHBIX PSIIOB MOXKET MPHUBECTH K pacxosaiumcs psaam. Hexoro-
pble 3a1aun QU3UKH U MEXaHUKH OMNKCBHIBAIOTCA PACXOAALIUMHUCS Psi-
mamu. [1o3ToMy BO3HHMKIIM METOBI, TTO3BOJIAIONINE YIYUIIUTh CXOJH-
MOCTB pacxoJsamuxcs psoB Pypoe. g ux ymydiieHus HOSBUINCH
MmeTtosl Ditnepa, Jlunaeneda, deiiepa, Boponoro, Ademns, Yezapo u np.

B nacTosmeti paboTe mpemaraeTcs UCIOIb30BaTh MPEIACTABIIC-
HHE Pa3pbIBHBIX (QYHKIMH OBICTPBIMU pa3iokeHusiMu [1] u ap., koTo-
pBl€ 3HAYUTEIBHO MMPEBOCXOIAT BCE paHee U3BECTHBIE METO/IBI M 00Ja-
JA0T YHHUKaJbHBIMH KadeCTBAMM: CXOAATCSl ObICTpee KIaCCHUECKHX
psamos @ypbe B COTHHU pa3 [2]; momyckaroT MHOTOKpaTHOE U QepeH-
[IMPOBAHUE U TOTOMY TPUTOIHBI VISl pELUICHHS PUKIIATHBIX 3a1a4 [2];
C UX MOMOIIBIO pa3paboTaHa TPUTOHOMETPUYECKAsT MHTEPIOSLUS C
BBICOKOI TOYHOCTBIO  BO3MOYKHOCTBIO MHOTOKpaTHOTO nuddepernn-
pOBaHUs; YCIEHIHO MPUMEHSIOTCS B 3a7ja4ax ¢ OBICTPO OCHHMIUTUPYIO-
MUMH QYHKOUAMH; MOTYT HCHOJNB30BaTbCs ANl pEeIleHHs 3ajad C
JenbTa-QyHKUMSIMY; A7 33134 C HEM3BECTHOM MOJABIKHON IpaHULIEH
tuna Credana; a1 3a7a4 ¢ pa3pbIBHBIMU QYHKIHMSIMH 1-TO U 2-TO TH-
TIOB; JUIS peIlieHHs HEMMHEHHBIX 3a7ja4 B YaCTHBIX POM3BOIHBIX, KOT A
He TpeOyeTcs MpeaBapUTEIbHO PEIIaTh JOBOJIBHO CIOXKHYIO 33/1a4y O
HaXO0XKJIEHNH COOCTBEHHBIX (DYHKIWH W COOCTBEHHBIX 3HAYEHHH C TIO-
CJICAYIOIINM JIOKa3aTeIbCTBOM O BO3MOXKHOCTH A (epeHIpoBaHus
NOJOOHBIX paziokeHui. OOBIYHO MepednciIeHHbIe MPOOIeMbl Hcciie-
JOYIOTCSI HEKOTOPBIM YHMCIEHHBIM METOAOM, B IIPEIJIaracMoM MOIX0JEe
MOJTy4aeM pelieHHe B aHATUTUIECKOM BHUJIE.

B pabore paccmaTtpuBaroTcs paspbiBHbIE GyHKUIUH. [Jis1 ymyyiie-
HUSL CXOAUMOCTH psiioB Dypre pa3pbIBHBIX (DYHKLUHM B HEKOTOPBIX CITY-
Yasx HUCIOJIB3YIOT allpOKCUMAIIOHHBIE METO/IbI C IPUMEHEHHUEM I10-
TuHOMOB bepHyn, moay4yuBIINe Ha3BaHKUE annpokcuMaHToB Ilase.
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HuddepenumpoBanne psgoB Pypbe paspblBHBIX (YHKIHNA B
HacTosIIeH paboTe paccMaTpuBaeTcs BIepBbie. PelieHue 3Toi mpo-
0JIeMBI TI03BOJIMT MCIOJIb30BATh MOMO0HBIC PSIbI MIPU PACCMOTPEHHUU
uHTErpo-audhepeHnaIbHbIX 3a1a4.

Bbynem nosarare, uro x€[0, a] — o6macTb, 3aHUMaeMast MaTepH-
QIIBHBIM TEJIOM, MM T€OMETPHYSCKUM MPOCTPAHCTBOM. [IpH HCIONb-
30BaHuH psifoB Dypre MO CHHYCaM WM KOCHHYCaMm Ha JaHHOM OT-
pe3Ke BaXKHOE 3HAYECHHE HMMEET CXOIAMMOCTh PSIOB U CXOAUMOCTD
NPOU3BOJHBIX HE TOJHKO BHYTPH, HO U Ha TPAHUIIAX OTPe3Ka, TaK KaK
IpU PACCMOTPEHUH KPAeBbIX 3a7au IPaHUYHbBIC YCIOBHUS 3a7al0TCs Ha
rpanunax. [Tosromy, ecau mpu x = 0 wau mpu x = a psaxn He pasen f(0)
wiu f(2) COOTBETCTBEHHO, MITH 3HAYEHHSIM MPOU3BOIHBIX HA ITHUX I'pa-
HUIIaX, TO Oy/IeM TOBOPUTH, YTO HA KOHIIAX OTPE3Ka pacCMaTPUBACMBbIit
PST PACXOJUTCS, XOTSI B CTPOTOM KIIACCHYECKOM MOHUMAHUU PSIIT MO-
JKET OBITH CXOIIAMUMCS. B 9TO CBSI3M B JaNbHEHIIIEM Oy 1eM IoJIararth,
ecnu Ha rpanunax orpeska [0, a] psa He cxomurcs Kk 3HaueHusM f(X)
WIN 3Ha4YCHUSM €€ NMpPOM3BOJAHBIX, TO Ha rpanunax [0, a] coorser-
CTBEHHBIH PsijI PACXOMTCSI M €0 HENb3sl HCIOIb30BaTh B OKPECTHOCTH
JIAaHHOW I'paHMIIbI.

JIuteparypa

1. YepubmoB A.Jl. Meton ObICTPBIX pa3iioXKEHUH IS pELIeHUs] HeNuU-
HeWHbIX auddepeHnranbapix ypaBHeHui // XKypHai BEIYMCIUTENBHOW MaTe-
MaTtuku W Mmaremarmueckod ¢msmku. 2014. T. 54. Nel. C.13-24. DOIL:
10.7868/S50044466914010062
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VK 519.635
M.HA. ITonoB

YCKOPEHHUE CXOJANMOCTH YNCJEHHOI'O
NHTEI'PUPOBAHUA

KpaeBsbie 3a1aun 1151 HEOAHOPOAHOTO OUTAPMOHHUYECKOTO ypaB-
HEHHsI BOSHUKAIOT B Pa3NIMYHBIX 00NACTAX MEXaHWKH. JTO 3a7adu 00
n3rude IIacTUuH IIpU Pa3JINYHbIX YCJIOBUAX OIHMPAHUA IO KpasiM, 3a-
Jadyru O KOHBCKIUH KUJIKOCTH. OTCYTCTBI/IC AHAJIUTUYCCKUX pCIHCHI/IP'I
JAHHOTO KJlacca 3a/ad JIeNaeT aKTyadbHbIM KaK IOMCK HOBBIX, TaK U
YCOBEPUICHCTBOBAHUEC H3BECTHBIX YHCJIICHHBIX METOI0B. B cBsa3u ¢
9THM Ha IpUMepe KpaeBoH 3a/1auu Uil HEOAHOPOTHOTO OUrapMOHUYe-
CKOTO YpaBHEHUS MPEAJIOKEH MOAX0J[, KOMOMHUPYIOUIUA METO]| KO-
HEYHBIX Pa3HOCTEHN U IKCTpanojsiui Pudapacona.

PaccMoTpyM HEOmHOPOJAHOE OUTapMOHHYECKOE YpaBHEHHE C
TPaHUYHBIMH yCIOBHSMH IIEPBOTO U BTOPOTO POjia B KBaIpaTHOM 00ma-
cu [1]

o'u(xy)  ,0'u(xy)  d'u(x.y)
42 + =f(xy), 1)
ot ox*oy? oy*
u(,y) =u(l,y) =u(x,0) =u(x1) =0, ()
ou(0,y) _au(l,y) _ ou(x,0) _ au(x1) _ 0 @3)
oX ox oy oy ’

Jns ypaBaeHus Omuoka! UCcTOYHMK CCBHIJIKU He HaliieH. 11o-
CTpOCHA HEesSIBHAS KOHEYHO-PA3HOCTHAS cXema 2 MopsKa TOUHOCTH [2]:

Wi+2,j _4Wi+1.j +6Wi,j _4Wi71,j +\Ni—2,j 4 \Ni.j+2 _4\Ni,j+l +6Wi‘j _4Wi,j71 +\Ni.j—2
Ax* Ay*
1
+m|:(wi+2,j+z —16w, |+2 j+l +30W|+21 6\Ni+2.j—l +\Ni+2,j—2)_16(wi+1‘j+2
_16\Ni+1,j+1 +30Wi+1,j _16Wi+1,j 4T Wi e 2)+3O(Wi,j+2 —16w, Wi, i +30W _16Wi,j71 (4)

W - 2) 16( i-1,j+2 16Wi—1,j—2 +30Wi—1,j _16\Ni—l,j 2t Wiy 2)+(\Ni—2,j+2 -

_lGWi-z,j+1 + SOWi—Z‘j _16Wi—2‘j—1 TWi ):| = fi‘j
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I'pannunbie ycnoBus (2)—(3) 3aMeHEHBI COOTBETCTBEHHO pa3-
HOCTHBIMH aHAJIOTaMU

WOj: n,j:WIOZWi,n:Ov i= lnij: N (5)
Wi1_1Wiz: \Nlnflzlvvin—z’ i=1..n-1

) ) (6)
Wl,j :ZWZ,J" Wn—l,j :ZWH*Z,J" j:l,...,n_l-

B kauectBe TecToBoi (pyHkunu nogodepem f(x,y) Takum odpa-

30M, 4TOOBI IMENOCh TOYHOE pemmenue 3anaud (1)-(3). st aToro Bo3s-
MeM QYHKIHIO U(X,Y) , YIOBJIETBOPSIONIYIO TPAHUYHBIM YCIOBHSM (2)-

(3). Hycts u(x,y)=(1/87*)sin?(zx)sin*(zy). Herpymuo ybemurscs,
4TO BCE TIPAHMYHBIE YCJIOBHUSA BBHINONHEHBL. I10ACTaBUM (DYHKIHIO
u(x,y) B ypaBHEHUE (1), Toraa

f(x,y) = (8cos? (zy) —5)cos* () ~5cos’ (y) +3.
PelleHne CUMMETPUYHO OTHOCUTENBHO UEHTPAJIBHOM TOYKH
(0.5;0.5) , B KOTOPOM JOCTUTAETCS MAKCUMYM PaBHBII 1.28-107 . Makcu-

MyM aOCOJIFOTHOH MOTPEIIHOCTH JOCTUTAeTCs B IEHTPATLHON TOUKE 00-
nactu ¥ paBeH 1.87-107. IlpoaHanusupyeM CKOPOCTb CXOAUMOCTH KO-
HEYHO-PA3HOCTHOM cXxembl. B Tabmume 1 mpwBemeHsl JTaHHBIC
BBIYUCIUTEIBHOIO 3KCIIeprMenTa. [Ipu yBennueHnn Kom4ecTBa y3JoB
CEeTKH B 2 pa3a, MOTPEIIHOCTh YMEHbIaeTcs B 2 pa3a. Beraucienue pe-
IIeHUs ¢ OOIbIIeH TOYHOCTHIO COTIPSKEHO ¢ ABYMs mpodiemamu. [lep-
Basi — yBeJIMUEHIE BPEMEHHN pacyeTa, BTopas — yBeJIn4deHrne oobema ore-
patuBHO# mamsTH. [To Tabnuile 1 Mbl BUJIUM, YTO YMEHBIICHHUE II1ara C
1/128 o 1/180 npuBOAUT K JAECITUKPATHOMY YBEIMYCHHIO BPEMECHH H
YBEIMYCHHUIO PacxoJia naMsTH B 8 pa3. B cBs3W ¢ 3TUM BO3HUKAET HEOO-
XOJIMMOCTb ITOMCKA MHBIX MyTEH 15l TOCTHKEHHS TPEOyEeMOii TOUHOCTH.

OHUM U3 TaKUX BapUAHTOB Pa3BUTHUS KIACCUYECKOTO KOHEUHO-
Pa3HOCTHOTO METO/Ia, TTOBBIIIAOIIETO CKOPOCTh CXOIUMOCTH, SIBIISIETCS
MeTOJ] dKCcTpanossauu Puuapacona. BozpMem MakcumansHOe pa3one-
Hue ¢ marom 1/180. Byaem yBennuyuBarh mar ceTkd B 2, 3, U T. . pas.
B Tabmuie 2 oTpaxxeHa 3aBUCHUMOCTH aOCOIIOTHOM MOTPEITHOCTH Pe-
IICHNS OT YHCIIa CETOYHBIX (PYHKIIHH.

63



Tabnuna 1. CkopocTh CXOTUMOCTH

Ilar AbcomoT- OTHOCHUTEBHOE Bpewms [MamsTh
Has TIOTpelll- | yMEHBIICHHUE T0- pacuera KOMITbIO-
ceri HOCTh rperrHOCcTH (%) (c). Tepa (M0)
1/64 1.37-10° 50 % 4 161
1/90 7.17-10” 48 % 10 261
1/128 3.64-107 49 % 34 974
1/180 1.87-107 49 % 420 7564
Tabnuma 2. YckopeHue CXOAUMOCTH
Yucno ceToYHbIX [Tar ucxon- AocomoTHas mo- | Bpews pac-
bynKImMi p HOM CeTKn IPEIIHOCTE 4eTa, ¢
2 1/90 3.43-10” 440
3 1/60 3.55-10° 460
4 1/44 1.8-107" 520
5 1/36 41.10™ 640

ITo TaGmmite 2 MBI BUIMM, 9TO IIPU MCIIOJIB30BAHUHU 5 CETOUHBIX
(QyHKIMH abCOMIOTHAS TIOTPEIIHOCTh PEIICHHMS yMEHBINAETCA  JI0
4.1-10™, uro Ha 4 MOpAIKA MEHBIIE, YEM B KJIACCHYECKOM KOHEYHO-

Pa3HOCTHOM METOJC.

Jluteparypa

[Tomo, M.U. IIpubimkeHHOE aHANUTHYECKOE pelIeHHe BHYTPEHHEH
3amaud KOHAYKTHBHO-JTaMHUHApHOU cBOoOOmHOW kouBekuuu / M.U. Ilomos,
E.A. Cobonesa // Bectuuk BI'VUT. 2016. — C. 78-84.

[ToroB, M.U. UHTerpupoBaHne HEOJHOPOJHOTO OUTaPMOHHYECKOTO
ypaBHeHnwust 1o HesiBHOM cxeme / M. [Tomnos // Bectauk BI'YUT. 2018. T. 80.

Ne 2 (76). C. 114-118.
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YK 004.056
A.B. CkpbinHukoB, B.B. /lenncenko

PEJIEBAHTHOCTBb HCKYCCTBEHHOI'O UHTEJVIEKTA
B UH®OPMAIIMOHHOM BE30ITACHOCTH

[IpuMeHeHne MCKYCCTBEHHOTO WHTEIUIEKTa U MAIIMHHOTO 00Y-
YeHHs B THPOPMAIIMOHHBIX CUCTEMaX IS YBEITMICHUS IPUOBLIH, TIPO-
TYKTHBHOCTH, OOyUYEHHs CTaNo OOBIAEHHOCTHIO. Taxke MX MCIOIb30-
BaHUE B 3allUTE U MPEIYIPEKICHUN KUOepaTak CTAHOBUTCS OJTHUM M3
OCHOBHBIX HampaBlieHUH B HH(OPMAIMOHHOM 0€301TacHOCTH.

Hampumep, eciim M1 Bo3bMeM oT4eT J1aboparopun Kacmepckoro
3a OJWH KBapTaJl, TO Mbl YBUAUM MUJUIMOHBEI YIpO3 OOHAPY>KEHHBIX
TOJIBKO UX IpoAyKTamMu. He cTOUT roBOpUTH YK€ 0 MUPOBBIX THTAHTaX,
kak Cisco 3asBisieT o 6okupoBaHuu 30 MIIpA. CETEBBIX aTakK B ICHb.

[Ipoananu3upoBaB OCHOBHBIE TEXHOJIOTHH U CIIOCOOBI IPUMEHE-
HUS UCKYCCTBEHHOTO HHTEJUICKTa B WH(OPMAIMOHHON 0Oe30IacHo-
cru [1], Hac 3auHTEpEcOBaia CUCTEMBI MOBEACHYECKOTO aHAIN3a M0JTb-
3oBarenei u nHpopmanmonHbix cymHocreit — UEBA (User and Entity
Behavior Analytics). OHu 0OHapyXHBAIOT U CUTHAIU3UPYIOT O CIIy-
YasxX HEOOBITHOTO TIOBEJIEHUS U UCTIOIB3YIOT MX JUISl IE€TEKTUPOBaHUS
BHYTPECHHHX W BHEITHUX yTPO3.

[IpoBenst ananu3 peIHKAa MPOTPAMMHOTO OOECIICUEHUS, CTAaHO-
BUTCA MOHATHO 4TO oTnenbHO cucteMbl UEBA, mo kpaitneit mepe, 3a
pPyOeXOM yke HUKTO HE CO3/IaeT, OHM CTAHOBSITCS BCTPOSHHBIMH JIPY-
THE TIPOIYKTH HHPOPMAITMOHHOMW 0€301TaCHOCTH, TT03TOMY MBI TIaHU-
pyeM, co3zaTh MOJCUCTEMY HICHTH(DHUKAIMS U YIPABICHHE TPUBUIIC-
TUPOBaHHBIM JIOCTYIIOM.

Jlutepatypa

Skrypnikov, A.V. Information security as the basis of digital economy
[ A.V. Skrypnikov, V.G. Kozlov, V.V. Denisenko, I.A. Saranov, E.D. Kuz-
netsova, I.l. Savchenko // B c6opuuke: Advances in Economics, Business and
Management Research. Proceedings of the Russian Conference on Digital
Economy and Knowledge Management (RuDEcK 2020). 2020. C. 149-153.
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VK 658.0.12.011.56.004.14:0/9
E.A. Bopoauna

NMPUMEHEHHME METOJA ®YHKIIMOHAJIA ILIOTHOCTH
JIVISI PELIEHUST OHOM 3AJJAYY THAPOJIMHAMUKU

OTpBIBHOE TEUEHHUE — YacCTO BCTPEUAIOIIMNCSA U, BMECTE C TEM,
HanboJiee CIOXKHBIM AJIs1 UCCIIeIOBAHUS BUJ ABMKCHUS PEabHOM KU I-
KOCTH. 3apOX/I€HUE U Pa3BUTHE OTPHIBA TOTOKA, XapaKTEPUCTUKH JTaH-
HOT'O BUJIa TSUCHU I OMPEACIISAIOTCS OOJBIINM YUCIOM mapameTpos [1].

Meton ¢yHKUHMOHANA. IVIOTHOCTH MO3BOJISIET OMUCHIBATH MHO-
ro¢a3Hyio cCMeCh HETIPEPLIBHEIM 00pa3oM 6€3 BBOJA CKAYKOB IIOTHO-
CTH Y IpaHuIl pazjiena $asz. ITo oCcylIecTBUMO 0Jaroaaps BBEACHUIO
B BBIp@)KEHHE I DHTPONHUHM KBaApaTOB TPAJUEHTOB IUIOTHOCTEH
KOMITIOHEHTOB. Heocnopumoe mpenMyInecTBo ITaHHOTO METOAA CO-
CTOUT B TOM, 4TO pacrpejesieHue a3 B CI0e KUIKOCTH MOXKET OBITH
HaWJIEHO KaK pe3yJIbTaT PELICHUS €AUHON HeNpepbIBHOM 3a1a4u. [Ipu
3TOM HE HYXXHO allpHOPHO 3a/1aBaTh TEOMETPHUIO MeK(a3HbIX ITOBEPX-
HOCTEM, pemaTb ypaBHEHHS THAPOJUHAMUKH JUTS KaXX10H (a3l B OT-
JIeTHbHOCTH M HCIOJIb30BaTh YCIOBUS Ha ckaukax. CyliecTBeHHOU
0COOCHHOCTBIO MeToJa (YHKIHOHAJIA IUIOTHOCTH SIBISIETCS y4YeT
CTPYKTYpHI MexX(ha3Hoi obmactu. B HacTosmiee BpeMs ero pojib BO3-
pactaer ¢ pasButueM OBM, coBepuIEHCTBOBAaHHEM HCIOJb3YEMBIX
MOJIeNIel U YHCIIEHHBIX METOJIOB, a TAaKXKe€ B CBSI3U C BO3MOYKHOCTBIO
3aMEHUTh PACYETOM AOPOrOCTOSLINIM, a B PSAAE CIy4aeB HEBO3MOXK-
HBIH (PU3NIECKUI IKCIIEPUMEHT.

Jluteparypa

1. AG6pamos, I".B. Biusaue napamerpoB nporecca HeHTpUpyru-
poBanusi Ha obpasoBanue nedekros / I.B. Adpamos, E.A. Bopoauna //
MopenpoBaHue 3HepronH(MOPMAITMOHHBIX TIporteccoB. COOpHUK CTa-
teit |1l MexmyHapomaHOW Hay4YHO-TIPAKTUYECKOW MHTEPHET — KOH{e-
penruu. 2015. C. 77-81.
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YK 519.81
FO.B. byraes, C.B. YukyHoB

O 3AJTAUYE ITOMCKA ONITUMAJIBHBIX ITYTEN
B OPUEHTUPOBAHHBIX I'PA®AX

BonpmmHCTBO 3amay MPOEKTUPOBAHMSI U YIPABICHUS MOXKHO
OTHCcaTh B BUAE OPUEHTHPOBAHHOTO Tpada C 33JaHHBIMA Ha €T0 IyTax
KpUTEPUATLHBIMU OIICHKAaMH, a MPOOJIeMy KPUTEPHAIBHOTO ITO3TAll-
HOTO BbIOOpa perieHuil HopMaabHO CBECTH K MOMCKY ONTHUMAJIbHBIX
MyTeH Ha Takux rpadax.

Panee aBTOpamu OBUTO TIpemIOKEeHO 000OIIEHWE CXEMBI JHHA-
Mu4eckoro nporpammupoBanus ([I1), onrcanHoe B TepMUHAX SI3bIKA
(hyHKIMI BIOOpA. DTO MO3BOIMIIO C €IWHBIX MO3UIIMIA MPOBECTH aHA-
JU3 psAa aJrOpUTMOB, BIMCHIBAIOIIMXCS B JaHHYIO KoHUenuuto. Ox-
HAKO BBIACHUJIOCH, YTO M3BECTHBIC (DYHKIIMU BHIOOpa HE BCErJa KOp-
PEKTHO MOTYT OBITh IIEPeHECeHbI Ha cxemy 00001ménHoro 11 u B psjie
CIIy4aeB HYXKJArOTCS B OTIpeAeNEHHON T0padoTKe.

Hampumep, dyukmnmst BeIOOpa, OCHOBaHHAS HA CKAJSIPHOM OTITH-
MHU3AIOHHOM MEXaHHU3ME, MO3BOJSET HAXOJUTh BCE ONTHMAJBHBIC
TOYKH, & B CXEME JUHAMUYECKOT0 MPOrpaMMUPOBAHUS PELICHUS, UME-
OIIHE OIMHAKOBYIO KPUTEPHUATBHYIO OLIEHKY, CYUTAIOTCS YKBUBAJICHT-
HBIMH M 0TOpachIBalOTCca. BMmecTe ¢ TeM, CymecTBYIOT 3aJauu, B KOTO-
PBIX HAJ0 HAWTH UMEHHO BCE TAKUE PELICHUSI.

[Ipennaraercst anropuT™, COCTOSIIIMNA U3 TPEX ITAIOB:

[TocTpoenue KpuTepUaIbHBIX OLIEHOK JIJISl KpaTyaliluX MyTeu u3
3a/IaHHOM Ha4yaJbHOW BEPIIMHBI BO BCE OcCTajbHbIC. (s peanuzanuu
JTAHHOTO dTara MOXHO HCIOIB30BaTh JIFO00M TOIXOAAIINI alrOpUTM,
Hanpumep anroputm dopuaa-bemmana.

[Moctpoenue rpada paBHoBeMKuX myTeii. Ha 3Tom 3rane u3 uc-
XOJTHOTO Tpada UCKITFYAIOTCS IyTH, HE SBIISIONIUECS YaCcThIO KpaTyaii-
INX paBHOBENWKWX MyTed. M3 ocraBmuxcs ayr ¢hopMupyercs moj-
rpad), B KOTOPOM BCE IIyTH HMEIOT OJJMHAKOBYIO JJIUHY, PABHYIO JTHHE
KpaTyaifiiero myTH.

[lomyuenne HaOopa IyTel, UMEOIIUX OJWHAKOBYIO JUTHHY. B
MoNTydeHHOM Toarpade M0 WMEIOMHUMCS KPUTEPHUAIBHBIM OIEHKaM
BOCCTaHABJIMBAIOTCS BCE UMEIOIINECS B HEM ITyTH.
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YAK 519.712.3
H.B. JaueHko

COBEPUIEHCTBOBAHUME METOJIOB ATTECTALIMHN
CTYAEHTOB B C10 MOODLE HA OCHOBE
HCHOJIb30BAHUS MHOT' OKPUTEPUAJILHOM
B3BEIIEHHOM OIIEHKH

B Hactosmee Bpemsi mpoGiieMa COBEPIIEHCTBOBAHHUS METOJOB
OLICHMBAHUS 3HAHUM, YMEHHI M HaBBIKOB, IOJyUYEHHBIX OOY4YalOIIU-
MUCS C HCTIOIb30BaHNEM JTUCTAHIIMOHHBIX 00Pa30BaTEbHBIX TEXHOIIO-
TUH, SBJISETCS BECbMa aKkTyanbHOW. IIpu npoBeeHNy aTTeCTalluU CTY-
JCHTOB B AUCTAaHIIMOHHOM (hopMmate B KauecTBe KPUTEPHEB, BIHSFOIINX
Ha OIIEHKY, IpeJIaraeTcsi pacCMaTpuBaTh cienyroiue: ki — mocerrae-
MOCTb 3aHSTHUH COrJIacHO paclUCaHUI0, OLICHUBAaeMasi, HallpuMep, C Io-
MOIIBI0 JKypHaja COOBITMH CHCTEMBI IUCTAHIIMOHHOTO OOy4eHUs
(C10) Moodle; ko — ypoBeHb TEOpETHYIECKUX 3HAHHN, OIICHUBACMBIIA C
MOMOIIIBIO TeCTUPOBaHMUsI; k3 — ypOBEeHb yMEHHI U HaBBIKOB, PHOOpE-
TEHHBIX B TPOIECCE BHITIOIHEHUS MPAKTHYECKUX 3aJaHUN IO TUCIIH-
mHe; k4 — noxy4yenue OOHYCOB 3a MPOXOKACHUE TECTHPOBAHUS U pa3-
MelleHUe BbIMONAHEHHbIX 3afgaHuii B CHO B ycTaHOBJICHHBIE
MIPEeTIoIaBaTeNIeM CPOKH; Ks — TIOJTydeHne TOTOTHUTENBHBIX 0alyIoB 3a
HETPUBHAJIBHOE U / WM PallMOHATIBHOE PELICHHUE MPAKTUUSCKHX 3a/1a4.
s nonydyeHust BeCOBBIX KOA(D(MUIIMEHTOB KPUTEPUEB NpeIiaraeTcs
UCIIOJIB30BaTh METOJ HANpaBJIEHHOTO ONpOca CIELHATUCTOB. B pe-
3yJabTare GopMHUpYyeTCS MaTpHUIla pAaH)XUPOBAHUSA, B KOTOPOI OIlEHIBA-
I0TCS BBIIICYKa3aHHbIE KPUTEPUU B 3aBUCUMOCTHU OT MX 3HAUMMOCTHU
JUIsL aTTeCTallMM CTYJEHTOB NO aucuuriuHe. I1o JaHHBIM MaTpuIbl
OCYIIECTBIISIETCA OIICHKAa COTJIACOBAHHOCTH C MOMOIIBI0 K03 duiu-
eHTa KOHKopiauu Kenyana, 3aTeM — OIleHKa ero 3HA4MMOCTH 10 2 —
kputeputo [lupcona. Eciu runoTesa o HaIHMuMU cOTIacHs OmpalinBae-
MBIX MPHUHUMAETCS, OMPENEINISIOTCS BECOBbIE KOA(PQHUIMUEHTH KpHUTE-
PHUEB NPONMOPLUOHANIBHO CYMME Ha3HAYEHHBIX paHroB. B urore MHoro-
KpUTEpUAJIbHAsT  B3BCIUEHHAs OLICHKA YCIIEBAEMOCTH CTYyJAEHTa
paccunTHIBaETCS KaKk CyMMa MPOU3BEACHUN OIEHOK MO KPUTEPHSIM Ha
COOTBETCTBYIOIIUE BeCOBbIC KO3(D(UIMEHTHI, MOTy4YEeHHBIE C TOMO-
IIbI0 METO/1a HAIIPaBJICHHOI'O OIIPOCA CIELUAIHNCTOB.
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VK 517.3
E.H. KoBaneBa, U.E. MenBeaxoBa

MOJEJIMPOBAHUE TEXHOJIOT'MYECKOI'O ITPOIIECCA
OCAXJEHUA NPUMECEHR

OnuH U3 MOAXOJ0B MOJEIMPOBAHUS TEXHOJIOTMUECKOTO Ipo-
[ecca OCAKIACHH IPUMECce! 3aKII09aeTCsl B COBMECTHOM HCIIOJIB30Ba-
HUM YpaBHEHHUU JBM)KEHUS CIUIOIIHOM (pa3bl U JBMXKEHUS JUCTIEPCHOM
COCTaBJIAIOLIEH. Y paBHEHUS JBU)KEHUS CIUIOLIHOM Cpebl IpeAcTaBiIsa-
IOTCSl ypaBHEHHUSMHU HEPAa3pBIBHOCTH divww =0 M COOCTBEHHO YpaBHEHU-
SIMM IBMOKEHUS

DV - DV oV V? o\
— |=—grad(p+p9Z )+ AV , — =—+grad| — |+(rotV |xV ..
Pl 5o |=-9rad (p+pgZ)+usV, — atg(zl( )
YPHBHGHI/IC JOBWKCHUS YaCTHUIIBI TAKOBO
d*xg 0z,
m e =-mg o +J;I€ijﬂjd6.

[Ipenmonaraercs, 4To 00NacTh, 3aHUMaeMas JABIKYIIEHCS Cyc-
NeH3uell, OrpaHH4YeHa TBEPAbIMH IOBEPXHOCTSAMH, HEMOJBUKHBIMHU
WIM COBEPIIAIONIMMH JBIDKEHHE M0 U3BECTHOMY 3aKOHY, M 00111ee Ko-
JIMYECTBO YaCTHI] CYCIIEeH3WH paBHO N . Torma mis pemeHws 3ajgadu
UMeeTcd 4+6N ypaBHEHHH ¢ 4+6N Heu3BecTHbIMH. CHcTema pelieHa
YHCIICHHO MeTo10M ["aycca ¢ BEBIOOPOM TIIaBHOTO DIIEMEHTA.

OTH HEU3BECTHBIE NOJDKHBI YAOBIETBOPSTH CICAYIOIUM TIpa-
HUYHBIM YCJIOBHAM: 1) Ha TBEPIBIX MOBEPXHOCTSX, OTPAHUINBAIOIINX
00J1acTh, 3aHATYIO CYCICH3MEH, CKOPOCTh >KUAKOCTH OTHOCHTEIBHO
IpaHMLIBl paBHA HYJIO BO BCEX TOYKaX M 2) B M000H Touke M Ha mo-
BEPXHOCTHU YaCTHUIBI CKOPOCTh )KUJKOCTH paBHA CKOPOCTH 3TOH TOUKHU
gacTuipl. K 3TUM ycnoBusiM JT00aBISIOTCS YCIOBUS COyIapeHHs da-
CTHII PYT C APYTOM, a TaK)Ke YaCTHI] C TBEPJBIMU TPaHULIAMHU.
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VK 621.3
B.A. XBocTOB

SKCIHHEPUMEHTAJIBHASI OHEHKA OIIEPAIIMOHHBIX
XAPAKTEPUCTHUK C3U «CTPAXK NT 3.0»

B xone cBoel paboThl aIMUHUCTPATOP OE30MaCHOCTH aBTOMATH-
3upoBaHHOHN cUCTeMBI (AC) B 3aIIUIIIEHHOM HMCIIOTHCHHUH BBITOTHICT
oTiepanuy 1O IKCIDIyaTallud CUCTeMBbI 3armuTsl nHpopmammu (C3M).
IIpu 5TOM B OCHOBE B3aUMOJIEHCTBHS «UE€IOBEK — MAIIIMHA» JIS)KUT UH-
Tepdetic mporpamMmsl 3anTUThL. Kak 00beKT 000CHOBaHUS TPeOOBAHMIA
Kk kadectBy C3M xapakrepusyercsi «yIOOCTBOM HCIOIB30BAHU.
OneHka «yno0CTBa HCIOIB30BaHU HanboJiee akTyanbHa [Tl KaTero-
puM nonb3oBaresell anmuHucTpaTop. [lokasarens «yno0CTBa HCHONb-
30BaHUSD» MOXKET OIIEHWBATHCS TEOPETUYECKH W IKCHEPUMEHTAIHHO.
Taxk kak TeopeTHyeckasi OI[EHKa ONEePalMOHHBIX XapaKTePUCTUK UMEET
PSA HEIOCTaTKOB M OTpaHUYEHHH 11eJiecoo0pa3Ha SKCIIepUMEHTaIbHAs
oreHka. IIpu 3ToM B KadecTBe OCHOBHOTO TOKa3aress «ymo0cTBa Hc-
MOJTE30BAHMS» IIeTIeCO00pa3HO HCIIOIB30BATh MOKA3aTeNlb «CIIOKHO-
CTH» THUIIOBOW OMNEpAIMK BBIMOJHAEMOW aJIMUHUCTPATOPOM Oe3omac-
HOCTH,  BBIPDOKAIOUIMA  CcpelHee  BpeMs €€  BBINOJHEHUS.
OKcTiepiMeHTalbHas OIEHKa OINEpanroHHBIX XapakTepucTuk C3U
OCYIIECTBIISUIACh C HCIIOIB30BAaHNEM METOA OTCIEKUBAHUS ABIKEHUS
B3[JIs1/1a U OTCIIE)KMBAHUE MBIILIH TAK)KE U3BECTHOE KaK OTCIIE)KHBAaHUE
Kypcopa. Tpaekropus nepemenieHus: Kypcopa 1 Bpemst (GUKCAIH eT0
Ha anmemenTe uHTepdeiica C3U, mOCTpoeHBI ¢ UCTIOIH30BAHUEM ITPO-
rpammbl [OGraph VI1.0.1. TennoBas kapta ¢puKcanuy B3risga aAMUHH-
cTpaTopa 0e30MacHOCTH Ha 3JeMeHTaxX WHTepdeiica mocTpoeHa ¢ Huc-
oJIB30BaHKeM ammapatypsl Tobii eye tracker 4C.

[Tomydens! oreHKH "CIOKHOCTH" BCEX THUIIOBBIX OIEpaIlfii, BbI-
nojHAeMbIX agMuHucTparopoM Oe3onacHoctd C3U «Crpax NT 3.0»
B COOTBETCTBHUU C IPOrpaMMHON JIOKyMEHTAIUEH.
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YK 62-505 (076.5)
E.A. Xpomsix, E.A. banamosa

CO3JIAHUE HH®OPMALIMOHHON CUCTEMBI
JUISI CKJIAJIA MPOJYKLIUH

Bce Gonee mMpoKo MPUMEHSIIOTCS B TIOCJIEAHEE BPEMsl aBTOMa-
TH3UpPOBaHHEIC HH(pOpManuoHHEIe cucTeMbl (AMC), B KOTOPBIX Mpea-
CTaBJIEHHE, XpaHEHHEe M 00padoTKa MH(POPMAIMK OCYIIECTBIISIETCS
C TIOMOIIBIO CPEACTB BBIYUCIUTENBbHON TeXHUKH. He sBmseTcst HCKITIo-
YeHUEM CKIIAJICKOe X031 cTBO. OUeHb YA00HO AJIs IOJB30BaTeNcH BBe-
neane B AUC moxacucreM, OCYHIECTBISIONINX MOJICPKKY TPHHATHUS
peuIeHu 0 KaueCTBE NOCTYAOLIEN U XPaHAIIEHCs Ha CKIIAJe IPOLyK-
LI1H, YTO MIOMOTAET (POPMHUPOBATH, HAIIPUMED, THOKYIO IECHOBYIO TOJIHU-
THKY.

Paspaborana AVC ckmama kombacHo# mpoaykiuw [1, 2], comep-
xKarasi cieqyloure MOACUCTEMBl: MOJCHCTEMBI BBOJA / BBIBOJA HMH-
tdhopmarum; B/ (6a3y mannwix); CYB]] (cucremy ymnpaBienus 6a3oit
JIAHHBIX ); TIOJICUCTEMY MIPHHSATHS PEIICHUH.

B AUC 3anoxena uHopmanus: CIIMCOK MPEANPHUSITHIA, TIPE0-
CTaBJIAIONINX TMPOIYKINIO; HAUMEHOBAaHUE MPOM3BOJAUMON NaHHBIMU
NPEANPHUATUSIMEA TPOIYKIMU, UMEIOIIEHCS B HATMYUK Ha CKIIaJe; Xa-
PaKTEPUCTUKHU JUIS KaXXIOTO BWAA MPOJIYKIHH, IO KOTOPBIM MOXKHO
OTIPENeNUTh €€ KauecTBO, HOPMBI KauecTBa.

Jlutepatypa

Banamosa, E.A. Co3zganne mH()OPMAITOHHON CHCTEMBI CpPEICTBAMH
Microsoft Access /- Bopomnex: BI'TA, 2008.
http://cnit.vsuet.ru/education/Adonis/Kaf-acy/mi_access/index. html.

banamosa, E.A. «[IpoektipoBanre MHPOPMALMOHHBIX U YIIPABIISIO-
HIMX CHCTEM TOAJCPKKU npuHsiThs pemennit. [Ipaktuxym» / E.A. banamiosa,
B.K. butiokos, E.A. Xpomeix, E.A. CaBeuna. — BITYUT. — Boponex, 2016.
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YK 004
A.B. CkpbinHukoB, U.A. Capanos
TEHAEHIUU KUBEP-YTI'PO3 2020 'OJA

VY naneHHsbIN pexuM paboTHl CIIPOBOLMPOBAT POCT yTEUEK JIaH-
HBIX U aTakK Ha MH)OPMALMOHHBIE CUCTEMBI BO BceM Mupe. Yuncio atak
gepe3 cepBuckl RDP Bo3pocio ¢ Hadana mocienHero ksaprana 2020
rona Bo3pocio Ha 30 %. PacnpocTpanenne moayduin Kpaxku epco-
HAJIBHBIX JIAHHBIX JJIs yJNAJICHHBIX COBEUIaHWH W KOH(epeHUui B
HanboJiee MONYJISIPHBIX cepBUcax. [1].

Kubep-npecTymHIKY ¢ MOMOIIBIO TOAKYIA COTPYJHHKOB KOM-
NaHWH, TOTYy4aloT AOCTYN K HHPOPMALMOHHBIM cUcTeMaM. B pesyiib-
TaTe peann30BaHHBIX aTak, MH(OpMauus He TOJBKO MOomagaeT K 3J0-
YMBIIUIEHHUKaM, HO W wmHdpyercs HMU I8 HOCIEIYIOIIEro
TpeOOoBaHMs BHIKYIA 33 pacii(poBKY HHPOPMALIUH.

Taxoke MUPOKO IKCIUTyaTupyercss PUIIMHT Ha TEMY KOPOHAaBH-
pyca, OT MOKYIIKH JIEKAPCTBEHHBIX IPENapaToB M A0 BAKUHMHALUU B
2021 romy.

Jaske KpynHble KOMITAaHNH, BEIHYKJICHbI OBLTH 3aILIaTHUTh BBIKYTI
BBIMOTATEJISIM, IOCKOJIBKY CHJIaMH OTAEJIOB 110 MH(OPMaLMOHHON 0e3-
OIACHOCTH YCTPAHUTD TOCICACTBUS aTak HE yaanoch [2].

Muorue kommanuu B 2020 roy CHENIHO NEPEBOIMINCH HA yIa-
JICHHBIH peKUM padoThl, a B 2021 rogy y MHOTMX KOMIIAHHH €CTh [IAHC
caenats paboTy Haja ommbKkamu. B HacTosiIiee BpeMsi HEKOTOpPbIE KOM-
MAaHUH TIPEJTararoT, IPOBECTH PAa3HOTO Poja KHOEpydeHHsI Ha OCHOBE
IUQpOBOIl MOAENTH OpraHU3aluH, COOTBETCTBYIOLICH pealbHOW WH-

dpactpykrype [3].
Jlutepatypa

1. https://www.ptsecurity.com/upload/corporate/ru-
ru/analytics/cybersecurity-threatscape-2020-g2-rus.pdf.

2.https://www.tadviser.ru Crarest:Bupycsi-BpiMorartesnu_(mid)poBaib-
mwmkn) Ransomware

3. https://www.ptsecurity.com/ru-ru/about/news/itogi-ushedshego-
goda-i-prognozy-na-2021-god/
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YK 004.056
A.B. CkpbinHukoB, E.B. YUepHbimoBa

PA3BEPTBIBAHUE CETEBOM IDS

ITono3putenbHOE COOBITHE — 3TO COOBITHE, KOTOPOE HE YAAIOCH Pacmo-
3HaTh, HHa4Ye TOBOPS, HE COOTBETCTBYIOIIEE OJHOCTHIO HU OJTHON U3 JPYTUX
kareropuii. Cucrema IDS, He 1aeT JOCTaTOUHO AAHHBIX JUIL TOYHOTO OIpese-
JICHUSI peabHON CUTYyaluy U BBISICHEHHUS TOTO, YTO IPOU30IUIO — 03001 IHas
ommuOKa WK ataka

Kora ncTouHuK COMHUTENBHON aKTHBHOCTH HAXOJIUTCSA B KaKOH-1100
yIAJIIEHHOH CETH, TO Oy/AeT HaOmoaaThCs TOJILKO TpaduK, MOCTYNAOMNN Ha
Balll y3el. B ciydae IokaapHOr0 HCTOYHMKA, OyIET BO3MOXKEH COOp BCETO Tpa-
(uKa ¢ TaHHOTO KOMIBIOTEPA.

Jlnist Hayana cO6opa Bcero Tpaduka ¢ HCTOYHUKA, HEOOXOAUMO HAacTpPO-
nth gerextop IDS Ha cOop Beeit nHPpOpManNU N3 COMHUTEIBHOTO HCTOYHHUKA.

[Iponecc pazBepTeiBanms ceteBoi IDS, HauMHAA ¢ MpeaBapUTETBHBIX
ATaNoB, KOTOPbIE HEOOXOIMMO BBITIONIHSATH IEPel HEMOCPEICTBEHHOI Mmpolie-
Jypoit pa3BepThIBaHHUSA: ONPENEIUTh, KAKUE JEHCTBUS BBI NBITAETECH OCYIIE-
CTBHTH TIOCPE/ICTBOM pa3BepThIBaHus Aardnka IDS. 3To momoxer 4eTko 00-
pucoBarh 1ienu npumeHeHus: IDS; Ha ocHoBe mueneld mpumeHeHus IDS
OIIPEJICTINTh, KaKOW ceTeBOU TpauK TPeOyeTCs OTCIICKUBATE; PELIUTh, KAKHM
obpa3zoMm OynyT oOpabaThIBaThCsl pa3iuuHbIE COOBITHS, BhIsABIAeMble IDS.
Heob6xoaumo ompenennts, 9To OyAeT pasyMHEE — MOPYIHUTh BHITTOJTHEHUE He-
KoToporo aeiictBus cucreme IDS nim onepatopy, KOTOPBIH OyIeT BBINOIHSITH
HYKHYIO TIpOLIeAypYy; OTCYTCTBHE OMbITa IIPU MEPBOH YCTAaHOBKE MOPOTOBBIX
3HaueHnil. Eciu B BameM 0003peHuH ecThb yxe (yHKIMOHHPYIOIIas CHCTeMa
IDS, MoxeTe mocMOTpeTh, KaKHe TIOPOTOBBIC 3HAYCHHS YCTAaHOBJICHBI Ha ATON
cUCTeMEe JUI pa3lUYHbIX NMPHU3HAKOB aTakK; COCTABUTH IIIaH Pa3BEPTHIBAHUS
IDS u onpenenuts, KOro B OpraHu3alvy Hy>KHO 33Ji€MCTBOBATH JUIsI BBIITOJTHE-
HUS ATOH 3amaun; a1 pa3BepTeiBaHus qatauka NIDS, HeoOxomumo ycraHo-
BUTH Ha KoMmibioTep Linux, FreeBSD wiu apyryro Bepcuio onepaioHHOi CH-
creMbl cemeiictBa Unix; cieqyss MHCTPYKUHMSM IO YCTAHOBKE BBIIIOJIHUTE
UHCTAJUIALUIO MporpamMmsel Snort. MOXHO Tak:ke YCTaHOBUTH Psifi JOMOJHH-
TEJIBHBIX MPOTPAMMHBIX MAKETOB AJS YIPOLIEHUS MpoLecca YIpaBiCHUS U
KOH(UT'ypauuy; MOAKIIOYUTh JaTYHK K ceT. Jlydie Bcero caenaTs 3TO Mpu
MOMOILM KOHILEHTpaTopa. TeM He MeHee, MOXKHO TaKXe UCIOIb30BaTh MOPT
pa3BETBUTENS HA KOMMYTAaTOpE; pa3MECTHB JaTYMK Ha HY)KHOM MecTe, He00-
XOAMMO HPOCMOTPETH (haiiiIbl )KypHAIOB, YTOOB! BBIICHUTH, KAKUE COOBITHS B
HUX (ukcupyroTcs. Taxke MOXKHO MCIOJNB30BaTh mporpammy Acid mist mpo-
cMoTpa (aiioB XypHaia yepe3 BeO-uHTepdeiic. Acid — aTo BeO-uHTEpdeEiic,
MCTIONB3YEMBIH JUIS aHaJIN3a JaHHBIX NPOrpaMMBbl Snort; HACTPOHKa AaTYnKa
¥ OLIEHKA PE3YJIbTAaTOB €ro paboThl MOTPeOyeT HEKOTOPBIX BPEMEHHBIX 3aTpar.

73



YK 004.056
A.B. CkpbinHukoB, E.B. YUepHbimoBa
AHAJIN3 YT'PO3 UB IPEJIPUATHAA B CETEBOM CPEJE

Jlrobas opranuzanms, He 3aBUCHMO OT MaciuTaba u cepsl aesi-
TENBHOCTH, UMEET NOTPEOHOCTh B MHTEPHETE W aKTUBHO TOJb3yeTCs
UM i paboThl ¥ MPOJBWIKEHUSI KOMIaHWH. BcenencTBue 3Toro s
NEPCOHAJIIBHBIX KOMIIBIOTEPOB KOMIIAHMU CYIIECTBYIOT CETCBLIC
yrpo3bl. CeTeBble yrpo3bl 0OYEeHb MHOTOUUCIICHHBI U pa3HOOOPa3HEI.

Br10op OTBeTHBIX IEeHCTBHI Ha TMPEIOTBPAIICHHUE CETEBBIX aTak
3aBHCHT OT IIeTIeH, IUISI KOTOPBIX HCIOIB3YEeTCs CHCTEMa O0OHAPYKESHHUS
BTOpKEeHUU. [IpU BO3HUKHOBEHHH COOBITHS MOXKHO BBIOPATh MACCHB-
HYI0 00paboTKy (0TBETHOE JeiCTBHUE, HE MPEMATCTBYIOIIEE ICHCTBUSIM
aTaKyIOIIET0) WITH aKTUBHYIO 00pab0TKy (OTBETHOE NEHCTBHE, TIPETIST-
CTBYIOIIEE IEHCTBUAM 3JI0YMBIIIJICHHHUKA).

[NaccuBHas 00paboTka coOBITHI ABJIsIETCA HauboJee pacnpocTpa-
HEHHBIM THUIIOM JICHCTBUIA, PEANPUHUMACMBIX PH 00HAPYKEHUU BTOP-
skeHus. IlaccuBHBIE OTBETHBIE HeﬁCTBHH obecrneynBaroT MCHBIIYIO BEC-
POSITHOCTB TOBPEIK/ICHHS JISTUTUMHOTO TpaduKa, SBISIACh, B TO K
BpeMsi, HanboJiee MPOCTHIMHU JIJIsl ABTOMATHYECKOro TpuMeHeHus. OHn
OCYIIIECTBIISIOT COOp OOJIBIIIEro Ynciia HH(PpOPMAIINN HITH TIEPEIAIOT YBE-
JAOMJICHUS JIUIIaM, UMCIOIIUM IIPaBO Ha IMPUHATUC 60.]]66 JKECTKUX MEDP.

Cucrema 0€30MacHOCTH HACTPAUBAETCS! HA UTHOPUPOBAHUE aTaK
Yyepe3 HEeCYIIECTBYIONINE CITY>KObI MM CITY>KObI, OTHOCUTEIBHO KOTO-
PBIX MeXKCEeTEeBOU OKpaH ABJIACTCA HCYA3BUMBIM.

CoObITHS, KOTOPbIE MOXHO 0O€30MaCHO UTHOPHPOBATH, MOYKHO
OTpeeuTh Omaroaapsi MHPOPMAIUH, MOJTy4aeMOi B UTOTe CKAaHUPO-
BaHHUS YSI3BUMOCTEH.

Benenue xypHaioB sIBIsSieTCS OJHUM U3 CIIOCOO0B 0OecTiedeHuUs
MHQOPMAIIIOHHON 0€30MacHOCTH OpraHM3alMH. 3alHuch COOBITHS B
JKYPHAI SIBJISCTCS] TACCUBHBIM OTBETHBIM JICHCTBHEM, B paMKaX KOTO-
poro Ooibllle HE OCYIICCTBISIETCS HUKAaKUX orepanuil. C MmoMoInbo
cOopa ocHoBHBIX naHHbBIX (IP-agpeca, mata m Bpems, TUI cOOBITHS,
UICHTH(OUKATOPHI Mpoliecca, UACHTUPHUKATOPBI TIONB30BATEIS U T. J.)
cHCcTeMa Paclio3HaeT COOBITHE KaK YTO-TO, TPEOYIoIee OCIIE Ty OIIETO
BHUMAaHU.
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Benenue AOMONHUTENBHBIX KYPHAIOB IO3BOJISIET TIPH OCY-
IIECTBJICHUX cOOpa OOJBIIET0 KOJIMYECTBA JaHHBIX O (PUKCUPYEMOM B
HOPMAaJILHOM PEXUME COOBITHH, TACCUBHAS 00pabOTKa COOBITHIA SIBIISI-
etcs 6oiee 3 (HeKTUBHOIA.

[IpumeHeHne Ha3HAYEHHOT'O CepBepa KYPHAIOB IIOMOTAeT BbI-
HOJHATH cOOp AeTaNN30BaHHON MH(OPMAIMK, KOTOpasi IOTOM IpHMe-
HSETCS JUISL OTHEJICHUSI UICTOYHHMKA TpaduKa, a TAKKe B KaU4eCTBE BO3-
MOYHBIX JIOKa3aTeNbCTB, €CIH MPOU3OIIEANIce COOBITHE BBI3OBET
cyneOHoe pa3OoupaTeNIbCTBO.

YBenOMJICHHS TO3BOJIAIOT CHCTEME OOHAapy’>KEHHsS! BTOP)KEHUH
MHQOPMHUPOBATH MOJIL30BATENEH O MPOU3OLICANIEM COOBITHN TTOCPEI-
CTBOM MEPLAIOLINX OKOH U 3BYKOBBIX CUTHAJIOB M 3aKaHYMBAs [IOYTO-
BBIMU COOOLICHUSIMH. TOT WM MHOW THUI BHIOMPAETCs B 3aBUCUMOCTH
OT 00CTOSITENBCTB.

AxkTuBHass 00paboTKa COOBITHH MO3BOJIsieT Hanbosee OBICTPO
HOPUCTYIHUTH K BO3MOKHBIM MEpaM AJIsl CHIDKEHHsI YPOBHS BPEIOHOC-
HOTO IE€HCTBUS COOBITHS.

C MoMoIbI0 U3ydeHHsl COOBITUS penIaeTcs, Kako 00BEeKT IMo/I-
JISKUT YHUUTOXKEHUIO. Ecnu ocyiiecTBieHre HeneranbHoro A0CTyna K
(aitnam — nmydiie 3aKphHITh CEAHC JAHHOTO MOJIh30BAaTENsl, HCIIOJIh30Ba-
HHE CETEBOT0 COCIMHEHHSI — 3aKPBITh COCTUHEHUE.
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YK 004.056
A.B. CkpbinHukoB, E.B. YUepHbimoBa

OBECIHHEYEHUE MOHUTOPHUHI'A CETEBBIX YI'PO3
HA MPEAINIPUATUN

OpHOI U3 OCHOBHBIX LIEJEH MCIIOJIb30BAHUS CUCTEM OOHapYyXe-
HUSI BTOP)KEHUM sBISIeTCs pacrmo3HaBaHue atak. Cucrema oOHapyxe-
HUS BTOPXKEHHH 3aIIpOTpaMMIPOBAaHA Ha TIONCK YCTAaHOBJICHHBIX THITOB
COOBITHH, KOTOPBIE BHICTYNAIOT MPU3HAKAMU aTaK.

MOHHTOPUHT MOJUTHKA HE TAKOW Ba)KHBIA aCIEKT AEATENBHO-
CTH 110 0OHapykeHuto aTak. Llenp cucteMbl 0OHapyKeHHS BTOP)KEHUH,
HAaCTPOECHHOM Ha OTCJEKMBaHUE MOJUTHKHU, — HAaOII0AEHNE 3a BBINOJ-
HEHHEM WM HEBBITIOJIHEHNEM MOJIUTHKH OpTraHU3alii. X0CTOBYIO CH-
cTteMy oOHapyxkeHus BropxkeHuit (NIDS) MokHO HACTPOUTH Ha OTCIIE-
JKHUBaHWE Bcero BeO-Tpaduka BHE ceTu. Takas HacTpoiika Oyzaer
paspeiiath OTCIESKUBATD JII000€ PACXOKACHHUE C MOJMTHKAMHU HCIIOIb-
30BaHUs MHTEPHETA.

Cucrema NIDS Taxke MpoBepseT COOTBETCTBHE KOH(HUTYpa-
UM MapIIpyTH3aTopa MM MEXCETeBOro 3kpaHa. B sToMm cimyuae
NIDS nactpanBaeTcst Ha OTCIIe)KHBaHNE TpapuKa, KOTOPHIH HE TOJHKEH
MPOXOANTH Yepe3 MapIIPyTH3ATOP MIIH MEKCETEBOU IKpaH.

Cucrema 06HapYKEHHS BTOPKEHUN MOYKET OKa3aThCs MOJIC3HOU
nocie oOHapy>KeHUs MHLUUACHTA sl cOopa A0Ka3aTeNbCTB. Y3JI0BYIO
crcTeMIl OOHApyKEHHUs BTOPKEHUH MOXKHO HACTPOUTH HA OTCIICKHBA-
HUE OIpEJIENIeHHBIX COSAMHEHNN U BEJICHNE TOTHOIIEHHOTO XypHasa
no yuety Tpaduka, a HIDS nns ¢pukcupoBaHust Bcex 3amnuceit sxypHana
JUTSl OTIpEAEIIEHHON YYETHOH 3alMCH CUCTEMBI.

Br16op 00BeKTa MOHHTOPWHTA 3aBUCUT OT IeJed, IMOCTaBIICH-
HBIX TI€pe]] CUCTEMOI 0OHapy KeHUsI BTOP>KEHH, U OT CpeJibl, B KOTO-
poii cuctema oOHapyXeHHUsl BTOp:keHHi Oyner paborats. Ecnu menb
IDS 3akmrodaercss B OOHAPYKEHUU aTak, M €€ PaCIlOIOKCHUHN B HHTEP-
HETE BHE MEKCETEBOTr0 3KkpaHa, To DS HykHO OyJeT u3ydyaTh BECh Tpa-
(UK, MoCTyNalOMKKA Ha MEKCETEBOW 3KpaH, IJIs1 HAXOXKICHUS BXOJs-
mux arak. Jlyume pacnonoxuts |IDS B npenenax 30HbI, 3aUmaeMoil
MEXKCETEBBIM 3KPAaHOM, AJIS BBIABICHHS aTaK, YCIEIIHO MPOMIEIIINX
MEKCETEBOM IKpaH.
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Bri0op 00beKTa MOHUTOPUHTA ONPENEIsIeT PACIIONOKEHHE JaT-
YUKOB. JlaTYMKM MOTYT HaXOAMTBHCSA 3a TpeAeIaMH MEKCETEBOIO
9KpaHa, BHYTPH CETH, Ha CHCTEMax C CEKPEeTHON nH(popManmeit uim Ha
crcTeMax, IPUMEHSEMBIX CIIEIUANBHO U cOOpa  00pabOTKU JaHHBIX
xkypHana. IIpu pacnonoxxenun natunka COB HyXHO IOMHHUTB, YTO
JaT4YHK JT0JIKEH UMETh BO3MOXHOCTB IIPOCMOTPA MHTEPECYEMBIX COOBI-
THH, OyJIb TO CETEBOH TpadUK WX 3aMUCH KypHaIa.

Hatuuk NIDS Oyaer paGoTrath HenpaBHJILHO, €CIIM OH OyIeT
MOJKIIIOYEH K MOPTY KOMMYTAaTOpa B CJIydae HCIOJIb30BaHUS KOMMYTa-
TOPOB BMECTO KOHIEHTpaTopoB. KommyTaTtop Oyner oTmpaBiaTh K
NOPTY, K KOTOPOMY TOAKIIOYEH JATYUK, TOJIBKO TpaduK, HarpaBieH-
HBIH Ha 3TOT JaTyHK.

EnuHcTBeHHBIM BapuaHTOM npuMeHEeHHs matdukoB NIDS B
KOMMYTHUPYEMOHU CETH SBISETCS HCIOJIb30BaHUE MOPTA, OTCIEKUBAIO-
IIET0 KOMMYTAaTOp, WJIM HCIIOJIB30BaHUE CETEBOTrO pa3BeTBuTeNd. [Ipu
NPUMEHEHHH [IOPTa MOKET BO3HUKHYTH KOH(JIUKT C IIEPCOHAIOM IO
00CITy>KHBaHHIO CETH BCIIEACTBHE TOTO, YTO JAHHBIA OPT MOXKET MPH-
MEHSTHCSI JIJIsl pa3pelieHus npoodsieM, odpasyronmxcs B cetu. Maru-
CTpajdb KOMMYTaTOpa IMepelacT JaHHBIE CO CKOPOCTBIO B HECKOJBKO
Merabur B cexkyHay, u gatauk NIDS wucmomp3yer coemuHeHWe
100BaseT (cxopocts 100 merabut B cekyHay). Takoe coeuHEHUE HE
MO3BOJISIET OCYIIECTBIATH Nepeaady AaHHbIX NIDS, mostomy B naHHOMI
KOH(UTypaluy HE MPEeACTaBIsAeTCsS BO3MOXKHBIM IPEPhIBAHUE COCIU-
HEHMI.

Pa3BeTBUTENb — 3TO HEAKTUBHOE IPOBOIHOE COEAMHEHUE MEXKTY
JBYMsl yCTpolcTBaMH. Pa3BeTBUTENh NOJKIIOYAETCS K KOHLIEHTPATOPY,
K KOTOPOMY Takke rmozcoenuHeH gatdauk NIDS, dro mo3BomsieT mat-
YUKy OTCJICKHMBaTh Tpaduk. Pa3BeTBUTENb HE pa3peliacT AaTUUKY
NIDS BbImoOnHATE nepesady AaHHBIX, TOITOMY B JaHHOH KOHQHTYpa-
[IUH NIPEPBIBAHNE COCTUHEHNN TaKXKe HEMO3BOIUTEIBHO.
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YK 004.056
A.B. CkpbinHukos, E.B. Uepubimona

HOBBIINEHUE BE3OITACHOCTU NTH®OPMALIMU I1PU
PEAJIM3AIIMU SMURF-ATAK

Araka Smurf v ICMP-dyn cunraercst 0HOM U3 caMbIX omac-
HbIX BUIOB DoS-arak, Tak Kak y KOMIIbIOTE€pa-XKEPTBbI MOCIE TaKOH
aTaKy MPOM3OUIET 0TKa3 B 0OcHy)uBaHuM npaktuaecku co 100 % ra-
paHTHed. 3TOYMBINUIEHHUK HCIONB3yeT IIUPOKOBEIIATEIbHYIO pac-
CBUIKY ISl TPOBEPKH pabOTAIOMUX Y3JI0B B CHUCTEME, OTIIPaB-
st ping-3anpoc. OYeBUAHO, ATAKyOUIMHA B OJUHOYKY HE CMOXKET
BBIBECTH U3 CTPOS KOMITBIOTEP-KEPTBY, IOATOMY TpebyeTcs emé oIuH
YYaCTHUK — 3TO YCUJIMBAIOLIAs CE€Th. B Hel Mo MMPOKOBEIIATENEHOMY
aJipecy 3JIOYMBIIUIEHHUK OTmpaBisieT noanenbHbii [CMP nakert. 3a-
TEM aJipec aTakyloIlero MeHseTcsl Ha aJpec KepTBhl. Bee y3mbl mpu-
HUTIOT el oTBeT Ha ping-3ampoc. [loaromy ICMP-naker, ornpasieH-
HBIM 3JI0YMBIIUIEHHUKOM 4Y€pe3 YCHUJIMBAIOILYIO CEThb, COIEPXKALLYIO
200 y3moB, 6yaet ycusier B 200 pa3. [ToaTromy aiist Takoii aTaku 0OBITHO
BhIOMpaeTcsi 0OJbIIasi CeTh, YTOOBI Y KOMITBIOTEpa->KEPTBBl HE OBLIO
HUKAKUX [LIAHCOB.

Jns onucanus e€ AeiCTBUS MOKHO OCTAaHOBUTBHCS Ha PaccMOT-
peHnu aByX cucteM A u B, KOTOpBIe XOTAT YCTAaHOBHUTH MEXIY CO-
60it TCP coenmnenue, mocie KOTOPOTO OHH CMOTYT OOMEHHMBATHCS
MexXIy coboit naHHbIMU. Ha ycTaHOBKY coenWHEHUs BBIACISETCS He-
KOTOPOE KOJIMYECTBO PECYypPCOB, ITHM H IMONB3yIOTCs DoS-ataku. OT-
MpPaBUB HECKOJBKO JIOKHBIX 3alIPOCOB, MOKHO U3PACX0/I0BATh BCE pe-
CypChl CUCTEMBI, OTBeAEHHbIE Ha YCTaHOBJICHUE
coenuHeHUS. PaccMoTpuM moapoOHee, Kak 3TO MPOUCXOTUT. XaKkep ¢
cucteMbl A otmpasisier makeT SYN cucteme B, HO mpenBapuTebHO
noMeHsB cBoi IP-agpec Ha HecymecTByromuil. 3aTeM, HUYEro HE MO-
nmo3peBasi, kommelorep B ormpasmsger orBer SYN/ACK nHa Hecyte-
ctBytonuit [P-anpec u mepexonut B coctosane SYN-RECEIVED. Tak
kak coobmenne SYN/ACK He molaeT 10 CUCTEMBI A, TO KOMITBIOTEP
B mukorga He nmomyuut naket ¢ praarom ACK. JlaHHOE moTeHIMaTbHOE
COoeIMHEHHE OynmeT MOMEIIeHO B odepenb. M3 odepemu OHO BHIMAET
TOJIBKO 10 UCTEYEHUHU 75 CEKYH]I.
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OTUM MOJB3YIOTCS 3T0YMBIIUIEHHUKN U OTHPABISAIOT cpa3y He-
CKOJIbKO makeToB SYN Ha KOMIIBIOTEP XKEPTBBI ¢ HHTEpBaIoM B 10 ce-
KyH/I, 9YTOOBI TOJIHOCTBIO HCYEPIaTh PECYPCHl cUCcTeMBl. OnpenennTh
UCTOYHMK HaNaJeHUsl OYeHb HENpOCTO, TaK KaK 3JI0YMBIIUIEHHUK TO-
CTOSTHHO MeHseT ucxoanblii [P-anpec. Artaka Fraggle (ot anri. «ocko-
JIOYHAs TPaHaTay») sIBJIAETCS NOJIHBIM aHaJoroM Smurf-aTaku, rae BMe-
cto ICMP makeroB ucnomsiytorcs makeTsl UDP, mostomy e€ emé
Ha3bpiBaloT UDP-tdya. [IpuHiun neficTBust 3TOH aTaku MPOCTOM: Ha
CeIbMOIl TOPT KEPTBBI OTIPABISIOTCS €CNO-KOMaHIbI [0 [IUPOKOBE-
aTeIbHOMY 3ampocy. 3aTeM moamensieTcst [P-aapec 310yMBIIUICH-
Huka Ha [P-anpec skepTBBI, KOTOpas BCKOpE MOIy4aeT MHOKECTBO OT-
BETHBIX cOo00IIeHnH. IX KOMTMYECTBO 3aBUCHUT OT YHUCIa Y3JIOB B CETH.
OrTa aTaka NPUBOIUT K HACHIILEHUIO IIOJIOCHI IPOITyCKaHUs U ITOJTHOMY
OTKa3y B 00CIIy>)KMBaHUM XepTBhI. Eciiu Bce ke ciryxba echo oTkIto-
4yeHa, To OynyT creHepupoBanbsl ICMP-coobmienus, 4To Takke npuBe-
JET K HACBIIEHUIO IOJIOCHI.

Ycrpanenue ya3BUMOCTEH He paboTaeT IpoTHB (ITy-aTak, s
KOTOPBIX «YySI3BUMOCTBIO» SIBISIETCS KOHEYHOCTb TE€X MM HHBIX CH-
CTEMHBIX pecypcoB. JlaHHas Mepa HalelleHa Ha yCTpaHEeHHEe OLIHOOK B
CHUCTEMAaxX | CITyK0ax.
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YK 683.1
C.B. beisiokypos, O.A. Kongparos

MOJAEJIMPOBAHUME U AHAJIN3 SAILIUIEHHOCTH
NHO®OPMAIIMOHHBIX ITPOIIECCOB
B UHTEI'PUPOBAHHBIX CUCTEMAX BE3OITACHOCTHU

B nacrosmiee BpeMst OrpoMHOE 3HaYSHHE IPUOOPETAST PellIeHUE
rI00aTbHON TIPOOJIEMBI 00ECTICUeHHS YCTOWYUBOCTH (PYHKITHOHHPOBA-
HUS HTH()OPMAIIMOHHBIX CUCTEM, TIOCTPOSHHBIX HAa OCHOBE KOMIIBIOTEP-
HBIX TEXHOJIOTWUH, U PAJ BBHITEKAIOMINX U3 HEe 33[a4, B YACTHOCTH 3a-
Jada oOecriedeHUs] 0e30MacHOCTH WH(POPMAIMOHHBIX TPOLECCOB B
MHQOPMAIIIOHHO-TEIEKOMMYHHKALMOHHBIX CHCTEMaX CIEHHaIbHOTO
nasHauenus (MTKC CH) [1].

PaccMoTpuM TOHSITHE 3alTUIIEHHOH B ITaHE 0€30MaCHOCTH HH-
dhopmarmonssix TexHogoruii (BUT) UTKC CH, mo3Bossroriee mpoBo-
IUTH UCCIIEIOBAaHNE B O0IACTH CO3JaHIsI METOIOIOTHIECKOH 0a3bl Op-
TaHW3a[MOHHO-TEXHUYECKOT0 YIMpPAaBJICHUS 3alluTOd HHPOpPMALUHN B
UTKC CH na ocHoBe cpencts nHpopmannonHoi 6ezomacHoctu (1B).
3amumenHas B miane BUT UTKC CH xapakrepusyercst onpenenes-
HBIMH CBOWCTBaMH, a HIMCHHO [2]: peanu3yercst mporecc aBToMaTH3a-
UM 00pabOTKY JaHHBIX, YIUTHIBAIOIINN BOTIPOCHI, CBSI3aHHEIE ¢ 0bec-
neyenuem BUT; npoTtuBoaeicTByeT coBOKynHOCTH yrpo3 Mb, Hanuune
KOTOPBIX BO3MOXKHO B JAHHOH cpeJie; OTBeYaeT TpeOOBaHMSIM aKTyallb-
HBIX HOPMATUBHBIX JIOKYMEHTOB M CTaHJIAPTOB, JICHCTBYIONIMX B 00JIa-
ctu Ub UTKC CH.

Ecim oTHecTH naHHBIE CBOWCTBA, XapaKTEPU3YIOIINE 3alUIIEH-
ayto U'TKC CH B 06macTh peanu3aiiii METO0JIOTHUECKOM 0a3bl opra-
HHU3AIMOHHO-TEXHUYECKOTO YIpaBICHUs 3aluTod HHGOpMaluu B
UTKC CH Ha ocHoge cpencts b, To MOXHO BBIICIHUTH ONIPEACICHHEIE
€ro CBOWCTBA, TaKKe, KaK: CIIOCOOHOCTh YIPaBJICHHsI IOJTHOH COBOKYII-
HOCTBIO MOMEHTOB, KOTOPBIE CBSI3aHKI BoIIpocamMu obecnieueHus b 00-
pabateiBaeMbix naHHbIX B UTKC CH, ¢ peannzanueii aBromarnzanuu
3amuThel nHGopmManmu (31) ¢ momompio marroit UTKC CH; BHenmHIE
rapaMeTpbl yIPaBICHUS XapaKTepU3yI0TCs apaMeTpaMu TOH Cpeabl, B
KOTOPOH CYIIECTBYIOT yIpo3bl, cBA3aHHbIe ¢ Ub; peanusanus ynpasie-
Hus 3W oCyImecTBiIseTCsS B COOTBETCTBUHM C TPESOOBAHUSAMU AKTyallb-
HbIX cTaHaapToB BUT.
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[IpuBenenHas Boie GopMyITHPOBKA 3AIMUIIICHHON ¢ TOUKH 3pe-
Husl 6e3omacHocTd MHPopManuoHHbIX TexHodoruii UTKC CH maer
BO3MOXKHOCTB (popmanbHOoMy onpeaenenuto MTKC CH.

Z, ©€CThb BEIMYMHA, XapaKTEepHU3YIOIlas 3aIlWIIEHHOCTh KOH-
kpernoit U'TKC CH B onpeznenenHoit cpeae W AeHCTBYIOIIUX YIpo3
BUT, ee MmoxxHO 0TOOpa3uTh B ciemyromeM Bune Z, |V xU — 2Y  rme
V — 0o0ylacTh BO3MOKHBIX BapHAHTOB BHENTHUX YCIOBHH JKCILTyaTa-
i UTKC CH, U — o6sacTb BO3MOKHBIX BAPHAHTOB YIPABIISIOMINX
BIIUSTHUN Ha TojicucTeMe obecrieuenus 3amuthl nHGopmaruu (ITIO31)
B UTKC CH, W — cpena, B koTOpo# AeicTByroT yrpo3 Ub (Bkirouaer
B ce0st BCIO COBOKYIHOCTh yrpo3 BUT), 2" — 0603HayaeT MHOKECTBO
BCEX COCTaBJIIOMKX cpefsl W yrpos UB, Z,, (v,u) — onpenenser MHo-
skecTBO Bo3MOkHBIX yrpo3 Ub B UTKC CH, ot xotopsix IIO3U pea-
JTU3YET 3aIIuTy.

Tak Ha3piBaeMasl YCIJIOBHAs 3alllMILIEHHOCTb OMPEACIICHHOM
WUTKC CH B onpenenennoii cpene W coBokymHoctr yrpo3 Ub B ciry-
yae v, €V BHemHHX ¢akropos skcuryarauuun UTKC CH onpenens-

ercs oroOpaxkeHneM Buaa Z,, (Vy,u), ueU .

VYcenosuaa Ub onpenenennoit UTKC CH B onpenenenHoit cpezae
W coBokynHoctH yrpo3 Wb B ciiydae u, e U ynpaBIsroLIero BIMsSHUS Ha

11031 B UTKC CH onpenensercs orobpaxkenueM Buaa Z,, (V,u,), veV.

Texymue 3aIUIIEHHOCTH 1eJIecO00pa3HO CPaBHUBATH TOJIBKO B
TOW CUTyalluH, KOTAa OHU pacCMaTpUBAIOTCS IPUMEHUTEIBHO K OJHON
cpene, B KOTOpOH NEeUCTBYIOT onpeneiaeHHble yrpo3bl Ub. B nannom
ciryyae UTKC CH moryT OviTh pasusle, V, U, v, Uu,. Onpenenum:

Z, (vé ué) cW — KaK MHOECTBO, KOTOPOE XapaKTEPU3YET 3aIlUIIEH-
HocTb UTKC CH Ne 1 B onpenenennoi cpene W COBOKYNTHOCTH YIpo3
Wb B ciyvae Bapuanta V, €V' BHEIHUX (HAKTOPOB IKCILTyaTAIUH
WTKC CH Ne 1 u Bapuanra u; eU* ynpassromero Biusaus va [I03U
B UTKC CH; Z? (vg,ug) cW — KaK MHOKECTBO, KOTOPOE XapaKTepH-
3yet 3amuinenHocts UTKC CH Ne 2 B onpenenenHoi cpene W coBo-
kynHoctd yrpo3 UB B ciydae BapuanTa V. €V’ BHemHHX (HaKTOPOB

skcmtyaraiun UTKC CH Ne 2 m Bapuanta U, eU? ympapisromnero
BiusaHus Ha [I0O31 B UTKC CH.
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Korma Z, (véué) cz; (v§ U3 ) , TOTJIa TEeKyIIas 3alIHIIEHHOCTh
HUTKC CH Ne 2 6onpire, yem Tekyras 3amumiearocts MTKC CH Ne 1;
Korga Zj (vg, ug) cZ, (vé Up ) , Toraa Texyuras samumensocts HTKC
CH Ne 1 6ompme, gyem tekymias 3anumenaocts MTKC CH Ne 2; korma
Z; (vé : ué) =2z (vg , ug) , Torga texymue sammmensocty UTKC CH

No 1 u UTKC CH Ne 2 onrHaKOBBI; BO BCEX APYIHX CUTYaIMsIX, KOT/Ia
(z0 (%)= Zg (vg,ug))A(zfv (V.u)ez, (vg,,ug))A(z;v (v3u) =22 (vg,ug)),
TOrJa MPOBECTH CPAaBHEHUE TEKYIINX 3aIUILEHHOCTEN HE IPEACTaBIISI-
€TCsl BO3MO>KHBIM.

Ho, myTtem BBOia onpeieIeHHBIX CTPYKTYp TEKyIIeH 3aluiieH-
HOCTH P,, KOTOpBIE IPEACTAaBIIIOT COOOI CHCTEMbI ONpPEAETIEHHBIX
npeanoutenn tekymux 3anmménHocteit UTKC CH B dopme cu-
CTEMBI C OTHOILICHUSMH, BO3MOXHO JOOUTHCS CPaBHEHHS BEJIHMYUH Te-
kymux 3amumennoctet UTKC CH Ne 1 uw UTKC CH Ne 2 B cooTBeT-
CTBHH C BEIOPaHHOU CTPYKTYpOH MpennoyTeHui P, .

3ammmennocts UTKC CH, koTopas MOKET ONpeaensaThes, KakK
MOTEHIIHAIBHO JOCTHKUMas B JaHHOM cpeae W COBOKYIHOCTH YIpo3
Wb B ciaydae, Korjga peain3oBaH BapuaHT V, €V BHEIIHHX (DaKTOPOB
skerryarauuu UTKC CH xapakrepusyeTcst MHOKECTBOM COCTaBJISIIO-
mux  npoctpanctBa W coBokymHoctH — yrpo3 Wb [3-4]:

max Zy (Vo,u) = 2", KOTOpOE OIIPEIeIISIeTCS], KaK:
uelU
max Z, (Vo,u) = {Zv‘j cW ‘(Euo eU )(ZW (VoUp) =Z )/\(VU eu )(Z\,"V zZ, (vo,u))}. .

@opmanbueiii Bup 3anmmeHHoctd MTKC CH ocHoBhIBaeTcs Ha
OIIPE/ICIIEHHOM CIoco0e (POPMAIBHOrO TPENCTABICHUS COBOKYITHOCTH
yrpo3 1b. Hekotopyto yrposy Ub weW MOKHO NpeICTaBUTh B CHELYIO-

IEM BHZIE: W= <R,S, I,P,F. (t)>, rie R — BenmuMHA, XapaKTepU3yroIas
pe3yabTaT HECAHKIIMOHHPOBAHHOTO BIMSIHHUS (SBISIETCS HEMOMYCTHMBIM
st UTKC CH), S — BenmmumHa, XapaKTepr3YIOMas Coco0 JOCTIKEHUS
pesynbrata R, | — BenwuumHa, XapaKTepHU3YIOIIas COBOKYITHOCTBH

CPENCTB, HEOOXOIUMBIX U TOCTATOYHBIX, YTOOBI JOOUTKCS PE3yIbTaTa
R HeCaHKIIMOHUPOBAaHHBIM CYOBEKTOM C UCIIOIh30BAHUEM CIIOco0a S,
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P — BenuuymHa, XapakTepHU3yIOIIas BEPOSITHOCTh, TOTO, YTO HECAHKIIU-
OHHMPOBAHHBIM CyOBEKT MOObeTCS pesynbraTa R ¢ MCHOJIB30BaHHEM
crocoba S omupasick Ha COBOKYITHOCTB cpeacts |, F, (t) —onpenens-

eTcs, Kak (QyHKIHSA pacrpeleseHus BPEMEHH, BeIMUMHAa KOTOPOH He
MOXeT OBITh MEHbIIE MHHUMAalIbHO HEOOXOAWMOIO IS Peatn3aluu
HECaHKIMOHHNPOBAHHBIM CYOBEKTOM pe3yibTaTa R , HCHONB3Yys COCO0
S, OCHOBBIBAsICh Ha BBIOOPE COBOKYITHOCTH CPeACTB | .

ITIpoctpancTBo coBokynHoctd yrpo3 UMb W MoxHO mpexcra-

((R°,8°1°,P°F2 (1)) eW) = (WP € (O;P°) F. (D) € F |
BUTD: ,roe F —

| (Vte (—o;+e0))(F, (1) < FP )R, S°,1°, P, F, (1)) eW))
ompenenseTcs Kak MHOKECTBO (DYHKUUH pacHpeneseHus CIydyaiHbIX
BEJIMYHH.

W3 mpencraBiaeHHOro BbIE (OpMaILHOTO MPEACTABICHUS 3a-
mumennoctd UTKC CH cnenyer, 9To ciemyrorniye n3MEeHEHHUs 110 OT-
JEeNBHOCTH, WIIM COBOKYITHOCTh ATHX M3MEHEHMH BIIEKYT 3a COOOH MO-
BBIIIEHHE YPOBHS TEKYIIEH 3alUIIIEHHOCTH, @ UMEHHO: ONPEeIeIEHHBIN
pe3yIbTaT HECAHKIIMOHNPOBAHHOTO BIUSAHMS R HE MMeeT BO3MOKHO-
CTH OBITh peaM30BaHHBIM HECAHKIIMOHUPOBAHHBIM CyOBEKTOM; OIpe-
JeJICHHBIH pe3yJibTaT HECAHKIIMOHUPOBAHHOTO BIMSHUS R nMmeer BO3-
MOYKHOCTB OBITh peaIM30BaHHBIM HECAHKIIMOHUPOBAHHBIM CYObEKTOM,
HO OIpPEAENIEHHBIN CcIoco0 S, UCHONB3YEMBIN ISl JOCTHIKEHUS pe-
3ynbTaTa R He MOXeT OBITh HMCIIOJIb30BaH HECAHKLMOHUPOBAHHBIM
CyOBEKTOM; ONpEeNeNICHHBIH pe3yIbTaT HEraTUBHOTO BIUSHUA R Mo-
JKET OBITH TOCTUTHYT HECAHKIIHOHUPOBAHHBIM CYOBEKTOM C UCTIOJIB30-
BaHHMEM OIIPEIENICHHOro crtocoda S, HO ompeeNicHHAas COBOKYITHOCTb
cpeactB | , HCHONB3yeMBIX AJIS TOTO, YTOOBI JOOUTHCS pe3ynbraTa R,
MCTOJB3Ys criocod S He MOXKET OBITH MCIIOJIb30BaH HECAHKIIMOHHUPO-
BaHHbBIM CyOBEKTOM; OIPEAEIECHHBII Pe3yIbTaT HETATUBHOTO BIUSHUS
R MoXeT OBITh peann30BaH HECAHKIIMOHUPOBAHHBIM CYOBEKTOM, C HUC-
H0JIb30BaHMEM OIIPEAETIEHHOTO CrIocoba S, ¢ y4eToM OINpeesIeHHOI
COBOKYITHOCTH CpeACTB | , HO MakCHManbHOE 3HAYCHUE JOCTHXKUMOI
BEPOSATHOCTh 3TOT0 MEHbILIE JTOMMYCTUMOTI0; ONPEAEIEHHBIA pe3ynbTaT
HECAHKIIMOHUPOBAHHOTO BIHMAHHAA R MOXeT OBITh peann3oBaH
HECAaHKLIMOHUPOBAHHBIM CYOBEKTOM C MaKCUMAJIbHO JOCTHKUMBIM

83



3HaYEHUEM BEPOSTHOCTH P , C yCIOBUEM UCIIOIB30BAHUS OTIPEICIICH-
HOTO croco0a S, y4WThIBasg COBOKYMHOCTH CPeICTB |, HO MHUHH-
MaJIbHO HeO6XOI{I/IMOC BpeMs JI OCYIIECTBJIICHUA 3TOIO, 60JH)HIC J0-
MyCTUMOTO.

Takum 00pa3oM MPEMTOKEH CIIOCO0 OIEHKH 3aIUIIEHHOCTH HH-
(I)OpMaHI/IOHHI)IX IIOTOKOB B HH(bOpMaHHOHHLIX CUCTEMax cClrienuajib-
HOTO Ha3HAYEHWUs, MMO3BOJISIOIIUN TPOBOJIUTH KOMILIEKCHBIA aHAIH3
0e3onacHoCcTH HH(GOPMAIIMOHHBIX PECYPCOB B TAKUX CHCTEMAax OT pas-
JIMYHBIX TUIIOB BHCIITHUX YI'PO3.
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yak 004.056
H.A. Boiconkas

CTATUCTHYECKHUE METO/Ibl OBHAPYKEHUSA
KOMIIBIOTEPHBIX ATAK

B pabote paccmarpuBaroTCs CTaTUCTHYECKHUE METOABI OOHApY-
JKEHHsI CEeTeBBIX arTak. lIpW MOJenMpoBaHWUM CHCTEM 3allUTHl OT He-
CaHKIIMOHUPOBAHHBIX BTOp)KeHI/II‘/'I B KOMIIBIOTECPHBIC CETH BO3HUKAIOT
3aJlauM, CBsI3aHHBIC ¢ 00HAPYKCHUEM HE U3BECTHBIX PaHEe BUJIOB aTakK.
[IpenmyriecTBaMu CTaTUCTHYECKUX METOJIOB SBIISIETCS WX aJalTarus
K U3MEHECHHUIO ITOBECHHUS ITOJIH30BATEIS, & TAKXKE CIIOCOOHOCTH K 00HA-
PYXEHUIO0 MOAUDUKALMH Pa3TMYHBIX aTaK.

Bravane HeoOXomuMO oOmpeneanTh OOBEKT aHaIM3a, U KpUTe-
pUH, TIO KOTOPHIM B JallbHEHIIEM OMpeeNseTcsl MOTeHIHANbHAs
yrpo3a CeTeBOd Oe30MacHOCTH, MOCTPOUTH 0a30BbI MPOPUIL CH-
CTeMBbI, 0€3 aHOMAJIUH, C UCTIOIB30BAHUEM METOJI0OB MaTEMaTHIECKOMN
craructuiecku. s popmupoBaHust mpoduis mpeanaraeTcs Uil uc-
nosbk3oBanus nporpamma Wireshark. Jlanee ciemayer mpou3BOAUTH CO-
MOCTABJICHUE TEKYIIETO0 COCTOSHUE CHUCTEMBI C HEKHMH OIPEICIIEH-
HBIMH 3apaHee IMpHU3HAKaMH, XapaKTepPH3YIOIUMH CTallMOHAPHOE
(hyHKIIMOHMpOBaHUe cucTeMbl. [lpn 00HapyXKeHNHU CyIIeCTBEHHBIX OT-
KJIOHCHUH BBIZAETCS COOOIICHUE O Havaje ceTeBoi aTaku. [IpumMeHe-
HUE KOMILIEKCHOTO TOAXO0/a MpH o0ecrieueHnn Oe30MacHOCTH CETH
no3BoJisieT 3(PPEeKTHBHO MPETOTBPATHTh yIIepd OT HECAaHKIMOHUPO-
BaHHOTO JIOCTYTIA.

Jluteparypa

1. llenxyxun O.. OGHapyxeHHe BTOP)KEHHH B KOMITBIOTEPHBIE CETH
(cereBbic anoManuu). YdyeOHOe mocobue mist By3oB / O.W. [enyxun, 1. K.
Cakanema, A.C. ®unmaoBa. — M: Topsiuas nmuaus-Tenexom, 2013. — 220 c.
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AHAJIN3 METOJ0B OBHAPYKEHUSI KOMIIBIOTEPHBIX
BTOPKEHU

Pa3BuTee KOMIBIOTEPHBIX ceTell 1 MHPOPMALMOHHBIX TEXHOJIO-
TUH BBI3BIBACT HENPEPHIBHOE Pa3sBUTHE MPOIPAMMHOr0 obOecredyeHns,
CBSI3aHHOTO C 0€30MaCHOCTBIO CETEBBIX PECYPCOB, KOTOPOE TPEOYIOT
HOBBIX TTOAXOO0B.

OpHUMU U3 PacIpOCTPaHEHHBIX METOMOB SIBISIOTCS CUTHATYP-
Hble MeToIbl. OHM OCHOBaHBI Ha OOpAIIEHUH K «CIOBapIO» C M3BECT-
HBIMH BUPYCaMH, COCTaBICHHOMY aBTOpaMH aHTHUBHPYCHOH IIpoO-
rpamMmbl. Bonbloe KoiaM4ecTBO XapaKTEpHUCTHUECKUX O0COOEHHOCTEH
KOMITBIOTEPHOI'O BHpYCa JAENaeT 3TOT METOJ AOCTaTOYHO 3aTPaTHBIM
JUTSL pealIn3aliii.

HapaBHe ¢ curHaTYpHBIMH METOJaMH PAacCMOTPHM MOBEACHYE-
ckue Merosl. OHM OCHOBaHBI Ha MOJIEIISIX «HOPMAIBHOTO» (PYHKIHO-
HUPOBaHMS HHPOPMAITHOHHOW CUCTEMBI. DTH MPOPIIH HOPMUPYIOTCS
C MIOMOIIBIO MAITMHHOTO O0YYEHHUS B TE€UEHHE HEKOTOPOT'O BPEMEHH.

Haubonee sddexruBHBIME sBISETCI KOMOWHUpPOBaHHBIE Me-
ToJibl. CUCTEMBI, UCTIONB3YOIUE TAKUE METOJIBI, COCTOST M3 JIBYX 0a3
JAHHBIX BKIIOYAIOMIKUX (akThl U npasuia. [lomyueHHas cucrema mpa-
BWJI OTHCBHIBAET XapaKTEPUCTHKH aTakK, KOTOpPhIE JOJKHA OOHApYKH-
BaTh CUCTEMa OOHApPY’KEHHS BTOPKEHHUS.

[IpumeneHne KOMILIEKCHOTO TOAXO0na MpH obecredeHnn 0Oes-
OTACHOCTH CETH MO3BOJISIET 3P PEKTUBHO NPEAOTBPATUTH yIIepO OT He-
CaHKLIMOHUPOBAHHOTO AOCTYIIA.

Jlutepatypa

1. Hlenyxun, O.. Ob6HapyxeHHEe BTOP)KEHUH B KOMIIBIOTEPHBIE CETH
(cereBbie anoManmu). YdyeOHoe mocobue mist By3oB / O.M. [Hemyxun, . K.
Cakanema, A.C. ®unuroBa. — M: Topsiuast muaus-Tenexkom, 2013, — 220 c.
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NHO®OPMAIMOHHASA BE3OITACHOCTSD IIPU
OPTAHM3AIIMU YJIAJIEHHOM PABOTBI

[yt MHOTHX OTpaciel yaaneHHbIe pesKUM paboThI IPEACTaBISET
MHOTO NPEHMYIIECTB, IO3BOJSAET MOAAEPKUBATH CTAOMIBHYIO Aes-
TEIBHOCTh KOMITAaHUH, MUHUMH3UPYET U3IEPKKN Ha MOAAEpKAHHE Jie-
ATENILHOCTH, 00JerdaeT YCIOBHs paboOTHl sl COTpYyIHUKOB. OIHAKO
npu padore U3 [oMa HHGOPMALs IepelaeTcs Yepe3 He3alluIeHHbIe
KaHalbl. B cBsI3u ¢ 3TUM 0CO0yI0 aKTyaabHOCTh IproOpeTaeT obecrie-
YeHHUE U COXpaHeHHe HHPOPMALMOHHON 0€30acCHOCTH NPH yJaJICHHOM
pabore.

IIpoHNKHOBEHNE B KOMIIBIOTEP BHpYyCa WIH APYroro BHIA Bpe-
JOHOCHOT'O ITPOTPaMMHOI'0 00€CTIeYeHUsI MOXKET MIPUBECTH K TIOXHIIIE-
HUIO WM HECAHKIMOHUPOBAaHHOMY HM3MEHEHMIO AaHHBIX. [loatomy
HaJIMYME U UCIOJIb30BaHKe 3P (HEKTUBHOM aHTUBUPYCHON NPOrPaMMBI
OTHOCHTCS K YHCITy OCHOBHBIX MPABWII 1O O€301MacHOCTH MIPH yJaJICH-
HOH pabore. Hannuue ys3BUMOCTel B ONIEpallMOHHBIX CUCTEMAaX U MpHU-
JIOXKEHUSIX OJUH W3 Haubojee pacHpOCTPAaHEHHBIX KaHAJIOB AJS J0-
CTylla 3JOYMBIIUIEHHUKOB K KOH(QWACHIIMAIBHON wH(pOpMaLny.
CoOOTBETCTBEHHO, peryisipHoe OOHOBJIEHHE TO3BOJIAET CAeiaTh Mpo-
rpamMmy 0e30macHON 1 MUHHUMHU3UPOBATh PUCK YTEUKH JaHHBIX. Hanu-
YHe CUCTEMBI MEXKCETeBOro 3Kkpana ((aiiepBossl, OpaHaAMay3pbl) SBIIA-
eTCsl TJIaBHBIM CPEICTBOM 3aIluTHl OT CEeTeBhIX aTak. [loaTomy Ha
KOMITBIOTEpE pabOTHHKA, pabOTAIOIIET0 YaeHHO, TOJKEH ObITh yCTa-
HOBJIEH U ITPABHJIBHO HACTPOEH MEXKCETEBOM dKpaH.

Jlutepatypa

1. Hlenyxun, O.. Ob6HapyXeHHEe BTOP)KEHUH B KOMIBIOTEPHBIE CETH
(ceresbie anomanun) / O.W. enyxun, /] XK. Cakanema, A.C. ®unrnoBa. — M:
Topstuas muaus-Temexom, 2013, — 220 c.
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COBPEMEHHBIE TEHAEHIIMHX OPEN SOURCE
BE3OITIACHOCTH

B HacTosmee Bpemsi TEPMUH «Open SOurce» pacripoCTpaHUI
cBo€ 3HaueHHE ¢ pa3padoTku [10 Ha MOHOOHBIH IPUHIHIT PAOOTHI B IIE-
oM. CoriacHo exxerogaomy oTaéry Synopsys 3a 2020 rox, ¢ 2015 no
2019 rona ucnosb30BaHUE Open SOurce MOYTH yIABOMIIOCH, YBEITHUUNB-
mmch oT 36 1o 70 %. 99 % umccnemoBaHHOTO B X0/ aHAIN3a KOJA CO-
Jlep’KaT KOMITOHEHTHI open source. [Ipu atoM 75 % koma oOHApYKUITH
ys13BUMOCTH. [103TOMY 0COOCHHYIO aKTyallbHOCTh 0OpeTaeT mpobieMa
open source 0€30MacHOCTH.

Mpbl cTaBUM IIeThI0 PACCMOTPETh TEKYIIee COCTOSIHUE Oe3omac-
HOCTHU IIPpOrpaMMHOT0 OGGCHCLICHI/ISI C OTKPBITBIM HCXOAHBIM KOIOM M
npo01eMbl 6€30MaCHOCTH, TEHACHIMH YS3BUMOCTEH B MakeTax u o0pa-
3aX KOHTEHHEPOB, a TAK)KE METO/bI 00eceYeHus: 6€30MacHOCTH MPO-
rpaMMHOTO oOecredeHusl.

Mo>kHO BBIACNUTH MATH OCHOBHBIX TEHACHIIMHA Open source 0e3-
onacHoctd B 2020 r.: KyJbTypa 0€30MacHOCTH 3aMETHO BBIPOCIA; KO-
JIMYECTBO HOBBIX YHSBHMOCTeﬁ B CaMbIX IOIIYJIAPHBIX 3KOCHUCTEMax
CHHM3HJIOCH; THIIBI YS3BUMOCTEH, 0 KOTOPBIX Yallle BCETO COOOIIAIOT, B
OOJBLIMHCTBE CIy4aeB OKa3bIBAIOT HE3HAUNTEIBHOE BIMSHUE HA MPO-
IPaMMHBIC MPOEKTHI; UCTIONB30BaHHE OPHUIUATBEHBIX 00Pa30B KOHTEH-
HEPOB HE 3aMCHSIET PETYJISPHYIO THTHEHY 0€30I1aCHOCTH; CPOKH yCTpa-
HEHHUS YS3BUMOCTEH HE COOTBETCTBYIOT OKHMIAHHUSIM.

Ha ocHoBe ananu3sa [1] MOXHO cienaTh BBIBOJ, 4TO Oe3omac-
HOCTh B Open source 3KOCHCTEME YIIydlIaeTcsi OJaroapsi MHOXKECTBY
MOJI0KUTEILHBIX U3MEHEHUH ¢ TOUKH 3pC€HUA OCBCIOMIICHHOCTHU U UC-
IIPaBJICHUMN.

Jlutepartypa

1. Skrypnikov, A.V. Information security as the basis of digital econ-
omy // B cbopuuke: Advances in Economics, Business and Management Re-
search. Proceedings of the Russian Conference on Digital Economy and
Knowledge Management (RuDEcK 2020). 2020. C. 149-153.
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IPPEKTUBHOCTDb CUCTEM 3AIIUTHI OT DOS-ATAK

DoS (denial-of-service — «oTka3 B 00CTyKUBAHUN») — 3TO THII
KuOepaTaku, Ipu KOTOPOH 37I0YMBIIUIEHHUK CTPEMUTCS CHIeNaTh KOM-
IBIOTEP WIN APYrO€ YCTPOMCTBO HEAOCTYIHBIM VIS IIPEIIOIaraeMbIxX
MOJIb30BaTeNel, MpephiBasi HOpMajdbHOE (PYHKIMOHHPOBAHHUE yCTPOM-
CTBA.

CymecTBy1oT pasznuanble TUITEI DDoS / DoS-arak, ucnois3yto-
Iye pasHooOpa3Hble METOIbI, HO MBI OCTAHOBUMCS Ha T€X, C KOTOPBIMH
MOJIB30BATENM CTANKUBAIUCH daile Bcero B 2020 romy.

1. SYN-¢nyn — sto Tun DOS-ataku, npu KOTOPOH 3710yMBbIILI-
JIEHHUK OTHOpaBiseT ceputo SYN-3ampocoB K 11eJIeBOM CUCTEME B KO-
POTKHUI CPOK, IIEPETIONHSIsI HA cepBepe ouepeab Ha MOIKIIOUCHHS.

2. Teardrop attack 3akirouaercst B TOM, 4TO HA MALIMHY XEPTBBI
HalpaBJISIOTCS CIIOMaHHbIE ¥ HeopranuzoBaHHble [P-dparmenTsi ¢ ne-
PEKPBIBAIOIIMMUCS KPYITHOTa0ApUTHBIMU JIAHHBIMH.

3. HuzkockopoctHast DoS-aTaka nmpegHa3HavyeHa Juist HCIOIb30-
BaHUA MeJJIeHHOW BpeMeHHOo# nuHaMuku TCP, mo3Bosistonien BbIo-
HUTHh MEXaHU3M TaiiM-ayTa moBTopHOH nepenadn (RTO) mmns cHmkeHus
npormyckHo# criocooHoct TCP.

4. ICMP-¢nyn — 310 oTIpaBKa aHOMaJIBHO OOJIBLIOTO KOJIHYE-
ctBa ICMP-nakeToB J110060T0 THIIA (OCOOEHHO ITAKETOB «Ping» TeCTH-
POBaHHS CETEBOW 3aJIEPIKKH), KOTOpasi MPUBOJIUT K Teperpys3Ke Iere-
BOTO CepBepa, IbITAIONIErocs 00padoTaTh Ka) bl BXOIIIINI 3a1poc
ICMP.

ITo pesympratam 2020 r. BRIABHINCH YeThIpe Jmaepa: Webroot
DNS Protection, BitNinja, Kaspersky DDoS Protections o6actu 3a-
HIUTHI OT KuOepatak. Mbl CTaBUM LENIBIO pACCMOTPETH TEKYILEE COCTO-
siHUE 0€30IIaCHOCTH IPOTrPAMMHOI0 00ECIIEUCHHUS C OTKPBITHIM UCXOJI-
HBIM KOJIOM W TIPOOJIEeMBI 0€30IacHOCTH, TEHACHIMH YS3BUMOCTEH B
nakerax u o0pa3zaXx KOHTEHHEPOB, a TaKKe METOJIbI obecrieueHus 0e3-
OTAaCHOCTH HPOTrPaMMHOI0 00ECIICUCHHSI.
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MEPEXO/J NH®OPMAIIMOHHOMN BE3OINACHOCTH
K KUBEPYCTOMYUBOCTH

KubepycTol4nBOCTh — 3TO CIOCOOHOCTH OpTraHU3aluu obecre-
YUTh YCKOpeHHUe On3Heca (0TKa30yCTOWYHUBOCTE MPEIIPHSITHS) 32 CUET
MOJITOTOBKH K KHOEpyrpo3am, pearupoBaHusl Ha HUX W BOCCTaHOBIIC-
Hus mociie HuX. KuOepycrToiumBasi opraHu3aliusi MOXKET aJarnTHpO-
BaThCS K M3BECTHBIM M HEM3BECTHBIM KPH3HCaM, YIpO3aM, HEB3roJaM 1
BbI30BaM. KoHeuHas 11e1b KubepyCcTORYMBOCTH — IOMOYb OpTaHU3aIUN
MPEYCHeTh B HEOJIArONPUATHBIX YCIOBUSX (KPU3HC, TAHACMHUS, (PUHAH-
COBast HeCTaOUIBHOCTb H T. II.).

Panpme Bce 3a00THiHCH O co3daHUM WH(DOPMAITMOHHOH 0e3-
omacHocTy U 3amuTe UT-cucteM u JaHHBIX, B MOCIEIHUE TOJbI KHOES-
PYCTOMYMBOCTD BBIXOJMT HA MEPBHIN IJIaH — KOMIIAHUU JIOJDKHBI ObITh
TOTOBBI K 3TOMY, PearupoBarh U OBICTPO BOCCTaHABIHMBaThca. Kndepy-
CTOWYMBAsT OpraHU3alMs CIIOCOOHA aIanTHPOBATHCSA K HU3BECTHBIM U
HEU3BECTHBIM KPHU3HCaM, YIpO3aM, TPYAHOCTSIM U MOMbITKaM. [ 1aBHOM
[ENBI0 KNOepyCTOMYNBOCTH SBIISIETCS OKa3aHUE OPraHU3aI[H TTIOMOIIN
YCIEUIHBIM CACIKaM B HEOJaronpusTHBIX YCIOBHUSIX, B TOM YHCJIC BO
BpeMeHa KPU3HCOB, MaHAeMUii, (PUHAHCOBON HECTAOMIIBHOCTH U T. JI.
OkcnepTsl peiHka b roBopuiin 06 3TOM yKe JaBHO, HO TOJIBKO ceifuac
Om3HeC Hayall Pealu30BBIBATH HOBBIE PEAJMH M HCIIOIB30BaTh ITOT
MO/IXOJT KAK OCHOBHOM.

ITocne mPOBEACHHOTO HECKOJIbKUX OpraHu3aiuii [1], Mbl BeIe-
JSIeM CIIEAYIONINE TJaBHBIE DIIEMEHTHI CHUCTEMBl WH(POPMAIMOHHON
0e30MmacHOCTH, OTBEYAIONINEe 33 KHOEpPYCTOWYMBOCTH OpTaHU3aAIUH:
mporpaMma yrpaBJieHUs MHIUJACHTAMH, HEMPEPBIBHBI MOHUTOPHHT
Wb u nporpamma onenku apdexruHocta Ub.

Jlutepartypa

1. Skrypnikov, A.V. Information security as the basis of digital econ-
omy // B cb6opuuke: Advances in Economics, Business and Management Re-
search. Proceedings of the Russian Conference on Digital Economy and
Knowledge Management (RuDEcK 2020). 2020. C. 149-153.
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IMPOI'PAMMHBII UMHUTATOPCETEN ETHERNET

B cBs13u ¢ IMPOKHUM pacTipoCTpaHEHUEM YIIPABISIOLUIUX CUCTEM
Ha ocHOBe Ethernet, Bo3HMKIIa HEOOXOAMMOCTD B UX MOJICITHPOBAHNUH,
YTO MO3BOJISIET 3HAYUTENBHO CHHU3UThH 3aTPAThl HAa HCCIECIOBAaHUE U
OTIpe/IeTIeHNEe ONTUMAIBHBIX MTAPaMETPOB CUCTEMBI. AKTyalbHa pa3pa-
0OTKa MoOJIENel, BOCCO3JAIOIIUX CETEBbie HMH()OPMAIMOHHBIC MPO-
1ecchl. B CBsI3W ¢ 3TUM BO3HHKAaeT HEOOXOAMMOCTh B CO3JaHHH IPO-
TPaMMHOTO  KOMIUJIEKCa, CIIOCOOHOTO  WMHUTHPOBAaTh  paboTy
YIPaBISIONIMX CHCTEM Ha OcHOBe ceTd Ethernet ¢ mpoTokonamu peans-
HOTO BPEMEHH, YUUTHIBAIOLIETO XapaKTEPUCTUKU KOMIIOHEHTOB U MPO-
TPaMMHOTO O0eCTIeueHHsI UCTIONh3yEeMbIX B pEaTbHON CUCTEME YIIpaB-
nenusi. Hcmombsyercss rpaduueckuil uMHTEpQeic MoJIb30BaTeNs,
0TOOpaXKaroLI1ii TONOJIOTHIO CETH, B KOTOPOM pealiu3yeTcsi aHallu3 CU-
CTeMBI Ha OCHOBE OTAEIFHBIX KOMIIOHEHTOB CETH (OOBEKTOB yITpaBile-
HUS, KOMITBIOTEPOB, KOMMYHHUKAITMOHHOTO OOOPYIOBaHUs, OIEpalu-
OHHBIX CHCTEM, HT.J.) C HX 3aBOJACKUMH XapaKTepPUCTHUKaAMHU.
Pa3zpaboTranHast MO/l MMO3BOJIICT PEIINTh 3a7ady MOJIEIUPOBAHUS
CHCTEMBI YIIPaBJICHUS, OCHOBAHHYIO Ha CETH C J€TCPMUHHPOBAHHBIM
MeToJIoM JocTyna. MccnenyroTes XapakTepUCTHKH CETH CHUCTEMBI
YIPAaBIEHUS;, OLEHUBAETCA NMPOU3BOJUTEIBHOCTh C HCHOJIb30BAHHEM
MaTeMaTUYEeCKOrO amrmapaTa TEOPUH MacCOBOTO OOCIY)XKHBAaHUS, BBI-
YHUCIISETCS] 3aBUCHMOCTh BPEMEHH Tepeiadn KaJIpoB OT CKOPOCTH pa-
00THI ceTn 0e3 MOAKIIOUYEHHUS K pealbHbIM KaHalaM. DTO MO3BOJISET
ONPENEIUTh CPEAHEE BpEMS 3aJICPKKHU KaAPOB, BIUSIHUE BEIMYUHBI 3a-
JIEPXKEK Ha CKOPOCTH pabOTHI KaHala CBSI3U CETH, OTPEIETUTh 3aBUCH-
MOCTbH CKOPOCTH OOMeHa MH(OpMaIuel Mo KaHajaaMm ceTH U IPOH3BO-
JUTETBHOCTH KoMMyTaTopa ceTh. CeThb IpeiacTaBiseTcs B BHIE
HEJIVMHEMHOW IUHAMUYECKOM CHCTEMBI C Pa3jiu4yHbBIMU MaTeMaTH4e-
CKHMMHU pacIipe/lelIeHus MU, IMUTHPYIOLIIMHY TTOBECHNE CETEBOTO Tpa-
(uka. PazpaboTaHHbIi MaTEeMaTUYECKUN ammapar MO3BOJSET CHU3UTh
BpEMs M 3aTPaThl HA CO3/IaHHE U ONTUMU3ALMIO CUCTEM YIIPaBICHUS HA
ocHoBe cereit Ethernet ¢ meTepMUHHUPOBAHHBIM JTOCTYTIOM.
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IPOTPAMMHASI PEAJIU3AIIMSI MATEMATHYECKOMR
MOJIEJN KOMMYTATOPA CETH ETHERNET.

KommyTtartop Ethernet cMonenupoBan ogHOKaHATBLHOH MAacCHB-
HO# cucTemMoit o0caykuBanus (SMS) ¢ TUCITUTITHMHON 00CITYKUBAHHUS
3asBok o FIFO u BxomupM Oydepom ¢ KoOHEUHON eMKocThio. SMO
OTHOCHUTCA K KJIaccy CHCTeM ¢ morepsaMu. KoMMyTalmoHHast MaTpuLa
U [IPOLIECCOP IPEACTABICHBI B BUJE CIIy>KEOHOIO YCTPOHCTBA, BXOAHOM
Oythep — B Buae ouepenu, KaJpsl — B BHJIE 3aIIPOCOB, KOTOPBIE TEHEPH-
PYIOTCSI ICTOUHUKOM Tpaduka. 3apsaKa KOMMYTaTopa — OTPeOUTENb
Tpaduka. YpoBeHb Harpy3kd BXOJHOTO KaHajla BBIPAXKaeTCs 3a CUET
MHTEHCUBHOCTHU NPHUKJIATHOTO MIOTOKA, BEKTOP COCTOSHUS KaHaia SB-
JsieTcs ABYXMEPHBIM U XapaKTepHU3yeTcsl pa3MepoM pacTpa U ay3aMHu.

JnuHa xazpa ¢ AUCKpPETHBIMHU 8 OUTaMu ompenenseTcs B OuTo-
BOM pasnene [512, 12144], a pa3mep mays3bl ONMpPEACISETCS B CPEIHEM
nHTepBaie HaHocekyHA (160,00). Takum ob6pazom, CMO-3ammch nomy-
YaeT NOTOK MPUIIOKEHUMN, ONUCAHHBIA JBYMS CIy4alHbIMU 3HAYECHU-
SAMH — Pa3MEpPOM CIOKETa W AJMTENBbHOCTBIO May3bl. Takke mpous-
BOJIbHO TEHEpHUpYyeTcs BpeMs, HeoOXOAuMoe i MPOBEPKH
KOHTPOJIGHOW CYMMBI W OIpeleNieHrs] TaOIuIbl KOMMYTalUu TOopTa
BBIKJTIOUEHHS THS M OCTABLIETOCS BPEMEHH IO OCBOOOKICHUS JHS OT-
KJIFOUEHHS [IOPTa.

Emkocts mamsta BxogHOTO Oyhepa, ONTOBBIE CKOPOCTH KOMMY-
TAllMOHHOTO SJpa M MpOoILeccopa SBISIIOTCS allapaTHBIMH MapaMeT-
paMu ¥ IPUHUMAIOTCA KaK KOHCTaHTHI. J[mnHa odepenu onpenensercs
OT TOTO XK€ KOJINYECTBA 3alPOCOB, MTOITYYCHHBIX B CUCTEME, 0 CyMMBI
NOJJAHHBIX, YTpaueHHbIX U B Oy¢ep. [lapameTpsl BEIBOJAa MOAEH: Te-
KyIlas AJMHA OYepeaM, BPeMs 3aJep>KKH KOMMYTAllMU KaIpOB, POCT
MHTEpBaja MEXAy KaapaMmu. MareMaTH4ecKuM ajJropuTMOM MOJEIH
SBISICTCS  OKCIIOHCHIMAJIbHBIH 3aKOH CIyYalHOCTH U (QYHKIUS
Heaviside. C # s3bIk mporpamMmMupoBaHUs, cpega pa3paboTku MS
Visual Studio 2010.
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Ob OJHOM METOJE IPEOBPA3OBAHUSA MOJIEJIN
OBBEKTA C PACIIPEJAEJIEHHBIMHA TAPAMETPAMHU

PaccmarpuBaeTcs 3aadya mosydeHuss ¥ nMpeodpa3oBaHUs IWHA-
MHUYECKOW MaTEeMaTHYECKON MOJIEITH TPOIIecca SKCTPAKIIUU PACTHTEIb-
HOT0 Macjia U3 XMbIXa OPraHUYCCKUM pPACTBOPUTCIIEM HAa T'OpPU30H-
TaJTbHOM 3KCTpPAKTOpEe C OpolleHueM. Mojenb MpenHa3HA4YeHa s
CHHTE3a CHCTEMBI YIPABJICHUS MPOILIECCOM 3KCTpakmuu. [Iporece sKc-
TpaKOHUKU Macja U3 XMbIXa OCYHICCTBIIACTCA IIYTEM OPOLICHU )KMbIXA,
NepeMeNIaIIerocss Ha CeTYaToM TOPH30HTaIbHOM KOHBeEiepe, pac-
TBOpUTENeM (TeKCaHOM) WIJIM PacTBOPOM Macia B TeKcaHe (MHCIE-
noi). Mucuenmna codupaeTcs 1Mo KOHBeHepoM Ha IOI0HAX U 4acTh €
HAcocaMH MOJAeTcsl Ha OpOLICHUE, a YacTh OTOMpaeTcs Ha JalbHel-
IIyI0 nIepepaboTKy C EeIbI0 OTACICHUS Macia OT PAaCTBOPHUTEISL.

U3 ycnoBus MatepualibHOTO OanaHca 3amnvicana cuctema qudde-
PE€HIIUATIBHBIX ypaBHeHI/II\/’I I KOHHGHTpaHI/Iﬁ Macia B )KXMbIX€C U MUC-
Hesuie, MpuieM, nepBasi KOHIEHTpaNus sBisieTcs: pyHKIMEH BpeMeHH 1
NPOJIOJIBHON KOOP/IMHATHI KOHBEHepa, BTOpasi 3aBHCUT TOJIBKO OT Bpe-
MCHHU. ypaBHeHI/IH MOZACIIN 3aITUCaHbI ITPU JOMYUICHUAX O ITOCTOSAHCTBE
psina mapameTpoB, 00 WACATEHOM BBHITECHEHUH B MPOIOJILHOM JBHIKE-
HUM KMBIXa ¥ UICaTbHOM ITepeMEeITUBaHIH MUCIIEIUTBL. [I0CKONBKY HC-
XOJ[HAs CHCTEMa YpaBHCHHUH TPEJCTABlICHA YPABHCHHUEM B YACTHBIX
MPOU3BOAHBIX U MHTErpo-au(hepeHIInanbHbIM YpaBHEHHEM, €€ MHO-
TOKPaTHOE PEIlIEHUE B MPOIECCEe CUHTE3a CUCTEMBI YIPABJICHUS TpPe-
OyeT OoNbIIMX 3aTpaT BpeMeHH. [ COKpaIeHHs] BPEMEHH PEIICHHS
MPEUIOKEH aJIFOPUTM IIePeX0jia K YPaBHCHHSIM C 3ara3IbIBaroIiM ap-
TYMCHTOM, BKJ'IIO‘IaIOHlI/Iﬁ peUICHUE CUCTCMbI I YCTaHOBUBILICTOCHA
peXuMa, IepPexo/] OT MOIHBIX IIEPEMEHHBIX K UX OTKJIOHEHUSIM OT yCTa-
HOBHUBIINXCS 3HAYCHHH, 3aITUCh ITOJTyYSHHBIX YPAaBHEHUH B MpeoOpazo-
BaHusx Jlaruraca, ynpoiieHue, pasJielieHie MepeMeHHbIX 10 ypaBHe-
HUSM W TEpPEeXoJl BO BPEMCHHYIO O0JIacTh. YpaBHEHHS C
3amas3/pIBAIOIINM apTYMEHTOM PEIIAI0TCS YHCICHHO MOYTH TAKXKE, KaK
1 0OBIKHOBEHHBIC MU PepeHIInanbHbIE.
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YK 675.92.028.3
C.I'. Tuxomupos, A.A. Macuos, E.B. JIunnosa

MMPOTHO3UPOBAHHME CBOMCTB IOJUMEPHBIX
KOMIIO3UIIUH C TOMOIIBIO MATEMATHYECKOI'O
MOJEJINPOBAHUA

OnTuMu3anys TEXHOJIOTHYECKUX MTPOLECCOB IIIMHHOM TPOMBIII-
JIEHHOCTH SIBJISIETCS aKTyaJbHOM 3ajadyeil. B HacTosmee BpeMs, HayKa
HE MOJXKET MPEJIOKUTH dPPEKTUBHBIX METOJIUK, OCHOBAaHHbIE Ha HH-
(opmManuy 0 KOMIIOHEHTaX PE3MHOBBIX CMeECel, MO3BOJIIOIINE MPO-
THO3UPOBATH CBOMCTBA KOHEYHBIX U3/1eaui. FICXOIHbIE KOMIIOHEHTHI U
[apameTpbl TEXHOJOTHYECKOT0 IIPOLECCA UX U3TOTOBJICHUS BIUAIOT HA
KOHEYHYI0 KOHLIEHTPALMI0 KOMIIOHEHTOB. CBOMCTBa KOHEUHBIX M3/1€e-
T ONpPEeAEsSIIOTCS 10 KOHTPOJIBHBIM 00pa3iaM, MOJy4YeHHbIM U3 CO-
OTBETCTBYIOIIEH CEPUU MAPTUU NOJUMEPHBIX KOMIIO3ULIMOHHBIX MaTe-
puanoB. llenbio paboThl sBAsieTCS BBIBEJCHHE MAaTEMaTHUECKUX
3aBHCHMOCTEH MEXKIY COCTABOM 3JaCTOMEPHOM KOMIIO3WLUU U IIPO-
THO3UPYEMBIMU CBOICTBAMHU I'OTOBOI pE3MHOBOM CMECH, C yU4ETOM Ia-
pameTpoB M3TOTOBICHUS M NepepaboTku kommo3unuu. [Ipemioxkena
MaTreMaThdeckas MoAeb (PU3MKO-MEXaHMUECKHX IOKa3aTeleld pesu-
HOBBIX H3JIE€JUI B 3aBUCUMOCTH OT KOHIIEHTPALMU NONEPEUYHBIX CBS-
3eil. Pe3ynbTaTel HCCIeA0BAHUN MTO3BOJISIOT PACCUUTHIBATE ONTHMAJIb-
Hbl€  IIAPAMETPbl  TEXHOJOTMYECKOTO  peXuMa  U3TOTOBIICHUS
PE3MHOBBIX cMecel oA Tpedyemble (PU3NKO-MEXaHUUECKUE XapaKTe-
PUCTUKH PE3UHOBBIX CMECEH Ha 3aKJIFOUUTENbHBIX CTAAMUIX IPOU3BO-
CTBa, B 3aBUCUMOCTH OT Ha3HAa4eHHUsI UTOroBoro wuszaenus. I[lonroros-
JIeHa SKCIIepUMEHTalIbHast 0a3a JaHHBIX AJIS ONpelesICHHs TapaMeTpOB
MOJIEIM TIPOTHO3MPOBAHUS CBOICTB MONMMMEPHBIX KoMmrmo3utmid. Co-
3/1aH MPOTPaMMHBIM MOJYJIb KOMIIBIOTEPHOTO MOJEIUPOBAHUS IIPO-
1[ecCa BYJIKAaHU3ALWUY IOJUMEPHBIX KOMIIO3ULUN, BKIKYAKOLIUMA pac-
YET TEMIIEPATYPHBIX MOJIEH U CTENEHb BYJIKaHW3allUd MHOTOCIOMHBIX
u3aenuil (Kak Ipu M30TePMHUUYECKUX, TaK U HEM30TEPMUYECKHX YCIIO-
BUSIX TIPOBEJEHMUSI IIpoLEcca).
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YIK 681.51
A.H. T"aBpujioB

OCOBEHHOCTHU IIPUMEHEHUA
HHTEJUIEKTYAJIBHOI'O PEJIE B CUCTEME
YHPABJIEHUA TEXHOJOI'MYECKHUM TPOLTECCOM
MOJYYEHUA MHOTOKOMIIOHEHTHOM CMECH

Hcnons3oBanue B KauecTBe J0OABKU cMecH ByikaTuB B ipous-
BOJICTBE PE3MHOTEXHUYECKUX MAaTEPHAIOB TO3BOJISET YIy4IIUTh dJa-
CTUYHBIE [TapaMeTPbI U3,

[Ipouecc nonyyeHuss JTaHHON MHOTOKOMIIOHEHTHOW CMECH IUK-
JMYECKUH U COCTOUT U3 HECKOJIBKUX MOCIIEIOBATEILHO BHIMOTHIEMBIX
TEXHOJIOTMYECKHX Olepaluid Mpu MOBBILICHHON Temneparype. Ha
HayaJIbHOW CTaJuH Ipollecca CMELICHUs HEOOXOAUMO MOAJepIKaHUEe
Temnepatypsl B auanazoHe 130-150° C mist OCTHIKEHUS BIQKHOCTU
MCXOJHOTO CHIPbs MeHee 2 %. 3aTeM B NOIy4eHHBIH paciuiaB 100aBs-
IOTCSI HOOUYEPEAHO JBa KOMIIOHEHTa. [lociie Kak10ro BHECEHHOTO KOM-
MTOHEHTA, CMECh TIPY 33aJJaHHOH TeMIlepaType NepeMeIInBaeTcs B Teue-
HUE ONPEJIEIEHHOI0 BPEMEHHOT0 MHTEpBaIa.

s ynpaBieHus: oJ0OHBIMHM TEXHOJIOTHYECKUMH MIPOLecCaMt
BMECTO KOHTPOJUIEPOB yIOOHO MPUMEHATH COBPEMEHHBIE HHTEIICKTY-
aNbHO-TIPOTPAMMHUpYEMBIE pene. DTU pelie CO3JaHbl Ul YIPOIISHUs
CO3JIaHMS DJIEKTPUUYECKUX CXEM IPH PELICHUH CIOXKHBIX 3a1ad. OHH
OYEHb IIPOCTHI B UCIOJIB30BAHUH, a UX (PYHKIMOHAIBLHOCTD U BBICOKAS
NPOHU3BOAUTEILHOCTH MO3BOJISIOT SKOHOMHTh BpeMsl U JIeHbI'H. Hanpu-
Mep, HCIOJIb30BaHHE WHTeIUIeKTyanpHoro pene Zelio  Logic
SR3B261BD ¢upmsr Schneider Electric mo3BosisieT moay4nuTh HaIexK-
HYI0O ¥ HEIIOpOTYI0 aBTOMAaTH3MPOBAaHHYIO CHCTEMY YIpaBIIEHHs pac-
CMOTPEHHBIM TIPOLIECCOM.

s BegeHus mporecca Ha rpadUuecKoM s3bIKE MPOTPaMMHUPO-
Baanus FBD Owuto pa3paboTano HeoOXoauMoe MporpaMMHoOe obecrtie-
YeHHE pelie, KOTOpOe MO3BOJIMIO PEan30BaTh HEOOXOIUMBIH airo-
PUTM TONYYCHUS] MHOTOKOMIIOHEHTHOM CMeCH M 00ecnedyuThb
CBETO3BYKOBYIO CHTHAJIM3ALMIO0 CONPOBOXKICHUS LUKIOTPAMMBI IIPO-
1ecca ¢ KBUTUPOBAHUEM BBINIOJIHIEMBIX OIEpalluii OepaToOpOM.
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YIK 519.6
B.C. Kyapsimuos, A.B. UBanos, M.B. AnekceeB

ONITUMUBALIUSA NTPOUECCA PEKTUOUKALINHN
9TUJIBEH30JIA 11O BBOAY IMTAHUS B KOJIOHHY

[Mponecc pekTudUKAMK TpeTHA3HAYEH IS BBLICICHHS
stunbensona (Ob) U3 peakuMoHHON CMecH, COCTOSIIEH W3 YEThIpEX
KOMIIOHEHTOB, OCHOBHBIMU U3 KOTOPBIX ABJIAIOTCA OeH30II 1 9E, IIOCJIC
peakropa ankunupoBanusi. Ha kadecTBo pasneneHus cmecH 1o Gpak-
UM CYHIECTBEHHOC BJIMAHHE OKAa3bIBAIOT PAaCXOoJd W COCTaB NHUTAHUA
KOJIOHHBI, KOTOPBIC MOT'YT USMCHATHCA B 3aBUCUMOCTHU OT CKJIAJCKHX
3amacoB CHIpbsI, HEOOXOIUMOTro 00BEMa BBIPAOOTKH IEJIEBOTO IIPO-
Iykta — Db, a Takke oT kKadecTBa U 3P (HEKTHBHOCTH PabOTHI peakTopa
ANKUIINPOBAHUS HA MPEIBIAYIIEH CTauy TPOU3BOICTBA.

HccnenoBanus npoliecca MOKa3bIBalOT, YTO COCTABHI TIPOITYKTOB
pasaelieHusl 3aBHCAT HE TOJIBKO OT YIPABJISIONIUX ITapaMeTpoB (pac-
xo7a (IerMel U TeMIepaTypsl Ky0a KOJIOHHBI), HO H TaK)Ke OT HOMepa
TapCJIKU NUTAaHUA B KOJIOHHEC. HOSTOMy BA)XXHOC 3HAYCHUC IIPU yIIpaB-
JICHUU UMEET BHIOOP ONTHMANBEHOW TapelIKu MoJauu chipbs. [louck om-
THMaJIbHOM TapeJIKH 3aKII0YaeTCs B ONIPENEIECHUH TAKOW TapeslKu, IpU
nmoJga4ye nmuTaHusg Ha KOTOPYIO oOecrieunBaeTcst MHUHHUMYM IIPUHATOTO
KPUTEpHUs, YYUTHIBAIOIIETO TIOTEPH  MPOAYKTOB  pas3jiCiCHUs:
K=A Xo;+A Xyus = TIT? ,re X5, Xy, — KOHIEHTpanuu 6eH-

3oia B kyOe u Ob B auctmiuiate; A, A, — BecoBble KO3(UIIEHTHI,
YUYHUTBIBAIOIINE CTOMMOCTh MPOAYKTOB pasgeneHus; R, T, — pacxon

(hiermer 1 TeMIiepatrypa B KyOe KOJIOHHBI.

Pesynprate! nccnenoBanwmii mpomecca (puc. 1,2) Ha MoeIH MHO-
TOKOMITOHEHTHOW pekTrdukanmu Db mokas3pIBaloT, 4TO Ka4eCcTBO MPO-
1[ecca Ha OCHOBE TPEJIOKESHHOTO KPUTEPHS CYIIECTBEHHO 3aBUCHUT OT
HArpy3Kd W COCTaBa MOJABAEMOTrO ChIPhs [1]. DTO BiAMSHHE MOXKHO
CHU3UTH IMyTEM MU3MEHEHHUS HOMEpPA TAPENKH, Ha KOTOPYIO MOCTYIAaeT
nutanue. KpoMe Toro, ynydmuTh KauecTBO BEACHHS IMPOIEcca BO3-
MO>KHO 32 CUET ONTUMHUBAINH YIIPABJISIONINX MTapaMeTPOB.
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Puc. 1. 3aBucuMocTh KpuTEpUs OT Puc. 2. 3aBucuMocTh 3HaYSHHIA
HM3MEHEHHS PACXOAA CBIPbsI IPU KpUTEpHsI OT HOMEpA TapesKu
[oJlaue MUTaHUs Ha pa3IHuHbIe MUTAHUSA TIPU Pa3TUUHON
TapeiKu KoHIeHTpanuu Ob B ceIpbe
Jluteparypa

1. Kynpsamos B.C. u gp. OntumansHoe ypaBieHHE TPOIIECCOM PEKTH-
¢ukanuu STUIOEH30JIa MO0 MOJAEIM MHOTOKOMIIOHEHTHOM peKTHU(HKa-
tuu [Texer] / MojenupoBanue 3HEpronHGpOPMAIMOHHBIX Mporiecco. CO.
crareit VIII 1. H.-i1. KOH}. ¢ Mex . yu. — Boponex: BITYUT, 2020. C. 63-66.
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YK 64.011.56:621.867.229.6
HN.A. ABuunos, H.B. CyxanoBa, /I.10. MainkoB

TEXHUYECKHWE THEBMOCHUCTEMBI JIJISI YCTPOUCTB
C 3AJAHHBIMHA ®YHKIINOHAJIBHBIMHA
BO3MOXHOCTAMUA

B pa3nn4HbIX 0Tpacisax MPOMBIIUIEHHOCTH BO3HHKAIOT CIOXKHO-
CTH B MaHWUIYJUPOBAaHUH MUHHUATIOPHBIMH CIEIU(PUIESCKUMHU IITYY-
HBIMH U3ACIHSAMH, YTO CBSI3aHO C UX OCOOBIMH (PH3MKO-MEXaHH4Ye-
CKUMH CBOMCTBaMHU. AHaIM3 TakuX HU3ACIMM U KOHCTPYKIIMI
YCTPOMCTB [UIsI MX MAaHUITYJIMPOBAHHS TO3BOJIMI OPTaHU30BaTh HMX
KJIacCU(PHUKALUIO M TPEACTaBIsIET COOOH MEpBBI 3Tall CTPYKTYPHOI
TUIOJIOTU3AI[MN KOHCTPYUPOBAHUS YCTPOMCTB ¢ TOHKOM ra30BOM HeCy-
mieit npocnotikoit (TT'HIT). Ha BropoM sTame CTpyKTypHOH THIIOIOTH-
3allUH yIAI0Ch OOBbEMHUTD XapaKTEPHYIO ClIEU(UKY OTMCAHHBIX U3-
JeNUd ¢  KOHCTPYKTHBHBIMH  OCOOCHHOCTSIMH  YCTPOHCTB U
peanu3yeMbIMU Ha MOCIEAHUX ONEPALUSIMH.

3anmava onucaHust HEKOTOPOH Kiaccu(huKamuy MOXKET C YCIIEXOM
pelaThCs MOCPECTBOM AUCKPETHON MaTeMaTHKH, HalpuMep, armapa-
TaMH PEeJIILUOHHON anreOpbl, JIOTUKOH IPEIUKaTOB U Teopuel rpados.
Hawnmydmmim, sBisieTcs sI3pIK NCUNCIICHUS IPEINKATOB, TaK KaK OH T103-
BOJISIET HE TOJIBKO CO37aTh 0a3y HEOOXOAMMBIX CYIIECTBEHHBIX Xapak-
TEPUCTUK OOOPYAOBaHMS M W3AETHH, HO W CIENaTb 3TO AOCTaTOYHO
MIPOCTO, a TAKXKE MOJYYHTh BO3MOYKHOCTH OCYILECTBIIATE JIOTHUECKUE
BBIBO/IBI. TpETHl ATanm CTPYKTYPHOW THIOJIOTH3ALMH 3aKJIIOYaETCs B
CO3/IaHUU ANITOPUTMHUYECKON MPOTPaMMBI, TO3BOJIAIONIEH B aBTOMATHU-
YECKOM PEKHUME CIIPOEKTHPOBATH OCHOBHBIE AJIEMEHTHI KOHCTPYKIIMN
YCTPOMCTB, MCIONB3yIomuX B cBoer padore addexrsr TI'HII. IIpo-
rpaMMHasi peanu3alus OCylecTBIeHa Ha si3bike Prolog. 3aBepimaro-
WA 3Tal CTPYKTYPHOH THIIOJIOTH3AlMK BKJIIOYAeT BHIOOP 0000mIIeH-
HBIX JHMHAMUYECKHX XapaKTEpUCTHK IIPEIaraéMbIX YCTPOWCTB C
LENbI0 peau3alii Onepaluii B aBTOMaTHYECKOM PEKUME U JOCTIHKE-
HUsI HeOOXOAUMO TMPOU3BOIUTEIBHOCTH 000PYIOBaHMSI, HCIONB3YIO-
mero B pabdore a¢dextsr TTHIL.
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YK 332.363
HN.A. XaycroB, E.H. KoBasneBa

IMPUMEHEHUWE HEVMPOHHBIX CETEM JJI51
KAPTOI'PA®OUYECKOI'O PAMOHUPOBAHUS OB BEKTOB

s reorpaduyeckoro paliloHHpoOBaHUS OOBEKTOB HCIIOJIB30Ba-
JIaCh BO3MOKHOCTE T€OMH(OPMAITMOHHBIX CHCTEM pad0TaTh C TIOOBIMH
TUIAMU JaHHBIX. [Ipr 5TOM MoJenupoBaHue 3aJauil ayuTa dKOJIOTH-
YECKOT'0 COCTOSIHUS OOBEKTOB C TOMOINBI0O HEHPOHHBIX CETed 0COo-
0eHHO 3¢ (PeKTUBHO B cOUeTaHHH ¢ kKapTorpadueil u onudpoBKoil qaH-
HBIX. [ pemieHus 3amaud KOMIUIEKCHOTO aHalii3a COCTOSHHUS
3KOCUCTEM MPEANPHUITHIA THUIIEBOH MPOMBIIUICHHOCTH, aBTOPaMH T10-
CTpOeHa HelpoHHas ceTh B mporpamMme Matlab, ciocoOHast onieHUBaThH
XapaKTep COBOKYITHOI aHTPOIIOT€HHOW HArPy3KH, OCYIIECTBIATH MPO-
THO3 Pa3BUTHS SKOJIOTHUECKOW 0OCTAHOBKH. DTO CO3/1a€T OCHOBY AJIS
CO3/IaHUSl PEKOMEHJAIMI 110 HANPABICHHUSIM YCTOWYMBOTO 3KOJOIO-
SKOHOMHUYECKOTO Pa3BUTHA U COIMATHHO-IKOJOTHIECKOI peabuimnra-
UM npeanpustus. [I0CTpOeHHYIO OACUCTEMY MIPUHSITHS PELICHHUHA Ha
NPEANPHUATAN OTIMYAIOT: Pa3BUTHIE aHAUTHYECKHE (YHKIMH, BO3-
MOKHOCTh YIPAaBISITh OONBIIMMU OOBEMaMH JAaHHBIX, obOecredeHue
MIPO3PAYHOCTH YIPABIICHUS U 00ECIICUCHUS YCTONIHBOTO (PYHKITHOHH-
POBaHUS MPUPOJHO-TEXHOTCHHOW CHCTEMBI.

[To peanu3zanyy 1aHHOTO MPOEKTA MPEAIONATalOTCs CIEAYIOINE
pe3yIbTaThL:

IIpoBecTr MOENMPOBAHUE UMEIOLIEICS SKOJOTUYECKOM CUTya-
UM C TIOMOLIbI0 CKOHCTYMPOBAaHHOH HEHPOHHOM CETH C MOMOLIBIO
nporpammsbl Matlab;

[TpoBecTn aBTOMATH3AIMIO COOpa pEriIaMEHTUPOBAHHON 4acTH
a/IPECHBIX IUIAHOB U €€ HAKOTUICHHE Ha PETHOHAIILHOM YPOBHE;

[IpemnoxuTh NOBEIIIEHUE KauecTBa U 3()(hEKTUBHOCTHU yITpaBIie-
HUS TEPPUTOPHSIMHA Ha PETHOHATBHOM W MYHHIIMIIATHPHOM YPOBHSX 32
cYeT KapTorpaduueckoro paioHUpOBaHUS OOBEKTOB.
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YIAK 303.732
0O.C. HukyabueBa, C.I'. Tuxomupos, JI.A. Hazuna

CHUHTE3 CUCTEMBI NOJJAEPKKHA NPUHATUA PEHIEHUI
IIPH YIIPABJIEHUU ITPOHECCAMH ®OPMHAPOBAHUSI
N OIEHKH KOMIIETEHIIUU BbIITYCKHHUKA BY3A

OznHO# U3 TIaBHBIX JIMHUM pa3BUTUS KPYNHBIX KOMIIAHUM CTaHO-
BUTCsI yIIpaBJieHHE TaJaHTaMU M Pa3BUTHE YeJIOBEYECKOro kamurana. /s
paboTtopateneil Bcex ypoBHeW 00ibllIoe 3HAaUYeHHE MpHOOpeTaeT MOHUMa-
HUE KOHCYHBIM PYKOBOIUTENEM, KaKHe 3a/1add OH MOXKET JICIETIPOBaTh Ha
Ka)XIIOTO U3 COTPYAHHUKOB. McciemoBanms IpOBOIUITICE C LIENBIO TOATBEP-
JKICHUS 1eJIeCO00Pa3sHOCTH NPUMEHEHHUsT pa3paboTaHHOTO paHee alro-
pHUTMa U METOUKH OLICHKH MPO(ECCHOHATBHBIX KOMIIETCHITHIA BBITY CKHH-
KOB By3a. [IpuMeHeHHe JaHHOW METOJUKH TIIO3BOJISIET BBIIABATH
PEKOMEHIAINH 10 JaTbHEHIIIEMY TPYAOYCTPOHCTBY BBITYCKHUKOB B KOH-
KPETHBIX 001acTsIX IPoeCcCHOHATIBHON NeaTeNbHOCTH. [ OlleHKH Kade-
CTBa NOATI'OTOBKH BBIITY CKHUKOB pa6OTOIIaTeJ'IHMI/I 6I:UI HCII0JBb30BaH METO
aHKEeTUpOBaHMA. AHKeTa pa3paboTaHa Ha 6a3e pekomeHaarmii Hannonans-
HOTO aKKPEAWTAMOHHOTO areHTCTBa B cdepe oOpazoBaHus. Pe3ynbpraTe
TECTUPOBAHHS TPYIIIBI BHITYCKHUKOB, 00YYaBIINXCS IO OJHOMY HarpaB-
JICHUIO TIOATOTOBKH M TPYIOYCTPOCHHBIE B ONpENEICHHOW 00MacTu mpo-
(beccoHabHON  JIeATENBHOCTH  (TIPOU3BOICTBEHHO-TEXHOJIOTUICCKOM,
HAYYHO-HUCCIIEA0BATENIbCKOW, OpPraHU3aIllMOHHO-YIIPaBICHYECKO), IMoKa-
3aJi, 4YTO padoTONATEeNH OLUEHUIN Hanboee BBICOKO MMEHHO TeX Crelua-
JIMCTOB, KOTOPBIE OCBOMJIM KOMIETeHINH, GopMmupytomue nanayo OI1/],
Hanboee ray0oko. T.e., HMeNnH BRICOKHI Oall IO AUCIUILTHHAM, GOPMUpPY-
IOIIIUM Ha6op KOMHCTCHHHﬁ, a TaK)KC BBICOKYIO OIICHKY 3a MHAWBUIYaAJIb-
HbIe JOoCTHXeHus (moptdonno) no gannoit OINJ], cnemoBatenbHO, KOM-
TIeKcHast oreHka no gqanaoi OI1J] 6pi1a b0 oTaMaHOM, MO0 OIM3KO0H K
Hell. BeimyckHuky, He mposiBUBIIHE ceOs BO BpeMs 00yUeHHS B KOHKPET-
HOU 00JIaCTH, HE CMOTJIM HaOpaTh HY)KHBIX 0aJUIOB U y paboTonareneil. Ha
OCHOBE MPOBEICHHBIX MCCIIEIOBAHUI TIOTyYEHBI CIICYIONIHE PE3YIbTaThI:
MPOM3BE/ICHA OJKCIICPUMEHTANIbHAS TPOBEPKa MPEIIOKEHHOTO METO/a
OLICHKH (pOpMHPOBAHUS KOMIICTEHTHOCTH BBHIMyCKHUKA By3a Ha MpUMEpe
KOHKpETHOW 00nacTu mpo(ecCHOHANIBHON NesTeNbHOCTH; ITOCTPOCHEI
SITIOPEI, TIO3BOJIIONINE BELSIBUTH KOMITCTEHIINH MTPO(ECCHOHAIBEHOTO MOPT-
pera crienuanicTa, KOJIMYeCTBEeHHAs! OIleHKa KOTOPBIX HE COOTBETCTBYET
YCTaHOBJICHHBIM TpeGOBaHI/IﬂM K Ka4C€CTBY NOATOTOBKU; MPOU3BEACH CTa-
TUCTUYCCKHUI aHATN3 TOYHOCTH MOMYYCHHBIX PE3yJIbTaTOB, MTO3BOJISIONINI
OLICHHUTH WX JOCTOBEPHOCTH U OAHOPOITHOCTb.
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VJIK 681.322
A.E. EMeabsiHoB

IHHOBBIINEHUE KAYECTBA YIIPABJIEHUSA
TEXHOJOTMYECKUMU NPOLUECCAMHU B CUCTEMAX
C BEPOATHOCTHBIMU KAHAJIAMMU CBsI3U

OCHOBHOHM TIPOOIEMONH CHCTEMBI YIIPABJICHHS C BEPOSTHOCT-
HBIMU KaHaJIaMH CBSI3M — 3TO BPEMEHHas 3aJiepKKa MpH Tepeaade ma-
KETOB JIaHHBIX TI0 CETEBOMY KaHally. 3aJepKKH B CETH HOCAT BEPOSIT-
HOCTHBIN XapakTep.

CrnemyeT OTMETHTb, YTO H3-32 OTPAaHUICHHOM MPOIYCKHOM CIIo-
COOHOCTH CETH M OOJIBIIOTO KOJUYECTBA ITAKETOB JaHHBIX, I€pCaaBac-
MBIX TIO OZHOM JINHUH, HEKOTOPHIE MAKEThl MOTYT OBITh MOTEPSIHBI BO
Bpems iepeaadu. [loreps makeToB JaHHBIX B CETEBBIX CHCTEMAX yIIPaB-
JICHUSI MOXET IMPUBECTH K NTOTEepe YCTOMYMBOCTH paccMaTpUBaeMOii cH-
CTEMBI.

Amnanu3 BiusHUS 00beMa Oydepa AaHHBIX Ha KadecTBO YIPaB-
JICHHUS B CUCTEMaX C CETeBBIMU KaHAJIAMH CBSI3U OCYIIECTBIISIICS METO-
JlaMU KOMITBIOTEPHOI'O MOJENUpoBaHus. PaccMarpuBancst cereBoi Ka-
HaJl UMEETCsl TOJIBKO MEXAY LU(POBBIM JaTYMKOM U IUCKPETHBIM
perymsaropom. IIpennonaraioce, 9To y 1aT4WKa U PETyiasTopa 00beM
Oydepa oaMHAKOB.

Pe3ynbTaTel NpoBeIeHHOIO MOAETUPOBAHMSI CUCTEMBI YIIpaBiie-
HUS C CETEBBIM KaHAJIOM CBSI3U M CO CIIy4alHBIM 3ama3JbIBaHUEM, I10-
Kas3aJii, 9TO YMEHbIIeHne oobemMa Oydepa B CETEBBIX dIIEMEHTaX IPH-
BOJIUT B Hayaje K yJIYUIIEHUIO MEepeXOoAHbIX npoueccoB. OAHAKO Mpu
JaTbHEHIIeM YMEHBIIEHNH 00beMa, Ha KauyecTBO YNPAaBJICHUS HAYHU-
HaeT BIUATH 3P PEKT MOTepH MAKETOB JaHHBIX. Takoe yXyAleHne Mo-
JKET IPUBECTHU K HCyCTOﬁHHBOCTH CHUCTCMbI YIIPAaBJICHUSA. I[Hﬂ yiayuuie-
HUsI KauecTBa (DYHKIMOHHMPOBAHMS CHUCTEM TaKoro poja ObLIO
HPEAJIOAKEHO UCII0NIB30BaTh ynpeanTeas CMuTa, B Cilyyae HaJIu4uus Oy-
(epoB B ceTeBbIX ycTpoicTBax. [Ipu orcyTcTBun O0y(depoB B ceTeBBIX
YCTpOMCTBaX, AJIs OBBIILIEHUS Ka4eCTBA YIIPABIEHU NPEATIOKEHO HC-
M0JIb30BaTh STAJIOHHYIO MOZEb OOBEKTa PEryINPOBaHHUS.
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VK 519.711.3.

C.B. Psa3annes, U.A. Kozenko, A.B. Banos
HNCCIEJOBAHHUE ITPOI'PAMMBI
ABTOMATHU3UPOBAHHOM PABPABOTKHN
MOJEJIA OBFBEKTA

Pa3paboTka MaTeMaTnaecKoit Moaen 00bEeKTa — OJIMH M3 OCHOB-
HBIX 3TaIlOB pacdye€Ta CUCTEMbI YIIPABJIICHUA, B 3HAYNTEILHON CTEIEHU
ONpEIENSIOIINI ee KauecTBO. PelleHue NaHHOM 3aJjaud Ha OCHOBE
uaeHTH(UKAIUU TpeOyeT MOCTaHOBKU M MPOBEICHUS JKCIIEPHMEHTA,
u3MepeHus u (HOpMHUPOBAHUSA 0aszbl IKCIIEPUMEHTATBHBIX 3HAYCHUH,
(hopMHpOBaHUs CTPYKTYpBI B3aMOCBSI3€i BXOOB U BBIXOJOB, pa3pa-
OOTKM MOJENH Ka)/I0TO KaHaya, MPOBEPKU aJeKBATHOCTH. YBeIU4e-
HUE pa3MEPHOCTH (KOJIMYECTBA BXOIOB M BEIXOIOB) 00bEKTa IPUBOINUT
K PE3KOMY POCTY KOJHYECTBA BBHIIOJIHSIEMBIX ONEpalnii, 00beMa BBI-
YUCIIEHUI U BPEMEHU Pa3padOTKUA MOJIEIH.

Hcxonst U3 mepedncieHHbIX TPUYHH, OblIa IMOCTaBlieHa 3a/1a4a
pa3paboTKK U UCCIIEIOBAHUS MATEMATHIECKOTO, aITOPUTMHUYECKOTO U
NpOrpaMMHOTO o0ecIieueHHsi aBTOMaTH3UPOBAHHOTO (HOPMHUPOBAHHUS
MaTeMaTHIeCKOW MOJIENIM MHOTOMEPHOTO 00BEKTa yIPaBICHUS.

Penrenrie 3a1aun BKIIFOYAIO aBTOMATU3UPOBAHHOE BBITIOJIHEHHE
CIIETYIOIINX 3TAMOB:

— ONpeAETICHNE UCXOAHOTO YCTAaHOBUBILETOCS COCTOSHUS,;

— ¢hopMUpOBaHNE U W3MEHEHHE BXOJHOTO BO3JCHCTBUS IO 3a-
JTAHHOMY 3aKOHY;

— U3MEPEHUE U PETHCTPALMsI SKCIIEPUMEHTAIbHBIX 3HAUCHH;

— oTpeieJieHre MOMEHTa OKOHYaHUS TIepPeX0qHOTO TpoIiecca;

— pacder mopsAIKoB U K03 (OHUIIMEHTOB MOJIeTIeH KaHaJIOB;

— (hopMUPOBAHHUE CTPYKTYPhI B3aUMOCBSI3eH BXOJI0B U BBIXOJIOB.

HcxomHoe 1 ycTaHOBUBILIEECS] COCTOSIHHS PAcTIO3HAIOTCS 10 3Ha-
YEHWSIM TIEPBOM W BTOPOHM NPOHM3BOIHBIX H3MEPAEMBIX CHUTHAJOB.
CrpyKTypa B3auMOCBSI3eH omnpeeseTcs no KodhGpuIuenTy ycuneHus
U XapakTepy MepexOIHBIX MpoleccoB. IIpoBeeHHbBIE BBIYHCIUTEIND-
HBIE 3KCIIEPUMEHTHI TOATBEPIHIA PabOTOCIIOCOOHOCTh MPEIOKEH-
HBIX aJITOPUTMOB H MTPOTPaMMHOT0 00ecTieueHusl.
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VK 621.396.67
C.C. Por1éB

HHTEPMOYJISIHUOHHOE BJIMSHUE IOMEX
BECIIPOBOJHOM CBSI3W BA3OBBIX CTAHIIUI
HA MOBWJIBHBIE CTAHIIUU CBSI3H

B 3aBucHMOCTH OT CBOEro MeCTONOJOXEHHSI MOOHUIIbHAS CTaH-
IIUS1 OCYIIECTBIISIET IMPUEM CUTHala OT 0a30BOM CTaHIMH, C KOTOPOI
OHA YCTaHaBJIMBACT HAWTYYIITYIO CBSI3b WU, €CJIN OJMKalIas CTaHIus
neperpy’keHa, To CUrHail npuHumaeT c¢ Apyroit bC, koropas maer
HanboJiee MprueMiIeMblii CUTHAJ. B TakoM BapmaHTe OpraHU3aIiH MO-
OWIBHOW CBS3M MOMEXU WK OJIoKupoBaHue mnpueMHuka MC moryt
BO3HUKHYTH MOJ BO3[eHCTBUEM curHana nepematuuka bC ppyroro
omneparopa cetd GSM mimm Haxoxsmelcs mobmuzoctu coceaneit bC
cBoeii cetn GSM.

JI1s1 BO3HUKHOBEHUSI YCIOBUSI UHTEPMOAYJISIUU B MPUEMHUKE
CUTHaJa MOOWJILHON CTaHIIMU TPeOyeTcs, YTOOBI Ha €ro BXOJ IOCTY-
MaJyio He MEHee ABYX CO3/IaONINX MTOMEXH CHTHAJIOB, MMEIOIINX OJH3-
KOE€ YaCTOTHOE COOTHOIICHNE U HEOOXOAUMBIH JJIsl CO3aHHUST HHTEPMO-
IyJSIUOHHOW TIOMEXH YpOBeHb curHasia. OCOOEHHO KPUTHYHBIM,
OTHOCHUTEIHHO BO3HHKHOBEHHUS MHTCPMOAYJISIIUOHHBIX TTOMEX, SBIIS-
eTCs BApUAHT JI0CTATOYHO OJIM3KOTO PACHOI0KEHUSI MOOMIIBHBIX CTaH-
Ui OT mepeaaTyrka 0a30BOM CTAHIIMU CETHU JIPYTroro oreparopa B pac-
CMaTpUBAaEMOM YAaCTOTHOM JMAala30HE, U H3-32 3TOI0 MUHUMAIbHO
JIOITyCTHMOE PACCTOSHUS 0 0a30BOI CTaHIIMM MOXET JOCTUTATh IO-
psaaxa 10 km. [Ipu popmupoBaHUM HA OJJHOM MPOCTPAHCTBE HECKOIb-
KHX ceTell cOTOBOM cBsA3M cTanaapTa GSM BO3MOXHO BO3HUKHOBEHUE
nomex oT nepenatTankoB bC Ha npuemankn MC 9yXux cerei, KoTo-
pbie OyIyT MPUBOJUTH K OJOKMPOBAHUIO CUT'HAJIA M BOSHHUKHOBEHUIO
uHTepMONyIAmoHHbIX ToMeX. Kaxmas BC oOpasyer Bokpyr ce0s
30HY, ¢ pagmycoMm 10 250 M, BHyTpH KOTOPOH MOOWIBHBIC CTAHITHH
Ipyrux oneparopoB GSM MoryT mojiBepraThCsi BO3IEHCTBUIO HHTEP-
MOIyJIIIUOHHBIX TIoMeX. Hamuume u pa3Mepsl Takod 30HBI OyIyT 3a-
BHUCETh OT 3HAUYCHUN YaCTOT, KOTOPBIE UCHONB3YI0TCs ApyruM BC, pac-
MTOJIOKCHHBIM Ha PAcCTOSHUAX 10 15 kM oT paccMatpuBaemMoit bC.
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YIK 681.5.015.3
H.A. Xaycros, P.A. JIbikoB, P.A. PomanoB

MOAEJIMPOBAHUE ®PAKIIMOHHOI'O COCTABA
MHOJINCTHUPOJIA

[Ipon3BoACTBO TEPMOITACTOIIIACTOB SIHEPTOEMKHUI 1 MHOTOCTA-
JTIUAHBINA MPOIECC, KOTOPBIM COCTOUT U3 HECKOJIbKUX cTaaui. [Tonume-
pU3anus SBISETCS OCHOBHBIM 3TalloM Ha KOTOPOM MPOHCXOAMUT (op-
MHUpPOBaHHUE KauyecTBa MOJIUMEpA.

[Tomumepu3zaiust B OCHOBHOM HPOBOJUTCS C MIPUMEHEHHEM Iie-
PHOANYECKON TEXHOJIOTHH B OJHOM ammapate. Beiaensror 3 oCHOBHBIX
nocienoBaTenbHbIX. [Ipy MaTemMaTndeckoM OMMCAaHUM Tpoliecca CHH-
T€3a TEPMORJIACTOILIACTA IPUHAT B 3TON CBS3M OJOYHBIN ITOIXO0, KOTO-
PPblil COOTBETCTBYET NPUHATON HCIIONB3YEMOM TEXHOJIOTHHU MTOJTyUYEHHUS,
T. €. MOJIEJIUPYIOTCS IPOLIECCHI MTOYYEHUs Kaskaoro Oyioka: 1-prit 610K
— MHAITUMPOBAHNE aKTUBHBIX IIEHTPOB MOJIMMEPHU3ALNHU 1 OJTNMEpPH3a-
LUsI CTHPOJIA — MOJy4YeHHE MOIUCTUPOILIUTHUS; 2-0i OJIOK — TOTyueHHe
JBYXOJIOUHHKA — COTToNIMepuranus Oyraauena; 3-uit 070K — MoTydeHHe
TpexOJIOUHHKA — COMOJIMMEPHALHs CTUpoia (B Cilydae HONTyYeHHs JIU-
HEHHOTO TEPMOAIACTOILIACTa) WIIM CIIMBKA JIByXOJIOUHUKA ITYTEM JI0-
0aBJICHUS CIIMBAIOLIETO KOMIIOHEHTA (TI0JTyUeHHE Pa3BETBICHHOTO TEP-
MO3JIaCTOIIIaCcTa CO 3B€3J000pa3HOi CTPYKTYPOI MOJIEKYJIBI).

AHanu3 MexaHu3Ma NOJMMEpPU3alU IpU MOJYyUYEeHUH pa3BETB-
JICHHOTO OyTaJleH-CTHPOIEHOTO TEPMO3JIACTOIIACTa TO3BOJSET BhI-
JICJIUTh CIEAYIOIINE OCHOBHBIE PEaKLMU: JUCCOLMAIMS, WHUIUALNSA,
POCT TOTTUMEPHBIX MOJIEKYNl. B paboTe paccmarpuBaeTcs MOTy4eHne
NepBoro OJoKa.

[Ipn MomenupoBaHWU (GPAKIMOHHOTO COCTaBa IOJHUCTHUPOIA
HPUHATSHI CIIEAYIOIIUE AomymeHus: 1). Bpems uHUIIMUpOBaHUS IPpEHe-
OpeKMMO MaJio B CPAaBHEHHH C BPEMEHEM MoJuMepu3anuu. 2). Peak-
11l THULIIMAPYETCS aKTUBHBIMHU IIEHTPaMH KaTalu3aTropa, KOJIN4eCTBO
KOTOPBIX OIpenesieTcs JO3UPOBKON KaTaIN3aTopa B 3aJaHHOM MOJIb-
HOM COOTHOIIEHHH K pearupyomemMy KOMIOHEHTY AJIs MOJIy4YeHUs He-
00XOIMMOTO CPEIHETO MOJIEKYIISIPHOTO Beca. 3). JIo MOMeHTa Havaia
MOJIMMEPU3AIIMHM TTPOUCXOIUT JI€3aKTHBALMsI KaTajlu3aTopa 3a CUéT
OBICTPOJCHCTBYIOMIMX BPEIHBIX MHKpOIpuUMeced. MemIeHHo aei-
CTBYIOLIHE MPUMECHHE BIUs0T. OTCYTCTBYET OOPBIB U Iiepeaya ernu
Ha MOHOMED.
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4). Peakius mpoTeKaeT Mo cxeme pn + M = pntl.; 5. KomuuectBo
AKTHBHBIX MOJIEKYJ HOJMMEpPa COOTBETCTBYET KOJHUYECTBY aKTUBHBIX
HEHTPOB MMOJIUMEPH3AIIHH.

[IpenmnonaoxuM, 9To BEPOSATHOCTH TOTO, UTO B HHTEpBAJeE (t, t+At)
MIPOU30MIET H3MEHEHUECOCTOSHUSA, T.€. Pni—> Pn HIH Pn—> Pn+l
paBHaksAt. ITockoIbKy APYTHUX MEPEX0J0B MPH JUHEHHOM POCTE HET,
TO OTCIOJIa CIIEAYET, YTO MPOIECC MOXKHO OmucaTh cucteMon nudde-
PEHIMAIBHBIX YpaBHEHUH

dp, (t
p(”j—t():—ks*pn(t)Jrks*pn1(t),n:l,2... (1)
3/1ech U3MEHEHHE COCTOSIHHS Py 32 BpeMst At IPOMCXO/IUT 3a CUeT
mepexo/ia u3 Pn B Pn+1, @ TAKIKE U3 Pn-1 B Pn. [Ipu N=0 p.1(t)=0, Torma

dp, (t
Pl 0 @
OTH ypaBHEHHUS ONpPEAEISIOT pa3BUTHE Mpolecca. Ux ciaeayer
pewate npu HadalbHBIX ycinoBUsX: pa(0)=1 mpu n=0 u pn(0)=0 mpu
n=1,2...
Peuienrie ypaBHEeHUs] UMEET BUIL:
Po (t) =e ™ (3)
[Moncraiusis npu N=1 HaxoxUM:

dp, (t
—p(;t( )= -k, *p, (t)+k*e™ (4)
Pemmast momrydaem:
p(t) =k *tre™ (5)
OO6mmas ¢popMyIra perieHust IMEET BHI:
t
P, (1) =€ * (K, *Jopn_l (z)*e™“'dr+C, (6)
rac Cn — MOCTOAHHAsA UHTCTPUPOBAHMS.

B pesynpTaTe HaxoauM perieHue, 1ist I100ro N:
ksn *tn —kst
P, (1) = e (")
n!

[TonyuenHoe BrIpakeHue siBIsieTCA pacnpeenaeHueM [lyaccona,
KOTOpPOE OMpeNesieT BEepOsTHOCTh TOro, 4TO B MOMEHT t>0 cucrema
HAXOJWTCS B COCTOSTHHUH 1, (n =1,2...) WK pn OTIpeIessieT BEpOATHOCTh
TOT0, YTO 32 BpeMs t IPOU30UIET N H3MEHEHUH.
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AHaNoruyHble BBIpaXEHUS ISl paclpefeeHus] KOHIEHTpalui
MOJIMCTUPOJIBHBIX LETel MOKHO MOJYIHUTh, HCIIONb3YIONMCAaHUE KHHE-
TUKA Tporiecca. OCHOBBIBasICh HAa YPaBHEHWH KWHETHUKH M KHHETHYE-
CKOIl cXeMBI PeakIUT U MPUBEAEHHBIX BbIIIE MOJOXKEHHUIX O pOCTe To-
JUMEPHBIX MOJEKYJ] MOXHO 3alucaTh IMOIY4YHTh MaTeMAaTHYECKOE
OIHCAaHUE, XapaKTEPHU3YIOIlee HW3MEHEHHWE KOHLEHTpAlUi MoJuMep-
HBIX Qpakunii Pn(t). IIpu aToM GeckoHeuHast cucTemMa ypaBHEHUI BUIa
OorpaHMYUBaeTcsl paccMoTpeHrneM N Qpakiuil moauMepa, T. €.

SR =k*m, ()R, (1)

9o (1) = k. =m, (t)*P, (t)+k, *m, (£)*P,, (t);

dt (8)

% pu (1) = —k, *m, (t)*P, , (1)

ITo anasiorny noy4uM aHAIMTUYECKOE PELICHUE:
—XsMgo /Iy
P(X,)=e * J.(X;my/3,) /n! 9)
[TomryueHHOE BRIpasKEHHUE MTO3BOIISIET ONPEENATh PPaKIIMOHHBIN
COCTaB MOJIUCTHPOJIA TIPH JIIOOBIX CTETICHSAX MPEeBpaIeHus Xs, HO PH-
MCHUMO JINIIb AJISIB cnyqae I[Ol'[yHICHI/Iﬂ, qTo HpOIICCC I/IHI/IHI/II/IpOBaHI/I)I
HC y‘lI/ITbIBaCTC}l.
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YAK 621.317+539.143.44
M.A. Ankyaa, 1.0. Opoboeii, B.B. Capoka

HNEPBUYHBIN N3MEPUTEJIBHBIN TPEOBPA3OBATEJIb
CIHHEKTPOMETPA sSIMP JJIAA HE®GTEIIPOAYKTOB

CrieKTpoMeTphl SAEPHOr0 MarHUTHOro pe3onanca (SIMP) mmu-
POKO NPUMEHSIOTCS s ONpeNeNIeHHs] COCTaBa U CBOMCTB He(Tempo-
nykToB. Hambonee KpUTHUYHBIM y3JI0M PaHOCIEKTPOMETpA SBISIETCS
NepBUYHBIN NpeoOpa3oBareib. i1 UCTIOIB30BaHUA B KECTKHUX YCIO-
BUSIX TEXHOJOTMYECKOIo Ipolecca MpeoOpa3oBaTenb AODKEH o0na-
JIaTh BBICOKOM TIOMEX0YCTOHYMBOCTHIO K 3JIEKTPOMAarHUTHBIM U MeXa-
HUYECKUM BO3JCHCTBHSIM M MajbIM JHepronorpedieHueM. OTUM
TpeOOBaHUAM YAOBIETBOPSIET IEPBUYHBIN TPeoOpa3oBaTeb Ha OCHOBE
HOCTOSIHHBIX MAarHUTOB ¢ ApMOM OpoHeBoro tuna. Kpome Toro, amst no-
ny4enus curHana SIMP none B pabouem 3a30pe B MECTe pacroioKeHUs
obpasua omkHo ObITh He MeHee 0,1 Ti ¢ oTHOCUTENBHOM HEOAHOPOI-
HocTeio He Gonee 107 [1]. Cxema mpeobpasoBaTens, yI0BIETBOPSIO-
IIETO MepeYNCIeHHBIM TPeOOBaHUAM, ITPEICTaBIeHa Ha pHcC. 1.

130 |
T

Puc. 1. IlepBuunslii npeoOpazoBareins crekrpomerpa SIMP: 1 npuemHas KaTyIlka;
2, 3 KaTyIIKHU 3JIeKTpOMaranTa; 4, 5 nonocHble HAKOHEUYHUKH; 6, 7 TOKOBBIC
MINMMBIL; 8 KOPITyC KIOBETHI N3 OPraHMYECKOro cTeka; 9 kaTymka Bo30yKIeHus;
10, 11 knemHbIe KOJOAKK; 12 JaTyHHBII KOPITYC KIOBETHI; 13 sipMO MarHUTHOM
cuctemsl; 14, 15 peppomarauTHbIe BeTaBKY; 16 IpreMHEIi ycuauTens; 17 6ok
yIIpaBIeHHS BEKTOPOM HaMarHu4eHHocTH; 18 matuamk Xonma
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Jns monrydeHus: iepBOHAYAIBHON OJHOPOJHOCTH MarHUTHOTO
MOJISl OTHOIIEHHE XapaKTEPHOTO pa3Mepa IOIFOCHBIX HAKOHEUYHUKOB
(nmameTpa WM CTOPOHHI KBazpaTa) K JJIMHE pabodero 3a3opa J0HKHO
OBITH He MeHee 5. [1o KOHCTPYKTUBHEIM COOOpaKeHUAM HeoOXomauMa
IuHA pabodero 3a3opa 10 MM, moaToMy rabapuTHBIE pa3Mephl 3a30pa
BBIOpaHbI paBHBEIMH 60x60x10 mm. [ co3maHuss MarHUTHOTO ITOJIS
MPUMEHEHBbl JIBa TIOCTOSHHBIX MarHuUTa u3 Qeppura CTPOHIUS
27CA220 ¢ pasmepamu 60x60x15 mm. Pacder mapameTpoB MarHUTHOU
CUCTEMBI MTPOBOJMJICS C LENBI0 MOJYUYSHHSI MAaKCUMAILHON UHIYKIIUU
MarHUTHOTO TOJIS B IIEHTPe pabodero 3a3opa Mo METOAUKE, MPeIio-
JKEHHOM B [2].

PacuetHoe 3nauenue unaykuuu cocraBuio 0,145 Tn pis mar-
HUTHOH CHUCTEMBI C IPMOM OpOHEBOTO THIIA, UMEIOIINM Ta0apUTHBIE
pa3mepsl 130x130x58 MmM.

Ilo pe3ynpTaTaM pacdera H3rOTOBJIEHA MAarHUTHAsI CUCTEMa TIpe-
oOpazoBarens. TomyHA MOMIOCHBIX HAKOHEYHHKOB ONITUMHU3HUPOBaH-
HOIl MAarHUTHOM CUCTEMBI COCTABISIET 4,5 MM, UTO BHIPABHUBAET HEOJ-
HOPOJTHOCTD HaMarHUYMBaHUS MTOCTOSTHHBIX MarHuTOB.
®deppoMarHuTHBIE BCTaBKHA O0OECIIEUMBAIOT MOJYUYEHHE ONTHMHU3HUPO-
BaHHBIX Pa3MEPOB MarHWTHOW cucTeMbl. KpoMe KOHIEHTpalu Mar-
HUTHOTO MOTOKA MAarHWTHAs cHCTeMa OPOHEBOTO THIa 00eCIeUnBacT
TAK)KE 3aIIUTY OT JJICKTPOMATrHUTHBIX MOMEX. SIpMO BBIMOJHEHO W3
MIJIACTHH 3JIEKTPOTEXHUYECKOW cTaly TomuHou 1,5 mMm. B iedTpe pa-
0ouero 3a30pa MOIyYEHO MATHO OgHOpOoAHOTO 1Mot 10x10 MM ¢ wH-
nykmuein 0,15 Ti, uTo XOpoIIo coraacoBbIBAETCS C paCUETHBIM 3HAUe-
HueM. Tomorpadust MarHUTHOTO IMOJisi B paboyeM 3a30pe CHUMAIACh
IIPY IOMOIIM JaT4uKa XOJuIa.

KroBeta ¢ aHanm3upyeMbiM 00pasiioM umeeT J5 MM, UIHMHY
45 MM ¥ TPOXOTUT Uepe3 MATHO OJHOPOTHOCTH. PajmodacToTHAs
4acTh CIIEKTPOMETPA BBITOJIHEHA HA OCHOBE CKPEIICHHBIX KATYIICK
B110Xa, OCH KOTOPBIX pacroioxeHs! mox yriaoM 90°. Pabounii 06bem
KIOBETBI C 00pasloM HaXOJUTCS B IIEHTPE CKPEUICHHBIX KaTYIICK
broxa B mpenenax msaTHa oMHOpOAHOCTH TT0JIs1. KaTyika Bo30y K aeHUs
coniepkuT 160 BuTKOB mpoBoaa [19B 0,2 MM 1 UMeeT MHIYKTUBHOCTh
134,5 uH, conporusnenne 9,8 Om. Ee och opTOroHanbHa OCH KIOBETHI
¢ obpasmom. [Ipuemuas karymka cogepxut 100 putkoB [19B 0,2 MM,
uMeeT cornporusiieHne 2,13 OM, nHIyKTUBHOCTE 46 LLH. OHa pacmona-
raeTcs COOCHO C KIOBETOM.
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Krosera ¢ karymkamu biaoxa MOHTUpYETCs Ha JIaTYHHBIU KOPITyC,
MMEIOIIMH IIJIOCKOIIapaljiebHble pabouue MOBEPXHOCTH, K KOTOPBHIM
MPWKUMAIOTCS TIONIOCHBIE HAaKOHEYHHWKW. HauanbHas OZHOPOIHOCTB
MarHUTHOTO HOJIA 00ECIeYnBacTCs 3a CUeT NapauIeIbHOCTH IJIOCKO-
cTell TaTyHHOTo Kopryca. OKoHuUaTelbHas FOCTUPOBKA 0JIS OCYIIECTB-
JSIeTCS TP MOMOIIM TOKOBBIX IIMMMOB, PACIOJIOKEHHBIX MEXIY IT0-
JIOCHBIMH HaKOHEYHHKaMU. LIIUMMBI MMO3BOJISAIOT M3MEHATHh TPAIUCHT
MarHuTHOT'O TI0JIS B IBYX OPTOTOHANBHBIX HAIpPaBIECHUSAX, YTO obectie-
YMBAaET KOMIICHCALUIO OCTATOYHOTO WM YCTaHOBKY HEOOXOIMMOTO
rpaJveHTa Ipy MOMOIIN YIIPaBIseMbIX HCTOYHHKOB IIOCTOSSHHOTO TOKa.
Kon¢wurypanms TOKOBBIX MMUMMOB 3auMmcTBoBaHa u3 [3]. Karymku
SKpPaHUPOBAHBI METHOM (DOJIBIOH, MPHCOETNHEHHOI K KOPITYCY.

BreIBOBI KaTyllleKk W IMMMMOB INPHUCOEAMHAIOTCA K IUIaTaM C
3JIEKTPOHHBIMM KOMIIOHEHTaMH, KOTOPBIE CMOHTHUPOBaHBl BHYTpPHU
sijpMa MarHUTHOW CHCTEMBI, YTO MO3BOJIMJIO YMEHBIIUTH Mapa3UTHBIC
E€MKOCTH U MHUKpOQOHHBIH 3¢ ¢exT. Ha miarax pacnoioxkeHbsl 00K
YHpaBJIeHUsS BEKTOPOM SIIE€PHON HAaMarHWYEHHOCTH M IIPUEMHBIN yCH-
JIuTens curHanos SIMP.

[IpuHnunuanbHas cxeMa OPUEMHOIO yCuiuTens curnana SIMP
COCTOMT U3 MAPAIENBHOr0 KOHTYpa, BKIIOYAIOIIEro NMPUEMHYIO Ka-
Tymky L1, uctokoBoro mopropureinst Ha VT 1, nByx auddepeHnmans-
HBIX YCUJIUTENBHBIX KackagoB HA VT2 — VTS5, cTabunu3aTopoB Hanpsi-
sxerust £8,2 B Ha VT6, VT7 1 BBIXOJHOTO 3MUTTEPHOTO MTOBTOPUTEIIS
Ha VT8. Hactpoiika Ha pe30HaHCHYIO YaCTOTY OCYILIECTBIIAETCS H3Me-
HEeHUEeM eMKocTu Kouaencaropa Cl.

Hcnprtanus mepBUYHOTO MTpeoOpazoBaTelis IPOBOIMINCH Ha BO-
JOTIPOBOAHOM BOJIE, TU3EIHHOM TOIUIMBE W BOJHBIX PAacTBOpax Iapa-
MarHuTHBIX coyed. YacToTa NMpUHMMAEMOIO CHUTHaJa OT MPOTOHOB
BOJIbI cocTaBisia 6,38 MI'li, 4To COOTBETCTBYET TMPOMAarHUTHOMY OT-
HOIIEHUIO JUIst TPOTOHOB 42,57 MI'nt / T

Jluteparypa
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2. Iocrosiausie MarauThl. CrpaBounuk/ [lox pex. [Istuaa FO.M. — M.:
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type 9298 // CERN 77-19. Experimentalphysicsdivision. 26.10.1977.

4. Opobeii, N.O. IlepBuunsiii nmpeobpa3oBarens UMITyascHOTO SIMP-
cniekTpometpa [yt cucteM ynpasienus / .O. Opob6eii, B.B. Capoka // Tpyast
BI'TY. Cep. VI. ®u3.-mar. Hayku u nHpOpM. — 2002. — Bem. X. — C. 136-138.
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YK 681.5
M.B. KawTtko, I.E. Cugopuux, B.I1. Koopunen

COPTUPOBKA OBBEKTOB 11O IBETY
C UCITOJIB30BAHUEM CUCTEMBI TEXHUYECKOI'O
3PEHUA

Kommureke DobotMagician MokeT ympaBisIThCS U IIPOTPaMMHU-
POBaThbCA C IOMOMIBIO ITYJIbTa YIIPABJICHUA WX OT I'NITaBHOI'O KOMIIBIO-
Tepa uepes nporpammuyio cpexy DobotStudio.

Lasphistion

Puc. (DYHKIII/IOHEU'IBHBIG BO3MOXKHOCTH IMPOTPAMMHO-AIIIAPaTHOTIO KOMIIJICKCA
Dobot Magician

Kommiexkc DobotMagician mporpammupyercst Ha si3bikax: G00g-
leBlockly, Python, Java (Android), C/C++/C#, LabView u Objective-C
(iI0S, MacOs). [1]

C ucnonp3oBanreM nporpaMMmHoro obecnedeHus: DobotStudio
OBLT peamn30BaH MPOIECC COPTUPOBKH OOBEKTOB TIO IBETY.

Hwxe mpecrasien SCript moamporpaMMBel TJaHHOTO TIPOIIEcca Ha
si3p1ke Python.

defrgb () :

globalColorSensor X, ColorSensor Y, ColorSen-
sor 7z, R, G, B, MAX, Place X, PlacingInterval,
Place Y, Place 7, RedCount, GreenCount, BlueCount

dType. SetPTPCmdEx (api, 0, ColorSensor X, Col-
orSensor_ Y, ColorSensor 7, 0, 1)

dType. SetWAITCmdEx (api, 1, 1)

R = dType. GetColorSensorEx (api, 0)

G = dType. GetColorSensorEx (api, 1)

B dType. GetColorSensorEx (api, 2)
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MAX = max([R, G, B])

if MAX ==

print ('Red"')

dType. SetPTPCmdEx (api, 0, (Place X + PlacingIn-
terval), Place Y, (Place Z + RedCount), 0, 1)

RedCount = RedCount + 25

elif MAX ==

print ('Green')

dType. SetPTPCmdEx(api, 0, Place X, Place Y,
(Place 7z + GreenCount), 0, 1)

GreenCount = GreenCount + 25

else:

print ('Blue')

dType. SetPTPCmdEx (api, 0, (Place X - PlacingIn-
terval), Place Y, (Place Z + BlueCount), 0, 1)

BlueCount = BlueCount + 25

dType. SetEndEffectorSuctionCupEx(api, 0, 1)

dType. SetWAITCmdEx (api, 1, 1)

STEP_PER CRICLE = 360.0 / 1.8 * 10.0 * 16.0

MM PER CRICLE = 3.1415926535898 * 36.0

vel = float (50) * STEP PER CRICLE /
MM PER CRICLE -

dType. SetEMotorEx (api, 0, 1, int(vel), 1)

Jlutepatypa

1. Dobot Magician. User Manual. — Shenzhen Yuejiang Technol-
ogy Co., Ltd., 2018/2/9, v. 1.2.5, p. 138.
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YK 658.54
O.I'. bapaumko, B.Il. Koopunen, H.I1. KopoBkuna

COCTAB SCADA-CUCTEMBI JIS1 YCTAHOBOK
KOTEJIBHOI'O THUITIA

SCADA-cucTemMa yCTaHOBKOW KOTEBHOTO THIIA YIPABIISAET TEX-
HOJIOTMYECKHM IIPOLIECCOM B LIEJIOM U BBIIOJIHSAET 3aaa4dy HH(popManu-
OHHOTO 00CITY)KUBaHH MTEPCOHATIA, & €€ CTPYKTYypa ABISAETCS UeEpapXu-
YECKOM M paclpeleneHHOl. B ee cocraBe CpencTBa, BBIIOJIHAOLINE
(hyHKIIMHA 0TOOpakeHUsT HHPOPMAITHH, €€ apXUBUPOBAHUE U IPOTOKO-
JUPOBaHKE, a TAKKE PYHKINN TUCTAHIIMOHHOTO yIIPABICHUS KOHTPOJI-
nepamu. Cuctema CTpOUTCS MO CXE€M€ KIIMEHT-CEPBEPHOI apXHUTeK-
TYPBI U €€ TEXHUYECKHMHU CPEICTBAMHU SIBIIIOTCS: cepBep 0a3bl TaHHBIX
U TPEBOT; aBTOMaTH3HPOBaHHbIE paboune MecTa OIepaTopoB; aBTOMa-
TU3UPOBAHHOE paboyuee MECTO HHKEHEpa WM HadyalbHUKA KOTETbHOH;
cepBep TOYHOTO BpEMEHH; peoOpa3oBaresb HHTepdeiica; MappyTu-
3aTop; UCTOYHHUKH OecriepeOoiiHoro nutanus. s orobpakeHus naH-
HBIX (YHKIMOHUPYIOT aBTOMaTU3WPOBAaHHBIE paboUre MecTa olepaTo-
pOB U MHXXEHepa (HauadbHUKa KOTeabHOW). [IpemmyiiiecTBO naHHOM
CHCTEMBI COCTOUT B TOM, 4T0 Bce APM B3auMo3aMeHsIeMBbI U NIPH BbI-
xone ogHoro APM H3 CTpost €ro MOYKHO 3aMEHHUTH JIpyTuM. Jliist ymo0-
CTBa ONEpPaTOPOB PEKOMEHAYETCS MCIOIb30BATh JIOTIOJTHUTENBHOE aB-
TOMaTH3UpPOBaHHOE pabouyee MecTo ¢ OOJNBIIOW JHArOHAIBIO IS
0TOOpaXeHUs! MOJIHOW MH(OpMALMY IO KOTEJIEHOH.

Pesynerater BHeapennst SCADA-cucTeMbl KOTENBHOM: HEHTpa-
JM30BAaHHBIA yueT MoTpeOIeH s SHEPropecypcoB — rasa, Termja, BOJIH,
3JIEKTPO3HEPIUH; o0ecrieueHe aBTOMaTH3UPOBAHHOTO 3(hhekTuBHOTrO
YIpaBIeHUS TEXHOJIOTHYECKUMH TPOIecCaMi B HOPMAaJBHBIX, Iepe-
XOJHBIX U MIpeJaBapuiHBIX pekuMax paOboThl; yaaleHHas AMarHOCTHKA
COCTOSIHUSI 000pyIOBaHUSL.
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YIK 681.5.013
B.JI. Anekcees, I.A. I'puniok, H.M. OnudepoBuyu

JTUHAMMKA B3AUMOJIENCTBUS MHEBMOIIMJIAH/IPA
C JBI’KEH HA UCTIBITATEJIbHOM CTEH/IE

MexaHudeckie UCHBITAHUS SBISIOTCS HEOTHEMIIEMON YacThbIO
TEXHOJIOTUH IPOU3BOJCTBA MHOTUX JI€Taled B PAa3lIUYHBIX OTPACISIX
MIPOMBILIUIEHHOCTH, B TOM YHCJIE IPY pa3pabOTKe CIO0KHBIX KOMITO3H-
I[IAOHHBIX U3CIIUN.

OgHUM U3 BUAOB HCIBITAHUN KOMIIO3ULMOHHBIX CHOPTUBHBIX
JIBDK, SIBJIIETCS TECT HAa NUKIMYeckre Harpys3ku [1]. TlepoHavanbHBIM
CIoco0OM CO37aHusl IHMKIMYECKHX Harpy30K OBUIO HCIIOJIb30BaHUE
JBUTATEINS C IPUMEHEHUEM MEXaHUUECKOU Iepejauu ¢ SKCLHEHTPUKOM.
JaHHBI BapHaHT XapaKTEpU3YETCs ONpPEAEIECHHBIMU CIOKHOCTIMH,
CBSI3aHHBIMH C MEXaHUKOM. B kauecTBe ajJbTepHATHBEI ObLT MPEITIOKEH
BapUAHT MCIIOJIb30BaHUS MHEBMOLMINHAPA C IEPEKIIOUCHUEM MTOCPEI-
CTBOM YIIPaBJISIEMOr0 30JIOTHUKA. J[MHAMHUYECKOE B3aUMOJCHCTBUE
MMHEBMOIMJIMH/PA C YIIPYTOW UCCIIelyeMON CTPYKTYPOM MpeICTaBIsSIET
c000# CIOXKHEIN Tporecc. ITO 00YCIOBICHO aHU3OTPOIHUEH CHII CO-
MPOTUBIICHUS KOMIIO3ULMOHHOW KOHCTPYKLHMH B 3aBHCHUMOCTU OT
HaIlpaBJICHUsI BO3IECHCTBUS. A TaKyKe HEIMHEHHOCTBIO CaMOU CUJIBI CO-
MPOTUBIICHUSI KOHCTPYKIMHA TeCTHUpyeMou JbDKU. CBOCH TUHAMUKON
o0JalaeT HEMOCPECTBEHHO U caM mHeBMouwtnHIp. [Ipu pabore Ha
yactotax 1-3 'y nepepacnpeneneHye BO3AYIIHbIX IOTOKOB HE MPOUC-
XOJUT MTHOBEHHO, YTO MPUBOJUT K HEIMHEMHOMY XapaKTepy BO3JeH-
CTBUS CUJIBI Ha JIBIXKY.

C nenpio ONTUMHU3ALUU KOHCTPYKIUHU UCIIBITATEILHOTO CTEHA,
a TaxoKe /IS TIOTY9YEeHUS JOTOTHUTEFHOW HH(POPMAINK IPH TIPOBEIE-
HUH KOHCTPYKTOPCKHX pa3pa0doTOK ObLIa MPOU3BEACHA CEPHS UCTIBITA-
HUWA C KOHTPOJEM T€OMETPUYECKUX MEPEMEIIECHUH OJHOW U3 TOUYEK
KOHCTPYKIIMH IIPU NEPUOJUIECKOM BO3ICUCTBHH.

TexHUUecKHre CpeACcTBa UCIIBITATENBHOTO CTEHA HE II03BOJISLIN
NoJy4uTh Tpebyemoe ObicTpoaelicTBue. [1o sToli mpuumHe, perucrpa-
U1 BEIXOIHOTO CUTHAJA JAaTYMKa OCYIIECTBISIACH C MIOMOIIBI0 (-
poBoro ocumyutorpada. JJaHHBIH TOIX0 ITOKa3all BEICOKYIO 3alTyMJIeH-
HOCTh (puc. 1).
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Jnst criaskuBaHus ObUT MPUMEHEH MOAXO0, MPEIUIOKESHHBIH B [2—
3], KOTOpBIIf OCHOBAH Ha MCHOJIL30BAHUH MTOKAIPOBOH almpOKCUMAIN
METOIOM HAUMEHbIIMX KBAJPATOB U CIIEKTPAJIbHBII aHaIN3 (puC. 2).

Puc. 1. Ogun TakT
HCXOJHOTO CHTHAJIA C
HU3MEPHUTEIBHOTO
npeobpa3oBaTes

Bpewa

Puc. 2. Pezynbratsl
CTITa)KMBaHMS
MCXOJHBIX TPESHIOB
CHTHAJIa

—————1 Puc. 3. 3aBucuMOCTb
MaKCHMAaJIbHOTO

| oTKIOHEeHMs BBEpX 1

MaKeMILI0¢ OIS bt | BHH3 OT maBineHHs B

—== —===° ——| NHEBMOLWIMHApPE IpU
pa3HBIX BAPUAHTAX

> 2.5 3 35 4 4.5 S 5.5 £ CFHa)KI/IBaHI/Iﬂ

HNannenne, Mlla

MakcHMATLHOE OTIIOHENIe BECpX

OnHOM U3 EPBOCTENICHHBIX 33][a4 BHICTYIAja ONTUMHU3AIINS 110~
TpeOlieHHs BO3yxa. B BO3AyIIHOM TpaKTe MPUCYTCTBYET CAMOPETyJIsi-
TOp, KOTOPBIA (pOopMHUPYET HaBICHHE MUTAHUS I THEBMOLMIHHIIPA.
I'paduku puc. 3 NOKa3BIBAIOT, YTO IMOBBIIICHUE JaBJICHHUS BBIIIC
3,5 MIla He siBiIsieTcs 11€71€CO00pa3HBIM.

Jluteparypa

1. Fadurdo Orellana, R. Experimental Methods to Measure Mechanical
Properties of Cross Country Skis: Load-displacement and Contact Surface

2. I'puntok, 1.A. Vcnonb30BaHKe aIrOPUTMOB amMPOKCUMAIMK IS
CrJIa)XMBaHHs TPEHAOB U3MEPUTENBHBIX npeodpazosateneii / Tpynst BI'TY.,
2017. Ne 2 (200). C. 82-87

3. D. Hryniuk Adaptive smoothing and filtering in transducers, 2016
Open Conference of Electrical, Electronic and Information Sciences, Vilnius,
Lithuania, 2016, pp. 1-4, doi:10.1109/eStream39242.2016.7485917.
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YIK 681.5.017
J.A. I'punmok, U.I'. Cyxopykosa, U1.0. Opobeii

VYJIYUIIEHUE KAYECTBA PEI'YJINPOBAHUS OBBEKTOB
C HECUMMETPUYHOM JJMHAMUKOM

OOBEKTHI YNpaBIEHNsI B MPOMBILIICHHOCTH SIBIISIFOTCSI HEJTMHEH-
HbIMH. OZHAKO Yallle BCETO MPH PEILICHNH 33134 YIPABJICHUS UCTIONIb3Y-
FOTCSI IPUEMBI HAaXOXKICHUS SKBUBAJICHTHBIX AIMIPOKCHMAITUI IS MC-
MOJIb30BAaHUSI TEOPHM JMHEHHBIX CUCTeM YyIpaBieHus. O4eHb 4acTo
TaKOH MOIXO0J sIBJIsETCs 0oJiee 4eM pannuoHaIbHBIM. B ToXxe Bpems, co-
BpEMEHHBIE CPEJCTBA YIIPABJICHHUS MO3BOJISIOT MOBBICHTH KAau€CTBO pe-
TYJIMPOBaHUS U YUUTHIBATh HEJIMHEWHBIE 0COOEHHOCTH 00BEKTOB. 3aua-
CTyl0, TpH UIIMPOKOM [HANa30HE YIPABISAIOIIMX BO3ACHCTBUI
BCTPEUAIOTCS BapHAHTHI OOBEKTOB ¢ HECHMMETPHUIHON MuHAMHKOH. K
HUM MOKHO OTHECTH CHCTEMBl CTaOMIM3aLUU TEMIIepPaTyphl, YPOBHA,
KOHIEHTpAIMH U T. A. Takue xe 0cOOCHHOCTH MPOSBIISIFOTCS TP U3Me-
HEHUH BIIUSIHUS CUJIBI TSDKECTH IIPH IBMKCHUH JICTAaTEIIbHBIX alaparos.

HacTtpoiika 00bI9HO TPOUCXOAAT C TO3UIHMHA OOECTIEUeHHs Po-
0acTHOCTH CHUCTEMbI CTa0MIM3alKU. DTO NMPUBOJUT K Pa3HOMY Kaue-
CTBY IEPEXOJHBIX IMPOLIECCOB B 3aBUCUMOCTH OT M3MEHEHMS CUTHajia
3amanus. g nckmoyeHns gaHHOTO 3(hQeKTa BOZMOXKHBI pa3iIndHbIe
noaxo/el. Hanbosee mpocThIM pelieHreM B 3a/1a4ax CTaOHIH3alny sB-
JSIeTCsl U3MEHEHNE HACTPOEK PETYJIATOpa B 3aBUCHMOCTH OT 3HAUYEHUs
BBIXOJJHOM MEPEMEHHON WIIN HAIIPABJICHUS €€ U3MECHEHHUS.

PaccmoTpum ameprondeckuii 00BEKT BTOPOTO MOPSAKA C TIepe-
MEHHBIMU [TOCTOSTHHBIMU BpeMEHH. J(nana3zoH u3MeHEHHs TOCTOSHHBIX
Bpemern 30-50 u 80-160. Koaddunuent ycuiaeHHs MOCTOSHHBIN.
CrpykTypa 0o0OBEKTa, pe3yJbTaT MOJICIMPOBAHUS M AIMIPOKCUMAITHS
npeacTasieHsl Ha puc. 1-2. [1o momy4eHHbIM BpeMEHHBIM XapaKTepH-
CTHKaM ObLiIa MpOBe/IcHA HICHTU(UKALIHS TIOCTOSTHHBIX BPEMEHU METO-
JIOM HaMMEHBIIMX KBaApaToB. Bapmanuu mapaMeTpoB nepenaTodHon
(YHKIIMU OKa3aIach JOCTATOUHO cyrnecTBeHHow (Tabm. 1).

s HacTpoliku o0beKTa ynpasieHHs ObUT HCIOIB30BaH METOJ
MUHUMH3AIMA WHTErpaNbHBIX KputepueB. Padora I1HJ[-perymsropa
IOpU ONTUMH3UPOBAHHBIX MHTETPAJIbHOMY KPHUTEPHUIO HACTPOUKax
npeJcTaBiicHa puc. 3.
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-
Diviteou%t

Integrator

Constant1

Scope

Puc. 1. MogenupoBaHue 00beKTa C HEIMHEHHOW AUHAMHUKOMN

4000

0 10040 2000

300141

4000

50040

Puc. 2.

Ilepexonnsie
XapaKTePUCTHKH

o0beKTa 1
pe3yibTar

UICHTUDUKAIH
3BCHOM BTOPOTO

MopsiIKa

Puc. 3.

IIepexonnslie
MIPOIECCHI ITPH

HacTpOMKe

0o0beKTa 1o
HHTErPaJbHBIM
KPUTEPHUSIM

Tab6un. 1 PesynbraTe! naeHTHUKaINN

[Tapamerpsr Mogenn

Howmep yuacTka uneHTHQUKAITII

I 1 11 v
Ty 153,5 80,69 143,6 120,2
T 31,02 80,69 14,98 64,40

J171s IOBBITIIEHUS Ka4eCTBa YIIPaBIeHMsI 0OBEKTOB C MOA00HBIMHU
CBOMCTBaMU, pallMOHAJIBHO UCT0JIb30BaTh [I]] perynsTopbl ¢ U3BMeHs-
FOIUMHUCS KO3 PUIIMEHTaMK, HE TOJIBKO B 3aBUCUMOCTH OT CHTHala
3a/laHus, pealn30BaB HAIIPUMEp TaOIUYHOE yIpaBICHUE, HO U B 3aBH-
CHUMOCTH OT TPa/INEHTA YIPABIISIIOIIET0 BO3IEHCTBIS HAa OOBEKT yIpaB-
JICHUA WM HAIIPABJICHUA U3MCHCHUA YIIPABJIAIONICTO BO?,I[Cf/iCTBI/ISL
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YIK 681.51
A.C. Kapnosuu, C.A. OBuos, A.H. lymckuii, H.H. Hamo30B

CHUHTE3 CUCTEM YIIPABJIEHUS C IIYMAMUA
B UI3BMEPUTEJIBHBIX KAHAJIAX

Baxnyio pons B (YHKIHOHUPOBAaHHWM COBPEMEHHBIX CHUCTEM
yIpaBJICHHUS UIPAOT KaHAJIbl 00PATHBIX CBA3EH, IOCPEACTBOM KOTOPBIX
CHUTHAQJI C JIATYUKOB ITOCTYIIAeT Ha BXOJ PETyIUPYIOMHX 0510K0B. O-
HaKo, KaK B Ipolecce paboThl AaT4MKa, TaK U B MpoLecce Mepeaayn
MH(QOPMAIMK K IOJIE3HON COCTABISIOIIEH CUI'Haja NoOaBiseTcs LIy-
MOBasi COCTABJISIIONIAS, KOTOpPask MPUBHOCUT TOTPEIIHOCTh B pacueT
YIPaBISIONIET0 BO3JACHCTBUS Ha 00BbEeKT. DakT HaNW4MA 3alIyMIICH-
HOTO CHTHajla B MH(QOPMAIMOHHBIX LEMAX OCOOCHHO aKTyalleH Ul
(YyHKIMOHUPOBAHUS CHCTEM YIPaBJICHUS, B KOTOPHIX BO3MYIIAOIIEE
BO3/ICHCTBUSI HA OOBEKT SIBISETCS NTUHAMHUYHBIMHU, a HHEPLUUOHHOCTD
00BbEeKTa yIpaBJICHNs] HE3HAYUTEIBHBI [1].

B coBpeMeHHBIX cucTeMax YIpaBieHus sl 00pbObI ¢ MIyMaMu
UCIIOJIL3YIOTCS KaK alapaTHbie, TaK U IPOrpaMMHbIC GUIIBTPBI, 103~
BOJIAIONIME CHU3UTH IIYMOBYIO COCTAaBJISIOIIYIO TEperaBaeMoro CHr-
Hasa. OHAaKO HMCIOJb30BAaHUE TaKUX (MIBTPOB IIPH CHHTE3E CHCTEM
yIpaBlieHHsS TPEOYIOT OMOIHHUTEILHOW HACTPOWKH (DUIIBTPOB, UYTO
YCIIOXKHSET AITOPUTM CHHTE3a (PYHKIUOHUPYIOIIEH CUCTEMBI YIIpaBIIe-
HUs. Mcnonp30BaHMe 3aKOHOB PEryJIHMpPOBaHUs, 00eCIeUNBAIOIINX OJI-
HOBPEMEHHO C (JOPMHUPOBAHNEM YIPABIIAIOLIETO BO3ACHCTBHS Ha 00b-
eKT (PWIBTPAIIAIO BXOIHOTO CHTHAaja (WJIM CHTHANIA ONIUOKH), IS
KJIACCUYECKOW JIOKAJIbHOH CHCTEMBI yIpaBJICHUS B NEPCIIEKTUBE I03-
BOJIUT TIOBBICUTH TOYHOCTH PETYJIMPOBaHUS 0€3 CYLIECTBEHHOTO
YCIIOHEHUSI aJITOPUTMOB YIIPABIICHHUS.

B nacrosiiee BpeMst 11 yIIpaBJIEHHUS MPOLIECCAMH dallle BCEero
ucnob3yroTcs HenpepbiBHble [T - wnu ITH/-3axons! ynpasienus. Hc-
I0JIb30BaHHE 3THX 3aKOHOB II03BOJIAET 10OUTHCA TPeOyeMOro KadecTBa
YIOpaBIeHUs C MCIIOJIb30BAHUEM BCETO TPEX COCTABISIOLINX: MPOTIOp-
mnoHansHO# (I1), naTerpansuoit (M) n quddepennuansuoit (). [pu
3TOM CYILIECTBYET OOJIBLIOE KOJIMYECTBO METOAOB pacueTa COOTBET-
CTBYIOIINX COCTaBJIAIONHMX [2].
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Kpome paccmorpennoro Boime [1M/]-3akoHa peryiupoBaHus, B
HACTOsIIee BpeMs BCE Yalle HAYMHAIOT HCIOJB30BAaThCS HEUETKUE
(fuzzy) 3akonsr perynupoBanus. OHH SBISIOTCS O0JIee CIIOKHBIMH C
TOYKHM 3peHUsI HacTpoiiku. OJIHaKo B ciIydae MPUCYTCTBUS CYIECTBEH-
HOH CTOXAaCTHKH JMOO B CUTHaNax, MO0 B MoJiesin 00BEKTa yrpaBiie-
HUSI, MCIIOJIb30BAHUE HEUETKUX PETYIATOPOB IMO3BOJSIET 00ECHEUUTD
0ojiee BBICOKOE KAa4yeCTBO YIIPABIEHHUS 0 CPaBHEHHIO C KJIacCHYe-
CKHMMHU 3aKOHaMH yIPaBICHHUS.

B cBs3m ¢ TeM, 9TO HEUETKHHA PETryJsATOp MPEACTABIIET COOOH
PerymiiaTop ¢ M3MEHSIOMUMUCS KOd(h(PUIIMEHTaMH yCHIEHHS, T. €. 10
CYTH SIBJISIETCSI HEJIMHEWHON CUCTEMOM C MEPEKIIIOUAOIIENCS CTPYKTY-
poH, To ucnons3oBanue Heuerkoro [1U wnm [MU/]-nogobHoOTO perysms-
TOpa MO3BOJNUT CHU3UTH BIMSHUE IIyMa B eI 0OpaTHON CBS3M Ha Ka-
YECTBO IEPEXOIHOTO MPOLIEcca CUCTEMBI YIIPaBICHUS.

D
Lo b
-

Puc. 1. Ctpykrypa
CHCTEMBI yIIPABICHUS C
kyaccuueckum [11-
peryJsiTopoM

= -
Subtract2

Step2. Scopez

Subtract4 Integrators
Gainz

Gain7

Puc. 2. Ctpykrypa

Gaint9 L

N CHCTEMBI YIIPABIIEHHUS C
«E
m_, = P N [TN-nto1o6HBIM
- lumber? *
St slm.s ;l* L T T s | S PETYNSATOPOM, UMEIOIIAM

Integratort.  Fuzzy Logic

Controller2

Subtacts  Integratord

Gaind

Products

x
Gains

Integratord.

Random
Number3

M

Random
Numberd,

epeMeHHbBIC
KO3 DUITMEHTHI,

BBIYUCIIIEMbBIC HA OCHOBE
HEUYETKOU JIOTUKE

Ha pucynkax 1 u 2 npeacTaBieHsl CTPYKTYPHBIE CXEMBI CUCTEM

ynpasnenus ¢ kiaccndeckux [IH-perymsropom u [IU-ogo6HBIM He-
YETKUM PeryJIiTopoM Ko3(G(HUIHUEHTh KOTOPOrO TUHAMUYECKH H3Me-
ustrorest. Hanuaue nrymoB peanusyrores omokamu «RandomNumber.
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PesynbpTaTel MoaenupoBaHus paboThl MpEeACTaBICHHBIX HA PH-
cyHkax | u 2 cucreM ynpasiieHHs IPUBEACHBI HA PUCYHKE 3.
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Puc. 3. I'padux nepexomuoro npomecca cucteMsl ¢ [1M-perynsatopom (a) n
[MN-10m00HBIM HEYETKUM PETYIATOPOM (6)

Kak BunHO U3 rpa)ukoB NepexoaHOro Mpolecca, pecTaBIeH-
HOTO Ha PUCYHKE 3, cucTeMa ynpasieHus ¢ HedetkuM [1H-momo0HbIM
PETYJIATOPOM MO3BOJISIET CYHIECTBEHHO CHU3UTh BAPHALIUIO BBIXOJHOIO
CHUTHaJa B YCTaHOBHUBIIEMCS PEXUME, a TakK€ yMEHBIINTH Kojela-
TEJIbHOCTb IIEPEXOJHOr0 Ipolecca cucTeMbl. CpaBHUTENIbHBIN aHAIU3
pUCYHKOB 3a 1 30 MO3BOJISIET cAeNaTh BHIBOJ O TOM, YTO IPUMEHEHHE
ctanaapTHHIX [11-nogqo0HBIX HEYETKUX PETYIISTOPOB, PEATU3yEMBIX C
MOMOIIIBIO CTAaHJAPTHBIX OMONMMOTEK MPOTPaMMHPYEMBIX JIOTHYECKUX
KOHTPOJIJIEPOB, IO3BOJUT CHHU3HTH Pa30pOC M3MEHEHHs BBIXOJHOTO
curHaia B 2—4 paza no cpaBHeHUIO ¢ knaccuueckuM [I1-perymnstopom,
COXpaHsIsl, €C/IM He YMEHbINAs, BpeMsI IEPEXOAHOTO MpOoIiecca a TAKKe
CYILIECTBEHHO IIO/IaBUTh KOJIEOATENbHOCTh CHHTE3UPYEMOI0 KOHTYypa
YIpPaBICHHUSL.
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COBEPHIEHCTBOBAHME CUCTEMBbI YIIPABJIEHUS
NPOHECCAMU HEOTEXUMHNYECKOI'O KOMIIVIEKCA
HA BA3E KPUTEPHUEB OIITUMU3ALIUN

OnruMuzanus Tporecca pektudukanuu B komonHe K-102
JIOJDKHA 00€CTIeYrTh HAMBBITOTHEWIIIee 3HAYCHUE OTIPEISIIEHHOTO KPH-
Tepus — LeJIeBOW (QYHKIIUH — TP 32JIAHHBIX OTPaHHYCHUSX.

Br16op 1mieneBoit GyHKIMNA — OJUH U3 Han0O0JIee OTBETCTBEHHBIX
9TanoB B (OPMYJIUPOBAHHY 337a4 onTUMH3anuy. LleneByro GyHKIUIO
HEOOXOMMO BBIOMPATh UCXOS U3 KOHKPETHBIX CTIEHU(PHYECKHUX yCII0-
BHiA. Hammpumep, pu 3HEProeMKOM MTPOW3BOACTBE MENIEBOH (yHKITHEH
MOYeT OBITh MUHUMAJIbHBIN PacxXo]l SHEPTHH NPU COOJIOICHUH 3a/IaH-
HBIX OTPaHWYEHHIA; MPU MPOU3BOACTBE BHUJIOB MPOAYKIHMH, BPEMEHHO
JOeQULUUTHBIX, HeNeBol QyHKIHEH MOKET ObITh MAKCUMaJIbHOE KOJIH-
YEeCTBO MPOAYKIHH.

Ecnu K HECKONBKUM IOKa3aTelsiM POU3BOJCTBA TPEABSIBIIS-
I0TCSI IPOTUBOPEUYUBBIE TPEOOBaHHUS, TO HEOOXOAUMO OLICHUTH CTEIICHb
Ba)XHOCTH 3TUX IOKa3arenel. B kauecTse neneBoil GpyHKIM BrIOMpa-
eTcs HanboJiee BAXKHBIN M3 HUX, a HA BCE OCTAIbHBIC TOKA3aTeNI HaKJIa-
JBIBAIOTCS OTPaHUYEHHUS, T. €. IOCTATOYHO, YTOOBI X YHCIICHHBIC 3Ha-
YeHUS HE BBIXOAMIM U3 HEKOTOPOTO 3aJaHHOTO JHana3oHa.

VYcranoBka JIK-6Y No 2 ob6nmamaeT OCHOBHBIMH TPHU3HAKaAMHU
CJII0HOU CHUCTEMBI:

a) HaJIW4YMe MOJCHCTEM C LEJIEBBIMU (YHKUMSIMH, NOJYNHEH-
HBIMHU O0IIeH 1eneBoi GyHKIMH Beel cucTteMbl. D¢ (EeKTHBHOCTD pa-
OOTBI KXKJIOTO TEXHOJIOTUYECKOTO arapaTa ONpeelisieTCs €ro TUTIOM,
OCHOBHBIMU TTOKa3aTessIMU €ro paboTsl. OnTUMH3ALNS STHX [TOKa3aTe-
Jel JOJDKHA PelIaThecsi HE CaMOCTOSITENBHO, a 10 LeIeBOH (QyHKIuH,
MOJYMHEHHOH 3a7]aue ONTUMHU3AIMU cTapiiel nojcuctemMbl. Kaxxaplit
TEXHOJIOTMYECKHH arnapar yCTaHOBKH, B TOM uuclie U konoHHy K-102,
CIIEyeT paccMaTpUBaTh Kak IMOJCHCTEMY, UMEIOLIYI0 CBOH IIEJICBBIC
(yHKIMY, NOAYMHEHHBIC 3aJaue ONTUMH3ALUU LEeJNeBOH (YHKIUH
YCTaHOBKH, B KOTOPYIO OHH BXOJIAT; 0) OOJIBIIIOE YHCIIO CBsI3€il BHYTpH
Ka)XJIOU TIOACUCTEMBI U MEXKIy MTOJCHCTEMAMHU.
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Jnsg meneit onTuMu3anui He0OX0AUMO COOUPATh WH(HOPMAITHIO
0 3HAYEHHWSIX MHOTOYHCIICHHBIX MapaMeTpOB, XapaKTEPHU3YIOIIUX CO-
CTOSIHHE TIpOIIecca.

[poriecc nepBruYHO nepepabOTKH HE(THU ABJISICTCS TOJIOBHBIM B
LeTI0YKe TeXHoIornueckux npoueccoB HII3 1 oTHOCHTCS K YHCITYy CIOX-
HBIX TEXHOJIOTUIECKUX MPOIECCOB, XapaKTEePU3YIOIIUXCS HETPEPHIBHO-
CTBIO TIPOTEKAaHHUSI MAaCCOOOMEHHBIX MPOIECCOB, OOJIBIIUM YHCIIOM CBSI-
3aHHBIX MEXIYy COOOM TEXHOJNOTHUECKUX IapaMeTpoB, OOJBIION
€IMHUYHONW MOIIHOCTBIO. DTHM MpPeJONpenesieTcs] Lenecoo0pa3sHoCTh
YIpaBIIEHHS TAKOTO POia TIPOIIECCAMH C MCIOJIh30BaHUEM MaTeMaTHye-
CKHX METO/IOB M CPEZCTB BBIYMCIUTEIbHON TEXHUKH.

OpnHoli n3 BakKHEHIINX 3a7a4 B 00nactu HedrenepepabOTKH sB-
nsiercst Oonee 3¢ HEeKTUBHOE UCTIONIB30BaHKE HE()TH I IPOU3BOACTBA
MOTOPHBIX TOIUIMB. B mepByro oudepenr 3TO OTHOCUTCS K Oolee moll-
HOMY H3BJICYCHHIO U3 HE(TH MOTEHIMANA CBETIBIX HE(PTEMPOAYKTOB.
Bo3MoxHBII 0TOOp CyMMBI CBETNIBIX HE(TENpPOAYKTOB 3aBHCUT HE
TOJILKO OT KauecTBa He(hTH. OH sABIAETCS Takke QyHKIHeH BbIpadaThl-
BaeMOT0 acCOpPTUMEHTa HEe(PTEMPOAYKTOB, TaK KaK JJIs OJHOBPEMEH-
HOTO MPUTOTOBJICHUS OCH3MHA, Pa3HBIX COPTOB OCH3MHA, Pa3HBIX COP-
TOB KEPOCHHA U TU3EJILHBIX TOIUTUB, TPEOYIOTCS OJTHH H Te e (ppakiun
Hedtu. [TosToMy ¢ yBenndeHHEM WM yMEHbIICHHEM 0TOOpa OeH3HHa,
KEepOCHHA, TN3EIHHOI0 TOILTUBA 3UMHETO COOTBETCTBEHHO YMEHbIIa-
€TCsl MJT YBEJIMYMBAETCS TIOTEHIINAJ CYMMBI CBETJIBIX He(TETPOIyK-
TOB 32 CUET BO3MOXKHOTO BOBJICYEHHUS B JHM3EIHHOE TOIIJIMBO JIETHETO
TaKUX BBICOKOKUTIAIIUX (ppakuuii HeTH, kak 350-370°C.

OpHuM U3 pemarmmx (HakTopoB Ul JOCTHKEHHS STOH LN
SIBIISIETCSl ONITUMAJIPHOE YIPaBJICHHE IIPOIIECCOM IEPBUYHON mepepa-
6otkn Heptr B KomoHHe K-102. 3TO BRI3BaHO MOBBIIICHHBIME TPeOO-
BaHUSAMU K CTAOMIIM3AIMK Ka4ecTBa MOJyYaeMbIX B KOJOHHE (pakuuit
M KauecTBa HE(TEHpOIyKTOB, CYLIECTBEHHBIMH M3MEHEHHUSIMU Kaue-
CTBa TI0J]aBa€MOT0O CHIPhSl HA YCTAaHOBKY, HEOOXOIUMOCTBIO ONIEPaTHB-
HOTO pEmIeHus 3ajad MO YMPaBJICHHIO YCTAaHOBKOW MPH M3MEHEHUH
TJIAHOBBIX 3aJaHUH Ha OTOOPHI He(DTEIIPOTYKTOB.

B mponecce skcnnmyatanun 00beKTa LeneBble (PyHKIMA MOTYT
WU3MEHATHCS B 3aBUCUMOCTH OT W3MEHSIONICHCS MOCTAHOBKHU 3aa4uu
orntumuzanuu. [Ipu 3TOM 1mis pa3paboTKu anropuT™Ma ONTHUMHU3AINU
HEOO0XOAMMO OMPENEIATh 3aBUCUMOCTh BBIOPaHHOM 11eJ1eBOIl (PyHKIINU
OT 3HaYEHUI mapaMeTpoB MPOILECCa, BOZMYIIAIONIUX U YIPABISIOLINX
BO3JICHCTBUN M COCTABIISATH MPOTPAMMEBI pacdeTa ONTHMAaIbHBIX 3HaUe-
HUI peXXUMHBIX TIapaMeTPOB TIpoIiecca.
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[Tpu pekTudUKaMd MHOTOKOMIIOHEHTHOM CMECH BO3MYLIAO-
IMMH BO3JEHCTBUAMU ABJIAOTCA pacxoa F,, cocTaB X, ¥ OHEpreTHye-
CKO€ COCTOSIHUE CBHIPbsI (, YIIPABISIOIIUME BO3ACHCTBUSMU SIBJISIOTCS
pacxoxa mapa V 1 oTOOp IUCTHIUIATOB F, ;.

3agaya ONTHUMHU3ALKMH MHOTOKOMIIOHEHTHON CMECH MOXKET OBbITh
chopMmynmpoBaHa B ciemnyromeid ¢dopme. HeoOxommmo ompenennTh
yIpaBJIstolie Bo3iecTBus F., U V', MUHUMH3UDPYIOLIUE LETIEBYIO
(hyHKIMIO Q , IPH TPOU3BOIUTENHFHOCTH HE HM)KE 33JaHHOM, ce0ecTom-
MOCTH IPOBEJCHUS MpoLecca He BBIILE 3aJaHHOW U COOMIOCHNH OTpa-
HUYECHUH MO Ka4yecTBY NMPOAYKLMHU, THMAPOJUHAMHYECKON 0O0CTaHOBKE
Ha KOHTAKTHBIX YCTPOMCTBAX M yCIOBUAX (Pr3MUecKOl pean3yeMOCTH.

3amuiem oburyto 3agauy ontumuzanun MKP:

minQ(Fp,xp,q,V, le):Q(Fp,Xpyq'V*' Fntrl)
V,F.,eU

TpH COOIOCHNH OT pAaHNYCHHI
a) 10 Ka4eCTBY IIEJIEBBIX MMPOJYKTOB

(1)

Xy s < X (Fp,xp,q,V,Fnﬂ) XS 2% (Fp,xp,q,V,FM)
V.eM V. eM
I 1 j 3
(2 3)
Xrirl,j 2 Xn+l,j (Fp!xp’q’V’Fn+1) Xg,j < XO,j (Fp'xp'q’V!le)
v,eM, vV,eM,

0) 110 THAPOIMHAMHUYECKON 0OCTAaHOBKE HA KOHTAKTHBIX YCTPOU-
CTBax W B) MO MPON3BOAUTENBHOCTH TI0 IENIEBBIM MPOTYyKTaM | 3aTpa-
TaM Ha UX MPOU3BOJICTBO

Voo (L) SV <V (L) @ For<F(Fx,aV,F.) (5)
I‘mirl < L < Lmax
NJIIn

R <R (F%.qV.F,) 6) ¢ 2c(F,x,.aV.F,) (7)
T') IO YCIOBHSIM (PU3NUECKON peann3yeMocTu
O0<F,< Fp
F<F <F™ (8)

0<x; <1
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AHAJIOTUYHO M3JI0’KEHHOMY BBILIE HA30BeM 00acTh Y , IJe Bbl-
nosHsttoTest orpannyenus (8)—(9), monycrumoii, a F.,,\V" e U , KOTOpbIM

n+1?

COOTBETCTBYET AKCTPEMYM IieieBoil pyHKIMK Q* — ONTUMAaTHHBIMH.
ITocTaHoBKa U pellleHHe HEKOTOPBIX TUITOBBIX 3a/1a4 ONTUMU3AIUI
YCTaHOBOK HE()TEXUMHUIESCKOTO KOMIUIEKCA 3aKITIOYAETCS B CIICTYIOIIEM.
3adaua |. Ilpu 3a7aHHOM BEKTOpE BO3MYIIAIOIINX BO3ACHCTBUI

(Fp,xp,q) MHUHHMH3UPOBATH 3HEPro3aTparbl Ha NPOU3BOACTBO €IH-

HUIIBI [IEJIEBOTO MPOAYKTA (B pacCMaTPUBAEMOM ClTydae — IUCTHILIATA)

Fl (ﬂlv +132) :Fi*(ﬂl\/*"'ﬂz) (9)
n+1 n+1
TP TIPOU3BOINTENIFHOCTH HE MEHEEe 33/IaHHOW, BBHITOIHEHUH OTPaHU-
YEHHH 110 KOHIIEHTPAIUSIM KOMIIOHEHTOB B MPOJYKTaX, 3aJaHHBIX He-
paBenctBamu (4), (8), u ycmoBusMm ¢usmueckoit peamusyemocth (9).
OTHOCUTEIIEHO MHOXECTBa JOITyCTUMBIX 3HAYCHUH YIIPaBIISIO-
X Bo3aeicTBuil U mpexmnonaraercs (B 3agadax | u Il), 9ato oHO HE
SIBJIICTCS TIYCTBIM, T. €. JIOIyCTUMAasi 00JIaCTh HE SIBJISICTCS BBIPOXK/ICH-
HOW, 4TO TPOBEPSAIOT MPHU HCCIICJOBAHWU CTATUYECKOW XapaKTepu-
CTHKH O0BEKTa.
3aoaua ll. Ilpu 3a1aHHOM BEKTOPE BO3MYIIAIOIINX BO3ACHCTBHI
MaKCUMHU3UPOBATh MPOU3BOAUTEIBHOCTh YCTAHOBKH 110 BBIXOJY IIelie-

BOT'O IPOAYKTa (3/1€Ch TUCTHILIATA) Jmax B, = F, (10)

minQ = min
Q V,F el

npu ce0ECTOMMOCTH HE BbIILIE 33JaHHO# (8), BBIOJIHEHUHU OTpa-
HUYEHHMS 110 KOHIIEHTPAllud KOMIIOHEHTOB B IIPOAYKTaxX U ycIoBuH du-
3UYECKON PEaTu3yeMOCTH.

AHanu3 n3BeCTHBIX cucteM ynpasienus mporeccom [1ITH noka-
3aJl, YTO HMCIOJb3yeMble B HUX METOABI YIpaBieHUs! HedpPeKTUBHBI
IPU BBICOKOYACTOTHBIX BO3MYIIEHUSX 110 Ka4eCTBY HE(TH, TaK KaK HC-
MOJIb3yEMbIE TIPH 3TOM MOJIEITU ¥ MPHUHIUIIEI YIIPABJICHUS OPHEHTHPO-
BaHbBl Ha BOCCTaHOBJICHHE KPWUBOW HCTHHHBIX TEMIEpaTyp KHIICHHS
(HTK) medTu o pe3ynbTaraM peKTH(HUKALNN HITH TP TOMOIIIH J1a00-
paTopHOTO KOHTPOJA. [t 3ToTro TpeOyeTcs He MeHee 5 |, 94TO MPUBO-
T K CHWYKCHUIO OTICPATUBHOCTH yrpapiieHus. [Ipu 4acThiX U3MeHe-
HUSIX KadecTBa HE(TU 3TO BHI3BIBACT CYIIECTBEHHBIC MTOTEPU CBETIIBIX
HPOLYKTOB.
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B paccmarpuBaeMoii cucteme it o0ecTieueH sl OTIepaTHBHOCTH
YOpaBICHUS MOXET OBITh MPEIyCMOTPEHO BOCCTAHOBIIEHHE KPHBOU
WTK HedTH 10 KOCBEHHBIM TOKasareasMm (mwiotHoctd d.°, Temmepa-

Type 3aCThIBaHUS {3, BA3KOCTH V, ).

Jlns ycTaHOBIEHHS 32aBUCUMOCTH MEXK]Ty STHMH TIOKa3aTeIsIMHA U
UTK B ycnoBusix OAO MHII3 6butn ncnonb30BaHbl AaHHBIE 1a0opa-
TOPHBIX aHAJU30B O MPOIEHTAX BHIKUITAHUS TIPH PA3IMYHBIX TeMIIEpa-
Typax pa3roHKH HePTH.

[Tocne 00pabOTKM TAaHHBIX ¢ IIOMOIIBIO amapaTa MHOKECTBEHHOM
perpeccruy OBUTH TTOMYYEHBI YPaBHEHHUS PETPECCHH, NMEIOIIHNE BEICOKHE
KO3 PHUIMEHTHI MHOXKECTBEHHON KOPPEIIAINHY (B JIMHESHHOM BapHaHTe).

Y, =—1351.1709+1.6245X, —1.0549X, —0.8861X,
Y, =—-729.0468+0.8650X, —0.0422X, —0.0354X,
Y, =4160.2190-4.8101X, —0.2532X, —0.2127X,
Y, =13393.3431-15.5696X, +0.7595X , —0.8620X,

3HavYeHHUS yYKa3aHHBIX KOCBEHHBIX ITOKA3aTellel HCIIOIb3YIOTCS
1utst pacyera Touek kpuoil UTK Hedtu, mpu aToM BoccTaHOBNICHHE Ka-
yectBa HeTu TpeOyer He Oosiee 1 4, YTO TO3BOJSET CYIIECTBEHHO
YJIYy4IIUTh ONEPAaTUBHOCTh YyIpaBieHHs. PacueTHble TOUKM KPHUBOU
UTK nanee UCmonb3yrOTCs MPU UASHTU(OUKAIMHA CTPYKTYPhl MaTeMa-
THUUYECKUX MOJEIIEH Ipouecca.

Takum oOpazom, skBUBalieHTHas 3ameHa kpuBod MTK nedtn
0%, t3 1 V20 MO3BOJIAET OCYIIECTBIATH OTEPATUBHBIH KOHTPOJIb U3Me-
HEHHUS1 Ka4eCTBa CBIPbS, a CJIEA0BATEIbHO, MOBBIIATH 3)PEKTUBHOCTD
ynpasieHus npoueccoM [IITH npu BpICOKOUAaCTOTHBIX BO3MYLIEHHMAX
M0 Ka4eCTBY HE(PTH.

s naeHTHgUKAIMY TapaMeTPOB MOJIelIei TIpoliecca 1Mo JaHHBIM
MACCUBHOTO AKCIEPUMEHTa MOTYT OBITh NMPUMEHEHBI allTOPUTMBI CMe-
menHoro onernBanus (CO), OCHOBHOM Hjeel KOTOPOTO SIBIISIETCS OTKA3
OT TPAIUIIMOHHOTO TPEOOBAHUS PErPECCHOHHOTO aHAIIN3a — TPEOOBaHMUS
HECMENIEHHOCTH, T. €. JUISl CMEIEHHBIX OEHOK j° =g(k, ) U M ( ﬁ*) "y

IIpu sTOM |\/|(/}*—ﬁ)'-(ﬁ*—ﬂ)<M(/?—ﬂ)'-([f—ﬁ), rie f — MHK-

OlICHKA; f3 — BEKTOp MCTHHHBIX MapaMeTpoB perpeccuu; K — mapamerp

nedopmarun; M — CHMBOII MaTeMaTHYeCKOTO OXHIAHHA. JTO CyIIe-
CTBEHHO YMEHBIIIAET BIHSHUE KOPPEIUPOBAHHOCTH BXOJIOB ¥ TIOBBIIIIAET
HAJECKHOCTh WACHTU(HUKAIINN TTapaMeTPOB PETPECCHOHHBIX MOJICIICH.
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[lpu pemieHny 3ama4v ONTUMU3AIUU YYUTHIBAIOTCS OOpaTHBIC
CBSI31, BO3HUKAIOIINE MTPU HUCTONB30BaHUU MOIOTPEBa HEGTH OTBOH-
MBIMH MOTOKaMU. HeoOX0AMMOCTh TAKOTO MOAX0/1a 00YCIIOBIMBACTCS
TeM, 4TO KojeOaHHs TeMIepaTyphl ChIpbs Ha BBIXOJE TEINIOOOMEHHHU-
KOB CHJIBHO BIHSIOT Ha PEKUM PabOTHl KOJOHHBI OTOCH3WHUBAHUS
K-101 u cnoxnoii xomonnsr K-102.

OcHoBHasI 3a/ja4a CBOJUTCSI K MAKCUMU3AIMN 0TOOPA CBETIIBIX MPO-
bi

Gi
JyKTOB 1 hopMymmpyeTcs Kak y = » | D Biu; + > 7K, [>max  (11)
=1

el \_j=1

==
IA
IA

U;

<7,(P,.K,)<Z,8=1k,

rze | — MHOeCTBO CBETIIBIX MPOAYKTOB (O€H3MH, KEPOCHH U JTU-
3€JbHOE TOIUIMBO); pi U (i — COOTBETCTBEHHO KOJIUYECTBO YIPABIIAIO-
X BO3IEHCTBUI W TOKa3areneil kadecTBa He(hTH B MOAENSX; Uj —
YHpaBISIOINE BO3AEHCTBHS (TeMreparypsl 1-ro u 2-TO MepeToKOB U3
K-102 B cTpunnusru, TeMnepaTypsl JIEBOTO U ITPABOTO MOTOKOB HA BBI-
xoge u3 neun [1-101, Temmeparypsl Hu3a u Bepxa K-102), Ha koTopsie
HaKJIa(bIBAIOTCS TMO3WITHOHHBIE orpannyeHus; K; — moka3aTtenn xave-
crBa HeTH; f; U y; — KOdPuMenTsl perpeccuu; Zs — MOKa3aresu

m?

uj,u; eP,

npu

IN

KayecTBa CBETIBIX MPOAYKTOB (TEMIIEpaTypbl Hauana M KOHLA KHIIe-
HUSI, BCTIBILKN M 3aCTHIBAHMA), KOTOPbIE UMEIOT BUJl PErPECCHOHHBIX
Mmozeneit; P, —BekTop pexxuma atmocepHoii yactu ycraHoBku [11TH;

KH — BCKTOp rnoka3aTejieil KauecTBa HC(l)TI/I; kc — KOJIMYCCTBO ITOKa3a-

TeJIeH KauecTBa CBETIIBIX MPOIYKTOB.

bnaronaps rncronb30BaHUIO TMHEHHOTO OMUCAHUS TIPOTIeCCa JIsT
pelIeHus 3a/1a4i ONTUMH3AINHN 0Ka3aJI0Ch BO3MOKHBIM HCIOIb30BaTh
MeTo inHeitHoro porpammupoBanus (JII1), Koraa B Momenu, ncnois-
3yeMO B 3a/1aue ONTUMHU3ALNN, UMEETCS MTOKa3aTelbh KadecTBa HEPTH,
€ro TeKylllee 3HaueHUE YMHOKAETCsl Ha COOTBETCTBYIONIUI KO3 DUITH-
€HT U Pe3yJbTaT CYMMHUPYETCS CO CBOOOIHBIM WICHOM, T. €. KOPPEKTH-
pyeTcst CBOOOIHBIH UileH MOJENu: 7, = K 17 +Yoir THE ¥ — CBOOOHBIN

YJICH YpaBHEHHSI perpecchy 0e3 yueTra KadecTBa HeTH. 3aTeM GhopMu-
pyeTcs MaccUB OTPaHUYEHUH U peliaeTcs 3aa4ya ONTUMHU3ALHUH.
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VK 621.927

M.A. Baceukun, O.10. laBbiaoB, B.I'. Eropos, E.B. MaTBeeBa,
B.B. Haiizenko

CIIOCOB M3I'OTOBJIEHUA TOHKOCTEHHBIX
IMJIMHAPUYECKUX ITIEPEXO/JHUKOB U3 TUTAHOBOI'O
CILTABA U KOPPO3MOHHO-CTOMKOM CTAJIHA

Hcnons3oBanue TpyOONPOBOAOB U3 TUTAHOBBIX CIIJIABOB M KOP-
PO3UMOHHOCTOMKHUX cTaled MOCTaTOYHO LIMPOKO: MAIIMHOCTPOEHHE,
aBUACTPOCHUE, SIACPHAS HHEPTeTHKA, HeTeXUMUIECKas IPOMBIIIJICH-
HOCTb, KPHOTE€HHAs TEXHUKA U JpyTrHUe 00IacTy.

Ho npy M3roToBneHUH NMepexoJHUKOB JTAHHOTO TUIA TPyOOIpo-
BOJIa, BOHUKAET PsIJl TEXHOJIOTUYECKUX TPYAHOCTEN, CBI3aHHBIX C XUMHU-
YECKON aKTHBHOCTBIO TUTAaHA MPU BBICOKUX TEMIIEPAaTypax, XapaKTepoM
€ro B3aMOJIEHCTBUS C XKEJIe30M, B TOM YHCIIe OTPaHMYEHHAs! B3aUMHas
pacTBOPUMOCTE B TBEPJOM COCTOSHHMH, HAJIMYHE JIETKOIIJIABKOH 3BTEK-
THKH ¥ Psiia UHTEPMETAIUTHIOB CO3IAIOMINX OXPYITYEHHBIE CIIOH.

CymiecTByomye TEXHOJIOTHH, B HACTOsAIIEe BpeMs, He obecrie-
YUBAIOT BBIIIOJHEHUE TPEOOBaHMM, IPEABSIBISIEMBIX K JAHHOMY THUITY
TpyOompoBoza, CyLiecTByeT HEOOXOAUMOCTb CO3IAHHS TEXHOJIOTUHU
M3TOTOBJIEHUS! TOHKOCTEHHBIX IAJIMHIPHYECKUX ONMETAITUTMYECKUX T1e-
PEXOIHHKOB.

s perienns 3Toii 3a1a4n pazpadoTaHa KOHCTPYKIHS IePexXo-
HUKAa U3 KOppo3uoHHO-cToikoi cramu 12X18H10T u TuTanoBoro
crutaBa BT1-0 u TexHomornyeckasi cxema, COCTOSIIIAs U3 CIETYIOIIX
OCHOBHBIX 3TarioB: MOATOTOBKA M TMOKa 3aroTOBOK U3 KOPPO3MOHHO-
CTOMKOH CTany M THTAHOBOTO CIUIABA; IPOAOJIbHAs cOOpKa; POTALMOH-
Has packaTka, KaTnOpOBKa, yCTAHOBKA CaMOPa3KUMHON IaHTH U Tu-
(hy3uoOHHas CBapKa.

JlaHHast TEXHOJIOTHS MPUMEHUMa I U3TOTOBJIEHUS IIHPOKOTO
psina OMMeTaNIMYECKUX TOHKOCTEHHBIX IMIMHAPHUYECKUX IEPEXOTHH-
KOB U3 TUTAHOBOTO CIUIaBa U KOPPO3HOHHO-CTOMKOMN CTaJIM MOCKOJIBKY
BPEMEHHOE CONPOTHUBIICHHUE Y TIOIYyYaeMbIX COETUHEHUI HAXOIUTCS Ha
JOCTaTOYHO BBICOKOM YPOBHE M MOXET OBITh NMPHMEHEHa ISl CyIe-
CTBEHHOT'O CHIDKEHMs Opaka M3-3a MPEOTBPAIlEHHs] BOSHUKHOBEHUS
neeKTOB, BOZHUKAIOUINX P U3TOTOBJICHUH JAHHOTO THIA U3IEIHH.
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YIK 621.793.7
JL.b. JIuxayesa, b.H. Kamunun, B.b. Tpury0

OBECHEYEHMUE YKCILTYATAIIMOHHBIX
XAPAKTEPUCTHUK TSKEJIOHATPYKEHHBIX JETAJIEN
N3HOCOCTOMKOM HAIIVIABKOM

Ha cerogusiinuii 1eHh BOCCTAHOBJICHUE JI€TAJICH SIBISETCS 3KO-
HOMHYECKH OIPAaBIAHHBIM M TEXHUIECKH 00OCHOBAHHEIM, PECYpC Jie-
Tajel rmocjae BOCCTaHOBIIEHUs cocTaBisieT Oosee 60 % pecypca HOBBIX
JeTalel, mpu 3TOM ce0eCTOMMOCTh BOCCTAHOBJICHHS PEMOHTOIIPUTO/I-
HBIX AeTaneii He mpeBbimaet 30 % IIeHBI HOBBIX, a PACX0/ MaTePHAIOB
B pa3bl HUKE, YEM Ha UX U3TOTOBJICHUC.

AHanu3 COBpPEMEHHBIX CIOCOOOB HAIJIABKM MPUMEHHUTEIHHO K
YIPOUYEHUIO TSHKEIIOHATPYKEHHBIX JeTajleil 3 3aKalWBAONINX CTanen
TBEPAbLIMU U3HOCOCTOMKHUMH CILIaBaMH II0Ka3bIBA€T, YTO HU OJUH U3
3THUX CIIOCOOOB, HE PEIIAeT IIIaBHON MPOOJIEMBbI MTOBBIIICHHS IKCILTya-
TAIMOHHOW HA/IEKHOCTH HATUIABJICHHBIX JIeTAJICH U IPOU3BOIUTEIIHHO-
CTH IMpOoILIecca YIPOUCHHSI.

B paccmarpuBaemoii pabote pa3paboraHbl TpeOOBaHMS HAIIPaB-
JICHHbIE Ha YCOBEPIICHCTBOBAaHWE TEXHOJIOTHYECKOTO TIIpoliecca
HaIUIaBKH U BBIIBUHYTO NPECAJIOKCHUE, UTO JIA ITOBBIIICHUA TPECIIUHO-
CTOWKOCTH HAIUIABKU HAPSAY C MPOU3BOIUTEIBLHOCTHIO IMpoIlecca Iie-
necoo0pa3Ho OCYIIECTBIATh €€ IMyTEM OJHOBPEMEHHOTO (POPMHUpOBa-
HUS ayCTEHUTHOTO TOJICIION ¥ N3HOCOCTOWKOTO CIIOSI, UCTIONB3YsI UIICT0
JIOKAJIBHOT'O JIETUPOBAaHWA U BHYTPCHHETO CTOKa TCILIA.

[IpoBeneHHbBIE HCCIEIOBAHMS M aHAIHM3 TPOIIECCa ACCUMHUIISITUU
MIPHUCAJIKU B CBAPOYHON BaHHE MTO3BOJIMIIH MTPUIATH K 3aKITFOYSHHIO, YTO
JUIST 00eCTICUeHMSI BRICOKOH M3HOCOCTOMKOCTH pacIijiaB BaHHEI IIEJIECO-
00pa3Ho JICTUPOBATH AIIEMEHTAMH, MTOBBIIIAIOIIUMH U3HOCOCTOMKOCTD,
gyepe3 3ekTpo. [IpuueM HEOOXOIUMO UCKIIOYUTH TUIABJICHHE TIPU-
Ca/IKi B KOHBEKTHBHBIX TIOTOKaX BaHHBI.

HccnenoBanne 3KCITyaTallMOHHBIX XapaKTePUCTUK KOMOWHU-
POBAHHOTO MOKPBHITUS BBITIOJHEHHOHN MO JCHCTBYIOIICH TEXHOJOTHH,
MOKa3plBa€T 3HAYWTEIbHOE UX TMOBbIIIeHHE. CONpPOTHUBIAEMOCTh
HAIUIaBJICHHOTO MeTaJljIa yJapHbIM Harpy3KaM OBBICIIIMCEH B JIBa pa3a,
a yCTaJIoOCTHAsI MPOYHOCTH HAIIABIIEHHBIX BajioB — B 1,3 pasa.
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YK 669.1:539.379.4
b.H. Kpaminun, JI.b. JInuxayesa, B.b. Tpuryo

®OPMUPOBAHUE BOPUJIHBIX MOKPHITUI
HA CIINTABAX HUKEJIA U )KEJIE3E

ABTOpaMH paccMOTpeHa KHHETHKa (OPMHPOBAHHS LIEHTPOB
KPHCTAJUIM3aLMN Ha MOTCHLIHUAJIBHBIX 3apOJbIIIaX KOTOpas MO3BOJIUT
pa3paboTarh TEXHOJOTHUIO XUMHYECKOTO HAHECCHHs TOKPBITHH HU-
KeJb-00p pazanyHOro (pyHKIMOHAIHHOTO HAa3HAYCHMS ATl CIelrab-
HOW TEXHUKH.

TepMOAMHAMUYECKIM IMYTEM, UCXOJS M3 TEOPHU 3aPOXKICHUS
HOBOM ¢a3bl [m66ca-Donbmepa, BEIBEIEHO KHHETHUECKOE ypaBHEHHUE
00pa3oBaHusl LIEHTPOB KPHCTAUIM3ALUH, OOYCIOBIEHHOTO IPHCYT-
CTBHEM IOTEHIIMAIBHBIX 3aPOIBILICH:

dz _ 3 1670°M?

TR e (Au) |
re Z — KOHIICHTPAIUS 3apOIbIIIIeH, M3, omnpenenseMas Kak OTHOIIIEHHE YHCIIa
3apOJIbIIICH KPUCTAIOB K 00beMy CHCTEMBI; t — Bpemsl, C; G — yIelabHas 1o-
BepxHOCTHas >Heprus, Jx/mM2.; M — MonspHas Macca BelecTBa, KI/MOJIb.; P —
IJIOTHOCTh KpUCTAILIMueckoii ¢asbl, kr/m%; K — nocrosunas bonbumana, x/K.

CKOpOCTh BTOPHYHOTO 3apOXKIEHUS LEHTPOB KPHUCTAILTH3AINH
NpONOpLUUOHANIbHA TUIOIAAN HOBEPXHOCTH 00pa3oBaBIICHCS HOBOI
¢azer: dZ,/dt =k,A rae k2 = kT, o, Au) — xoaddunment ckopoctu
BTOPHYHOTO 00pa3oBaHMsl LEHTPOB KPUCTAJUIN3AIIH, MZc,

OObeMHas U TMOBEPXHOCTHASI XapaKTEPUCTHYECKHE KOHCTAHTHI
ONPEIEISIFOTCS. HA OCHOBE BPEMEHH IIOJIHOTO 3aII0JHEHUS IIOBEPXHOCT-
HOTO CIJIOS 3apojAbllllaMH  KpHUCTaUIOB  Oopuaa. ' =1,02 7z/ 3z,
a=rx/2t.

ITpu snexkTponn3HoM OOPUPOBAHUHY JKEIE3a SKCIICPUMEHTAIbHOE
3HAYEHUE BPEMEHU ITOJIHOTO 3aIl0JIHEHUS OBEPXHOCTH METALIA 3apO-
aeimamMu Oopuna cocrasisier 180 c., moaToMy OObeMHas U MOBEpPX-
HOCTHAs XapaKTepUCTHUECKHe KOHCTAHTHI, PaBHbL: o, = 8,7267-10° ¢ %,
a'=0,010277 ¢ ™.
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YK 533.9:621.78
B.b. Tpury0, b.H. KBamnus, JI.b. JIluxayeBa

IVIABMOXUMHWYECKOE YIIPOYHEHHE, KAK CI1IOCOBb
MOBBIIEHUSA KAUECTBA JETAJIEH MAIIIUH

B HacTosmieii pabote uccieoBaHa HOBast TEXHOJIOTHS TTOBBIIIIE-
HUAS HW3HOCOCTOMKOCTH METauioo0padaThIBAIONMIEr0 HWHCTPYMEHTA
IJIa3MOXUMHYECKUM HAaHECEHHEM KPEMHUN COJEP)KAIIUX IMOKPBITHM.
Pa3paboTanbl (HU3UKO-XMUMHUYECKHE OCHOBHI IIEJICHAIPABICHHOTO (op-
mupoBanus cinoes Tuna SiC B BU nHAyKIIHOHHOM mIa3Me aTMochep-
HOTO JIaBJICHUS.

[Tna3mMoxuMHUYECKOe HAHECEHUE U3HOCOCTONKUX TOKPHITUMN BbI-
3BIBAET U3MEHEHUE CYOCTPYKTYPBI IPUITOBEPXHOCTHBIX CJIOEB HHCTPY-
MEHTAJFHBIX MaTepHallOB Pa3IUYHBIX MapoK. YCTaHOBJIEHA 3aBHCH-
MOCTb CTPYKTYPHO-4YBCTBUTEIBHBIX IApaMETPOB IOBEPXHOCTHOI'O
CJIOS MaTEPUAJIOB, KOPPEIUPYIOUINX C U3HOCOCTOUKOCTBIO, OT PEXH-
MOB HaHeceHUs MOKPBITHsI. CyMMapHBIH 3PHEKT MI1a3MOXHUMHYECKOFO
BO3J/ICMCTBUSI ONPEIENAeTCS MEXaHUUECKUMU CBOMCTBAMU KPEMHUM CO-
ACPKAIICro IMOKPBLITHUA, MaTECpHUAJIOM HHCTPYMCHTaHBHOﬁ IIOJJIOXKKH,
€€ CTPYKTYPHO-HANPsHKEHHBIM COCTOSTHIEM TIepe/T TNIa3MOXUMUYECKON
o0paboTkoii u ycioBusimu HanbuieHus [1]. TTonOupast mapky crau, pe-
JKUM TIPEJIBAPUTEIBHON 00BEMHON TEpMUYECKOW 0OpabOTKU W mapa-
METPHI MPOIecca HANBUICHUS, MOXHO JIOOUTHCS CTA0MIILEHOTO YPOBHS
MOBBIIICHNST U3HOCOCTOWKOCTH IO CPABHEHHIO CO CTAHAAPTHON TEXHO-
norue#t B 1,5-2,5 pasa.

Jlureparypa

1. Tpury06, B.b. [loBbimenne OyHKIMOHAIBHBIX XapaKTEPUCTHK HH-
CTPYMEHTAIIbHBIX MATEPHUAIIOB IUIa3MOXUMHUYECKUM HambuieHHeM [Tekcr)
MoHorpadus . — Boponex: Boponex, roc. apx. crpour, yH-T., 2005. 129 c.
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YK 539.3/.6
M.A. Baceukun, O.1O. JaBbinos, B.I'. Eropos

PACUET CTATHYECKH HEOIIPEJIEJIUMOM BAJIKA
METOJAOM HAYAJIBHBIX IIAPAMETPOB

B cocraB KOHCTpYKIIHIA BXOIAT SJIEMEHTHI, pacueTHas cxema Ko-
TOPBIX MPENCTABIAET cO00I CTaTHYECKH HeolpenenuMyto oanky. s
pacdera Takux 0aJoK MPUMEHSIOTCS WM METOJ CHUJI WJIM METOJ Tepe-
MellleHnil. MeToa cuil mpeaycMaTpuBaeT NOHMWKEHUE, & METOJ Ilepe-
MEIIeHW! — TIOBBINIEHUE CTENEeHHW CTATHYECKON HEONpeIelnMOCTH.
J714 OTIeHKH POYHOCTH ¥ JKECTKOCTH OAJKU HYKHO UMETH JITIOPHI U3-
rubaromero MoMeHta B Oanke u mporuba Oanku. s mocTpoeHus
SMIOPHI TPOruda HyKHO 3HATH PEAKIH BCEX ONOP. Y Ka3aHHBIE METOIBI
pacueTa Mo3BOJISIOT TOIYYHTh JIMIOPY MOMEHTa 0e3 onpeneseHnus pe-
akuuii onop. Peaknuu omop u nporu® 6anku MOryT OBITH HaliZICHBI 3
JOTIOTHUTENIBHBIX PACUECTOB.

[IpoBenennsIii aHanM3 MOKa3all, 4TO IS pacdyera CTaTUYECKH
HEOTIpeIeTMMO OaIKi MOKHO UCTIOIB30BaTh METO] HAYAJbHBIX Mapa-
METPOB, NMPEIHA3HAYCHUN JJIs ONIPEICIICHUS aHATUTHYECKOMN (PyHKIIMU
nporuda. JlaHHbI MeTO T He TpeOyeT H3MEHEHUS CTENIeHH CTaTHIEeCKOM
HEOTIpeIeTMMOCTH. B ypaBHeHHE TTporuda 1mo MeToay HadadbHBIX I1a-
paMeTpoB BXOJAT ABa HEU3BECTHBIX MapaMeTpa: MPorud U yroi moBo-
poTa ceueHus B Hayaje KOOpAMHAT. sl UX OmpeaeneHus UCTIOIb3Y-
IOTCS  KpaeBble YCIIOBHS, OTPaXXalol[Me pacIlONIOKeHHUe  Orop.
HomyctuMm, uTo Oaaka UMEET TPH MapHUPHBIX OMOpHI. J{s ompenerne-
HUS TSTH HEU3BECTHBIX (TPU PEakKlMU U JIBa Ha4YallbHBIX MapaMeTpa)
MOJKHO COCTaBHTH ISITh YPaBHEHU: IBa ypaBHEHUS PAaBHOBECHS U TPU
KHHEMATHYECKUX ypaBHEHUs, OTyYaeMbIX C HCIIOIb30BaHUEM (yHK-
nuu nporuba. [locne pemeHust TMHEHHON CUCTEMBI MATH YpaBHEHUH
OyIyT U3BECTHBI BCE PEaKI[UU U HAYaJIbHbBIE TapaMeTphl. B pesynbrare
OyzeT ompeneneHa aHATUTHIECKas PYHKITHS MPOTnda, ITO TO3BOJIAET
MOCTPOHTH AMIOPY MPOruda. AHATUTHYECKYIO 3aBHCUMOCTb JIJISl U3TH-
0aroIero MOMEHTa MOXHO HAalTH B pe3yJbTaTe ABYKpaTHOro nudde-
peHnmpoBaHus QYHKIUHN poru6da. JlaHHbI MeTOI TPUMEHUM s Oa-
JIOK C JII000 CTETIEHBI0 HEOTIPEICTMMOCTH 1 YI00€H TS BBITIOJTHEHHUS
pacuetoB u octpoenus amop B MathCAD.
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YK 539.3/.6
M.A. Baceukun, O.1O. JaBbinos, B.I'. Eropos

ONPEJEJEHUE HUKHEN OITEHKN KPUTHUYECKOM
CWJIBI JISI MHOT'OOIIOPHOT'O CTEPXKHSA

[Ipu pacuere Ha yCTOMYMBOCTH MHOTOOIIOPHOTO CTEPXKHS OOJIb-
0¥ THOKOCTH HEOOXOTMMO HCITONIF30BaTh KPUTHUYECKYTO TIPOIOIBHYIO
cury. CymecTByomye NpruOImKeHHbIe METOABI pacueTa MO3BOJISIOT
HaXOJUTh BEPXHIOIO OLIEHKY. Mcrosp30BaHe BEpXHEH OLICHKH IPUBO-
JIUT K CHIDKEHUIO 3amaca ycrolunocTH. [loaToMy pacuer Ha ycTOMYH-
BOCTb HY>KHO BBITIOJTHSTB C HCIIOJIb30BaHHEM HIKHEH OLIEHKH.

Y CTaHOBJICHO, YTO HMXKHIOIO OLIEHKY MOYKHO TOJTyYUTh U3 YpaB-
HeHus OanaHca padOT BHYTPEHHUX U BHEIIHUX CHJI C UCTIOJIb30BAHUEM
IIBYX TIpHONMKEHHBIX (YHKIUH mpormda. IlpemmoxkeHa meTomuka
OTIpeeNieHHs HIDKHEH OLIEHKH KPUTHYECKOH CHIIBI [0 KHHEMAaTHKeE Jie-
(hopmMupoBaHUs:

1. 3aaya pemaeTcsi B OTHOCUTENIBHBIX KoopAauHaTax 0<z<1.
JUst KaXKII0ro TpoJIeTa CTePIKHA 331al0Tcst GYHKIMHU 1poruda Y(z), co-
TJIaCOBaHHBIE HA TPAHUIIAX MPOJIETOB IO MEPBBIM TPEM IPOU3BOTHBIM.

2. U3 ypaBHEHUS] YCTOWYMBOCTHU OMNpPEACISIOTCS (QYHKIMU TPO-
ruba fv(z), rae f— cxxumaromias cuna. Ha rpanuiax nposietoB 3t GpyHK-
IIUM COTIIACOBAHBI IO MTEPBBIM JIBYM HPOH3BOIHBIM.

3. mo pyuKIUsaM Y(2) u3 ypaBHEHMs OanaHca paboT BEIYUCIISIETCS
BEPXHSISl OLIEHKA KPUTUYECKON cuibl F.

4. ompenenseTcs, pU KaKoM 3HaueHUH f BBINONHSAETCS ypaBHe-
Hue OanaHca pa0oT, ecJI MOMEHT U CHITYy B YPaBHEHUH ONPEICIATh 110
byukimu Y(2), a nehopmaruu u nepemerieHus — no Gpyuaxuuu V(z). Tak
KaK HaIpsDKEHHOE COCTOSIHUE JUT (DYHKIMH Y(Z) HE ypaBHOBEIICHO, TO
ypaBHeHHUe OanaHca paboT OyeT BHIOJIHATLCS MPU 3HaueHuH f, MeHb-
[IIeM TOYHOTO 3HAYCHHUS KPUTHIECKOH CHIIBI.

Pe3ynpTaThl pacdeToB sl CTEPIKHEH, IMEIOMINX TPU H YEThIpEe
OTIOpHI C M3BECTHBHIMH TOYHBIMHU PCILICHUSIMH, MOKa3alH, YTO JaHHas
METOJIMKA TIO3BOJISIET IMOYYaTh HIYKHIOIO OIIEHKY KPUTHYECKOW CHITHI,
NpPUYEM MOTPEUTHOCTh ONpEeIeHUs] HIKHEH CHJIBI MEHbIIE, YeM T10-
IPEIIHOCTh ONPE/ICICHUS BEPXHEH CHIIBL.

134



YIK 621.643

M.A. Akenuenko, E.B. JIuteunos, C.A. Expumos, E.B.
MarBeeBa

COBEPHIEHCTBOBAHME MATEMATHYECKOI'O
MOJIEJNPOBAHUSA CYIIKH, KAK OCHOBA
HWHHOBAIIMOHHBIX TEXHOJIOTI' M TPOU3BOJICTBA
CYXUX TPOAYKTOB IIMTAHUSA

Cy1ika sSIBIsSIeTCS OTHUM U3 CAMBIX SHEPTOEMKHX POIECCOB IH-
IIEBOM TEXHOJOTHH, BO MHOTOM OIPEIENAION(ell KaueCTBO TOTOBOTO
npoaykra. lloaToMy wMaremaTHdeckoe MOETUPOBAaHHE Ipolecca
CYIIKA — HEOOXOIUMOE YCJIOBUE JUIS ONTHMHU3ANUN TEXHOJIOTHH CY-
IIMJIBHOTO TIpoIecca W OOEeCTeUeHHs HaJIekallero KadecTBa Ipo-
IyKTa, COKpAIEHUs MPOJOIDKATEHFHOCTH TpoIiecca, SKOHOMUN JHEP-
TETUYECKUX U MaTEepPHAIBbHBIX PECYPCOB, YIYUIIECHUS SKOIOTHYECKUX
YCJIOBH MPOU3BOICTBA.

C Hameild TOYKM 3pEHHsI IePCIIEKTHBHBIM B 3TOM HaIlpaBICHUH
SBIISIETCS (DU3UKO-XUMHUIECKHUIA TTOIX0JI, OCHOBAHHBIN Ha TpeJICTaBIe-
HUU CYIIKU KaK KBa3UTOMOXUMHUYECKOM TeTePOreHHON PeaKiuu, B KO-
TOpO¥ B pe3ynbTaTe GU3NKO-XUMUIECKHUX U (Pa30BBIX IIPEBpAIllCHUI U3
MCXOJHOTO TPOAyKTa oOpa3yercsi CyXOW OCTaToK W mapoobpazHas
(haza, nmepemeaias B CylUIMIbHBIN areHT. Takoe NpeJICTaBICHUE CYIITKH
MO3BOJISICT MPUMEHUTh K MaTEMaTHYECKOMY MOJCIUPOBAHUIO 3aKOHBI
KHHETHUKH TOMOXHMHUYECKHX PEaKIHii TeTepOTreHHBIX MPOIECCOB,
MpekIe BCETo, Ba (DyHIAMEHTATHHBIX MOJIOKEHHUS (HOPMATEHON XH-
MUYECKON KUHETHKHU: 3aKOH JACUCTBYIOIIMX MacC M KHUHETHYECKOE
ypaBHeHue AppeHmyca. B 3ToM citydae CKOpOCTh Tporiecca CyIIKd
MOJKHO BBIPa3HTh ypaBHeHHeM: oor/or = f(a)- A-exp(—E/RT).

OCHOBHOE TPENMYIIECTBO TAKOTO MTOIX0/Ia 3aKIF0YaeTCs B yCTa-
HOBJICHHH SIBHOTO BUJa YPABHEHUS CKOPOCTH CYIIKH, KOTOPOE HE Tpe-
OyeT CIOXKHBIX MAaTEMAaTHYSCKUX BBIUMCICHUN INPU MPAKTUIECKOM
MPUMEHEHNN B HWHXEHEPHBIX pacyerax. J[OCTOMHCTBOM YKa3aHHOTO
MOIX0/1a SIBJISIETCSI BO3MOXKHOCTh MIPUMEHEHUST COBPEMEHHBIX BBICOKO-
TOYHBIX MPUOOPOB TEPMUUECKOTO aHATK3a JJIsl YUCIESHHOTO OTpeIeie-
HUS XapaKTePUCTHK TPOLIECcca, YTO 00ecreynBaeT HaASKHOCTh MOy~
YEHHBIX MAaTEMATUIECKUX MOJIEIEH.
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YK 621.927.9
E.B. JlutBunos, E.B. MaTtBeeBa, B.1IO. Kycros, E./l. YepToB

OKCHEPUMEHTAJIBHASI OHEHKA BJIMAHUSA N3HOCA
PABOUYUX OPI'AHUB JAESUHTEI'PATOPA HA CTEIIEHD
N3MEBUYEHMUSA CBIITYYETI'O MATEPHAJIA

W3menpuenne Mareprana B JE3MHTErpaTope MPOUCXOIUT 3a
CYET CHJI, BOBHUKAIOIIUX MPU CTOJIKHOBEHHU YACTHIL JPYT C APYTOM H
c pabouumMmu »dieMeHTaMH Je3uHTerparopa. I[Ipu HeomHOKpaTHOM
CTOJIKHOBEHHH CTEepXXHEH C YacTUIaMH H3MelbYaeMOoro MarepHala
NPOMCXOJNT M3HAIIMBAHHUE JAHHBIX AJIeMeHTOB. Ha mpoliecc m3HOca
BIIMSIIOT MEXaHUYECKUE XapaKTEPUCTHKH MaTepHuaja padoymx 3JeMeH-
TOB U YaCTHI] U3MEIhUAEMOTO MaTepHalIa, a TAK)KE MX CKOPOCTh CTOJIK-
HOBEHHS. B kauecTBe u3MenpuaeMoro Marepraia HCIOIb30BANIN IIECOK
knacca | cpenneii kpynunoctu, 'OCT 8736-2014. IIpu onpenenenun
IpaHyJIOMETPUYECKOTO COCTaBa MPUMEHSUIM cUuTOBOM Metoa. [Ipocen-
BaHUEe ocyuiecTBisUiM uepe3 menkoBble cuta ['OCT 4403-91. Ilpu
OTIpEJICNICHHN CTETICHH N3HOCA PabOYUX DIEMEHTOB MX OJJHOBPEMEHHO
¢ orbopom mpoO W3BJIEKaTM M3 pabouero JucKa JC3UHTErparopa U
B3BEIIMBaIH. Pe3ynbTaThl 3KCIIEpUMEHTAFHBIX HCCIIEIOBAaHUN TIPHBE-
eHnl B Tabimie 1.

Ta6J'II/H_Ia 1. 3meHeHue IPpaHyJIOMETPHUYICCKOTIO COCTaBa U3MECJIBUYCHHOT'O
IECKa B 3aBUCHUMOCTH OT U3HOCA pa6otmx QJICMCHTOB JAC3UHTCIpaToOpa

Macca Koad. Coneprxanue ¢ppaxuuu, %
H3Mel. W3HOCA 0.22— 0.15- 0.12—
reckKa, Kr Cw >0.28 My 0.28mm | 0.22mMm | 0.15 Mm <0.12vm

5 0.08 0.3 5.6 12.7 19.8 61.6
10 0.19 0.5 6.5 14.3 20.2 58.5
20 0.31 1.6 7.7 17.1 21.1 52.5
30 0.38 2.8 9.4 19.6 21.9 46.3
40 0.42 5.3 12.7 21.2 21.6 39.2
50 0.44 6.7 13.2 22.0 21.7 36.4

AHanmm3 TOJMYYECHHBIX PE3yJIbTaTOB CBHICTENBCTBYET O CYIIE-
CTBEHHOM M3MEHEHHHU TPaHyJIOMETPUIECKOTO COCTaBa H3MEIbUECHHOTO
MaTepuala npu u3Hoce pabounx 3nemMeHToB. Tak npu 45 % uzHOoCca pa-
00UYMX DPIEMEHTOB conep)kanue (pakIud C pa3MepoM YacTHIl MEHEe
0.15 MM ymeHbIaeTcsi mpuMepHo B 1.5 pasa.
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YK 621.542
C.A. Endumos, E.B. /lutBuHOB, A.M. AKeHYEHKO

SKCHHEPUMEHTAJIBHOE OIIPEJAEJEHUE
PACIPEJEJIEHUSA JTABJIEHUSA B TA30BOM ITPOCJIOMUKE
CTPYHHOI'O 3AXBATA

I[pu ucTeyeHNH BO3/IyXa U3 OTBEPCTHS B 3a30p MEXKIY HUKHUM
TOPIOM CprﬁHOFO 3axBaTa U YJACPKUBACMBIM U3JCIUEM BO3HUKACT
3¢ GexT naneHus JaBIeHUs HIKE aTMOC(PEepHOro. ITOT d3PPEeKT 00bsc-
HSETCS BIMSHUEM MHEPLUHOHHBIX CHJI Ha CKOPOCTh TEUCHHs BO3IyXa
BOJIM3M OTBEPCTHS MPH ONPEACNEHHOM COYETaHWH MapamMeTpPOB BO3-
Ayxa 1 CUCTEMbI U3€JINE-COILIIO.

C menbplo OmpeneseHusl paclpeleseHUs] AaBICHHS B Ta30BOM
HPOCIIOIKe CHCTEMBI «3aXBaT — U3/Ie/Iie» OblIa IMPOBECHA CepHsl IKC-
MEPUMEHTAIIBHBIX UCCIIEI0BAaHUN HA OPUTMHANIBHON ycTaHOBKe. 1o pe-
3yJIbTaTaM THX KCIIEPUMEHTOBIIOIYYeHA rpaHuECKy IO 3aBUCUMOCTh
P = f(r), roe r — paguanpHOE PaCCTOSIHUE AaTYMKOB JABJICHUS OTHOCH-
TCJIBHO HECHTPAJIBHOTO OTBEPCTHA.

1500

P
Ila

1000

500 ’/
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YK 621.315.592
A.B. Bynanos, I'.'!. Kortos, I0.H. Biacos

CYJb®UJIbI CDS, ZNS, CU; S, SNS, CU2.x SNS; I CU, SNS;
B TOHKOIIJIEHOYHOM OJTYIIPOBOJJHUKOBOM
TEXHOJIOT'UH

ToHKOMIEHOYHAS TEXHOJOTHUS TPSIMO30HHBIX ITOIYIPOBOIHH-
KOBBIX MaTepHAIIOB BOCTPEOOBaHA B HACTOSIIIEE BPEMsI B IIPOU3BOJICTBE
(doroanexkTpuueckux npeodpazoBareneid. OTKa3 OT TOKCHYHBIX apce-
HHJIOB PEIKO3EMEIbHBIX IEMEHTOB BBICOKOI ce0eCTOMMOCTH OTIpeie-
T MHTEpeC YYEHBIX MO BCEMY MUPY K Cyib(dWaaM MEIH, OJIoBa U
nuHka. Ha xadenpe Qu3nky, TEMIOTEXHUKH U TEIUIODHEPTETUKU Be-
OyTcs (yHIaMEHTAIbHBIE WCCICAOBAHUS B HANPABICHUU CO3JAHUS
TOHKHX IUIEHOK XaJIbKOTE€HHUIOB, IPUTOIHBIX JJIsl UCTIOIb30BAHUS B Ka-
yecTBe (POTOUYBCTBUTENBHBIX, Oy(PEpPHBIX U MPOBOISIINX CIOEB COJI-
HEYHBIX HJIEMEHTOB.

Pa3paboTansl criocoOsl GopMUpPOBaHUS OTHOPOIHBIX 1O (az3o-
BOMY COCTaBY IIEHOK CYJb(PHIOB METOJIOM «TOPSUYCH CTEHKU» B yCJIO-
BUSIX KaMmephl KBaszuzaMKHyToro o0béma. Coemamuenus CdS u ZnS
N-TUTA 3JIEKTPUIECKOI POBOJUMOCTH HCIOJIB30BaHBI B KAYECTBE Te-
Teporaphl MEPCIEKTUBHOMY TPEXKOMIIOHEHTHOMY ITOJIYTIPOBOJIHUKO-
BOMY COCJMHEHHUIO p-THMa npoBoaumoctu Cuz.x SNS3, KOTOpOe mpej-
rojaraercsi HCIOJb30BaTh B  KadecTBE (POTOAKTUBHOTO  CIIOS
coHeyHoro aneMenTa. CoenHeHne SnS HAHOCHTCS Ha THOKYFO METaJI-
JMYECKYIO MOJUTOKKY U3 Mo B KauecTBe Oy(hepHOTo CIos JUIs YBEH-
YeHHs KayecTBa MPUOOPHBIX CIOEB U3 APYTrUX MaTepuaioB. biaromaps
BBICOKOW KOHIIEHTPAILMH JIBIPOK B BBIPOXKJICHHOM IOJIYIPOBOJHUKE
Cuz S, ero MOXHO HCIIOJIb30BaTh B TEXHOJIOTHH COJTHEYHBIX JIEMEHTOB
B KQ4ECTBE TOKOTIPOBO/ISAIIECTO MaTepraa.
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YK 621.315.592
IO.H. Baacos, E.A. Taroxun, }0.B. Csinopos

AHAJIN3 N30TEPMHUYECKHX PEJIAKCAIINM EMKOCTH
JIUOJOB IOTTKHU C UCITOJIb30BAHUEM
HEMNPOCETEBBIX AJITOPUTMOB
NJISI MAEHTU®UKALIMA IAPAMETPOB I''TYBOKHX
YPOBHEM AJIEKTPOHHBIX COCTOSIHUMN
B 3AIIPEIEHHOM 30HE TOJIYITPOBOJHUKA

EcrecTBeHHBIe Ne(eKThl KpUCTaUla U MPUMECH ONPEAEISIOT
CBOMCTBA TOJYMPOBOJHUKOBBIX MAaTEpPHAaOB, MTOATOMY HEOOXOAMMO
KOHTPOJMPOBATh UX KOHLEHTPALUIO U TapaMEeTPhl COOTBETCTBYIOIINX
uM riyookux ypoBHed (I'Y) B 3amper€HHON 30HE MOJIYHNPOBOAHUKA.
HccnenoBanne H30TEPMUYECKMX pellakcalliii €MKOCTH IHOIHBIX
CTPYKTYp MO3BOJISIET PEIINTh 3Ty 33a4y. Penakcarnus EMKOCTH O I4H-
HSETCSI SKCIIOHEHIINAIBHOMY 3aKOHY C XapaKTepHBIM BPEMEHEM pellak-
calyy, KOTOPO€ 3aBUCUT OT KOHLIEHTPALUH, SHEpPruu akTuBanuu ['Y,
ero cedyeHHs 3axBaTa HOCHTEINs 3apsanaa. B kpucramie MOXeT comep-
KaThCsl MHOYKECTBO Pa3JIMYHBIX 1e(EKTOB U COOTBETCTBYIOUX MM ['Y.
IToaToMy BO3HHKaeT MHOTronapaMeTpuieckas 3afada, KoTopas MOKET
OBITh 3((DEeKTHBHO pelIeHa ¢ MPUBJICYEHNEM HEHPOCETEBBIX aJlTOPHT-
MoB. B nanHo# paboTe nccnenoBanack BO3MOKHOCTh OIIpeIeSICHHS 1a-
pametpoB ['Y npu annpoxcuManuy 3KCIepuMEHTaIbHOM 3aBUCHMOCTH
ANIEKTPOEMKOCTH IUOJHON CTPYKTYpPbI KaK (DyHKIHMH BPEMEHHU pellak-
CaIlM ¥ TeMIIEpaTyphl U3MEPEHNS TIPY SMHUCCHU HOCHTEJICH 3apsiia C
I'Y. KaxnoMy HEeHpOHY CETH CTaBUTCS B cOOTBETCTBUE ['Y 1 aMuccus
C HErO YUYMTHIBACTCS BKIAJAOM B CYMMAapHYIO SMHCCHIO, KOTpasl ompe-
JIeJIIeT B KOHEYHOM UTOT€ XOJ] pelakcaluy EMKOCTH.
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YK 664.14
C.A. Turos, JI.C. Caiiko

HNCCIIEJOBAHUE MEXAHU3MA UCIIAPEHUSA BJIATU U3
PACTBOPOB INMIIEBBIX CAXAPOB

OnHoM U3 BaXHBIX MPo0IeM PU3NUECKON XUMUU SBISIETCS U3Y-
yeHne (a3oBBIX MEPEXOJ0B, HApUMeEp UcHapeHue. Ero MoxHO pac-
CMaTpHUBaTh KaK MEPEHOC BIIATH U3 )KUIKOU B Ta30BYIO (a3zy. DTOT Mpo-
1ecc, KpoMe YUCTO TEOPETUIECKOT0, UMEET U OOJIbIIOE MPAKTUIECKOe
3HaveHue. [Iporeccsl epeHoca Biard, U, B YaCTHOCTH, UCTIApEHHE UT-
ParoT OTPOMHYIO POJIb, HAIPUMEP B MHUILEBOM Ipou3BojacTBe. OIHAKO
B OTJIMYHEC OT MHOTUX APYTHUX CITy4acB BJIarorepeHoca, B HI/IHICBOI\/'I TEX-
HOJIOTUM YacTO WAET MEepPEeHOC BIATH B CUCTEMax, COJEPXKAIIUX HE
TOJILKO CBOOOJHYIO, HO U TaK HA3bIBAEMYIO CBSI3aHHYIO BOJY, TO €CTh
BOJ1Y, PUCYTCTBYIOIIYIO B TUJPATHBIX 000J0YKAX MOJICKYJI MUIICBBIX
MaTepuaioB. Hanpumep, mpou3BoUTEILHOCT MEMOPAHHBIX TEXHOJIO-
THYECKHUX MPOIIECCOB, COMPOBOMKAAIOIINXCS 00pa30BAHUEM MOJIIPHU3a-
ITMOHHBIX CIIOEB HA TPaHUIE MEMOPaH, HAMIPSIMYIO 3aBUCUT OT MX PEO-
JIOTUYECKUX XapaKTEPUCTUK (BSI3KOCThb, NPECIBLHOC HAMPSKCHUC
C/IBUTA) KOTOPBIC B CBOIO OYepE/ib, 3aBUCAT OT TUAPATAIUHN THX 4a-
cruil. CyllKa MUAIIEBBIX CUCTEM Ha ONpPeIeEHHOM 3Tare 00e3B0KHBA-
HUSI CHIIBHO 3aMEeJICTCSI, YTO OTPEIeNieTCs 0COOCHHOCTSIMHU BIarore-
peHoca B MaTepualiaxX, CoJEpKaIIUX CBSI3aHHYIO BOIY.

Paspaborana ¢usnko-mMaremaTnyeckas MOJeib, CBI3BIBAIOIIAS
Maccy MCIApEeHHOW BJlard 3a €IUHMIY BPEMEHH C TeMIIEpaTypod
SHEpruer cBsi3M Biard. Mojenb 6a3upyercs Ha BAKAHCUOHHOM MeXa-
HHU3ME MEPEMEIICHUS BJIATH U MCTOJb3YET BEPOSTHOCTHBIM MOJXOJ K
IMpoueCCy ABUKCHHUA MOJICKYJ BOJBI IO BaKaHCUSAM B FH}IpaTHOfI 00o-
JIOUKE MOJIEKYJI caxapa. PacueTHble XapaKTepUCTUKN CPABHUBAIOTCS C
U3MEPCHHBIMH METOJIOM H30TEPMHUYECKON TepMorpaBuMerpuu. Jlis
OTIpe/ieNieHHsT KOHIICHTPAIMH, NpPU KOTOPOHW BCs BJara BXOJIUT B
NEPBYIO THAPATHYIO 00OJIOYKY MOJIEKYJIBI caxapa, HCIOJIb3yeTcs Me-
TOJI HU3KOTOTEMIIEPaTypHOOU TU(GEPESHIIUATHON CKaHUPYIOIIeH Ka-
JOPUMETPHH.
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YIK 621.927
C.B. JlaBpoB, A.M. bap6ammnn, C.A. HukeJsb

INPUMEHEHUE TEIIJIOBBIX HACOCOB B CUCTEMAX
TEINJMIOCHABXEHUSA

PaccmarpuBaeTcst IpUHIAIT JEHCTBUS TETUIOBBIX HACOCOB, BO3-
MOJKHOCTh M PAI[MOHAIBHOCTh UX HCIOJB30BaHMS B CUCTEMax TEILIO-
cHaOxeHus cyObekToB PO

[ToTpebmsas 1 kBT anmekTprudecTBa, TEIIOBOM HACOC OTAAET B CH-
CTeMy TeIulocHaOXeHHs MpuOIu3nTeNbHO 5 KBT TemnoBoil sHeprumy,
YTO JIeTIaeT CUCTeMy O4eHb 3¢ ¢ekTuBHOM. bomee Toro, manHas ycra-
HOBKA B JKapKoe BpeMsI rojia CiocoOHa OXJaXKJIaTh BO3AYX B 3/1aHUH,
nepenasasi TEIUIO U3 MOMEIIEHUN XJIadareHTy U BBIBOAS €ro HApyXKy,
T. €. paboTaTh MO NPUHIUITY KOHIUITHOHEPA.

HecoMHEHHBIM NPEUMYILIECTBOM CHCTEM C TEIUIOBBIMH Haco-
CaMH SIBJIIETCS] MX DKOJIOTUYHOCTh U O€30IMACHOCTD, BE/Ib PHUHITUII pa-
0OTHI JAHHOTO 000PYIOBaHMS HE MPETyCMaTPUBAET BEIOPOCOB B aTMO-
chepy Takux BpenHbix coeaunenuit, kak CO, COz, SO,, NO2 u np.

OpnHako CyLIECTBYET psji OrpaHUYEHUI MO BHEIPEHHIO TaKUX
cuctem: 1. CymiecTBeHHBIE KamuUTaOBIOXKEeHUS. 2. [l peamusamnmu
9HeprocOeperaonero MOoTeHIMala TEeIIOBOr0 Hacoca BO3HHKAeT
HEOOXOAMMOCTh HCIIOJIB30BaTh €r0 COBMECTHO C HHM3KOTEMIIEpaTyp-
HBIMH CHCTEMaMH OTOIUICHHS. 3. 3aBHCHMOCTH DKOHOMHUYECKOHW (-
(hEeKTUBHOCTHU MTPUMEHEHUS TAKMX CUCTEM Ha LeJTU TeTJI0CHA0KEHHS OT
KITMMAaTHYECKUX YCIOBUH perruoHa B 1eioM. [loTeHIman mpupoIHbIx
MCTOYHHUKOB TeIUIa JJIsl I0)KHBIX PETHOHOB 3HAYMTEIBHO OOJIbIIE, YeM
s ceBepHBIX. 4. IloTpebieHne TEemIoBOW SHEPrUU K KOHIY OTOIH-
TETBHOTO CE30HA BHI3BIBACT MOHIKEHHE TEMIIEPaTyphl TPYHTa, KOTO-
poe B KITMMAaTUYECKUX YCIOBHSX OOJBIIEH YacTH TeppuTopun Poccun
HE yclieBaeT KOMIIEHCHPOBATHCS B JIETHUH MEPUO M K HAYally CIleAy-
IOIIET0 OTONMHUTEIHHOTO CE30HA TPYHT BBIXOAUT C TIOHM)KEHHBIM TeMITe-
paTypHBIM OTECHIUATIOM.

C y4eToM 3TUX OTPaHUYMBAIOIINX (PAKTOPOB U C YUETOM TEMITOB
MAaJIO3TaKHOTO CTPOUTENhCTBA B cyOBekTax PD u poctoM Tapudos Ha
3JIEKTPO3HEPTHUIO U ra3, UCIOIb30BaHHUE TEIUIOBBIX HACOCOB I HYXI
TEIUIOCHA0KEHHS MOTHOCTHIO OTPABABIBAET ceO0sl.
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