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TEXHUYECKHWE HAYKH / ENGINEERING

DOI: 10.18454/1RJ.2016.44.025
Bouxkapes A.B.!, Meabnnkos E.B.
'ORCID: 0000-0003-1615-5659, cTyaeHT, “kaHauaaT TeXHHIECKUX HAYK,
Camapckuii rocyIapCTBEHHBI TEXHUUECKUH YHUBEPCUTET
Paboma evinonnena npu noddepacke epanma Beepoccuiickozo koukypca monoodedchvlx npoexmos 2015
PA3PABOTKA CUCTEMbBI JUATHOCTHUKHU COCTOAHUSA BOPOT HA CYAOXOJHBIX HIJIFO3AX
Annomauusn
B cmamve npedcmasnen cnoco6 KOHmMpOs NOGHIUEHHOU MOYHOCMU 304 COCMOSHUEM BOPOM CYOOXOOHbBIX ULTI0308 U
ONUCAHO NpUMeHsieMoe OJi €20 Peanu3ayuu YCmpoucmeo, KOmopbvle, npu GHEOPEeHUU HA PealbHO OeuCmeylouuil ULlios,
HOMO2YM CYWeCMBEHHO CHUUMb PUCKU BO3HUKHOBEHUSI CEPbE3HbIX HEUCHPABHOCTEL 8 IKCHILYAMUPYEMOU KOHCIMPYKYULL.
KaioueBble ci10Ba: Cy10XO/AHBIN [UTI03, CTBOPKA, IHKOEP, MPEIECCHS OCH.

Bochkarev A. V., Melnikov E.V.?
'ORCID: 0000-0003-1615-5659, Student, 2ORCID: 0000-0000-0000-0000, PhD in Engineering,
Samara State Technical University
DEVELOPMENT OF DIAGNOSTIC STATE GATE AT THE NAVIGATION LOCK
Abstract
The article considers a method for monitoring the condition of high accuracy navigation locks gate and described device
applied to it that the introduction to the actual current gateway can help to significantly reduce the risk of serious faults in the
exploited gate.
Keywords: navigation lock, flap, encoder, precession of the axis.

B HacTosmee BpeMsa B Poccun akTWBHO BeayTCsl paOOTHI, CBA3aHHBIE C PEKOHCTPYKIMEH BOAHOTO IIyTH CTPAaHBI,
KoTopele He uMmenu Mecto nocnenHue 30 ser. CreAcTBUEM 3TOrO SIBISIETCS KaTacTpo(HUUYECKOE COCTOSIHUE
nHppacTpyKTypsl BOJHOTO TpaHcmopTa: Oonee 70% KOTOpO# He OTBe4yaeT JCHCTBYIOIIMM CTaHIapTaM Oe30MacHOCTH
cynoxonctea. Hambosiee HEyIOBIETBOPUTENBHBIM IPHU3HAHO COCTOSIHUE CYAOXOAHBIX ILT030B. Tombko 10% muro3o0B
HUMCIOT COBPEMEHHBIC CUCTEMBI CYJONIPOITYCKa U OTBECYAIOT BCEM TpeGOBaHI/IﬂM I10 3KCILTyaTauuu rnﬂpocoopymeHHﬁ.

OI[HOﬁ N3 BaXXHBIX COCTaBJIAIOIINX HpaBHJ’ILHOﬁ OKCIUTyaTalluyd 111034, SABJIACTCA CUCTEMA KOHTPOJIA ITOJIOKCHUA
JIBYCTBOPYATBIX paclallHbIX BOPOT KaMephl [IUTI03a, KOTOPhIE MPEICTABISIOT CO00# CI0XKHYI0 KOHCTPYKIMIO, paOOTaIOIyI0
I10J] BO3/IefiCTBHEM OOJIBIIINX 3HAKOTIEPEMEHHBIX HArPY30K, CO3/IaBaEMBbIX CHIIOBBIMH IT'HIPOUMINHIPAMH THAPOIPUBOIA.

Ocp BpameHns: BOPOT MPEACTABIIET CO00H BepesuIbHBIN CTONO, GPUKCHpyeMBblii cheprIecKnM HOATATHUKOM CHHU3Y U
XOMYTOM, OAWH M3 KOHIIOB KOTOPOTO BMYPOBAaH B CTEHY B HENOCPEACTBEHHOH ONM3HM BEpEsuIbHOTO cToji0a, a Jpyrou
00XBaTHIBACT €T0 MICHKY OKOJIO KpaiiHell BepxHel Touku. Takoil XOMyT nMeHyeTcs ranscOanT. HaTspkeHne Mex Iy cTeHOH U
IIEHKOH CTOJI0A B HEM PETrYJIUPYyETCs, YTO MO3BOJISICT HACTPAaUBaTh XapaKTEPUCTHKH ITPOIIECCa CTBOPEHHS BOPOT C 3aJaHHON
TOYHOCTBIO.

[Ipu ucmonp30BaHUM AAaHHOW CXEMBI KOHCTPYKIIMM BCSKOM CTBOPKM JBYCTBOPYATHIX BOPOT ILTIO3a TPEeOYeTCs BECTH
MTOCTOSIHHBIN (TIOpsIJIKAa OJTHOT'O-ABYX pa3 B MECSI]) KOHTPOJb CTENCHHM HATsDKEeHUs ranbcbantoB. Kpome Toro, ocnmabieHue
rajgpcOaHTa BBI3BIBACT HAKJIOH BEPESUIBHOTO CTONI0A U, KaK CJIEACTBUE, BCEH CTBOPKH.

[Ipu HECBOEBPEMEHHOI PEryIHpPOBKe rabcOaHTa MPOUCXOAUT YCKOPEHHBIN N3HOC KPEIJICHNH, YTO MOYKET MPUBECTH K
pa3pymIeHNI0 KOHCTPYKIMH U032 U JUIMTEIIEHOMY JTOPOTOCTOSIIEMY PEMOHTY C OCTAHOBKOM CYJIOXOJICTBA Ha HECKOJBKO
MmecsneB. [IoMUMo 3TOro, OTKIIOHEHHE BEpEsUIbHOTO CTOJI0A, BEI3BAHHOE OCIIabJIeHNEM HATSHKEHUSI MEXIy IIeiKoi cronba u
KOHIIOM TanbcOaHTa, BMYPOBAaHHBIM B CTEHY, A00ABISET IOTPENIHOCTh NPH pacdeTe IOJ0KEHHS CTBOPKH BOPOT B
MIPOCTPAHCTBE, MPH UCIIOJIL30BAHUH TPAANIIMOHHBIX, HA CETOAHAIIHIN JIEHb, CIIOCOO0B M3MEPEHHS YIJIa TOBOPOTAa CTBOPKH.
IMox TpaIMIMOHHBIMM MTOPA3yMEBAIOTCS CIIOCOOBI, MOJAraolye, 9TO OCh BPALICHUS KaXI0H 13 CTBOPOK HE MPETEepIIeBaeT
BpAIIEHHUs BOKPYT LEHTPAIGHON TOYKH MOJIATHHUKA, CIY)KAIlero HIDKHUM KpEeIUICHHEM BepesulbHOro cronbda. CreacTBreM
3TOTO MPEHEOPEIKEHUS SIBISIETCS JOMYIIEHHE, YTO IUIOCKOCTh, B KOTOPOH YCTAHABIMBAIOTCS HEKOTOPHIE M3MEPHUTEIbHbIC
YCTPOMCTBA I ONPEAEICHUs yIiia MOBOPOTa CTBOPKU BOPOT, TaKKe HE NPEeTepIeBaeT HUKAKUX BPAICHUH, TIOBOPOTOB U
HaKJIOHOB.

W3 TakuX, TpaaWIMOHHBIX, CIIOCOOOB MO3MIIMOHUPOBAHUS CTBOPOK JIBYCTBOPYATHIX BOPOT IILTI03a M3BECTEH CIHOCOO,
OCYILIECTBJIIEMBIH C IMOMOINBIO AOCONIOTHOTO JIMHEHHOTO SHKOJEpa, YTO M TO3BOJIIET HAaWTH YroJl IOBOPOTa CTBOPKH
JIByCTBOPYATHLIX BOPOT IILIFO3A.

SIBHBIM HEIOCTaTKOM TAaKOT'O METO/Ia MOXKHO CUMTATh HAIMYME B MECTAaX KPEIUICHUS TaKHX SIBIICHUH KakK CyXoe TpEeHHue,
MOQT, IpUUEM MPOSBISIOIINECS CTOXAaCTHYECKH. JTO, Hapsly ¢ OTCYTCTBHMEM ydyeTa HakJIOHa OCH BpAIICHUS CTBOPKH,
BBI3BIBAET MTOIPEITHOCTD B MO3MIIMOHMPOBAHUN CTBOPKH, HE J1aBasi N30€raTh CTBOPEHUH C y1apoM.

W3BecTeH Takke MeTO[, MPEANoJararoliuii NpeoOpa3oBbIBaTh yroj MOBOPOTa CTBOPKU C IOMOIIBIO HCIIOJIB30BAHUS
€IMHCTBEHHOTO JaT4MKa a0COJIIOTHBIX YIJIOBBIX IIepeMeIleHHH (KaKk MEeXaHW4YecKOoro, Tak W NHU(pPOBOr0) B CHIHAI,
MO3BOJISIOIIUI MO3UIIIOHUPOBATE CTBOPKY B IPOCTPAHCTBE.

Takoii MeTOoJ HWMeeT SIBHBIM HEJAOCTATOK — MPH HAKJIOHE BEPESIILHOTO CTON0Aa OyJeT HE TOJBKO CO3/1aBaThCs
MOTPENIHOCTh OT OTCYTCTBUSI y4eTa yrjla ero HakjIOHa, HO 3TOT K€ HAKJIOH MOXET CHOCOOCTBOBAaTh YCKOPEHHIO M3HOCA W,
KaK CJIEJICTBHE, BBIX0/a U3 CTPOS CaMOr'0 IaTYMKa yriia IMOBOPOTa.

Jpyroii n3BecTHBI METOA OCHOBAH Ha HCIIOJIB30BAHUU ABYX aOCOITIOTHBIX YTIIOBBIX YHKOJEPOB M OJHOTO abCOIIOTHOTO
JMHEHHOTO SHKojepa. Takoil cmoco® He MO3BONSIET YYUTHIBATH HAKIOH BEPESIBLHOTO CTON0a BO BCEX BO3MOXKHBIX
HapaBJICHUAX, YTO TAKXC HajIaracT MOTrp€IIHOCTHL HA BBIXOJHBIC JAHHBIC, UCIIOJIB3YEMBIC JIsA OpraHU3alnu 6e3y11apHoro
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CTBOPEHHUSI CTBOPOK JIBYCTBOPYATBIX BOPOT LUIIO3a M HE MCKIIOYAET M3HOCA KPEIJICHWH KOHCTPYKLHH, MOTYIIHUX CTaTh
HNPUYUHON TPYAHOBBIIOIHUMOIO JOPOrOCTOSAIIEr0 peMoHTa [2].

W3 Bcero BBIIECKa3aHHOTO CIIEYET, 4TO Ul Oe3ylapHOTO CTBOPEHHs BOPOT TpeOyeTcs MHOM METOX OINpeaeiIeHHs
MOJIOXKEHUS B MPOCTPAHCTBE CTBOPOK IBYCTBOPUYATBHIX BOPOT ILIK03a, MPEANOJATaloUINi y4eT BO3MOXKHOIO OTKJIOHEHUS
BEpESUIBHOTO cToJI0a C JaJNbHEHIIeH KOPPEKTUPOBKON IPOCTPAHCTBEHHBIX XapaKTEPUCTUK KaXJIOH U3 CTBOPOK BO BCSKHN
MOMEHT TIpoIIecca CTBOPCHUS\OTKPBITHS BOPOT.

[Ipennaraemsiii cmoco® KOHTPOJIS KaXKIOH M3 CTBOPOK JBYCTBOPYATHIX BOPOT 3aKIIOYACTCS B ITOJHOM OINPEIEIICHUH B
MPOCTPAHCTBE CTBOPOK ABYCTBOPHYATHIX BOPOT IILII03a OTHOCHTENBHO IIEHTPa BpPAIIECHHWS BEPESIBHOTO CTOJ0A IPH €ro
OTKIIOHEHHH OT HOPMAaJbHOTO TOJOKCHHSA C HCIOIb30BAHMEM JBYX aOCOJIOTHBIX YIJIOBBIX SHKOAEPOB M OIHOTO
abCOTIOTHOTO JIMHEIHOTO HKO/Epa.

Jln1st MCTIOTHEHNS TAKOTO METOoJa TpeOyeTcsl 3HaTh HEKOTOPBIE KOHCTAHTHI, HAXOJUMBIE SMITMPHUECKAM IIyTEM BO BpeMs
MOHTaKa YCTPONCTBA.

Crnoco0 peanusyeTcst MOCPEICTBOM YCTPOMCTBA, KOTOPOE BKIIIOYAET B ce0sl iBa aOCOJIIOTHBIX JIMHEWHBIX SHKOJEpa M
OJIMH aOCOJIIOTHBIH YIJIOBOW. YCTPOMCTBO MOHTHpYETCS BO BPEMsI CTBOPEHHOI'O ITOJIOXKEHHs ABYCTBOPYATHIX BOPOT, MU
9TOM KOPIYC OJHOTO M3 aOCONIOTHBIX YIJIOBBIX DHKOJEPOB YCTaHABJIMBACTCS HAa JKECTKO 3aKPEIUICHHOM Ha IOBOPOTHOU
CTBOPKE JBYCTBOPYATHIX BOPOT ILIUIIO3a LITAHTOBOM KPEIJICHUH, HAXOISIIUMCS HENOCPEICTBEHHO HaJl KpaiHeil BepxHeil
TOYKOM OCH BpaLIEHUs CTBOPKH (OCTABJISIS 3230p MEX/Ly STOI TOYKOH M KpeIlIeHHeM, 1a0bl n30exaTh UX B3aUMHOTO CYXOT0
TpeHHs) TakuM 00pa3oM, YTOOBI OKpPY>KHOCTH, COCTABISIONIME OCHOBAaHHS IMJIMHIPOB BEPESUILHOIO CTON0A W Baja
abCOIOTHOTO YIJIOBOTO 3HKOAEPAa COOTBETCTBEHHO, OBUIM KOHLICHTPUYHBI; BTOPOH aOCONIIOTHBIH YIJIOBOW 3HKOIEP
pacnonaraloT B OJHOW TOPH30HTAJbHOM IIIOCKOCTH C HEPBBIM aOCONIOTHBIM YTJIOBBIM 3HKOJEPOM, 3aKPEIHB KECTKO K
HEKOTOPOH OJIHM3NIeKaIleH CTeHe, BaJl BTOPOro aOCOIIOTHOTO YIJIOBOTO SHKOJIEpa HANPaBJIeH BBEPX; a0COMIOTHBIIN JTMHEHHBIN
9HKOZEp IApHUPHBIMU KPEIUICHUSIMU B O0OMX CITydastX COSAMHSIOT C TIEPBBIM M BTOPHIM YTJIOBBIMH 3HKOJIEpaMH, PH YEM
KOpITyC a0COJIIOTHOTO JMHEHHOTO 3HKOJAEpa KPEHHUTCS ¢ aOCOJMIOTHBIM YIJIOBBIM JHKOAEPOM, XKECTKO 3aKPEIUICHHBIM Ha
CTEHE, a M3MEPHUTENBHBII IITOK — C SHKOJEPOM Ha BEPESIBHOM CTOJNOE TaKUM OOpa3oM, YTO INApHUPHOE COCIHMHEHHE
MO3BOJISIET a0CONMIOTHOMY JIMHEHHOMY 3HKOAEPY M3MEHATh yroj HaKIOHa OTHOCHUTEIhHO TOPH30HTAJbHON ItockocTu. Ha
OCHOBE MaHHBIX, MOJyYEHHBIX C JaTYUKOB, OINpEICNIsieM IOJ0KEHHE BEpXHEH TOUKM BEepessbHOro CToj0a, B KOTOPOM
YCTAQHOBJICH IEPBBI aOCONIOTHBIA YIJIOBOM SHKOJEP, Yrol IMOBOPOTa caMOM CTBOPKM M HEKOTOPOM TOYKH Ha HEH,
HaXoJIAIIeNCs TaKkKe B IIIOCKOCTH, YYaCTBYIOIIEH B CTBOPEHUH BOPOT.

Peani3oBaB Ha OCHOBaHHMHU JIaHHBIX CO BCEX JHKOAEPOB MATEMaTHYECKyI0 MOJENb crocoba MojydyaeM BO3MOKHOCTB
W3MEHEHHUS I0/1aBaeéMbIX Ha JBUTaTelIM HACOCOB ITHEBMOIOPUIHEH CHUTHAlL. DTO JaeT aBTOMAaTH3MPOBAHHYIO PEryJIHPOBKY
CKOPOCTH [BIDKCHHS KaXIOH M3 CTBOPOK HEIMOCPEACTBEHHO B IIPOIECCE CTBOPEHHMS, 03 OCTaHOBOK. Takum oOpaszom,
CO3Jaf0TCsl HanboJee MPUTOIHbIE, Ha CETONHIIIHUN IeHb, YCIOBUS Al Oe3yapHOTO CTBOPEHUs BOpOT. IIpu mocraTodHO#
annapaTHOW MOIIMHOCTH BBIYHCIUTEIBHOTO YCTPOMCTBA IMOSBISETCS BO3MOXKHOCTH Tpa)UuecKd MOIEIHPOBATH IIPOIECC
CTBOPEHUS BOPOT B PEXKUME PEATIBHOTO BPEMEHH.

Jns ompeneneHUss B MPOCTPAHCTBE CTBOPKM JBYCTBOPYATHIX BOPOT IIUIIO3A IMOJB3yeMcs c(epudeckoi CHCTEMOH
KoopauHaT. HauanoMm KOOpAMHAT SBISETCS IIEHTP BPallCHUs BEPEsJIBHOTO CTONI0A MPU €ro HakJIoHe. A3MMYTalbHBIH Yron
OyzeT COOTBETCTBOBAThH YIUIy MOBOPOTa CTBOPKM B JAHHBIH MOMEHT BpEeMEHH. JTO OOYCIIOBICHO HAJIUYUEM KPYTAIIETo
MOMEHTa Ha BEpEsUIbHOM CTOJIOE, YTO OIPaHUYMBAET MEPEMELICHHS BCSIKOI TOUYKHM CTBOPKH B HAIPABJICHUSX, OTIIMYHBIX OT
TOPU30HTAIBLHOTO II0BOPOTA, OKPYKHOCTBIO, JI€KALIEH B IMLEBOM WU NapaJlIeNIbHOM €1 IIJIOCKOCTH.

Humxe mnpencraBieHBl YCIOBHBIE CXEMbBI DPACIOJIOXKEHHS Ha CTBOPKE M B3aMMHOIO IIOJNOXKEHHUS IaTYMKOB, a TaKkKe
reOMEeTPUUYECKH 0003HaYeHbl MUCKOMbIE yriibl Y ¥ 0. Yrom O cOOTBETCTBYyeT yIily HaKJIOHAa CTBOPKH MNpPHU pacciabieHuH
rajubcOaHTa.
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CxeMaTHIHOE N300paKEHNE CTBOPKHU C JATYNKAMHM, YCTAHOBJICHHBIMHU COTJIACHO PACCMAaTPHUBAEMOMY METOLLY

8bIX

ex1 | 8x2 I6x3

Y - YroJ IOBOPOTA CTBOPKU OTHOCUTEIBHO CTBOPEHHOT'O COCTOSIHUSL.
Puc. 1

Peanuzanus paccMaTpuBacMoro MeToaa, Bua Cji€Ba

LAMMIM1MIMOMIMIDMIMONMNI

1 — abcoumoTHBIC THHEWHBIE YHKOAEPHI, 2 — aDCOIOTHBIHN YTII0BOI SHKOIED,
3 — CTBOpKa ABYCTBOPYATHIX BOPOT IILII03a, 4 — BEPESIIbHBIN CTOIO,
5 — HEeTMOABW)KHBIN MOISTHUK, 6 — msiTa, 7 — TaldbcOaHT, 8 — MITAHTOBOE KPEIUICHNE
Puc. 2
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BHSyaJIBHOQ NPEACTABICHUE HEKOTOPBIX UCIIOJIB3YEMBIX KOHCTAHT
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Puc. 3

U3 puc. 2 BUITHO, YTO HAKIIOH CTBOPKH BBI3bIBAET U3MEHEHHE JJIMHBI a0COIIOTHOTO JIMHEHHOTIO SHKOIepa.

CrnemyeT y4uThIBaTh, YTO HCIIONB3YETCS cepruueckas cUcTeMa KOOPAUHAT C HyJIEBOI TOYKOH B IIEHTPE BEPTHUKAIHHOTO
BpAIlleHU CTBOPKH, KOTOPBIM HAXOMUTCS MO ILEHTPY MOMISITHHKA (MOXKET OTIMYATHCS B 3aBUCHMOCTH OT KOHCTPYKIIHH
CTBODPKH).

[TonoxeHne CTBOPKU BOPOT B IPOCTPAHCTBE OINpPEJENIAETCS] Ha OCHOBAHHH YIJIa MOBOPOTA, KOTOPHIM OmpenenseTcs Kak
MOKa3aHHs abCONIOTHOTO YIJIOBOTO SHKOJEpA, a TAaKXKE PACCUMTAHHOTO B JIFOOOW MOMEHT BPEMEHH Ha OCHOBE BBIXOJHBIX
CHTHAJIOB JIMHEHHBIX 9HKOAEPOB YIJIa HAKJIOHA CTBOPKU. DTOT pacueT NPOU3BOIUTCS COTJIACHO BBIPAKEHUIO:

d%gf%°+c2—R2 d%s;zd%_l_cz_Rz
6 = arccos S Tipdz, | T Arceos| — g — |, 1)

N

rae dj, d; - UTHHBI IEPBOTO U BTOPOTO aOCOJFOTHBIX JIMHEWHBIX SHKOJIEPOB B TAHHBIH MOMEHT BpeMeHH; Uig, Uy - UTHHBI
MEPBOTO U BTOPOrO aOCOJIIOTHBIX JMHEHHBIX DHKOJEPOB B CTBOPEHHOM COCTOSIHUM BOPOT, 3aMepsieTcs OJMH pa3 Iepej
3aIyCKOM BCE€i CHCTEMbI NO3UI[MOHUPOBAHUS, 110 OKOHUYAHWH YCTAHOBOYHBIX PabOT; S — PaCCTOSHUU MEXIY COEIUHEHHs CO
CTEHOH MX KOPIYCOB; C — pacCTOSHHME OT TOYKH, OOpa30BaHHOW NpHU IEPECEUEHUH OTpPe3Ka S BHICOTOM TPEYTrOJIbHHKA,
obpasoBanHoro S, d; u dy; R — 0603HaueHHoe Ha puc. 3 3a R paccrosHue.

J1J151 OlIeHKM TOYHOCTH METOo/1a CIIeyeT 00OpaTUThCS K ONPE/ICICHHIO aOCOMIOTHOM N OTHOCHTENILHON €ro MOTPETHOCTH.

[MoncraBuB B BeIpakeHue (1) KOHCTAHTBI, COOTBETCTBYIOIIME JEHCTBHTENHHBIM 3HAYCHUSIM IAapaMETPOB PEAIHLHOTO
CYZOXOJJHOTO IIJIF03a, HOSBIISIETCS BO3MOXKHOCTh IIOJIyYHUTh TPEICTABICHHE O M3MEHEHNH MOTPEITHOCTEH ¢ OJJHOBPEMEHHBIM
pocrom muHbI 0; u dy. ['padudeckn sTH HU3MEHEHHUS MIPEICTABICHBI Ha PHC. 4 U puc. 5.
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WsMmeHeHre abcoMmoTHOMN morpemHocTy (ock Y) ¢ oqHoBpeMeHHbIM pocToM d; 1 dy (tipuesaTo 3a d, ock X)

31077
270
241007

21107

dAbs(d01,d02,d)

1.03 1.06 1.0%9 .12 .15 .18 1.21 1.24 LT 1.3 1.8

Puc. 4

V3MeHeHe OTHOCUTENBHON MOrpentHoCTH (0¢h Y) ¢ OqHOBpeMeHHBIM pocToM d; 1 d; (mpuHsTo 32 d, och X)
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LR

DR

i

DG

0.t dAbs (:d{.'ll ,d02 ,d]
o405 Q(do1,do2,d)

- 100

(RS

IR

DG

1 105 1.06 1.0 .12 8 H] .15 .21 .24 Br g 1.3 1.53

Puc. 5

CpaBHUBasI JTaHHBIH METOJ| C HWCIIOJIb3YEeMbIMH B HACTOSIIEE BPEMs, MOXKHO BBIICIUTH CIEAYIOIIME NPENMYIIECTBa
HOBOT'O METOJa:

* KOHTPOJIb MPELECCHH OCH BPALICHUS CTBOPKH;

* pe3epBHUPOBAaHHE NATYMKOB (IIPU OTCYTCTBMH CHTHAJla C OJHOTO M3 aOCONIOTHBIX JIMHEWHBIX HKOAEPOB CHCTEMa
MPEBPAINAEeTCs] B KJIIACCUUECKYIO, ONPEACIISIONIYI0 TOJIBKO yrojl IIOBOPOTa CTBOPKH 0e3 ydeTa HaKJIOHA BEPEessIbHOTO CTOJI0a
OTHOCHUTEJIEHO HOPMAJIFHOTO TIOJI0KEHU);

* BO3MOXHOCTb Ipah)UuecKoro 0TOOpaKeHust epeMeIleHHs KITIOYEBbIX TOYEK CTBOPKH B PEaJIbHOM BPEMEHHU.

¢ TOBBIHNICHHUC TOYHOCTU ONMPEACICHUA B MPOCTPAHCTBE CTBOPOK BOPOT, UTO MO3BOJIACT MPAKTUYCCKU BO BCEX ClIydasx
0e3y1apHO CTBOPSATH BOPOTA
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THE PROBLEMS OF PLANNING OF INDICATORS OF SCINCE RESEARCH WORK IN THE UNIVERSITY
Abstract

In article the principles and problems of improving the planning of research work at the university are described, the
basic principles of system design planning of research work are formulated and the necessity of their use in the development of
the system is founded.

Keywords: research work, criterion, planning.

COBpeMeHHaﬂ oOpazoBarenbHasl CHCTEMA IIPETEPIIEBACT 3HAUNTEIbHBIE H3MEHCHHS B YCIIOBHAX aKTHBHBIX COIMANIBHBIX
u geMorpauIecKuX MPOIecCOB B IIOCTCOBETCKOM oOmiecTBe. Y cuiaeHHe O0pbhOBI 32 MOTEHINAIBHBIX [T0JIb30BaTENeH
00pa30BaTEeNbHBIMU YCIYyraMH, KOHKYPEHIUS Cpeu 00pa30BaTeNIbHBIX YUPEKACHUH, )KECTKUE aTTECTAI[IOHHBIC ITOKa3aTely,
OIpEENAONINE CTATYC By3a, — BCE 9TO COCTABISET PEATNH CETOMHSAIIHEN BBICIIEH ITKOJIBL.

B Takux yclIoBHAX 3alOTOM YCHCIIHOTO pa3BUTHS By3a MOXET CTaTh XOpOIIO OpPTraHM30BaHHAs Hay4yHO-
uccieoBarenbekas pabora mpogeccopcKo-IpernoaBaTeNbckoro cocraBa. HayuHas opraHusauusi Tpynaa IpernojaBarelneit
IperonaraeT yCTaHOBJICHHE ONPEACICHHBIX HOPMaTUBHBIX TIOKazaTelNel U1 INTaHUpOBaHUA 00beMa TPYOBbIX 3aTparT.

[TnanupoBaHue Hay4HO-HCccIen0BaTenbckol paboTel (HUP) B By3e sBIsieTCS Ba)KHOW YaCThIO CIIOKHOTO MHOTO3TAITHOTO
npolecca YIpaBiIeHHs IMPOM3BOACTBOM (YHIAMEHTAJbHBIX M NPUKIAJAHBIX 3HAHUH, KaK KOHEYHBIX IMPOAYKTOB HAy4HO-
UCCIIEZIOBATEIbCKON  AeATebHOCTH. MOXKHO BBIIECNUTH JBa aclekTa tulaHupoBanusi HUP B Byse: dopmupoBanue
TEMaTHYECKUX IUIAHOB HAYyYHO-HMCCIICOBATENBCKUX M OIBITHO-KOHCTPYKTOPCKUX padOT W (OpMHpOBaHME IUIAHOB Hay4IHOH
JESTENBHOCTH By3a IO CHCTEME KOJIWYECTBEHHBIX MMOKAa3aTeNel, peraIaMeHTUPYIOIUX IpOLecC MPOU3BOJICTBA 3HAHUI U KX
UCIIOJIB30BaHUs LENenoaraoneil CHCTeMaMH.

B ocHOBY CyIIecTByIOIIX METOZ0B (pOpMHUPOBaHMS TeMaTH4ecKux 1maHoB HMP momnoskeHs! 1Ba OCHOBHBIX ITOAXO0/A.

1. [InaHnpoBaHKNE Ha OCHOBE MOTPEOHOCTEH MM OT KOHEYHBIX IIEJIeH.

IIpornecc mmaHUPOBAaHUS OT KOHEUHBIX LieJel BKIIFOUAET CIIEIyIONie ITallbl:

- TIOCTpPOEHHE JiepeBa LeJel U OI[eHKa CTeTIeHH 3HAYUMOCTH €TI0 BepIIHH;

-~ TIOCTPOEGHHE COBOKYITHOCTH ajJbTEPHATHUBHBIX IUIAHOB JOCTIDKCHHS Iee M OIpeleNieHHe HX IOJIE3HOCTH
OTHOCHTEINIFHO TTI00aIbHOH 117N,

- BbIOOp OJIHOTO M3 AJILTEPHATHBHBIX BAPUAHTOB KaK ITOJUIEKAIIETO Peali3alliH.

2. [ImanupoBaHKMe Ha OCHOBE NPEI0KEHHUI, UCXO/IS U3 PECYPCHBIX BO3MOKHOCTEH HCIIOTHUTEIEH.

IIpu TakoMm moaxoAe MCMONB3YIOTCS METOABI OLeHKM npepioxenuit HUP, noctynaromux oT ucnofHuTened B Hay4IHbII
OTZEJ, 33a71a4a KOTOPOTo 3aKJII0YaeTcst B BIOOpe Hanbosee BXKHBIX U3 YHUCIa MPECTaBICHHBIX Ul paccMoTpenus. [1pu stom
JIOJDKHBI OBITH PEIICHBI CIIEAYIONINE BOPOCHI:

- OmpeeNieHHue TPYIIBI GaKkTOpPOB (KpuTepreB) 3PPEKTHBHOCTH (IICHHOCTH, ITOJIE3HOCTH, BaXXHOCTH U T.1.) HUP;

- mocTpoeHue Mozenu oueHkH 3ddextuBHOocTH HUP, Kak QyHKIMM OT KOJMYECTBEHHBIX OLIEHOK 110 pacCMaTpUBaeMbIM
(hakTopam.

MeTtomonoruss MCCIEOBaHMA OIEpanMid  MpeaycMaTpuBaeT BbIOOp KPHUTEpHsS  ONTUMAIBHOCTH, IOCTPOCHHE
MaTeMaTHYECKOW MOJENM W HaxXOoXKICHWE peIIeHHs 3aJadyd C  HCIOJB30BaHMEM alapaTa MaTeMaTHYeCKOTro
poTrpaMMHUpOBaHud. B paborax, HCIONB3YIOMMX METOABI MaTEMaTHYECKOI'0 NMPOrpaMMHPOBAHUS, 33ajada OIEHKH U oTOOpa
HUP craBurcs kak 3agada ONTHUMH3AIMK CyMMapHOHM ITOJIE3HOCTH HAay4HO-HCCIEIOBAaTENbCKUX paboT  MpH 3aJaHHBIX
OTpPaHUYEHUSX Ha PECYpPChl, WM KaK 3ajiada pacIipeeseHHus 3aJaHHOTO 00beMa pecypcoB, ONTHUMU3UPYIOIIETO PEIICHHE 110
HECKOJIBKUM KPUTEPHSIM.

B kadecTBe HHCTpyMEHTa CTPYKTYpH3allUd HCIOJB3YIOTCA METOAbI CUCTEMHOro aHanusa. IIpuMeHHTeNnbHO K
paccmarpuBaeMoii 3a1aue oreHkn 1 oroopa HHUP cucremHbIl aHann3 1aeT BO3SMOKHOCTB!

1) copmynupoBats cucremy kpurepues oueHkrn HUP;

2) NpeayioKUTh METOAbl HM3MEPEHHs II0Ka3aTeliei, ONpeleleHns] W aHAJIUTHYECKOTO BBIPAKEHUS CYIIECTBEHHBIX
3aBUCUMOCTEH;

3) paccmaTpuBas mpobJIeMy B LIEIOM, BBIACTUTH OTACIBHBIC €€ YacTH WJIM JTallbl, U PEIIEHHS KOTOPBIX MOTYT OBITh
WCTIOJIB30BaHBI MOJIEITIN HCCIICIOBAHUS OTIEPAIIHii;

4) wncmonp30BaTh NMpH BBIpaOOTKe permreHus o Beibope HUP momomauTensHyro mHMOpMAIHIio, B YaCTHOCTH ONBIT H
MHTYUIHIO JIUIA, OTBETCTBEHHOTO 32 MIPUHATHE pemieHnsd. B HacTosImee BpemMs BOpocaM OIEHKH 0XHIaeMoi 3(h(heKTHBHOCTH
HUP mocsmieHo 3Ha4YMTEIHHOE KOJMYECTBO PAOOT, Tpeiaraloniux camylo pa3HOOOpa3HYIH CHUCTEMY KpPHUTEpHUEB. OTO
MHOT000pa3ue, XOTS W OMpPaBIBIBACTCA MPEAMETHOH 00JACThIO M XapaKTepOM HCCIICIOBAaHHM, HAONOJAECTCS U MPH OIECHKE
HUP, cxoxux M0 CBOUM XapaKTEPUCTUKAM.
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B cwmty Toro, uto mokazarenu ¢ dekruBHOocTH HUP HOCSAT, Kak MpaBuiio, U KaueCTBEHHBIM M KOJIMISCTBEHHBIN XapakTep,
JUISl ©X M3MEPEHMsS] YacTO MCIOJIB3YIOTCS COOTBETCTBEHHO OajUIbHBIE OLEHKH, KOTOpBIC HAa3HAYAIOTCS DKCIEPTAMHM, a TaKKe
OLICHKH NOKa3aTesell B HaTypaJlbHOM BBIPDaXKCHUH, T10JTy4aeMble OT 3aKa34MKOB 1 ucnonuureneit HUP.

[MonynsspHOCT NPUMEHEHHSI METOJO0B OAUIBHBIX OLEHOK OOBSCHAETCS MX 3HAYUTENHBHONW T'MOKOCTHIO, BO3MOYKHOCTBIO
ydeta OOJBIIOTO YMClia KPUTEPUEB, BOBMOXKHOCTBIO IOJYYEHHs OLCHOK B NPHUBBIYHON, uucioBod Qopme. [[ns m3mepeHus
oOweit (nHTerpanbHoit) addexruBroctn HUP Hanbonblee pacnpocTpaHeHre MOJTyYMWIN MaTeMaTHueCKie MOJICTIH, KOTOPHIE,
UCXOJSl U3 TPEJONIOKEHNSI B3aMMHOIM HE3aBHCUMOCTH KPUTEPHEB, CTPOSTCS MO0 METOJY B3BEIICHHBIX cyMM. HecMmoTps Ha
MPOCTOTY M HATISIIHOCTH JAHHOTO METO/AA, BCE XK€ CYIIECTBEHHBIM HEIOCTAaTKOM SBISIETCSI TO, YTO OH HE YYUTHIBAET
BO3MOXKHOCTH B3aIMHON KOMIICHCAIIUH PA3THIHBIX KPUTEPHEB.
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Annomauusn

Coz0ana 3D-modenv Kamepwl czopauus 2a30mypOunHHo20 Oguecameis, Komopds Ovlia adanmupo8aHa K pacnedamke

na FDM-npunmepe.
KiroueBblie ciioBa: 3D-medaTs, TEXHOIOTHS, aBHACTPOCHHE.

Zaintdinov A.M.}, Aleksandrov Y.B.?
'Postgraduate student, 2PhD in Engineering, Associate professor,
Kazan State Technical University named after A. N. Tupolev
USING FDM-PRINTING FOR PROTOTYPING AIRCRAFT ENGINE COMBUSTION
CHAMBER AND TESTING

Abstract

Created 3D-model of the combustion chamber of a gas turbine engine, which has been adapted to print on the FDM-

printer.
Keywords: 3D-printing, technology, aircraft.

JHAM U3 npeuMyniectB 3D-nieyati 3T0 BO3MOKHOCTh M3TOTOBJICHHS JIETAIN JTIO00H CIIOKHOCTH 0O€3 MCIIOIb30BaHMS

0OJIBILIOrO MapKa CTAHKOB, PECYpPCOB M BpeMeHH. [IpHHTEphI pa3invarTcs 10 TEXHOJOTHU NeYaTH U UCTIOIb3YEMbIM
matepuanam (FDM, SLA, SLS u np.). B Hame#t pabote Mbl OCTAaHOBMJIM CBOW BBIOOD Ha TEXHOJIOTMH MOJCITHPOBAHHS
METOJIOM TOCIoWHOro Hamtasienus (anrit. Fused deposition modeling (FDM)) sTa TeXHOIOTHSI aIMTHBHOTO MPOU3BOICTBA,
LIMPOKO UCIIOJIb3yeMasi NPU CO3AaHHM TPEXMEPHBIX MOJAENEH, IIPU NPOTOTHUIIMPOBAHUH U B TPOMBILIJIEHHOM IPOM3BOJICTBE.
Texnonorus FDM noapa3ymeBaeT co3qaHne TPEXMEPHBIX 0OBEKTOB 3a CUET HAaHECEHHS MTOCTIeI0OBATEIBHBIX CIOEB MaTepHaa,
MOBTOPSIIOLIMX KOHTYPHI 1 poBoii Mozaenu. Kak nmpaBuiio, B KauecTBe MaTepUalioB [UIsl I€YaTH BBICTYIIAIOT TEPMOIUIACTHKHY,
MIOCTaBIIsIEMBIE B BUJIE KaTyIIeK HUTEH MM IPYTKOB.

[Ipou3BOICTBEHHBIH TUKJI HAUHHACTCS ¢ 00paboTKH TpexMepHo mudpoBoii Mogenn. Mozaens B popmate STL menmres Ha
CJION ¥l OPUEHTHPYETCsl HanboJsiee MOAXOASIIMM 00pa3oM Jutsd nedary. [Ipyn HeoOX0aMMOCTH TeHEepUPYIOTCS MOJ/IePKUBAIOIINE
CTPYKTYpBI, HEOOXOANMBIE IS TIeYaTH HaBHUCAIOUIMX JIEMEHTOB. HeKoTophle ycTpOHWCTBA MO3BOJISIOT MCIOIb30BaTh pa3HbIe
MaTepualisl BO BpeMsi OJJHOTO NMPOM3BOJCTBEHHOTo IMKJa. Hampumep, BO3MOKHA Ie4aTh MOJIENH M3 OJHOIO MaTepHaia C
MeyaThl0 OMOp M3 JPYroro, JIEFKOPACTBOPUMOIO MaTepHaia, 4TO I03BOJSIET C JIETKOCTBIO YIAISATh IOJCPKUBAIOLINE
CTPYKTYpBI TOCJIe 3aBepliIeHHs mpoliecca neyard. AJIbTepHATHBHO, BO3MOXKHA I€YaTh Pa3HbIMH [[BETAMH OJTHOTO U TOTO XKe
BU/Ia IJIACTHKA NIPU CO3/IAaHUU €JMHOW MOJIEIH.

W3znenue, WM «MOJIEIIbY, TPOM3BOANTCS BBIAABIMBAHUEM («IKCTPY3HUE») U HAHECEHHEM MHKPOKAIesb PaCIIaBICHHOTO
TEpPMOIUIACTHKA ¢ (POPMUPOBAHHEM MOCIIEJOBATEIBHBIX CIIOEB, 3aCTHIBAIOIIMX CPA3y MOCIE SKCTPYIUPOBAHHS.

[TnacTukoBasi HUTh pa3MaThIBACTCS C KATYIIKM W TMOAAETCS B JKCTPYAEP — YCTPOMCTBO, OCHALICHHOE MEXaHUYECKHM
MIPUBOIOM JUISl TIO/1a4X HUTH, HarpeBaTeIbHBIM 3JIEMEHTOM /IS IUIABKM MaTepHaia U COIJIoM, Yepe3 KOTOPOEe OCYIIECTBISIETCS
HEMOCPECTBEHHO KCTpYy3Hs. HarpeBaTenbHbIH JIEMEHT CIYXHT JJIsI HarpeBaHHs COIUIAa, KOTOPOE B CBOIO OYepe]b IIABUT
IUIACTUKOBYIO HHUTh M TIOJIa€T PAcCIUIABJICHHBIH MaTepHal Ha CTPOSIIIYIoCsh Mojenb. Kak mpaBuio, BEpXHss 4acTh COIUIA
HAo0OpOT OXJIAKAAETCS C IOMOILIbI0O BEHTHJLITOpA /IS CO3JaHHMS PE3KOro TpajieHTa TeMIepaTyp, HEoOXOAMMOTo s
oOecrieueHyst TIaBHOW 0/1a4X MaTepHasa.
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OKCTpyaep mepeMenaeTcs B TOPU30HTATBHON M BEPTHUKAIBHON TUIOCKOCTSX HOA KOHTPOJIEM aIrOPUTMOB, aHAJIOTHIHBIX
HCIIONIL3yEMBIM B CTaHKaX C YHCIOBBIM IPOrpaMMHBIM yrpaBieHueM. COIUIO mepeMemaercss Mo TPaeKTOpHH, 3aIaHHOMN
cucreMoil aBroMaTuznpoBanHoro npoektupoBanus («CAIIP» mnun «CAD» no anrnosi3sryHol TepmuHoioruu). Kak npaswusio,
IKCTpyZAep (Takke Ha3bIBACMbIM «IIEYAaTHOH TOJIOBKOW») MpPHUBOIUTCS B JBIDKCHHWE TIOIIArOBHIMA MOTOpPaMH WIIH
cepBonpuBoAaMu. [1oANEepKKN U MOJUIOKKH BIMSAIOT Ha Ka4eCTBO MOBEPXHOCTH, MPH HMPOEKTHPOBAHMU IEYATHBIX JETaleH
HeoOxomuMo ux u3berathb. [1oaTOMy co3nanHas HaMu MOJIEIb ObLIa epepadorana nox 3D-nevats. [1]

OOBeKkTOM HccieioBaHus ObUla BBIOpaHa MeTieBas KaMmepa cropaHus ra3orypOuHHOrO aBurateis. Heo6xomumo ObuIO
H3TOTOBHUTH TOJIBKO YETBEPTH KaMephl, 2 OOKOBBIE CTEHKH U IIEPEXOJHOM KaHal IS IT01add BO3AyXa.

Mogens KC 0puta mozeneHa Ha 4acTH Tak, YTOOBI KaXaas JIeTalb MedaTanach ¢ MUHUMYMOM IOJUIEPKEK M HOAJIOXKEK.
TaM, T UMEIOTCSI HaBUCAIOLINE YacTH MOJETH, ObUIH cAenaHbl (DacKH, HApUMEp Ha BHEIIHEM M BHYTPEHHEM KOXYyXaX B
MecTe KpeIuleHHs1 K (PpOHTOBOH IUINTE M BHEIIHEH ITacTHHE. B ciydae M3roTOBICHUS IETbHONW KaMephl BHYTPH OCTAINCh OBl
MOJ/ICPKKH, KOTOPBIE HEBO3MOXKHO YAAIUTh. DTy MPOOIEMy MOKHO PEIINTH C IOMOIIBIO IBYXIKCTPYIAEPHOTO INPUHTEPA,
neyaTast MOJAEP>KKH U3 BOJIOPACTBOPUMOTO IUIACTHKA.

B Hamem citydae Mcosb30Balicsl IPUHTEpP ¢ 1 dKCTpyaepoM, MaTepuanoM Obul BeIOpaH PLA, oTnuuaromuiicst Oompuiei
OPOYHOCTBHIO M MEHBIIOH TepMoycaakoii. s meuatu ucnons3osanics npuatepsl Makerbot Replicator 2 u Leapfrog, nepssiit
ABJIsIETCS 0OJIee TOYHBIM M KAUeCTBEHHBIM, Y BTOPOTO ke OOJIbIIe 00acTh MeYaTH.

®poHTOBas MIMTA, BHEUIHSS IUIACTHHA U 2 OOKOBBIE CTEHKH OBLIM M3TOTOBJICHBI U3 JHCTa (haHEphl Ha JIa3epPHOM pe3ake,
YTO MO3BOJISIET MEHATh KOH()UTYpalnIo OTBEPCTHH Ha IUIMTE B MOJENH, U3TOTOBHTH 33 HECKOJIBKO MHUHYT HOBYIO IUIMTY H
YCTaHOBHTH €€ Ha MecTO crapoil. B mampHeimeM BO3MOKHO W3TOTOBIICHHE ()POHTOBOW IUIMTHI U3 OPICTEKJIA, YTO MO3BOJHT
HaOII0aTh 32 TEYCHUEM MOAKPAIICHHOTO BO3AyXa BHYTPH KaMEpBHI.

Co3naHHas ¥ HaneyaTaHHAs HaMH Kamepa CrOpaHus ra3oTypOMHHOTO JIBUTaTeNls B HACTOSIIEE BPEMs HUCIOIb3YeTCs I
MIPOBEJCHNUS Ta30AMHAMUYECKUX HCCIIEIOBAHMHA Ha XOJOIHBIX NMpPOMyBKax. IImaHuMpyeTcst CpaBHUTH IOJyYCHHBIC NPHU 3TOM
ra30AMHAMUYECKHIE MTOKA3aTeNIH C IOKa3aTeIIMH HACTOSIIEH METaJUIMYecKOH KaMephl M MOKa3aTesIMHU, HOIyYEHHBIMH TPH
TIOMOIIY YHCIICHHOTO MOJeNMpoBaHus B nporpamme Fluent. /lannas kamepa siBisieTcs mepBod Bepcuei, OyaeT H3roToBICHA
HOBas, C JOpa0OTKaMH, OCHOBaHHBIMH Ha MW3rOTOBJIEHMHM TIiepBod. Hampumep Oynmer pemena mnpoOnema Ie4aTH
MIIIMMETPOBBIX OTBEPCTHUH, 3aKPBITHIX CBEPXY KO3BIPHKOM (B M3TOTOBJIEHHON KaMepe KO3BIPbKH HaredaTaHbl OTAEIbHO U
yCTaHaBJIMBAIOTCS Ha HAINpaBJIAIONINE, KOTOPhIE 3aTeM pPAcIUIaBIAIOTCS, Aejlas JeTallb HepazbeMHOW) .Takxke IIaHUpyeTcs
W3TOTOBUTH IPYTHE YACTH ra30TypOUHHOIO JBUTATENS, TAKKE KaK JOMATKH KOMIIPECcopa U TypOUHBI, (JOPCYHKH U JAPYyTHUE.
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1MaFI/ICTp Kageapbl MEeTaTyprHH, ZaCHI/IpaHT kagenpsr ATIIII, 33aBez[y10u11/H‘/'1 Kagenpoit ATIIII, npodeccop,
HanmoHnanbHbIH MUHEpaJIbHO-CBIphEeBOH yHUBEpcHTET «I opHEIi», T. CaHkT-IleTepOypr
MJIABKA TOHKOCTEHHOT'O JIOMA C JJAKOKPACOYHBIMU NNOKPBITUAMMU AJI51 MOJYUYEHUSA
AJTIOMUHHUEBOI'O CIIJIABA
Annomayusn
B pabome usywaemcs npobnema nepepabomxu 3acpA3HEHHbIX ANOMUHUEEHIX OMX0008 005 KOMOPLIX HEYKIOHHO
VBEIUUUBACCSL 8 NPOU3B00CMBE GMOPULHBIX CNIAGOG. B 1a60pamopHuix yCio6usax npoeedensl nAd6Ku, npu KOMopuix wuxma
oviia  cghopmuposana u3  ANOMUHUEBO20 JOMA 6 GUOe MOHKOUSMeIbYeHHvlx Oanok. Ilonyuennvie omausku Ovliu
NPOAHANUZUPOBAHBL XUMUYECKUMYU U MEeMALI0PAPUUECKUMU MEMOO0aMU, U GblAGIeHbl OCHOBHbIE NOKA3AMENU, GIUAIOwUe HA
8b61X00 200H020 NpoOyKkma. HM3yuen cocmas u coodepiicanue 8eujecms, GblOeNAIOUUXCA 2A3000PA3HbIX NPOOYKMO8 8 X00e
npoyecca naasneHus ONA OYeHKU UX GIUAHUA HA OKpydcarowylo cpedy. Hayuno obocnosano neobxooumocms 6vlbopa
NAABUTLHO20 060PYO0SAHUS Ollsl NEPENNABKYU 3A2PAIHEHHBIX MOHKOCMEHHBIX ANIOMUHUEBLIX OMX0008.
KaioueBble ci10Ba: aJrOMUHHMEBBIH CIUIAB, Tapa JUIsl HATUTKOB, JJAKOKPACOYHBIE MOKPBITHS, PELUKINHT aJJFOMUHHS.

Ibragimov V.E.}, Garcia M.L.%, Bazhin V.Y.2
*Master of the Department of Metallurgy, “postgraduate student of the Department ATP, *Head of the Department ATPP,
Professor, National Mineral Resources University (Mining University), Saint Petersburg
MELTING OF THIN WALLED PAINT SCRAP COATINGS FOR ALUMINUM ALLOY PRODUCTION
Abstract
In this paper the problem of contaminated aluminum waste recycling the percentage of which steadily increases in the
production of secondary alloys are investigated. In laboratory furnaces had meltings in which the charge was fully formed
from the aluminum scrap in the form of finely divided aluminum cans. The resulting casting of aluminum alloy were analyzed
by chemical and metallographic methods and carried out additional experiments to identify the main factors influencing the
yield of the product metal. The composition and content of substances, gaseous products evolved during the melting process to
assess their negative impact on the environment. Scientifically substantiated need for the selection of equipment for melting
contaminated aluminum scrap thin.
Keywords: aluminium alloy, containers for beverages, coatings, recycling aluminum.

BeJeHHe

B Hacrosmiee BpeMst BO BCEX CTpaHaX YBEITMYMBACTCS OIS MPOU3BOJICTBA BTOPUYHBIX ATFOMUHHUEBBIX CIUIABOB, H3-3a
pocTa 000poTa yNMakOBOYHOH Tapbl M MEIKHX METAIMYECKHX OTX0J0B. K TaKOMy THITy alIOMHHHEBBIX OTXOJOB OTHOCST HE
TOJIBKO ATIOMUHHEBBIC OAHKM M3-TI0J] HAITUTKOB, HO TAKXKE METAJUIMYECKYIO MOCYy, OKOHHBIE paMbl, KpPAIllCHHBIC aBTOACTAIH,
KOTOpBIE HCIHOJNB3YIOTCSA AJSI TOBTOPHOTO TPOM3BOACTBA (PELUKIMHIA) aHAJIOTHUHBIX m3fenuid [1]. 3HaumTenbHas IO
OTXOJIOB IPUXOAMUTCS U Ha CKpaIl, 3arpA3HEHHBIN KpackaMy, JaKaMU U pa3IMIHBIMH OPTaHUYECKUMU MOKPBITHAMU [2].

YacTe npeanpuaTuii, 3aHUMAIOMINXCA PEUMKINHIOM ATIOMHUHUS TUIaBUT aJIOMHHHEBBIE OaHKM, U JAPYTHe BUABI JIOMOB C
JIAKOKPACOYHBIMM TMOKPBHITUSAMH B ITAMEHHBIX OTpPaKaTeNbHBIX Ieuax, He NMPUHMMAas BO BHHMaHHE CHELU(HUKY IMeperiaBa
JTAHHOHM IIMXTHI, KOTOpas [OJKHA OBITh OCHOBAaHA HAa COBPEMEHHBIX JKOHOMHUYECKHMX H DKOJOTHYECKHX OCOOCHHOCTAX
npousBojIcTBa [3].

[TmaBka B OTpa)aTeNbHBIX MeYaxX MMEeT Psifi CYyIIECTBEHHBIX HEJAOCTATKOB, B KOTOPHIX, B OTJIIMYME OT POTOPHBIX NEYeH,
HEBO3MOXHO aBTOMAaTH3MPOBATH TPOIECC, M YNPABIATH aTMOc(Epol MedyH, 4TO HEOOXOJMMO IpH MeperiaBe JOMOB C
JIAKOKPACOYHBIMH U JIPYTUMH OPTaHUYECKUMH TTOKPBITHSIMHU.

O (heKTUBHOCTD IUIABKH B OTPAXKATEIbHBIX KAMEPHBIX I1€4aX JOCTUraeTCsl TOJBKO 3arpy3KOoi IIMXTHI B CJIOH paciiaBa -
«bonoto» [3], YTO HCKIIOYAET BO3MOMKHOCTH MPABHIBHOM IOArOTOBKM LIMXTOBBIX KOMIIOHEHTOB C JIAKOKPACOYHBIMHU
TIOKPBITHSIMH, B TIEPBYIO OYEpe/b U3-32 HEOOXOANMOCTH TOCTOSHHOTO MOJICPKaHHs TeMIIEpaTyphsl B Ieud B uHTepBaie 700—
800 °C. IlpumeHeHne TakoOH TEXHOJIOTHH, IaX€ IPH OPTaHM3ALMH MHOTOCTYIEHYATOro padUHUPOBAHUS M JAera3aliu
pacmiaBa, Hen30€KHO MPUBOAUT K OOJIBIIIOMY KOJIMYECTBY HEMETAITIMUECKUX U OKCUIHBIX BKIIOUCHUHA B OTJIMBKAX.

Ecnu marepuan, 3arpykaemblil B Ie€db, CHJIBHO 3arpsi3HEH OKCHJIAMH M OPraHHYEeCKHMH KOMIIOHEHTaMH (KpackaMu M
JlaKaMH), HEOOXOAMMO CO37aTh YCIOBUS Ui yJaJ€HHs HMOKPBHITHUS W NPEIOTBPATHTH BBITOPAHHE OPTaHUYECKUX BEIIECTB
BMecTe ¢ amomuHueM (3¢dext yrapa) [4]. Ilpu 3TOM TOMOYHAs CHCTEMa MEYHM JOJ/DKHA OOECICYHBATh JOCTATOYHOE
KOJINYECTBO M30BITOYHOTO BO3/AYyXa VIS BHITOPAHUS OPTraHUYECKUX KOMIIOHEHTOB, KOTOPBIE BOCIIAMEHSAIOTCS IIPH KOHTAKTe C
TOpSYMM ITaMeHeM ropenku. Hambosee moxxoasmmm o00pyaoBaHNUEM ISl pELIEHHs OAOOHBIX 33714 SIBISIOTCS POTOPHBIE
GapabaHHbBIE IEYH C BOZMOXHOCTBIO PETYJIMPOBAHUS aTMOC(EphI IeyH.

Llenpto paboOTHI SBISUIOCH TOJNYyYEHHE OJHOPOIHOTO Marepuaja W3 alOMHHHEBOTO CIUIaBa 3aJaHHOTO XMMHYECKOTO
cocTaBa IOCE€ BTOPMYHOW NepepabOTKH M IUIABKM ATIOMHHHMEBOH Tapbl OT HAMMTKOB JUIS JAIBHEWIIEro MpOM3BOICTBA
AIIOMHHHUEBBIX 10Ty (haOpHKaTOB.

Pe3ynbTaThl 3KCIEPUMEHTOB SIBIISIIOTCS OCHOBAHUEM AT IEPEBOJa MEPEIUIaBKU BTOPUYHOTO CHIPbS C JIAKOKPACOUYHBIMH
MTOKPBITUSAMH C TIO/IOBBIX OTPa)KaTeIbHBIX Neueil Ha 0oJiee TEXHOJIOTHYHBIC TUTaBHIIbHBIE MOIIIHOCTH — OapabaHHBIE pOTOPHBIE
HakioHHbIe reun (PHIT).

XpomaTtorpaguyeckuii 1 Macc-ceKTPOMETPHYECKU aHAIN3 ra30B, BhIACISIONIUICS U3 aTIOMUHUEBBIX eMKOCTeH
AJISl HAIUTKOB

Jnsa mpoBemeHWs aHaNIM3a COCTaBa BBIACIAIOMIMXCS Ta30B B BHAC XHUMHYSCKUX COCIWHEHHH W3 3arpsa3HEHHOTO
AIIOMUHKMEBOTO JIOMA TIPOBOIMIM BBIAEPXKKY mopiud 5 r mpu Temneparype 200°C u 650°C. TIpoGbl M3MENBUEHHOTO U
JIpoOJICHHOTO aIFOMMHHEBOTO JIOMa B3BEIMBAJIM M BCTABISUIM B CTEKITHHYIO KallMJUIIPHYIO TPYOKY, KOTOPYIO TIOMEIIAIN B
nedb IOpu 3alaHHON TeMIepaType.
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IlepBblii 3a00p BBINEIMBIINXCS KOMIIOHEHTOB NPOBOIMIN B TeueHHe 20 MMHYT IIPH 3aKauke W BBITSDKKE JIUTPA TN
yepe3 TpyOKy. BeigenuBuivecs: BemiecTBa coOMpaiu B COpOIMOHHOW TPyOKe 3alOJHEHHOW KOMOMHUPOBAHHBIM YrOJBbHBIM
¢unbTpoM 300 M3 Tpex COpOEHTOB, pa3MEIIEHHBIX InocienoBaTeiabHo (yrosbHbil ¢wisTp u curo Sll). Tlomyuyennsie
copOIMOHHBIE TPYOKU 00pabaThiBaiu METOJOM TepMHUUECKOi necopObiuu B arperate Tekmar 6000. Onpenencaue ¢a3oBoro
COCTaBOB 00pa3liOB Ha aBTOMATHU3MPOBAHHOM PEHTTCHOBCKOM audpakromerpe Shimadzu XRD-6000, ¢ ucmoib3oBaHHEM
MIOMCKOBOW CHCTEMBI PEHTTreHO(a30BoH HaeHTH(UKaKU MarepuanoB. OTXoasIue ra3pl aHAIM3UPOBAIM C OMOIIBIO Macc-
cnekrpometpa Pfieffer Vacuum Termostar GSD301T3 npu uHTEepIpeTaliiu HU3MEPEHHBIX Macc CIeKTpoB (puc. 1).

Sample 1D: t16,vz1.0.9856g, 300°C, 1| He/20min, Acquired on 05-May-2008 at 14:50:10
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Puc. 1 — Macc-criektpsl BeienuBImxcst coenuaernit npu 300°C

Veemrierie seca %

0 100 200 300 400 500 ]

Tenmmepatypa °C

Puc. 2 — JlaHHBIE TEPMOTPaBUMETPHUUECKOTO aHAJIN3A

TecTupoBaHHne NIABJEHHST W BBIXOJ F'OJHOI0 MeTAJLIa

B xome 5KcrepMMEHTOB NPOBEAEHBI TPH IJIABKM W3 AIIOMHHHEBOTO JiOMa B BHAE TOHKO HW3MEJBYCHHBIX OaHOK
[NomydeHHBIE OTJIMBKY U3 CIIaBa ObLIM MPOAHAIM3UPOBAHBl XUMHUYECKUMH U METAJUIOrpaMIEeCKUMH METOJaMH.

[lepBoHauanbHO B3BEIIMBAIN IIUXTOBBIC MAaTEPUAIIBI, COAepXKaniie 1,5 KT METKOM3METbYEHHBIX OTXO0J0B aTIOMUHUEBON
YHAKOBKH ISl HATTUTKOB i1 Kakmou oTiauBky (Nel, 2 u 3). Iy Ka4eCTBEHHOTO OTpEeNIeHUs] KOJTMUECTBa U3MEbUYSHHBIX
0aHOK MCITOIB30BANIN BECHI co mKaioi oT 5 T 1o 1000 r, u morpemmHocTtsio B 0,1 1. [lIuxTy 3arpyxainu B rpadUTOBEIA TUTENb U
MIOMEIIAJN B Kamepy TPHIUIEKC IUIaBHIBHOTO KoMIiulekca ['opHoro YuuBepcurera. IImaBKy HpoOBOAMIHM NPH TEeMIEpaType
780°C u, mocne pacruiaBieHds oTxon0B nobasisid ¢uroc (20 1). Jlanee paciuia mepeMerinBalii, 4yToObl B3sTh HPoOy ¢
noBepxHocTH MeTayuma. CIulaB OTJIMBANCA B KPYIIylo (GOpMy, M TOCTE OXJIaKACHHS B3BEIIMBAJICS U pacdera BBIXOJA
TOZIHOTO METaJUIa T10 ClIeAyouel popmyIe:

_ M (omnusxu)

BI’ -100%

M (nasecku)
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BrIxon rogHOrO MeTasuia mocie miaBok u3Mensics ot 75% no 83% (mmaBka Nel - 75,5%, rutaBka Ne2 - 79,2% wu oTnuBKa
Ne3 — 83,1%).

ITpn mepepaboTKe Taphl Al HAIMTKOB B MPOMBIIUICHHOM MacuiTabe C LeJIbIO JIOCTIKeHUs! 00Jiee BBICOKOTO YpPOBHS
BBIXO/Ia TOJHOTrO MeTajula, Ooyee MOIXOJAIIUM CHOCOOOM IOJTrOTOBKHM 3arpy3KH SIBISICTCS HCIIOJIBb30BaHUE OIEpaluy
npoOieHnst 0aHOK, ¢ TOCIENYIOUIMM IIpeccoBaHHeM Jioma B «OpukeTbl» [6]. Hapsimy ¢ mpeccoBaHueM, Ajsi MOBBIILICHUS
BBIX0/1a TOJTHOTO UCIIOJIB3YETCs CIIOCO0 3arpy3Ku JioMa B yXKe pacIuIaBICHHBII MeTait — «oonotoy [7].

Hcxonst u3 BbILIECKa3aHHOTO, HA aHAJIOTMYHOM OOOpYAOBaHWUHM OBUIM IMPOBEJCHBI JOMOJHHUTEIBHBIC KCIIEPUMEHTHI 110
W3YYCHHUIO BIUSHUSA BBICOTHI CJIOS METala Ha BBHIXOA TomHoro (Tabdin.l u puc. 3). OOpa3msl MONMyYEHHOTO aTOMHHHEBOTO

crutaBa oroupany o 100 T B Ka)KI0M ONBITE, U CJIOW aTFOMHHUS B THIJIE TIOBBIIIANCS C KQXKIOU INIABKOH M OTIPEIEIISITN BHIXO
TOJTHOM MPOIYKIUH.

Ta6n1/1ua 1 — ITokazarenu OKCIIEPUMECHTA IO U3YUYCHHUIO BJIMAHUSA BBICOTHI CJI0S METAJIJIda Ha BHIXOA T'OHOT'O

M(cnoit Al),r M(naBecka),r M(mwrak),r M(ocTartok) ,r M(muThe),r Brixon, %
0 100 17,93 4,36 76,71 75,71
75,71 100 22,36 4,21 150,14 83,96
149,14 100 25,15 7,25 217,74 86,05
284,51 100 36,92 4,84 345,11 89,21
347,23 100 30,72 5,25 409,05 92,92

U3 NOJYUCHHBIX PE3YyJIbTATOB 3KCNCPUMCHTOB MOXKHO CACIATh BBIBO/, YTO C YBCIMUCHUCM CJIOA METAJUIa HA MOAUHE NIEYH
YBCJIMYIUBACTCA BbIXOJ 'OAHOTO, HO IPU 3TOM YBEJIMYUBACTCS KOJINYCCTBO MIJIaKa, YTO NPHUBOAUT K IMOTEPE METAJLIA.

95,00
.

90,00 /‘/;
= /
ck
=
S 85,00
E ® R%= 0,9486
A 80,00

75,00 ?

0 100 200 300 400

Macca ciost MeTamia, r

Puc. 3 — Bimmstaue citosg MeTajsa Ha BBIXOJT TOJTHOTO

Ha mpakruke, 1ie1ecooOpa3HO IUIaBUTh MEJKHE 3arps3HEHHbIC JIOMa, a TAaKXKe CTPYXKKY B HMHAYKIMOHHBIX Me4Yax C

3aJaHHbIM CJIOCM MCTajljia. HpH 3aJaHHOM TEMIIEPATYPHOM PEIKUME, UMECHHO B 3TUX M€YaX MOXKHO I[OGI/ITI)CH 0oJiee BLICOKOTO
BbIXOJa rogHOT0 METaja.

CnexrpoMerpHyecKuii aHaan3 00pa3noB MocJie NJIABJICHUS

Jliist onpeneneHys XUMUUECKOTo cocTaBa oOpasunoB Nel, 2 u 3 mociie MIaBKy ¥ JIUThS allOMUHUS B (OpMBI, OTOMPAIHCH
TpebyeMbIe ISl CIIEKTPOMETPHUUYECKOT0 aHan3a aHnuIidel. OnpeieseHne 3IeMEeHTHOTO U (ha30BOr0 COCTaBOB 00PA3LIOB paciuiaBa
npoBoH Ha mudpaxTomerpe JUDPE-402 (r. Cankr-TletepOypr).

B pesynprate BhIiBICHO Oonee 20 3memMeHTOB. PesynbTaThl aHanmmM3a OTHAENBHBIX 00pa3noB oTiamBoK Nel, 2 m 3
MIPE/ICTABIICHBI B CICIYIOMNX TaOJIUIAX.

Bce o6pasipl 6mu3ku o coctaBy K cruiaBy cuctembl Al-Fe-Mn (o amepukanckoil kinaccudukanuu 310 cwiassl EN AW
3103 wm EN AW 3003) ¢ cogepskanueM oTaenbHBIX dnmemerTtoB Mn 0,9- 1,5% (tabmma 2).

Tab6smna 2 — [IporieHTHOE cofiepKaHUEe DIIEMEHTOB B OTIMBKAX

Al Mn Fe Si Cu Zn Ipumeceii

96.3-97.9 1.1-15 no 0.7 no 0.6 0.1-0.2 ao 0.1 0.15

CojiepkaHie OCHOBHBIX TIPUMECEH HAXOIUTCS B mpeaenax, macc. %: 0,34-0,90 no Fe, 0,32=0,34 no Si u 0,02-0,2 mo Zn.
Conepxanue Al m3mensiercs B uatepBaie 96-98%

Meraiorpadguieckoe uccaegoBanue 00pasnos

[MoxyueHHbIe aIOMHUHUEBBIE OTIMBKH KKIOH OTIENbHOM MapTHH, pasMelaId B Kpyrible (OpPMbI, pa3pe3an 10 OCH B
LEHTpaNbHON JacTh. [lanee TeMIIIeThl MOJMPOBAIIICH C MOCIESTYIONUM TpaBieHneM pactBopoM 10% docdopHoit KuCIOTH B
TeueHne 5 MHUH. CTPYKTypHOE HCCIEJOBaHHE OCYIIECTBISIIOCh METOJaMH PACTPOBOM DIIEKTPOHHOW MHMKPOCKOIHH H

PEHTTEHOBCKOTO MHUKPOAHAIN3a HA PACTPOBOM 3JIEKTPOHHOM MHKpockore JSM-6460 LV (JEOL, SImoHwus) ¢ aHATHTHYECKOM
npucraBkoil INCA (Benukobpuranus).
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Puc. 4 — MukpoctpykTypa: a — ommBka Nel, 6 — otimBka Ne 2, B — otymBka Ne 3

BunHo, uro MuKpocTpyKTypa OTIUBKM Nel NpUHIMNUANBHO OTIMYaeTCs OT APYTMX JABYX OTJHUBOK, T.K. COAEPIKUT
TMTOBBIIIEHHOE KOJUYIECTBO XKEJIE3a, KOTOPOEC MPOABIACTCA TP ITOMOIITN MeTaJIJIOI‘pa(bI/I‘{CCKOI‘O aHaNIM3a B HAJUYHUKA OOJIBIIOTO
qucIia TpyOBIX UM MHTepMeTauTndeckux (a3 tuma FeSiAls ¢ pasmepom 30-70 MM (puc. 4, a). MEUKPOCTPYKTYpa OTIMBKA Ne2
(puc. 4, 6), Takke Kak u oTiaMBKA Ne3 (puc. 4, B), UMeeT pa3BeTBICHHBIE HMHTepMeTamunueckue ¢aszbl Tuma AlFe(Si)Mn,
KOTOpBIE HAa3bIBAIOTCSA OOBIYHO «KuTaickuid mpudr» pasmepom 80-200 mxM. B ommBke Ne3 mposBisercs HeHApPUIHAS
CTPYKTYypa Ooitee O4YCBUIHO, OTO 00BsICHIETCS TEM, YTO JINTHE MPOBOAUIIN B XXKUAKO-TBEPAOM COCTOSIHUA

MuKpoCTpyKTypa BCeX OTJIMBOK UMEET BBICOKUN YPOBEHb MECTHON MEXACHAPUTHON IIOPUCTOCTH C OKCHJHBIMHU ITICHAMU
pa3I4YHbIX GopM.

3akJjoueHue

[Ipu Ttemmeparypax or 200-350°C, ¢ MOBEPXHOCTH ANIOMHMHHA  BBIAEJAETCS 3HAYMTENHHOE KOJHMYECTBO OIACHBIX
XUMHUYCCKUX COGI[I/IHGHI/Iﬁ. TepMOI'paBI/IMeTpI/I‘IeCKI/Ie N MacC peE3yJIbTaTbl HUCCJICAOBAHUA YKa3bIBAlOT Ha TO, YTO HOTEPpHU
JIETY4UX COEMHEHUN cOCTaBISIOT 3-4% OT MOTeph ATFOMHUHUS.

Bce nccnenyemsle otnmBku 61m3ku 1o coctaBy K ciraBy EN AW 3103 wmu EN AW 3003 ¢ conepskarnem Mn 1,1-1,5% n
Al 96,3-97,9%.

HOJ’Iy‘IeHHLIe PpE3yabTaThl IJIABKU JId OTACJIBHBIX OTJIIMBOK HO3BOJIAIOT MPCANOJIOXHUTH, YTO BbIXOJ TI'OAHOTO MCETalIa
u3Mensercs B npexaenax 70-80%.

Becr 00Bem IMOJYYCHHBIX OTJIMBOK ABJIACTCA KOMIIAKTHBIM W OJHOPOIHBIM, 0e3 yYCaaku, Mmop U CJICAOB NCPCIJIABKH
OTXOJ0B. B MUKPOCTPYKTYpPE BCCX 06pa3u03 MOXHO YBUACTH IOSABJICHUC Kap6I/IZ[OB, H3-3a HAJIW4Us IJIaCTUKOBBIX OTXOI0B U
Kpacheneﬁ, Ipy X peakuu ¢ aIIOMUHUEM. C YBCJIMYCHUEM KOJIMYECTBA OKCUAHBIX IJICHOK YBCINMYUBACTCA MCKICHAPUTHAA
ITOPUCTOCTh.

J1y1s1 OBBILIIEHUsI Ka4eCTBa OTIMBOK HEOOXOAMMO IPOBOIUTH paMHUPOBAHHE U JIETa3alltio, TaKKe JOOABUTH ONEpanuio
¢bunbTpanuK 4Yepe3 KepaMuuecKuid (QUIBTp, a TaKk Ke BAXKHO TEXHOJIOTMYECKH MPaBUIBHO OOXKHIaTh INUXTY Mepes
IUIaBJICHUEM, YTO HE BO3MOXHO B OTPaXaTCJbHBIX MOAOBBIX, HO OCYHICCTBUMO B POTOPHBLIX II€YaX C PEryJirdpoBaHUEM
aTMocepsl Meyu.

Jlureparypa

1. Ch. Schmitz, Handbook of Aluminium Recycling, Vulkan-Verlag, Essen, Germany (2006) p.176-179.

2. M. E. Schlesinger, Aluminum Recycling, CRC Press, Broken Sound Parkway, NW (2007) p. 158 - 181.

3. MupoBsie TEHACHIINH B 00JacTH MepepadOTKU U MPUMEHEHHs BTopudHoro amromuHus / Makapos I'.C. // TexHomorus
Jerkux criaBoB. — 2004, Ne 1. ¢.25-30.

4. Meramuryprust BropudHoro amomunus / I'.B. I'anesckuii, H.M. Kynarun, M.SI. Munnuc // Hayka, —1998r., —c. 112.

5. ®omun B.A. Metamtyprus BTOpUYHOTO alfoMUHUS: Y4yeOHOoe nocobue mist By308/ b.A. ®omun, B.1. MocksutuH, C.B.
Maxos. — M. // «DxoHoMmeT», —2004. —c. 239-240.

6. Meyer, H.J. Use of regentrative heating technologies at aluminium meltingand aluminium recycling furnaces, Heat
Processing, Essen, 2012, p.78

7. Biedenkopf, P. Advanced tool for flexible and economical melting in the non ferrous industry, Aluminium International
Today, Redbill, 2004, p.109.

References

1. Ch. Schmitz, Handbook of Aluminium Recycling, Vulkan-Verlag, Essen, Germany (2006) p.176-179.

2. M. E. Schlesinger, Aluminum Recycling, CRC Press, Broken Sound Parkway, NW (2007) p. 158 - 181.

3. Mirovie tendencii v oblasti pererabotki i primeneniya vtorichnogo alyuminiya/ Makarov G.S. // Tehnologiya legkih
splavov. — 2004. Ne 1. 5.25-30.

4. Metallurgiya vtorichnogo alyuminiya / G.V. Galevskii, N.M. Kulagin, M.Y. Mincis // Nauka, 1998 g. s. 112.

5. Fomin B.A. Metallurgiya vtorichnogo alyuminiya_ Uchebnoe posobie dlya vuzov/ B.A. Fomin, V.I. Moskvitin, S.V.
Mahov. M. // «kEkonomety», 2004. s. 239-240.

6. Meyer, H. J. Use of regentrative heating technologies at aluminium meltingand aluminium recycling furnaces, Heat
Processing, Essen,2012, p.78

7. Biedenkopf, P. Advanced tool for flexible and economical melting in the non ferrous industry, Aluminium International
Today, Redbill, 2004, p.109.

17



Meswcoynapoonuiii Hayuno-ucciedosamensckuil scypran = Ne 2 (44) = Yacmeo 2 =@espann

DOI: 10.18454/1RJ.2016.44.035
Hoéparnmosa M.C.
ORCID:0000-0002-5779-5081, Maructp TEXHUYECKHX HayK,
Kaparanauuckuit xonomudeckuii YHauBepcuteT Kasmorpebeorosa
COBEPIHIEHCTBOBAHUME CUCTEMBbI YIIPABJIEHUSI NEPCOHAJIOM B OBPA3OBATEJIBHOM

YYPEKJIEHUU PK
Annomayusn
B cmamve usyuen — amanus eHedpenue HO8bIX 00PA306AMENbHLIX U UHGOPMAYUOHHBIX MEXHONO2UL 6 YNpasieHuu

obpazosamenvrozo yupescoenus PK.
KunroueBble ciioBa: HHOOPMAITMOHHO-00Pa30BaTEILHOIO IPOCTPAHCTBA, BHICIIHE YUCOHBIC 3aBEICHUS.

Ibragimova M.S.
ORCID: 0000-0002-5779-5081, Master of Technical Sciences, Karaganda Economic University
IMPROVING THE SYSTEM OF PERSONNEL MANAGEMENT IN AN EDUCATIONAL INSTITUTION
OF THE REPUBLIC OF KAZAKHSTAN

Abstract

In the article the analysis of the introduction of new educational and information technologies in the management of the

educational institutions of the Republic of Kazakhstan is considered.
Keywords: information-educational space, higher education institutions.

modern system of management of educational activity and the formation of a unified educational space currently are

the dominant trends defining the development of the education system. The program of Informatization of the
education system proclaims the creation of a unified information and educational space, based on a single information-
educational network. One of the objectives of this program is the introduction in education of new information technologies,
which would allow to use them for training and for management of educational process.

Today, higher education institutions became full-fledged actors of the market economy, having the right independently to
define directions of its development, goals and methods of achieving them. Increased the requirements of society to quality
education, modernized and updated learning technologies, rapidly changing institutional and economic conditions of
universities that intensifies competition in the market of educational services is constantly changing the position of the state in
relation to higher education. The growth of autonomy and freedom of universities has led to an increasing responsibility of
universities for the performance of their activities. The focus of many universities on survival requires major changes in the
processes of University management, as traditional methods of management in market conditions was in some cases
inconsistent.

To resolve problems of adaptation, survival and development in the new environment universities must constantly monitor
the condition of the market of educational services, to evaluate their position in this market, introduction of innovation
technologies in research and educational activities, thereby making the transition to an innovative path of development.
Universities as an independent system needs to apply in their work methods and management models, conducted at the state
level, to develop alternative options for its future behaviour depending on changes in the external environment, i.e., to use
strategic approaches to regulation of educational activity. One of such approaches is the management focused on result, which
is based on strategic development plan of the University.

The development of the education system in the Republic of Kazakhstan at the present time is determined by the necessity
of continuous, anticipatory, open education, which implies the creation of a single information-educational environment. In
order to ensure the sustainable development of the educational process is invited to consider the approach of indicative
planning of educational resources.

Effective functioning of educational institutions in the concept is the use of planning systems that support the information
products that support decision making strategic management decisions that allow the University administration to model the
situation development of the University and to choose the best development plan. The most effective systems solutions are
based on the methods and models of mathematical modeling for managerial decision, which is a powerful tool for the study of
complex systems, such as the University. Therefore, at issue is the development of methods, tools and governance based on the
principles of innovative development of educational institutions.

Currently most Kazakh higher education institutions computerization of administrative, academic and scientific activity
has its evolution of development. The universities have chosen to develop their own software solutions, which emerged along
with the formation of the need for automation of certain administrative tasks and training. Thus, the following can be observed,
in the first place among software solutions are enterprise information system, most focused on the automation of the tasks of
the educational process (students, automated systems, scheduling, system organization, distance learning, statistics system, e-
library), in second place are software solutions automation of business processes. With respect to business processes can also
be observed that the universities use ready-made software solutions for accounting — "1C-Enterprise™, for electronic document
management or a turnkey solution, or are created independently of the University. Business processes include administrative
processes if interpreted from the viewpoint of business processes — business process management to automate the business
process for universities is no ready-made software solutions. Automation of such processes allows the University to form a
Bank of control parameters received in other subsystems of enterprise information systems and generate information streams
of a control character, and further enable to assess the state of scientific and educational activities through consolidation of all
data into one database.

The analysis of the characteristics of HR activities in the market conditions shows the need to use new software, which
link the two main levels of relationships between educators and employers: their interaction in the labour market and
interaction within the enterprise, finding their optimum balance and support the competition of workers within the enterprise.
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The system of educational institutions is a multi-level multi-agent active system, on the levels and stages of functioning of
which the University is changing its role, remaining its basic element (metaagent). Therefore, the development of methodology
of organizational-economic management in such a system is suitable from the standpoint of optimization strategies of the
University with approval of the economic interests of its subjects at each level of management.

Analysis of works in the field of modeling and optimization of personnel management educational institutions showed that
the existing mechanisms, models and tools for the planning and organization of the educational process must be augmented
and expanded to meet the increasing role of economic considerations in the management of the University.
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ASSESSMENT OF THE POSSIBILITY OF ASYNCHRONOUS SELF LOAD WHEN SHORT BREAKS POWER
Abstract

In the article - the method of calculating the possibility of self-induction motor with the power break. The aim of which is

to identify and to provide conditions for automatic reclosing of IM to ensure dynamic stability.
Keywords: self-starting, induction motor, motor slip, voltage.

Hoa €aMO03aIyCKOM MOJKHO TOHMMAaTh CaMOIPOM3BOJIBHOE BO30OHOBJIEHHE PAa0OOTHI 3JIEKTPONPHBOAA B HOPMAIHHOM
peXHMeE MoCcie KPAaTKOCPOUHOTO MEPEPHIBA B NIEKTPOCHA0KEHUN WIIM 3HAYUTENILHOTO MaJIeHusl HanpspkeHus [3].

Camo3amycKk MOXXHO CYHTaTh YCIEUIHBIM, NPH YCIOBUM IOCTIDKCHHS arperaroM HeoOXOJMMOH YIIOBOW CKOPOCTH,
obecreuynBaroniel MPOIOKUTENLHOE BpeMs TpeOyemMyl MNPOU3BOAUTENHHOCTh MPHUBOJUMOTO MEXaHW3Ma W Harpys3kKy
AIEKTPOIBUTATEIIS MOCIIE CTAOUIN3AIIUN HATIPSKESHHSL.

IIpotecc camo3amycka yCIOBHO MOKHO pa3feuTh Ha CTagauu [6]:

1. B mepByto ouepenp, HEOOXOAUMO OTPEACITUT TApAMETPHI CKOIBKEHUS, KOTOPBIX OHO OCTHTACT B IMEPHOJ OECTOKOBOI
nay3kbl, T.€. ONPEICITUTh BEIOET IBUTaTEIs.

2. Ha crnenyromeil craguu, ¢ UENBIO OINECHKH BEPOATHOCTH CaMO3aIyCKa, CIEAYeT MPOAHAIN3UPOBATH BEHITIOIHECHUE
0053aTENFHOTO YCJIOBUS: Mg>M . MpH TOJade HANPSKCHUs, THe My - JJIEKTPOMArHUTHI MOMEHT ABHWTaTtens, a M, -
MEXaHUYECKUHA MOMEHT CONIPOTHUBIICHUS.

3. Jlamee paccmaTpuBaeTcs MEPHUON pa3roHa M CTa0miIu3amuy paboduero pexuMa M OmpenenseTcs BpeMs, HeoOXoanMoe
JUTS caMOo3aITycKa.

4. 3axmrounTeIbHAS CTAIMsI — ONPEICITUTh HATPEeB JABUTATEIS 32 TIEPHO Pa3TOHA.

O1eHKa BO3MOKHOCTH cCaM03aMycKa

Ha pucynke 1 nmpuBezeHa ucxoiHas cxema JIEKTporepeaadn
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B B 12 B C
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Puc. 1 — Ucxonnasa cxema

WcxonHble mapaMeTpbl CXeMbl, NMPUBEJICHHOW Ha pHUCYHKE 1: MOIIHOCTH reHeparopa S; = 588 MBA, Harpyska -

ACHHXPOHHBIN JABUTaTeNb, MOIHOCTHIO P, = 350 MBT, cose, = 0,89, Tj, =8 c.
Jlyist TOro, 4TOOBI JOCTOBEPHO OIIEHUThH BEPOATHOCTH CaMO3aIlyCKa P OMpeIe/ieHHbIX mapamerpax K3 (Mecte u BpeMeHH)

MpOoaHAIN3UPYEM U3MCHCHUEC CKOJIBKCHUA HArpy3Kku, AJIsI 4€ro COCTaBUM YIPOMICHHYHO CXCMY 3aMCUICHHA 3KBUBAJICHTHOI'O

ACHHXPOHHOTO ABUrates [1]
[TapameTphl cxembl 3aMelEHUS PEACTaBIEHBI Ha (puc. 2):

S 588
=0,19; x,=x'y £ =0,4=—=0,47;
. Y2 = H g 500
_ S, .
Z,,=n,+jx,; 2,,=——(Cosp+ jsing);
Hazp
» = 20089, fw” (cosg, + jsing,) =%(0,89+ jO,46) =1,331+ j0,688;

H

X =x =0,688; r =1,331; 5,=0,02; R, =rs,=1331.0,02=0,027.

DKBUBaJICHTHBIE MTapaMeTpsl (puc. 3):

Ex,  1.0,19

= = =0, 288;
x+x, 019+0,47
A UL
x+x, 0,19+0,47
T,= i =8 350 =535 c.

jo — Tjna(‘n
S;cosp,  588-0,89

)

Puc. 2 — UcxonHas cxema 3aMenieHus
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Hcnone3ys cxeMy SKBHBAJICHTHOTO ACHHXPOHHOTO [BHUrarens (puc.

HaINpsDKEHUS Ha ero muHax [S]:

Puc. 3 — DxBUBajIieHTHAs cXeMa 3aMEILCHUS
IIpumep nepBoro mara HHTerpupPOBaAHUSA

2 2
. E, _ 0,288 _0,0504-
2(x,+x,) 2(0,688+0,135)
5 = R, _ 0027 0.033:
’ x,+x, 0,688+0,135
At=0,05c.
DJIEKTPOMArHUTHBIA MOMEHT TipH S = Sy
2M .. 20,0504 _
My, = s, S, = 0,02 .\ 0,033 =0,045;
s, s, 0033 002
TIPHUpAIEHHE CKOJIbKEHHUSL:
(S)l 0,595 0,045
Asl j6 -At= 535 535 -0,05=0,0051

HOBOE 3HAYEHHE CKOJIb)KECHUS:
s, =S, +As, =0,02+0,0051=0,0251.
Ha BTopom mare

oM., 2.0,0504

My = s s, 00251 003 =0,0486;
s "5, 0033 0,0251
sy 2 e 50450
Jo jo ' '
S, =S, +As, =0,0251+0,0051=0,0302 .

]-0,05=o,0051?

PCSyJ’IBTaTLI pacyeTa NoCJICAYMNX IaroB CBSJACHLI B Ta0. 1.

3), mpousBeaeM pacdeT 0e3 OompeaeTCHUS

Ta6nnua 1- PesyanaTH pacydeTa npu OonpeaACIICHNN CKOJbXCHUS HAI'PY3KU

n t,c M AM As, S

1 0,05 0,0447 0,5503 0,0051 0,0251
2 01 0,0486 0,5464 0,0051 0,0302
3 0,15 0,0502 0,5448 0,0051 0,0353
4 0,2 0,0503 0,5447 0,0051 0,0404
5 0,25 0,0494 0,5456 0,0051 0,0455
6 0.3 0,0479 0,5471 0,0051 0,0506
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Crkompxenue 3a Bpems K3:

s, =0,0506.
MomenT JABUTATCJIA IPU HOMUHAJIbHOM HAIIPSAXKCHUU [2]
oM,  2:0727
Msyome == s, 00506 0,039 =0.704,
s s 00392 0,0506
Kp omxk
2 2
e M., _Y, =1—=0,727 ;
2x, 2-0,688
s, =12 0027 5395,
» X, 0,688

S

Tak xak M >M , crenosarenbHO, MOCHE CTAaOWIM3AINM HATPSKEHHSA CAMO3AIlyCK JBUTATENbHOM HArPy3KH

(s)omx

SABJIACTCA BO3MOKHBIM.
Onpeaeﬂelme AOMYCTUMOTO BPEMEHH NepepbiBa SHQKTpOCHaﬁ)ReHI/IH [4]
HpI/IBe)IeM YPaBHCHUE K KBaApaTHOMY BULY, HaiigeM KOpHHU:

2 2
M, =0,595; SK):&:@:O'O%;MW:UH Y o,
» %, 0,688 2x, 2-0,688
2M
M :W&,MH:%, MH(S2+SK2)=2Mmax'S'SK :
TS % S+, ’ ’
Sw S S, 'S

M, .5° —2M, . s-5,+ M, -sk.p2 =0;
0,595s? —0,057s +0,000905=0.

Iosy4wy 1Ba 3HAYEHHSI, OJHO U3 KOTOPHIX HcxoxHoe Sy = 0,02, BTopoe mpezxensHoe S

=0,076.

np

[TpenenbHOE BpeMs iepephIBa AIEKTPOCHAOKEHHS

T, 5,35

tnp = (snp - SO) =
P 0,595
HonyquHme pE3YyJIbTAaThl PaCY€TOB, MO3BOIAIOT CACJIATHh BBIBOM, YTO CaMO3aIllyCK JABUIaTeClid BO3MOXKCH IPU YCJIOBUH,
4YTO, HNEPEPLIB MUTAHHUA COCTABUT HE boyiee uyem 0,504 C. HpI/I 9TOM, IMPOBCACHUEC AOMOJIHUTCIbHBIX MGpOHpHﬂTI/Iﬁ 1o

CHUXCHHIO BEJIMYMHBI HATPY3KU HA BATy He TpeOyeTcsl.

(0,076—0,02) = 0,504 ¢,
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PROVIDING ACCESS TO INFORMATION SYSTEMS OF HIGHER EDUCATION IN THE CASE OF LOSS
OF KEY INFORMATION
Abstract
Cryptographic Protocols of secret sharing are reviewed, a comparative analysis of threshold circuits of this algorithm is
carried out and the most effective scheme is chosen - the scheme of Shamir, to ensure the availability of data in information
systems of the University in the event of loss of key information.
Keywords: secret sharing protocol, threshold scheme of Shamir, the key information.

M odern higher education is characterized by a variety of information links both in the administration and in the areas
of core business: the organization and conduct of the educational process, teaching and research activities, the
financial administration, personnel management and accounting.

The information systems of higher education store large amounts of data, the protection of which involves the use of key
information [4]. Key information ensures the confidentiality of data, but in the case of its loss the access to information
systems may be lost.

To reduce the possibility of losing access to data in case of loss of key information in several ways:

1) to use the backup key information and keep copies in different places;

2) to entrust key information to several people;

3) to use of cryptographic protocols secret sharing.

We compare these methods by criteria such as simplicity, reliability, non-repudiation and confidentiality (table 1).

Table 1 — Comparative analysis of the ways to reduce the contingency of loss of access

Using backup Credibility of key information | The use of cryptographic
to several people protocols secret sharing
Simplicity + + -
Reliability + - +
Non-repudiation - - +
Secrecy - - +

The table 1 shows that the most effective way to reduce the likelihood of loss of availability in case of loss of key
information — is the use of cryptographic secret sharing protocols.

In most cryptographic algorithms the protection, eventually, is based on a secret key. The main problem is in the
organization of the secret key storage, because if an attacker manages to get that secret key, the protected information can with
high probability to be in his hands. One of the existing methods of storing the secret key is a way to divide it between the
people group, each of which will hold a part of the secret key. When it is needed, the private key can be reconstructed on the
basis of parts. Part of the secret key itself does not carry any sensitive information [1].

Initially, reports of secret sharing created with the aim of eliminating the need for backup keys. Without a backup key is
easy to lose the last one. Too large number of such copies also creates big problems - a low level of secrecy. A potential
solution to this problem is the division of secret algorithms - they can be used to raise reliability without increasing the risk of
disclosure of key information.

Secret sharing protocol consists of two main phases:

1. Separation secret — phase distribution, the dealer who knows the secret of M, generates a fraction of ¢, ¢, ,..., cn With
secret and will issue to each participant's share of a secure communication channel. Distributing is needed to be organized so
that the expanded group of participants gathered together could definitely restore the object, and unresolved — they could not.

2. The recovery phase of the secret when the structure of an access group (non-empty set of all access groups) brings its
share with the secrets and get the secret.

There are a number of threshold secret sharing schemes:

- The scheme of Shamir;

- the scheme of Blakely;

- the schemes based on the Chinese remainder theorem.

The secret sharing scheme is perfect, if you share any secrets protected by the coalition does not contain any information
about the aggregate secret.
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The perfect secret sharing schemes — this is when all the parts of the secret and the secret of the same size can be any value
equal probability of allowable values in this scheme.
Compare the data schema for the perfect and ideal (table 2).

Table 2 — Comparative analysis of the secret sharing protocol schemes

The threshold scheme Perfection Ideality
The scheme of Shamir + +
The scheme of Blakely +
The scheme, based on the Chinese - +
remainder theorem

The scheme of Shamir is the perfect and ideal one. The idea is based on this diagram is that, for the interpolation
polynomial of degree (k-1) to the required point. If the minimal number of known points, interpolation is impossible.

The features of Shamir threshold scheme:

- extensibility of the private key (for the newly emerged members of the protocol) can be calculated and distributed
without the use of already existing parts, simply by calculating the additional points for the polynomial;

- flexibility — the ability to assign different "weight" of different subsets of the authorization;

- homomaorphism property — for the scheme Shamir holds homomorphism.

- effectiveness of a specific mechanism for arithmetic calculations — for example, multiplication by a constant: each
participant protocol can multiply their private key part of the constant;

- independence — unlike many cryptographic schemes, safety separation schemes secret key is not directly dependent on
the complexity of the key [2].

Figure 1 is a block diagram which implements the secret sharing the scheme of Shamir, wherein:

- p-isalarge prime number (M is greater than any secret, which is supposed to share in the scheme);

- n—is the number of shares of the secret;

- k—is the minimum size allowed the group;

- r,..., ry— are unclassified non-zero elements (r<p);

- Sy,...,S¢.1— are arbitrary elements (s<p);

- i=1,2,...,n;

- S(X)= Sk1 X1 F Sk2 X2 T ... + 51X + M mod p — generation of secret shares;

- ¢; =S (ry) mod p — share the secret;

- My =Y ¢;S; mod p — the formula of the interpolation polynomial Lagrange, wherein S; = Hiij% mod p.

] 12

/ Choose M L. #w, 51...551 /

[
+
Calculated 5(x)

l

Find &

l

Find 5:

|

Calculated M

Fig. 1 — The block diagram of the algorithm of Shamir

Thus, the use of a cryptographic Protocol of secret sharing scheme of Shamir, allows to increase the reliability of
protection of data stored in information systems of higher educational institutions and makes it impossible to compute the
secret illegitimate group of participants.

The scheme will be further implemented in the form of a software product in the programming language C#.
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ABTOMATU3AIA MOHUTOPUHI' A TEXHOJIOTHYECKOI'O COCTOsIHUS QJIEKTPOJIN3EPOB
COJEPBEPT A TP MIOMOIIU CUCTEM TEXHUYECKOI'O 3PEHHUSA
Annomayus
IIposeden ananus gynxyuonuposanus coepemennvix ACY TII snexmponuzepos Cooepbepea u 6bis61€HA 603MOHCHOCHI
meKywe20 MOHUMOPUH2aA MEXHON02UHECKO20 COCMOAHUA 000PYO08aANUs NYMeM GHeOPEeHUs CUCIEMbl MEXHUYECK020 3PeHUs.
Paszpaboman yxpynuennuiii aneopumm npoyedypbl KOHMPOAL COCMAGIAIOWUX ONMULECKO20 CNEKMPa 00JCU2AeMblX aHOOHbIX
2aso06.
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AUTOMATIZATION OF THE PROCESS OF MONITORING THE STATE OF SODERBERG POTS
THROUGH VISION SYSTEMS
Abstract
The analysis of the functioning of a modern process control system of the Soderberg pots is given and the possibility of
automation of current monitoring of technological condition of the equipment by introducing a system of technical vision is
detected. The general algorithm for control procedures of components of the optical spectrum post-combusted anode gases is
developed.
Keywords: Soderberg pots, perfluorocarbones (PFC), optical non-destructive testing, image processing.

BeJIeHHe

Ha poccuiickux npennmpustusix OK PYCAJI 50% mnepBUYHOrO altOMUHHS HPOM3BOAUTCA Ha 3IEKTPONIH3Eepax
Conepbepra ¢ BEpXHHUM TOKOIIOJBOAOM, M JOJS 3aTpaT Ha 3JEKTPOIHEPIHIO NOXOoAuT a0 35%. DnekTpoiuszepsl ¢
camooOkuraromumucst anogamu (CA) SIBIIIOTCS MCTOYHMKOM BBIICICHHSI B BO3AYIIHYIO cpeny nepdropyrieponos ([IDY),
CMOJIUCTBIX BEIECTB, OKCHa yraepoaa. 1IPY uMeroT BHICOKHI ypOBEHb MOTEHIHANIA TII00aIBHOTO TIOTEIUICHHS, TIO3TOMY JIaKe
HEeOOJBIION M0 Macce UX COBOKYITHBIN BHIOPOC OKa3bIBaeT KpaifHe HEraTHBHOE BIIMSHHE HA YEIOBEKA. 3aMeHa JEHCTBYIOLIErO
o0opyznoBaHusl Ha OoJiee MPOU3BOIAMUTENBHBIE M MPOCTBHIE B 3KCIUTyaTallMH 3JIEKTPOJIN3EpHl ¢ 000x0KeHHBIME aHomaMu (OA)
TpeOyeT MHBECTHINH, COIIOCTaBIMBIX CO CTPOUTEIHLCTBOM HOBBIX MOIIHOCTEH M HE MOXKET OBITh OCYILIECTBJIECHA B OJIDKaiien
nepcriektiBe [1]. C y4eToM MOCTOSHHOTO POCTa II€H HA CHIPhE M OJIEKTPOIHEPTHIO TNPH YKECTOUCHHH 3KOJIOTHUECKHX
TpeOOBaHU, aKTyalnbHOM 3amadeil SBISETCS MOJEPHU3ALMS OTEYECTBEHHBIX ATIOMHHHEBBIX MNPEIIPHUATHH, HCIIOIB3YIOMINX
texHosoruto ConepOepra, B HalpaBICHUN CHIDKEHHS 3HEpPro3aTpar IpH PEIIeHHH BOMPOCOB SKOJOTHH. DMHCCHS BBIOPOCOB
BPE/IHBIX BEUIECTB JOJDKHA OBITH COMOCTaBMMa CO 3HAUCHMSIMU JUT cepuu 3iekTpoimsepoB OA, 1 cokpamienne Boiopocos [1DOY

MOXKET OBITh JOCTHI'HYTO JIMIIb 32 CUET YMEHBIIEHHS YacTOThI aHOJHBIX 3 deKToB.

IlocTraHoBKa 3a1a4H HCCJIEIOBAHUS

CHIWXeHWe 4YacTOTHl AHOAHBIX JI(PQEKTOB — OCHOBHAS CTPATETHs COBPEMEHHBIX ATIOMHUHHEBBIX TPEANPHATHH, A
peanm3aiii  KOTOpoi HEoOXOAMMa OpTaHH3alis HENpPEphIBHOIO MOHHTOpHHTA ekTpoimsepa [2]. ACY TII snexrponmsa
peryimpyroT pabodee HANpPsHKCHHE, KOHTPOIMPYIOT M (HUKCHPYIOT TaKWe IapamMeTphl Kak CHJIa TOKAa CEPHUH, CyMMapHOE
HANpsDKEHHE 3JIEKTPOJIM3EPOB, KOJMYECTBO, JIMTENBFHOCTD W BEIMYHHY HAMPSOKEHMST aHOAHBIX 3((eKToB; COBpPEMEHHBIC
cucteMbl ACY TII oCyImecTBIsSIOT KOHTPOJIb TEXHOJIOTHYECKOTO COCTOSIHHS DJICKTPOIM3EPOB Ha OCHOBE aHAJIHM3a IapaMeTpoB
IIIyMOB M BOJHEHHS PacIlylaBa M BKIIOYAIOT B c€0sI AITOPUTMBI PACIIO3HABAHUS XapaKTepa BO3MYIIEHUS M0 aMIUTUTYAE M IEPHOIY
(urykTyannu pabodero HanpspKeHUs, IPUBEAECHHOTO K TOKY [2]. PazpaboTka n BHepeHHe pa3iMYHBIX CPE/ICTB aBTOMaTHYECKOTO
KOHTPOJII M PEryJUpOBaHHUsl TEXHOJIOTHUECKOTO MpoLecca JIEKTPONM3a SBIACTCS OCHOBHOM TEHIECHIUEN pa3BUTUS
coBpeMeHHOro aiekTponusa amomusus [3]. @yskuuun ACY TII, ucnonb3yromuX HE3aBUCHMbIE MOJYJBHBIE MPOLELYPHI
PperyJIMpoBaHus, MOTYT OBITh paciIupeHsl. Mi3MepeHusIM psaa TEXHOJIIOTHYECKHUX [IapaMeTpOB IPUCYILA BICOKast HHEPLMOHHOCTH:
KOHTPOJIb KPHOJIMTOBOTO OTHOLIEHHS WJIM KOHIEHTPAIMX TJIMHO3EMa HOCHT JIOJITOBPEMEHHBIH Xapakrep (>3 4.), MEXIOJIIOCHOE
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paccrosiHie, YPOBeHb METaIIa M AJICKTPOJIHUTA PETUCTPUPYIOTCS TOCe PYYHBIX W3MEpeHHi. BemrmarHa OCHOBHOTO MOKa3aTess
Ka4ecTBa pabOThI CCPUM — BBIXO/IA IO TOKY, PACCYMTHIBACTCS HA OCHOBAHUY 3aMepOB (PopMbI padbodero mpoctpanctsa (OPI) [4].

TeXHOIOTHYECKOE COCTOSIHME JJICKTPOJIHM3EPOB 3aBUCHT OT YPOBHSA KOHTPOJS 3a COOJNIOJCHUEM periamMeHra
00CITyKHBAIOIINM TepcoHanoM. [lociie Kax ol TeXHOJOTHUECKOW OMepalnnu, CBI3aHHOHN C pa3pyIlIeHHEM KOPKH 3JICKTPOJINTA,
MIPOU3BOIUTCS TEPMETH3AIINS HIKHEH KPOMKHU ra30COOPHOT0 KOJIOKOJIA ciioeM rinHo3eMa. Ha pucyHke 1 mokasaHa omeparus
repMeTH3alnu deKTpoiusepa Ha 160 KA.

Puc. 1 — epMefH3auHﬂ anexkTpoamnzepa Ha 160 kA

YacTuyHOE JOKUTaHME OKCUZA YIJIEpoJa M CMOJMCTBIX BEUIECTB, BBIACISAIOIIUXCS INPU KOKCOBAaHUM aHOAA,
OCYIIECTBIIICTCS] B CHICIHATBHBIX TOPENKAaX, CMOHTHPOBAHHBIX BMECTE C Ta30COOPHBIM KOJIOKOIOM. Ha OCHOBaHMH BHEIIHUX
MIPU3HAKOB, TAKUX KaK LIBET IIOBEPXHOCTH JJIEKTPOIUTA U OTXOASIIMX Ia30B JENAETCS BBIBOJ O COCTOSIHUU 3iekTponusepa. Ha
MIPAaKTUKE «OTHW» - MHAUKATOP HAPYIICHW, CBI3aHHBIN ¢ M3MEHEHHEM TEIUIOBOTO OallaHCca AIIEKTPONIH3epa, OJHAKO MHOTHE
HapYIICHUST B3aMMOCBS3aHBI MEXITy COOOW, W 3TO JaeT BO3MOXHOCTHh THATHOCTHUPOBATH W TMPOTHO3MPOBATH W3MEHCHHS
TEMIIEPATYPBI JIEKTPOJIUTA U OTKIOHEHHUS! OT HOPMAJIBHOI'O X0Ja 3JIEKTPOIH3EpPa.

HopmanbHblil X0 XapakTepu3yeTcsi HHTEHCUBHBIM T'OPEHUEM aHOJIHBIX I'a30B B ropeiikax, npu 3toMm coriacHo THU, ux
LBET JOJDKEH OBITH (DUOIETOBBIM.

«opssunii X01» XapaKTepH3yeTCsl JKENThIM WM OeJbIM LBETOM AHOJHBIX ra3oB Ha BhIXOAe U3 «orHei» [4]. Llser
N3MEHSIETCSl BMECTE C IOSIBIICHHEM TEXHOJIOTHYECKOTO OTKJIOHEHHS, M 3TO U3MEHEHHE MOXKHO OOHApYXHUTh BU3yanbHO. L[BeT
«OTHEI» 3aBUCUT OT XHMHUYECKOTO COCTaBa BBLACNSIONMXCA aHOAHBIX Ta3oB [1,4]. KoHTponb cocTaBa aHOAHBIX Ta30B
CTaHIAPTHBIMH CPEICTBAMH MaJOd(p(PEKTHBEH, H3-3a OCAXKICHHUS Ta30COOPHBIX TPYOOIPOBOAOB H Ta30aHATUTHYCCKHUX
JIaTYMKOB MPOJYKTAMHU CTOPAHUS M KOHJIEHCAIIUH CMOJIUCTBIX OTJIOKEHUH, HCKAXKAIOLUX PEAJIbHbIE 3HAUCHUSI.

ABTOMATH3a1[Usl MOHMTOPHHIA TEXHOJOIMYECKOI0 COCTOSIHMA 3JieKTpoJu3epa ConepOepra npu moMouM CHCTEM
TeXHHYECKOr0 3peHus

OnTHYecKuii Hepa3pyIIAONINi KOHTPOJIh OCHOBAaH HAa aHAIW3C B3aUMOICHWCTBUS ONTHYCCKOTO HIIYUCHUS C OOBEKTOM
KOHTPOJISI WIIM €r0 COOCTBEHHOT'O HM3Ny4YeHHs. BHIUMBIN AHAma30H AIEKTPOMATHUTHOTO CIEKTpa OXBATHIBACT [UIMHY BOJHBI
npubauzuTenbHo ot 0,43 Mkm (¢duonertoBwiii 1Ber) g0 0,79 Mkm (kpacubiid uper) [5]. Hamuune sipko BbIpaXk€HHOTO
BH3YaJIFHOTO MPHU3HAKA SBIAETCS MPEATIOCHUIKOHN I aBTOMATH3AIMK ONepaIlii MOHUTOPHUHIA COCTOSTHUS TEXHOJIOTHYECKOTO
IIpoIiecca ¢ MOMOIIBIO CPEACTB ONTHUECKOTO HEPa3pyLIaroIero KOHTPOIS.

B kagecTBe TEXHHYECKHUX CPEICTB BOCIPHATUS MOTYT OBITH MCIIOJNB30BAaHBI NMPOCTEHIINE ONTO3NEKTPOHHBIC TaTYUKHU -
¢doronuoasl, mpeodpasyroIue TMOMABIIMKA Ha (OTOUYBCTBUTEIBHYIO OO0JACTh CBET B DJICKTPUYCCKHHA 3apsia U
yCTaHaBJIMBAaEMBbIE Ha KaXKAOM 3JIEKTPOJIU3EPE Y OAHOTO U3 TOPENIOYHBIX YCTPOHCTB. JIOCTOMHCTBAMHU 3TOTO METO/a SIBJISTIOTCS
HETIPEPEIBHBII KOHTPOJh OOBEKTa HAONIONEHWS W JCHICBH3HA, CYIMICCTBEHHBIM HEJIOCTaTKOM — CHIDKEHHE HaIe)KHOCTH
BCJICJICTBHE 3arPsA3HEHISI TPUEMHON IIOBEPXHOCTH JaTYHKA MBIICBBIMU BEIOPOCAMIL.

L[BeTHas IPOMEBINUIEHHAs KaMepa TEXHHYECKOTO 3PEHHSI MOXKET OBITh UCIIONIF30BaHA JJIsI CKAHUPOBAHUS JICKTPOIH3CPOB
CepUH C TOCIEAYIONed KOMITBIOTEPU3UPOBAHHON 00pabOTKON H300pakeHMid, pe3ynbTaToM pabOTHl KOTOPOH SBISAIOTCS
HOMEpa BJIEKTPOJIM3EPOB C HAIMYUEM INPU3HAKA TEXHOJIOTMYECKOTO OTKIOHEHHUS M Ha OCHOBE 3HAYEHHM TEXHOJOTMYECKHX
napameTpoB, cozaepxamuxcs B 6ase nanHeix ACY TII, ocymectBisercs HIASHTH(UKAMS TEXHOIOTHYECKOTO HAPYIICHUS U
otmpaBka curHaia Ha APM omneparopa. IlonydeHHOE KaMepoi TEXHIHYECKOTO 3pEHHs H300pakeHne, peICTaBIIsIomee coooi
npoctparcTBo RGB-Touek, 10kHO OBITH IEPEBEACHO B I[BETOBYIO Moaeib HSI, B KoTOpoii sipkocTHAsS HH(DOPMAIUS OTACICHA
OT I[BETOBOM mH(popmanuu. Ha puc. 2 mpeacTaBieH alropuT™ IPOLeaypbl KOHTPOIIS IIBETA «OTHEW».

[IpennonaraeTcsi CKaHUPOBAHHME JJIEKTPOJIU3EPOB KaMmepoil, NpH 3TOM OOBEKTaMH HAOIIOJEHUS SBISIOTCS TOJBKO
TOpEJIOYHbIE YCTPOWCTBA, CIEIOBATENbHO, HEOOXOANMO OCYIIECTBIATH MO3MIMOHHUPOBAHHUE CPEICTBA PETHUCTPAIMH, YTOOBI
00paboTKe MOABEPraliCh TOJNBKO T€ KaJpbl, HA KOTOPBIX MPUCYTCTBYET 00bekT HaOmoxeHus. [locne onpenenenus obnactu
MHTEpeca M KaJpHUpOBaHUS H300paKeHHWE MOJBEPracTcsi CTATHCTHYECKOMY aHAJIM3y MO CHEKTPY, M OIPEAEISIOTCS ero
MUKOBbIE 3HaueHMA. Janee, MOTy4YEHHBIE PE3yJIbTaThl CPABHUBAIOTCSA CO 3HAYEHUSIMU HOPMAIBbHOIO XOJa dJEKTPOIHu3epa, U
JleNaeTcsl BBIBOJ O HAJTMYUM WA OTCYTCTBUM OTKIIOHEHUSL.
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Puc. 2 — AnroputM mporie1ypbl KOHTPOJIS IBETa OTXOISAIINX Ta30B

Ta1<>xe, KaMepa TCXHUYCCKOTO 3PCHHA MOXKCT OBITH HCIIOJIL30BaHa JJIA KOHTPOJIA HEJIOCTHOCTU IMOBCPXHOCTH KOPKH
DJICKTPOJIMTA HA HECKOJIbKUX MOCJICA0BATCIIbHBIX KaApaX CbCMKHU.

BriBoaBI

CymiecTByromuii  ypoBeHb aBTOMATH3UPOBAHHOTO KOHTPOJII MPOM3BOJACTBA alOMUHHUSA Ha snektpoimsepax CA He
obecreunBaeT CBOEBPEMEHHYIO KOPPEKTUPOBKY TEXHOJOTUYECKUX MApaMeTPOB BCIEACTBHE CIOXHOCTH M JOPOTOBU3HBI UX
KOHTPOJISI CTaHIapTHRIMU cpencTBamu Kull.

Hanuuune OMITUPUYCCKUX AJITOPUTMOB JTUArHOCTHUKU COCTOSTHUH QJICKTPOJIN3€pa Ha OCHOBAHHWU BU3YaAJIbHBIX INPHU3HAKOB
00yciaBIuBaeT BO3MOXHOCTh pacimmpenus Gyukiuit ACY TII aJroMHUHHECBBIX DJICKTPOJIA3EPOB 3a CUCT BHEAPEHUSI CUCTEMBI
TEXHUYCCKOTO 3pCHUA.

ABTOMaTH3PIpOBaHHLIﬁ aHaJIN3 COCTABJIAIOIINUX OHNTHYCCKOI'0 CIICKTpa JAOKHUIaCMbIX dAHOAHBIX Ta30B ITI0O3BOJIUT
OIICPATUBHO BBIABJIATH TEXHOJOTMYCCKHUE OTKIIOHCHUA, TEM CaMbIM HOBbIIIAsg YIPaBJIACMOCTb MNPOLCCCa IPU CHUIKCHHUH
BJIMAHHUA YEJI0OBECUYCCKOI'O (I)aKTopa.
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Kangunat texauueckux Hayk, @T'OY BIIO I'ocynapcTBeHHbIl arpapHblii yHUBepcUTET « CeBEpHOTO 3aypalbsi»
CAMOOYMCTKA PEHIET ITPM BEPTUKAJIbHBIX KOJIEBAHUI PEIIETHBIX CTAHOB
Annomauusn
H3yyenvl konebanus cucmemul peuiemHulll Cmam - peuiem. Ycmanoeneno, 4mo npu yCiosuu « AHMupe3oHancay Konebanus
peulemno20 cmana npekpawjaiomcs, a Koaebiemcs moNbKo pewemo. Imom pexcum Nno360JAem CHU3UMb OuHAMUYecKue
HAZPY3KU 8 3epHOOUUCMUMENbHOU Mawune. Taxoce pedjicum «aHmupe3oHanca» cnocoocmeyem CamoouyucmKe peuiem om
3aCmMpAGUIUX 3ePeH.
KiroueBble cjioBa: peméTHEBIN cTaH, peréra, CAMOOYHCTKA peIeT, KoIeOaHusI B MPOJOIbHO -BEPTUKAIFHONW TUIOCKOCTH,
aMIUIATya KoJeOaHNH, «aHTHPE30HAHC», «TallleHNe) KOIeOaHuH.

Lapshin N.P.
PhD in Engineering, Agriculture State University «Severnogo Zauralia»
SELF-CLEANING A SIEVE AT VERTICAL VIBRATIONS SIEVE
Abstract

The fluctuations of sieve pan — a sieve — were studied. It was found that, subject to "anti-resonance" oscillations sieve
terminated, and varies only sieve. This mode allows you to reduce the dynamic forces in the grain-cleaning machines. Also
mode "antiresonance™ promotes self-cleaning sieves of stuck grains.

Keywords: sieves, self-cleaning sieves, fluctuations in the longitudinal vertical plane, the amplitude of oscillation, "anti-
resonance”, "damping™ vibrations.

OCHOBy 3epHOOYNCTUTEBHBIX arperaToB Ul IIOCIeyOOpOYHOH 00pabOTKM 3epHA COCTABISIOT PEIICTHBIC MAIINHBI C

pa3/eNUTENbHBIMH, 36PHOBBIMH, ITOJCEBHBIMH U COPTHPOBAIBHBIMH PELIETAMU C NMPSIMOYTOJIbHBIMH MM KPYTIIBIMH
OTBCPCTUAMMU. PemeTHbie cTaHbI 3C€PHOOYNUCTUTCIIBHBIX MalllH COBCPLIAIOT HpﬂMOJ’IHHeﬁHHe KOHe6aHI/Iﬂ WJIn KPYTroBBIC
koneOanus. K HemocTaTkaM peIIeTHBIX MAalIMH OTHOCST HHM3KOE KAaueCTBO OYHMCTKH 3€pHa, 3a0MBA€MOCTH DEILIET, BBHICOKHIM
YPOBCHb Bu6pau1/u/1 paM MallvH U3-3a HEYPABHOBCIHICHHBIX CUJI 1 MOMECHTOB CUJI HHEPIIUU.

Heanb ucciaenoBanus. MzydeHne ycioBUid CaMOOUYHUCTKH PEIIET KOJIEOaHUSIMHU B BEPTUKAITLHOM MIOCKOCTH OT 3aCTPSIBIIMX
3epeH.

Metoauka wucciaenoBaHus. JlaHHOe wHccCleOBaHHE IIPOM3BEACHO Ha MoJepHH3UpoBaHHOW MamuHe OBC-25M.
PemeTHBIit CcTaH 3TOH MAamIMHBI NOABEIIEH K paMe C IMOMOIIBIO YETHIpeX NWIMHAPUYECKUX MPYKHH PACTSDKCHHS, CO
CIIEAYIONIMMH XapaKTEPUCTHKAMU: IUAMETP IPOBOJIOKK - 4,5 MM, CpeIHUI AnaMeTp NPYXUHBI — 24,2 MM, YHUCIIO BUTKOB — 34,
JUIMHA TIPY>KUHBEI B cBOOOIHOM cocTossHIM 160 M. [leHTp Macc pemeTHOro craHa pactoloKeH Ha OJMHAKOBOM PACCTOSIHUHU OT
TOYEK KPETJICHUS MPYKUH K PEIICTHOMY CTaHYy.

Ha pemerHoM ctaHe 3akperuieH acMHXpOHHBbIN anekrpoasuratesb 4PC80A8Y3 ¢ yactoroil Bpamenus N=680 mun . Ha
o0a KOHII2 Bajla 3JIEKTPOJBUraTels yCTAaHOBJICHBI LEHTPOOEXKHbIE BHOPOBO30YyIUTENH. B pemeTHblil cTaH yCTaHOBIECHBI
peuieTa ¢ KpYTrJIbIMH U MPAMOYTOJIbHBIMU OTBEPCTUAMU, PEUICTO C HUJIMHAPUICCKUMU NIEPEMBIYKaMU.

IMox neiictBreM HEHTPOOESKHBIX CHII BUOPOBO3OYAMTENEH peleTHbI cTaH OyJeT coBeplIaTh KoJeOaHus B MPOJOJIBHO-
BEPTHKAJIbHOM IJIOCKOCTH C aMIUIUTYAOH A;, @ PElIeTO KaK yrnpyras cucrteMa, Oy/eT coBeplIaTh KojJeOaHusi B BEPTHKAIbHON
IUIOCKOCTH € aMIUTUTYHOH A, (puc. 1). [l aHamm3a Takoi CUCTEMBI IPUMEM CIIEAYIOIINE TOMYIIEHHs: PEIIETHBIN CTaH U pama
MaIIMHBI TPEJICTABIAIOT CO00H abCOJIOTHO TBEPJbIE Tela, OCh BpallIEeHHs JedanaHca COBIaAaeT ¢ IEHTPOM MaccC PEeUIETHOTO
crana. {1 yrpomeHuns aHajim3a mpuMeM K03 QHUIMEHT KeCTKOCTH pambl C3=oo.

Ilpu koneOaHMAX Ha PEHICTHBIA CTaH ACHCTBYIOT LIEHTPOOEKHBIC CHIIBI BHOpPOBO30OyauTens FCOSat, ympyrue cuiisl
npyxuH-nionsecok Ciy; W yIpyrue Cuibl, Bo3HHKaronme ot aedopmanun peniera Cp(yi-y;). Ha pemero nefictByer ynpyras
cuna Cy(Y,-Y1). JIBIKeHHE TaKko#l CHCTeMbl ONMUChIBatOTCS quddepeHnnansHpIMu ypaBHeHUsIMH [ 1]

myy; + Gy, — G (¥, — y1) = Feoswt, 1)

myy, + C;(y; —y1) =0, (2)
rJie M; ¥ My — MAcChl PEIMIETHOTO CTaHA U PEIIeTa;

C1 1 C; — K03 PUIIMEHTHI KECTKOCTH YIPYTHX CBsA3EH PELIETHOTO CTaHa U peleTa.
F — nenTpoGexHbie CHiIbl BO30YIUTENEH:

F=2my p-o? ©))

my — Macca aebananca;

p — PACCTOSIHUE OT OCH BpallleHHs aAedaaHca 10 ero HeHTpa Macc;

@ - YTI0Basi CKOPOCTh BUOPOBO3OYIUTENS (KpyroBasi 4acToTa KojebaHui penieT-HoTro CTaHa).

W3 ypaBHenwii (1), (2) HaxoaaTCs 4aCTOTHI COOCTBEHHBIX KOJICOAHUH CUCTEMBI PEIIETHBIN CTaH — PELIeTO

m; my

1/C, C +¢C 1/C, C+CnN\* (,-C
P1z=—<—2+¥>i _< 2+ 1 2) bl ()
’ 2 mz ml 4’ mllmz

M aMILTUTY (bl BEIHYXKJCHHBIX KOJICOaHHI PeLIETHOrO cTaHa A u pemera A, [1]
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F ' (CZ - mzwz)

= : 5
(C1 + C; —myw?) - (C; — myw?) — sz ' ©

4y

_ F 'CZ
(€ + G —myw?) - (€ —myw?) — CF

4z (6)

Ha puc. 2 mpuBeneHBl 3aBHCHMOCTH aMIUTUTYZA KOJEOAHWH peIIeTHOTO cTaHa A; W pemera A, ¢ TPSAMOYTOIHHBIMHU
otBepcTusaMU 2,0X16 MM OT 4acTOThl @. YacTOThI COOCTBEHHBIX KOJIcOaHUi, MoTydeHHbIe U3 BhIpaxenus (4), p1=11,71 pan/c
u p,=50,25 pan/c. [Ipu 3THX YacToTax HAOIIOAAIOTCS EPBBIA M BTOPOI PE30HAHCHI CHCTEMEBI PEIISTHBIA CTaH — pelIeTa.

pu C,=M,-¢f unciuTens B BEIPaXeHHH (5) paBeH HYJIIO, aMILTHTY/(a KOJIeGaHMil PEIIeTHOro cTaHa A; TakKe paBHA HYJIIO
W ero IBIDKEHHE TIPEKpaIIaeTcss HeCMOTPsI Ha TO, YTO BHOPOBO3OYIUTENHN MPOJODKAIOT paboTy. DTO SBICHHE B TEXHHUKE
Ha3bIBAIOT «AHTUPE30HAHCOM», a PEUIETO B PEIIETHOM CTaHE HMIPaeT pPOJib «racuTels» KojebaHuil. Bmecto konebanwmii
MacCHUBHOTO PEIIETHOTO CTaHa KOJIEOJIETCs TOJIBKO PEIeTo. DTO MO3BOJISIET CHU3UTh IMHAMUUECKHE HarPY3KU B MaIlIUHE.

OnueHka 3a0MBaeMOCTH pelIeT IPOU3BOJMIACH CIEAYIOIMM oOpazoM. Britouancst anekTpoiaBurarenb MallWHBl M Ha
nepBoe pemero b, ¢ KpyIJIbIMH OTBEpCTUSMH @5 MM IoJaBajach 3epHOBas CMECh C IISATUIPOLEHTHBIM COJEp)KaHUEM
HEoOMOJIOUEHHBIX 3€pEH IIIISHHIIbI, CKIIOHHBIX K 3aKJIMHUBaHMIO. PasMep Takux 3epeH Ha 5...10% OGoinbine pa3mMepa oTBepCTHS
pemiera. 3aTeM Iojada 3€pHa IMpeKpallaigach, CMECh CXOJIWJIa C pelleTa M BBHIKIIIOYANCS 3JeKTpoasurarens. Ha pemrero
HaKJIaJpIBaICA MalbloH C Tmmomaneio ortBepctus B,=(100X100) mm. B sToMm mabioHe NOACYUTHIBAIIOCH KOJIHYECTBO
3aKJIMHUBIIUXCS B OTBEPCTUAX PelIeTa 3€peH M HaXOAWIach 00IIas IUToMaab 3aKIMHUBIINXCS 3epeH B;. [o otHOmIeHUIO B1/B,
HaxowiIcs Ko3()OUIHeHT 3aKTHHIBaHUS K.

<>C1;’4

m2
C2 ~
< 2
mi A
VF(I)
=
ms3
A
Y ¥ ¥

Puc. 1 — Cxema peHJeTHOﬁ 3€pHOO‘IHCTHTeHBHOﬁ MallluHbI C TPEMA KOJ'IG6J'HOH_II/IMC$I MaccaMM1

3areM MOCJIe0BaTEeIEHO HCIBITHIBATINCH HAa 3a0MBa€MOCTh COPTUPOBAIBHOE pemeTo /' ¢ KPYIIIBIMU OTBEPCTUAMHU I3 MM,
MOJICEBHOE pEIIETO B ¢ NpsIMOYTOJBHBIMH OTBEpCTHAMHU 2,0X16 MM, COPTHPOBalbHOE pemeTo / ¢ IUIMHIPUYECKUMHU
nepeMbrakamMu 2,2X65 mMm. Pe3ynbTaThl McCleI0BaHUs, KOTOPbIE MPOBOJIMWINCH C YIIIOBOM CKOPOCTHIO BpallleHUs Ae0aiaHncoB
w=71,17 pan/c, ammmuTynoi konebanus pemietHoro craHa A;=(0,5...1,0) MM, aMIuATy0U KoJeOaHmid pemieT 4,=(4,2...4,5)
MM, YTJIOM HaKJIOHA pemeTHoro crana a=14°. O6pabarsiBacMast KyJIbTypa — MIICHAIIA.

Beuti mpoBeieHbl HCTIBITAHMS Ha 3a0MBAEMOCTh PEIIET Ha BTOPOM PEIIETHOM CTaHe 3€PHOOUUCTUTENbHO MamuHael OBC-
25. PemeTHBIN CTaH KPEMUJIICS K paMe MAIIMHBI Ha YE€THIPEX CTAIBHBIX MOJIBECKaX KPYTJIOT0 CEUCHUS W MOJTydall ABHKEHUE OT
3JICKTPOABUTATENSI, PEMEHHON Tiepesaun U J1e0alaHCHOTO YCTPOMCTBA, YCTAHOBJICHHOTO HA BEPTHUKAIBHOW OCH. PermeTHbIi
CTaH COBepIlaN IBMXCHHE CO CJICAYIOIIMMH IapamMeTpaMH: Pajuyc KpYroBbiX KoyieOanuii R=6 MM, kpyroBas uacrorta
kosebanuii ©=48,57 pan/c, yrina naknona a=9°.

BeiBoabl. [Ipu koyeGaHUSX PEHMICTHBIX CTAHOB B MPOIOJIBHO-BEPTHKAIBHON IUIOCKOCTH BO3HUKAIOT KOJEOAHHS PEIICT B
BEPTUKAIBHOM IUIOCKOCTH, KOTOPHIC Ha OMPEICIICHHOM PEXKUME CIIOCOOHBI «TaCHThY» KOJIeOaHHs PEIICTHBIX CTAHOB.

SIBneHue ramieHus KoJicOaHWH MAaCCHUBHBIX PEIICTHBIX CTAHOB CIICAYET HCIIONB30BATh JTHS CHUKCHUS CHJI WHEPIUH H
BUOpAIMH MAaIlvH, a KOJeOaHHs PEHIeT CICAYIOT HCIIOIb30BATh JUIS BBITOJHCHHS TEXHOJIOTHYECKOTO IIPOIIECcca.

IIpu komebaHUAX pemieT ¢ KPYIIBIMH OTBEPCTHSIMH W pEIIeT C IWIMHAPHYSCKUMH IEPEMBIYKAMH B IPOJOJIBHO-
BEPTUKAIBHOM IIJIOCKOCTH HaOJIIOMaeTcss CaMOOYHCTKAa OT 3aCTPSABIIMX 3epeH. Vcrmonp3oBaHME pemieT ¢ MpSIMOYTONBHBIMU
OTBEPCTHUSIMU TIPU KOJIEOAHUAX B MPOJIOJILHO-BEPTUKATLHOM MIIOCKOCTH HE PEKOMEHTYETCSI.

IIpu kpyroBeIX KOJeOaHUAX pENIeT B TOPU3OHTAILHON MIIIOCKOCTH HEOOXOAMMa MTPUHYAUTEIbHAS OUYUCTKA PEIIeT.
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Puc. 2 — 3aBUCUMOCTD aMIUTUTY KOJI€OaHUH PEIIETHOTO CTaHa A; M pemeTa A, OT 9acTOTHI BO3OYKICHHUS

K

BN BepTHKAIbHBIC KOJIeOaHIs]
C—JropusoHTanbHbIe KOIeOaHNA

0.3
e TOITyCKaEMOE 3HAYEHIE

3a01BaeMOCTH pelIeT
0,2
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1 2 3 4

1 — 3epuoBeie peniera b, @5 MM; 2 — copTupoBaibHble penieta I B3 mM; 3 — mojceBHble pemeta B 2,0X16 mum;
4 — copTupoBasbHBIE pemeTa /¢ IWIHHIPUIECKIMHI TepeMblukaMu 2,2X65 Mm
Puc. 3 — KoapduuumeHTs! 3a0MBaeMOCTH peleT ¢ pa3inyHoit GopMoii oTBepCTHi, FeOMETpUE TIepeMbIueK U
HAaIpaBJIeHHOCTH KOJIeOaHuH
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OF HIGHER EDUCATION INSTITUTIONS
Abstract
In article models and methods on the organization of automation of monitoring of employment of university graduates on
the example of a database of chair of information systems of the specialty "Computer Facilities and Software™ for the purpose
of ensuring increase of level of employment, ensuring coordination of plans, development of recommendations about
improvement of quality of employment are considered.
Keywords: employment, graduates, database.

ducation - a strategic resource that generates the intellectual capital of the country. This is due to the definition of
education as one of the top priorities of the state policy in all development strategies of Kazakhstan.

In the address to the nation on 17 January 2014 "Kazakhstan's way: a common goal, common interests, common future"
President NA Nazarbayev has once again designated education as one of the priorities for the country's entry among the 30
most developed countries of the world. Currently, higher education policy is determined by the need to ensure the conditions
for the training of competent and competitive specialists for all branches of the national economy, strengthening of intellectual
potential, and practice-oriented activities of the higher school, its integration with science and industry, bringing into line with
international educational standards.

Higher School of Kazakhstan is committed to achieving world-class education and entry into the unified educational
space. The mechanism for achieving these goals is the implementation of the parameters of the Bologna Process, to which
Kazakhstan acceded in March 2010.

Management of educational resources is an integral part of the overall management process, organized in any institution in
order to effectively use his units against their targets. To solve these problems, there are many methods for solving problems
arising in phases and stages of decision-making process. All these methods are implemented in special information systems -
systems for decision support (DSS). The application of DSS based on their expediency and is determined by the complexity of
the problems to be solved with their help.

The General principles of the organization of the DSS PK educational sphere at the present stage of development, as hyper
complex integrated systems, allow higher education institutions to survive in highly competitive environment using applied
problems.

Given the ever-increasing pace of development of IT-infrastructure in Kazakhstan is constantly increasing the demand for
various specialists in the field of IT. The need for developing and maintaining the IT infrastructure of the organization is very
clearly expressed in the demand for graduates of the specialty "Computing and software".

In the age of information technology this specialization is one of the most sought after and prestigious associated with the
design, development, use and maintenance of software and hardware ensure. Bachelors in the specialty 5vV070400 —
"Computers and software" perform design, manufacturing, experimental research, organizational, managerial and operational
activities.

The Department regularly monitors the employment of graduates. The Department has an electronic database of graduates,
which is regularly updated.

The problem of improvement of information support activities at the present time is crucial for any economic related
subject, functioning in a market environment.

On the one hand, this is due to the increased competition in the market, requiring new and improvement of existing
methods of managerial decision-making, with other, information as such became increasingly regarded as a management
function and resources of the organization.

The situation is compounded by the fact that the market of information technologies used in higher education the pace of
its development is currently the most dynamic market. Innovative developments in the field of information technology in the
education market occur much faster than the development of innovative products, raw materials, services or any other product
of the economy.

The market is full of various information systems, including It infrastructure (computer, telecommunications,
technological equipment and software) and It services based on it. The main purpose of information systems is to provide a
unified environment for operational management of existing computer systems organization, database management systems
and enterprise software, telecommunications and network equipment, storage devices, and mobile personal computers, and
peripheral equipment.
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At the Department of Information and computing systems framework of employment of graduates is made responsible for
employment. Data is entered into MS Excel. Annually reports on employment. All data is stored in MS Excel that does not
allow to provide reliable and timely information and analysis of employment of graduates. Due to the fact that the information
is stored for each reporting period in separate documents, selection of necessary information takes a lot of time.

Information base is shown in figure 1.
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Fig. 1 - Information base of graduates KEUK

Since the existing database of graduates of the Department created in EXCEL, so it has several disadvantages:

- no automated analysis of the outcomes of practice;

- no transitive relationships of an existing database;

- lack of system flexibility and control of processes of information transfer.
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FLAT-RADIAI UNSTEADY FILTRATION OF INCOMPRESSIBLE VISCOUS-PLASTIC FLUID
IN A COMPRESSIBLE POROUS MEDIUM

Abstract

In the article the method of successive change of stationary states and solve analytical problem for plane-radial seepage

compressible viscous-plastic fluid from a collapsible circular formation to a vertical well, located in the center of the deposit,

with an algorithm for the well flow rate obtained from a unit of the thickness of the layer in Depending on the current radius of

the disturbance in the drainage area and time of operation of wells and on the basis of this algorithm on the given input data

and generated numerical counts a family of curves that characterize the course of the process, after starting well in the instant
mode.

Keywords: compressible visco-plastic fluid compressible porous medium, flatradial flow, transient filtering, depression

influence radius.

pabortax [1,2] mpeacraBieHsl pelIeHUs 3a1ad O MPOCTHIX (PIIIBTPAIIMOHHBIX ITOTOKAX CKUMAEMBIX HBIOTOHOBCKUX
JKUAKOCTEN B COKMMAEMOM MOPUCTOH cpee.

Puc. 1 — Cxema KpyroBoro miaacta

HYCTL B IICHTPC prl"OBOﬁ 3aJIC)KH, CXCMATHYCCKH Hpe,ﬂCTaBHeHHOﬁ Ha pI/IC.l, pacnoJIoKeHa HJSKCILTyaTallMOHHAA
CKBaXXHWHa. ﬂOHYCTI/IM, YTO IIOCJC €€ IIYyCKa, 3a HCEKOTOPOC BpEM: t, paanyc ACNPECCUOHHOIO BIIMAHUA CTaJl PaBCH

PacCTOSHUIO R, 0T CKBaXHHBL. [107p3ysCh METOIOM ITOCTIEIOBATEIBHOM CMEHBI CTAI[HOHAPHBIX COCTOSIHMI [ 1], onpenemnsercs

3a60itHOE aBNCHNe CKBAKUHBL P, , COOTBETCTBYIOLIEE BPEMEHH [ TocIie mycKa CKBasKHHBL

C
OrtHecs pacyeT K €AMHUIIC MOIIMHOCTHU 1JIaCTa, 11 BeCa )KUJAKOCTU B IJIACTEC UMEEM

W =7Z'(Rk2 - RZ)(m;/)k +27I_T(m7)rdr @

fe

C‘II/ITaH, YTO B KOJIBIIC rc <r<R pacopeaejaeHue CTalluoOHapHOE, UMEEM

(my)=(my), +%mrl @

c
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IMoxacrasmss (2) B (1), umeeM:

R m —(m R r
W =7z (R? =12 )(my), +27z(m7/)cj'rdr+27z(y)k#frln—dr ®3)
r
fe In — I c
rC
PackprIB HHTETpAIBI U IPOBES alreOpandecKue peoopa3oBaHus, IMEEM:
R
E[Rz —r>=2r%In J
rC
W =7 (R =RZ)(my), - = [(m7), =(my),] @
2In—
rC
Bripazum (m;/) yepes aBIcHHE
(my), =meroK'R (my), =myy,K'P, 5)
rie K" = EMK* ; K; — KO3 QUIMEHT, yYUTHIBAIOIINI YIPYrOCTH IJIACTOBOM MIKOCTH U CKEJET TOPOJIbI;
1+ ——=x
m K,

Y — yZAenbHbI#A BEC IIIACTOBOM XKUIKOCTH; ]/0 — yJIelbHBIN BEC IJIACTOBOM )KMJIKOCTH B HaYaJIbHBI MOMEHT.

Torna

7z(R2 —r’-2r? In?]moyoK*(Pk -P)

W =7Z(Rk2—rcz)(m}/)k - CR (6)
2In—
rC
rac Pk — IIJIaCTOBOC OAaBJICHHUC, PC —3a00iHOE JAaBJICHHUEC B CKBAXXHHEC.
Juddepenuupyst (6) mo t nmeem
* R
amyy K| R =r7 =2r7In—
aw TR (¢ -s-an; IR-P)_ . o
ot snR dt
I

c
rae ( — AeOUT CKBaXXUHBI U3 AWHUIIBI TONIIUHBI IUIACTA; ¥, — yAENbHBIN BEC MIACTOBOM KHUAKOCTH Ha 3200€ CKBaYKHHBL
CornacHo [1]

I I, @)

rae K — ko duument npoHuiaeMocT miacra; 4 — KodpOHUIUEHT IMHAMUYECKOM BI3KOCTH IIACTOBOM JKHUIKOCTH.

guThiBad, 4T0 G = —= U3 (7) umeem:
Rk_Rc
2z(R, —R
q= é =) ®)
y(lnrJ(Rk—rc)

Ipunsas y, =y, ,n3 (7) u (9) nonydaem:

. R
K| R?=r?-2r’In—
Mo [ o rCan]d(Pk—Pc) 2K (R, —R)
- (R-R) ©)
2 dt “(R —r.)

C

Otkyna
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4K (R, —R)t
(R.—P)=Cexp (R=R) (10)
ymoK*(sz —r’-2r’ InRJ(Rk -r,)
rC
W3 npakTryeckux cooOpaxkeHUH peleHue ypaBHeH:s (9) T0/KHO YAOBIETBOPATH YCIOBHIO:
(R-PR),=PR (12)
[osTomy, yuursiBas (11) B (10), momyqaem:
4K(R, —R)t
(R —PR)=Rexp (R )R (12)
um, LRKZ —r’-2r? Inr](Rk -r,)
VYunteiBas (12) B (9), momydaem:
27K (R, —R)P, 4K(R, —R)t
_r ( k )Ro exp ( K ) (13)
/U(Rk_r)ln? ymOKRf—rf—erlner(Rk—rc)

PaccMoTpuM YMCIIEHHBIH TPUMED.
IlycTh IS KaKOW-TO KOHKDETHOM CKBaXHMHBI M BbIKaumBaeMoii medrsHo# xuaxoctn K =10"2wm?% 1 =0,0762wm;
5 1 . 5 1 ~
K,=5K, =510°"—; m=0,23; 1, <R<R, =100m; K" =0,2-10° —; 1 =9,87-10"°am-cek;
am am

P,=P—-P.=30am P =(0+100)am.

ITo »tum mamHBIM O Qopmyne (13) mpomsseneH pacuer Ha DBM. Ilo pesympraTam moacueTa MOCTpoeHa TabiwmIa
(Tabn.1), Ha OCHOBaHMM KOTOPOH MOCTPOEHBI TPaMKH 3aBUCHUMOCTH JI€OMTAa OT PACCTOSIHUS 0 CKBa)KHHBI 32 KOJMYECTBO

CyToK (puc.2).

Tabmmma 1
R 10Mm 20Mm 30m 40m 50Mm 60m 70m 80m 90m
Ic 30.7 23,87 19,48 15,9 12,73 9,94 7,28 4,76 2,35
2¢c 61,884 48,08 39,15 31,99 25,88 19,94 14,55 9,562 4,677
3¢ 93,575 72,635 59,144 48,2 38,7 30,02 21,95 14,3 7,02
4c 125,76 97,53 79,27 64,6 51,8 40,16 29,34 19.1 9,365
5¢ 158,45 122,78 99,45 81,12 65,03 50,43 36,8 23,94 11,72
6¢ 191,66 148,376 121,694 97,98 78,386 60,666 44,24 29,64 14,07
7c 225,37 174,34 141,33 114,913 91,855 71,03 51,75 33,6 16,43
8¢ 259,3 200,65 162,5 132,025 105.44 81,46 59,3 38,5 18,8
9¢ 2944 227,3 185,956 149,3 119,15 91,97 66,09 43,4 21,17
10c 329,7 254,37 205,7 166,8 132,97 102,55 74,6 48,3 23,54
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Puc. 2 — Tpaduk 3aBucumocty ae6uta ot (R) pacCTOSHIS 10 CKBAXHHBI (B M°/CyTKH), Ile HOMEpA JTHHHUiT 03HAYAI0T
KOJIMYECTBO CYTOK

AHanu3upys pe3ysbTaThl TaOJIUIIBI U TIOCTPOSHHBIX I'Pa(UKOB, YCTAHOBJICHO:

1) C yBelMYeHHUEM HEIMPEPHIBHOW MPOJOJIKUTEIBHOCTH JA00BIUM, KOJUYCCTBO BHIKAUMBACMOW KHUKOCTH YBEIHUHUBACTCS
10 HeJ‘IHHeﬁHOMy 3dKOHY, TO €CTb KOJHM4YECTBO BBIKAUCHHOM He(i)TﬂHOﬁ MacChbl 3a KaXIbIC CYTKH (XOTS[ 1 HE OYCHb
3HAYHUTENBHO) OOJNBIIE KaXXI0i U3 IPEABIAYIINX CYTOK.

2) Ilo Mepe mpuOIIMKECHAS K CKBaXHHE NEOUT YBEITMUMUBACTCS 110 BOTHYTOW KPUBOM OTHOCHUTENHHO ocu R. DTo o3Hauaer,
4TO B Ka)KZ[BIﬁ MOMCHT BPEMCHH HCHOPCPBIBHOT'O BbIKAYMBAHUA HG(I)TI/I (B 3aBUCHUMOCTH OT €€ BSBKOCTI/I) KOJINYECTBO
yTeKaIOH.[eﬁ MaccChl U3 JII000ro paanajJbHOI0 CCYCHUS IJIaCTa B CTOPOHY CKBAXKUHBI 0OJIbIIIE KOJIMYECTBA npOTeKa}omeﬁ.
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OUYHNCTKA BOJHbBIX PACTBOPOB OT HOHOB MbIIIbSKA METOJAOM 2JIEKTPOKOATYJISIHUUA
Annomauusn
B npeocmasnennoii pabome paccmompena 803MOAICHOCHb NPUMEHEHU MEMOOA eKMPOKOAzYIayUuY 05 YOaieHus UOHO8
MbIWbAKA U3 BOOHBIX PACMEOPOs. H320moeienvl NpAMOY2onbHble CMANbHble U ATIOMUHUESble 2NeKMpoobl U cobpaHa
IKCNEPUMEHMANbHAA YCMAaHoeKa. 1Iposedenvl sKcnepumenmvl No YOanieHulo UOHO8 MbIUbAKA U3 60OHLIX PACMEOPOS C
npUMeHeHUueM PA3IUYHbIX KOMOUHAYUL 2IeKMP o008, 00CYHCOeHA IPPEKMUBHOCD OUUCKU.
KroueBsble cj10Ba: MBIIIBSK, JIEKTPOKOAT YIS, JIEKTPOIbI, OYUCTKA BOMEL.

Nasyrova G.M.}, Danilova E.A.2, Prytkova E.V.?, Kharlyamov D.A.*
*Undergraduate, “undergraduate, undergraduate, “senior Lecturer, Kazan Federal University
WATER SOLUTIONS CLEANING FROM ARSENIC ION BY ELECTROCOAGULATION
Abstract
In the present study the possibility of applying the method of electrocoagulation to remove arsenic ions from aqueous
solutions is considered. Rectangular steel and aluminum electrodes and collected experimental setup are made. Experiments
were conducted to remove arsenic ions from aqueous solutions using various combinations of electrodes discussed cleaning
efficiency.
Keywords: arsenic, electrocoagulation, electrodes, water treatment.

l_ [ poGiieMBl 3arpsi3HEHHST OKPYKAOIIECH cpeabl MBIMIbIKOM (AS) IpPHU3HAHBI M BRUSIBJICHBI BO MHOTHX CTpaHax MHpA, B
A mmpokoM nuana3oHe TEOJOTHYECKMX M KJIMMAaTHYECKWX YCIoBHMH. B HacTosimiee BpeMs, COTIACHO BPEMEHHOM
nupexTuBe BeemmpHoi opranuzannu 3apaBooxpaHenus (BO3), npenenbHas KoHueHTpanusi AS B MUTEEBOH BOJIE COCTaBISET
10 mxr 1%, g0 1993 1. — 50 mkr n'. HauGomee NMpOMBIIIICHHO Pa3BHTbIC CTPAaHbI MNPHMHSIH BedHunmHy 10 MKr 11 Kak
YCTaHOBIICHHBIH 3aKOHOM TMpeJesl, XOTs OOJBIIMHCTBO Pa3BUBAIOLIMXCS CTpPaH IPOAOJDKAET HCIIONB30BaTh B KauecTBE
HAIIMOHAJBHOTO cTaHaapTa 3HaueHue BO3 no 1993 r. u3-3a TpyaHOCTEH ¢ aHATUTUYCCKUM OOHAPY)KCHHEM U COOJIOICHUEM
YCTaHOBIICHHBIX TpeboBaHuii [1].

IIpucyTcTBHE MBIIIBSIKA B MPHUPOJE OOYCIOBIEHO KaK YEJIOBEUECKOW aKTMBHOCTBIO, TaK U NPUPOJHBIMH HCTOYHHUKAMH.
AHTpPONIOTEHHBIMH ~ MCTOYHMKAMM  MBIIIbSIKA  SIBISIOTCS: TOPHOE  JeJ0, uepHas M [BETHas  MeTaJUIyprus;
He(renepepabaThIBarONMe 3aBOABI, CTEKOJIbHAS IIPOMBIIIIIIEHHOCTh, H3TOTOBJICHNE IPOITUTOYHBIX COCTABOB AJISI APEBECHHBI U
1p. K npupoaHeIM HCTOYHUKAM MBIIIBSKA OTHOCSITCS MOPCKHE OCaJOYHbIE TTOPOJIBI, HCKOIIAEMOE TOIIMBO, Te0TepMalbHas U
ByJIKaHWYECKass AKTHBHOCTb. B MOBEPXHOCTHHIE BOJBl MBIMIBSIK IOCTYHNAeT M3 MHHEPAIbHBIX HCTOYHHKOB, DPAaiOHOB
MBIIIBSIKOBUCTOTO OPYIHEHUS, CBA3aHHBIX C OCAJOYHBIMH IECYAHOTJIMHHUCTBHIMU OTJIOXKEHHAMH. HekoTopble KonmdecTBa
MBIIIBSIKA TIOCTYIAeT B TPHPOIHBIE BOABI M3 MOYB, a TAKXKE B PE3YJIbTATE PA3TOKEHUS PACTUTECIBHBIX W JXKMBOTHBIX
opranu3mos [1].

CymIecTBYIOT MHOXECTBO METOJOB OUMCTKH BOJBI OT MBIIIbAKA: XUMHUYECKasi KOATYJISIMA, acopOIys, HaHOQUIBTpanus,
00paTHBIIT 0OCMOC, HOHHBII 00MeEH, 3eKTpoauanu3 u ap. [2]. IlepcnekTHBHBIM MPOLECCOM Ui YAAJICHNUS NOHOB MBIIIBSIKA W3
BO/JIbI SIBJISIETCS ANIEKTpOKoaryJssiuus [3]. DiexTpokoaryJisiuus 1aeT BO3MOXHOCTh OYHCTHThH BOJY OT HEQTEIPOYKTOB, KUPOB
Y MOHOB TSDKENBIX METAJJIOB.

B mpencraBnenHoil paboTe paccMarpuBaiack BO3MOXHOCTh IMPUMEHEHHS HPSIMOYTOJBHBIX CTaNbHBIX M AIIOMHHHUEBBIX
3JIEKTPOJIOB UISl yJaJICHNUS] MOHOB MBINIBSKA W3 BOAHBIX pacTBOpoB. OOmas >ddexTrBHas mIomans 3JIeKTPOIOB Y MEPBBIX
JIBYX KOMOHWHaIuii cocraBisiia 30 eM, y Tpereit - 60 eM?, pPacCcTOsIHUE MEXIy 2JEKTpoJaMu — 1 cM. DKCIEpUMEHTHI MO
ANEKTPOKOATYJISIINA TIPOBOIMINCH B CTEKISIHHOM peakTope oosemoMm 0,15 nm mpu temmepartype 20£2°C. DnekTponsl,
TIOMEIICHHBIE B PEaKTop, ObUTM COEANHEHBI C OJIOKOM IHTaHUs noctossHHOro Toka (Opron PW 325). C nenbio yMeHbIICHUS
MaccoIlepeHoca Haj MOTEHIIMAJIOM PacTBOP MENIAics C MOMOIIbI0O MarHUTHOW MEIIAJKH, CKOPOCTh KOTOpoH cocrasisiia 300
00/MMH. B cTakaH momMemanu pasHble Napbl IUIACTHHYATHIX AJTIOMHHHUEBBIX W CTAJIbHBIX AJIEKTPOZOB C OJMHAKOBBHIMH
pa3MepaMH U COSAMHSIN C OJIOKOM IMTUTAHUS MMOCTOSTHHOTO ToKa. Cxema coOpaHHOW yCTaHOBKHM MpECTaBJIeHa Ha pHc. 1.
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Puc. 1 — Cxema sKkcriepUMEHTAIBHONW YCTAaHOBKH JUIS SJIEKTPOKOATyJIALNN
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MognensHbiit pactBop (150 mi), ¢ ucxomHoi koumeHTparmeid 200 Mkr/m roroswics pazbasmeHumeM u3 ['CO noHOB
TPEXBAJIEHTHOI'O MBIIIbsAKA, ToMemancs B peakTop. Mamee momaBanock HampsikeHue (1 A) u depe3 ompeesieHHBIE
MPOMEXXYTKH BPEMEHHU M3BICKAJIUCh HEOOINbIINE 00BEMBI PACTBOpPA, KOTOpPbIe (HIBTPOBAIM 4epe3 OyMakHble (QUIBTPHI U
H3MEPSUTH KOHLIEHTPAIMIO HOHOB MBIIIbSIKA HA aTOMHO-a0COPOIIMOHHOM CIIEKTpOMeTpe. B KoHIle KaXkaA0To OIBITa, JIEKTPO/IBI
TIIATEJIBHO MPOMBIBAIN BOOH, YTOOBI YAAIUTD JIIO0bIE TBEPAbIC OCTATKU HA MOBEPXHOCTH, BHICYIIMBAIIN U B3BEIIUBAIIH.

Bnusinre rUOpUAHBIX 2JEKTPOIHBIX Map Ha yAaleHHE MBIIIbSIKa U3 MOJEILHOTO pacTBOpa IMPEACTAaBICHO Ha pHC. 2.
[IpuaUMas BO BHUMAaHUE TOIYYCHHBIC PE3YNBTATHI, JEIaeM BBIBOJ, YTO BCEM JJICKTPOAHBIM IapaM, MCIBITAHHBIM B JTaHHON
paboTe, xapakTepHa BBICOKAas CKOPOCTh OYHCTKH. DJIEKTPOIHBIC Mapbl CHU3WIN KOHICHTPALWIO MBIIMIbIKA B MOACIHHOM
pacTtBope, NpejieN yaaleHus HOHOB MbIiibsika coctaBui 20 Mxr/in B Tedernn 30 muH s napst Al-Al, 10 mkr/a B Teuenue 20
muH s Fe-Fe u menee 10 mkr/in B teuenue 10 mus w1t komOunanmu Fe-Al-Al-Fe.

250
L
g 200
< -o-Al-Al
[
3 150 ~=FeFe
3 ~Fe-Al-Al-Fe
[11]
£ 100
g
S
3 50
E ——o- *— —®  Bpemd, MUH
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= 0 5 10 15 20 25 30 35

Puc. 2 — M3aMeHeHne KOHIIGHTPAIIMH MBIIIBSKA TP BO3ACHCTBHU pa3HbIX KoMOuHammit anektpoaos (I=1A, pHe=7)

VuuthiBas Bce CTOPOHBI HCCIIeNOBaHuWs, 3jekTpoaHas mapa Fe-Al-Al-Fe mnokaszana mydinde XapakTepHCTHKH MO
CPaBHEHHUIO C OCTaJbHBIMH HCIIOIb30BAHHBIMHU B 3KCIIEPUMEHTE MapaMu 3nekTpoaoB. KomOunauuu snekrpoaos Fe-Al-Al-Fe
HMEIOT caMylo OOJIBIIYIO CTETIeHb yaJICHNsI MbIIbsika (96%) npu HauMeHbleM padodem Bpemenu (10 MuH).

[MpearnonaoXXnuTeabHO MPU 3IEKTPOKOATYIISIIIMY BO/Ia OYHIIAETCS IPH B3aMMOJIEHCTBUY THIPOKCHIA AJIIOMHHUS WIIN JKeJe3a
C MOHaMH MBIIIbSKA, BIIOCIIEACTBUH 00Pa3ylOTCsl HEPACTBOPUMbIE COSTUHEHHS, BBIIIA/IAI0INE B 0CAJI0K, KOTOPbIE, B KOHEYHOM
utore, 0Oe3 Tpylda YHAISIOTCS NpPU TOMOIIM (QUIBTPOBaHMS. B CpaBHEHMHM C pEAareHTHHIM KOaryJinpOBaHHEM, IpH
ANIEKTPOKOATYIISLUK HE MPOUCXOIUT 3arpsi3HEHHS BOJbI COJISIMH METAJIOB. B pe3ynbTaTte JenaeM BBIBOJ, YTO MPOBEACHHbIC
9KCTIEPUMEHTHI MIMEIOT aKTYaJIbHOCTD JUISl MCIIOJIb30BaHMS IPEUIOKEHHOTO METO/1a IIPH OYKCTKE BOJIbI OT HOHOB MBIIIBSIKA.
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Annomayus
B cmamve paccmampueaiomca nooxoowl K pacuemy 21e8amopHuix y3i06. Ha ocnose Oazosvix memodos cocmasnen
mounbslli Memoo pacuema. Ha ocnose sxcnepumenmanbubix OAHHbIX COCMAGIEH UHMICEHEePHbI Memoo pacuema. Oyenena
mounocmy paspabomannozo memooa. Ilpoananusuposanvl epanuybl NPUMEHUMOCIU MeMOO08 U OaHbL PEKOMEHOAYUU 1O UX
UCHONL30BAHUIO.
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Poterjahin D.I., Shipunova T.V.
Lead specialists of ZAO NDC NPF «Russkaja laboratorija», Saint-Petersburg
ON THE METHODS FOR MIXING VALVES CALCULATIONS
Abstract
In the present paper there were considered different approaches to mixing valves calculation. There was developed the
accurate method of analysis on the base of basic principles. There was developed the engineering approach of analysis on the
base of experimental data. Its accuracy was evaluated. There were analyzed the application range of these methods and there
were given some recommendations of their correct usage.
Keywords: mixing valves, pressure losses, calculation methods.

BneBaTopHHe Y3JIBI IO CHX MOP UMEIOT IIUPOKOE PACIPOCTPAHEHHE B CUCTEMaX OTOIUICHHS U €Il TOJIToe BpeMs OyIyT
MIPUMEHSTHCS, HECMOTPSI Ha HAMETHBIIYIOCS TEHACHIHIO Mepexoa K He3aBUCHMBIM CXeMaM IPUCOEANHEHHS CUCTEM
OTOIUICHHA. PexoMeHayeMblil K yHOTpeOJICHHIO PacueTHBIM ammapar Ui 3JIeBaTOPHBIX Y3JI0B pa3paboTaH mpodeccopom
CoxomnoBeM E.f. [4 — 6]. 3agaueil HacTosmeil pabOTHI ABISETCS CPAaBHUTEIBHBIN aHAIN3 U3BECTHBIX COOTHOIIEHHH C LIENbI0
ONpeNeNeHUs] TPeResioB HMX IPUMEHHMOCTH. PaccMaTpuBaeTcs TakkKe BIMSHHE THAPABINYECKOTO CONPOTHUBIICHHS
PEryJIMPOBOYHBIX OPTaHOB HA BEJIMYMHY KOA(P(PUIMESHTA CMEIICHHS.

Kpartko BocmpousBeneM M3BECTHBIE pe3yJbTaThl, MOJyUYE€HHbIE B [4 — 6], /Ui 3JIEBaTOPOB C IMJIMHAPUYECKON KaMepon
cvmemrenus (LIKC). PaccmoTtpumM ciydail pacrosno)keHHs BBIXOJHOTO Cpe3a COIUIa Ha BXOJ€ B IMIMHAPHYECKYIO Kamepy
cmemenus (puc.1).
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Puc. 1 — PacueTHas cxema sieBaTopa

O6H.IerI/IH$[TLIC 0003HaYCHUS MPpEACTaBJICHBL B Ta6J'II/H_le.

Tabnuna — ObuienpuHATEIe 0003HAYSHUS IIPU pacueTe IEeBaTOPOB

pOi pﬁv pm p3, pc

ha = Pe - Pu JlaBJIeHUs MOoTOKa nepes coruioM (0), B mpueMHOMN Kamepe (H), HOJMEIINBAEMOTO TOTOKa
he = Pu — P« na Bxoje B IIKC (k) u Ha Beixoze u3 Hee (3), Ha Beixone u3 auddysopa (c)
o = Po— P

fo T, T3 IUTOINAAM BBIXOJHOTO CEUYCHHMs coruia (p), moaMelnnBaeMoro moroka Ha Bxone B [IKC
fa=f, +f, (n), coocteenno [IKC (3)

KO3 PHUIUEHTBI CKOpOCTH mporieccoB TeueHus B corwte (1), LIIKC (2), muddysope (3),
P1: P2 P3, Pa npueMHoit kamepe (4)

Gy, Gy MAcCCOBBIE€ PACXOIBI AKTUBHOTO U ITOIMEIINBAEMOT0 TIOTOKOB
u=G,/Gy KOX(PHUIHUEHT CMETICHUS
Wy, Wa, W CKOpPOCTH aKTHBHOTO IOTOKA Ha BBIXOZE W3 comia (2), cmecu Ha Beixoxe u3 LIKC (3),

oiMenuBaeMoro nmotoka Ha Bxoje B IIKC (5)

Ha ocnoBe YpaBHCHUA COXpPAHCHUSA KOJHNYCCTBA ABWIKXCHUA, IPUMEHCHHOI'O K MPOLECCY CMCHICHUA JIBYX CTAllMOHAPHBIX
CMCIIMBACMBIX ITOTOKOB, UMECM:

%, (Gow, +G W, )—(G, +G, )W, =(p; — p, ) f5 . (1)

[Ipeobpasys (1) Ha ocHOBaHUM ypaBHEHHS HEPA3PBHIBHOCTH U JEJs Ha G0 , TIOJTY9IHM:

2 h, +h, —05pW.¢> ) o f
¢2[i+u—j—(l+u)2-i—( p 1 PW; @5 )p 3 _

f3 2(ho + hx )P fp2¢12
h, h h, h
on)t ore (8%)" g
_ A\ T _(Go"'GH) [ _ hy h _(+u)’g
2G; f 2f,
2[1+hkj f247 0 2(1+h"prz¢f ’
h hy
Ortcrozia Haii/ieM TOYHYIO 3aBHCUMOCTB Julst oTHOMEHHs N,/ hy

h—z-—h—+—¢1 (1+“—]{2¢2 2+ (g —2)£(1+u)2}. @
h R £ h . f

Beipaxkenne (2) MOXHO mpeoOpa3oBath, yMHOXas Ha MHOKkHTedb (1 — h/hg) u mpumeHss mMOACTAHOBKH M3 3aKOHA
Bepaynnu npu Hammuauu mnotepb TpeHus ([2]). [IpeneOperas mansIMu ciaraeMbIMHu, OyJeM HMMETh CIEAYIOIIEEe BBIPAXKCHHE

([]):
2 fp f f 2 fp 2
h ¢1f{2¢2 (2@ ; ] —(2—¢3)f(1+u)}
h— fs VAN 3 . )
h,

40



Meowcoynapoonuiii HayuHo-uccredosamenvekuil dcypran = Ne 2 (44) = Yacmo 2 »@espans

B [5] npemiaraercst BMECTO 3HAMEHATEJIS OACTABIATh 3HaueHue 0,97, a Takke MPUHUMATH XapakrepHoe 3Hayenue T3/ f, =
1,1. B pesynbrare, eciii HE YYUTHIBATH IOCIECJHMH COMHOXMTEIb, ITOJYYaeTCs COOTHOIIECHHE, TOYHOCTh KOTOPOTO ISt
NPaKTHYECKU 3HAYMMBIX ycinoBui onennBaercst CoxonosbM E.f. B 3 — 4%:

ﬁz1,03¢fi 24, +1,1 2¢2—i2 Y 2—(2—¢32)i(1+u)2 . @)
hy f; ¢ )t fs

B [6] xoadpdummenter 1,03 m 1,1 3amensiorcss Ha | W TpPUBOOUTCA COOTHOIIEHHE (5), KOTOpOE PEKOMEHIYeTCs
UCIIOJIb30BaTh B IIEPBOM MPUOJIMIKEHUH U B ClTy4dae PacIloJIOKEHUs Cpe3a CoIlla Ha 3HauuTeIbHOM paccrosiHuu nepex LIKC:

LY
h

IMEHHO 3TO pPaBEHCTBO SIBISETCSI OCHOBHOM PEXMMHOM XapaKTEPUCTHKOW 3JIEBATOPHBIX Y3JI0B C LUIMHIPUYECKON
KaMepoH CMEIICHHUs B COBPEMEHHBIX CIPaBOYHUKax U MOHoTpadusx [1].

s sneBatopoB koHCTpykumu BTU mpuBoasTcs crnexyromue 3Ha4eHns KoddunmeHToB ckopoctu @1 = 0,95, ¢, = 0,975,
03=0,9, 4= 0,925 [4 — 6]. Vicxoas U3 3THX 3HAYCHUIA, HA PUCYHKE 2 TIPEACTABICHBI 3aBUCHMOCTH OTHOIIEHHS JTHAMETPOB
comra u IIKC D,/ D3 B dynkuun h,/ hg B cOOTBETCTBUH C TOUHBIM ypaBHEHHEM (2) U IPHOIMKEHHBIM PaBeHCTBOM (5).

Ortcrona BUIHO, YTO IJIS 331aHHOTO KOA(QHIIEHTa CMEIIECHUs CYIIECTBYIOT TPH BETBHU ISl ypaBHEHHMs (5) U TOJNBKO JBE
BETBHU 11 ypaBHeHUs (2). BepxHsis BeTBb ypaBHeHus (5) sABisieTcsi HeQU3MUECKOM, TaK KaK OHAa HE YAOBIIETBOPSIET UCXOIHOMY
ypaBHEHHIO KoimdecTBa JBIDKeHUs (1). B To ke Bpems BUIHO, YTO ONTHUMAJbHBIC PEKUMBI PaOOTHI JJIEBATOPHBIX Y3JIOB,
KOTOPBIM COOTBECTCTBYIOT MaKCHUMAaJIbHBIC HAIOPbl Ha BBIXOAC W3 DBJI€BATOpa IIPpU 3aJJaHHOM 3HA4YCHUU u, MMPaKTUYCCKU
COBMAAIOT IpHU ompeneneHuu ux u3 (2) u (5). Ciaexyer OTMETUTh, YTO HWXKHHE JIBE BETBU ypaBHEHH (2) HEe MpOTHBOpEYar
3aKOHaM COXpPAHEHUsI, M X CYIIECTBOBAHHE MOATBEPKAAIOT SKCIICPUMEHTAIbHBIE TaHHBIE [3].

Jns sneBaTtopa pacyeTHOH SIBISETCS JIMHUS ONTHMANBHBIX PEKHUMOB, TOKa3aHHAs IUTPUX-IIYHKTHPOM HA PHCYHKE 2.
OnHako Ha MPAKTHKE 9aCTO MMEIOTCS OTKJIOHEHHS B OTHOIICHMAX AMAMETPOB OT ONTHUMAIBHBIX 3HAUCHHH, YTO NMPHBOIUT K
PEXMMaM, COOTBETCTBYIOIUM KaK HIDKHEH, TaK U BEpXHEH BETBAM.

f

H

pr 1 fp 2 2 fp 2
¢1f_ 2¢2+ 2¢2_? - u _(2_¢3 )f_(1+u) ' (5)

—— -qua(8), —— — -(2), —---- ~{13)-(15),

Dp/D3

h,/h,
Puc. 2 —3asucumocts D,/ D3 (h/ ho)

Amnanus 3aBHCHMO0TCI71, NMPUBEACHHLIX Ha PHUCYHKE 2, TMOKa3bIBACT, YTO IIpU pa60Te Ha BerHCﬁ BCTBU HpI/I6J'II/I)K€HHOC
YpaBHCHUEC (5) MOXKCT AaBaTb 3HAYUTCJIILHOC 3aBBINICHUC HAIlOpad, CO34aBa€MOI'0 3JIEBATOPHBLIM Y3JIOM. O‘ICBI/II[HO, 4TO IpH

41



Meswcoynapoonuiii Hayuno-ucciedosamensckuil scypran = Ne 2 (44) = Yacmeo 2 =@espann

BBICOKUX 3HaueHusx D,/ D; cymecTByeT MakcuMalbHOE 3HaueHHe Kosdduuuenta cvemenus. Hanpumep, pu D,/ D3 = 0,6
3HaueHue U = 2,2 MPpUHIUIIHAIBHO HEJJOCTHKHUMO.

[MoaBoas uroru, HEOOXOAUMO OTMETHUTH ClleAyIolIee. PacueTHble COOTHOLIEHUS ISl ONPE/ICIICHHST HAITOPOB, CO3/1aBaEMbIX
9JICBATOPHBIMU Y3JIaMH C IWIMHAPUYECKOH KaMepod CMEIIeHHs, PEeKOMEHIyeMble K NPUMEHEHHIO, UMEIOT JOCTATOYHYIO
TOYHOCTH ISl ONTUMAJBHBIX PEXUMOB M HIKHEH BETBH PEKUMHOW KpUBOH. [[1s BepXHel BEeTBM NPU BBHICOKMX OTHOIICHHSX
JIMaMETPOB COIUIa U LMIMHAPUIECKOW KaMephl CMEIICHHUS MTOTPEIIHOCTh MOXET OBITh BeCbMa 3HAYHUTEIbHOH, OCOOEHHO MpH
HU3KHUX 3HAUYEHHUAX Kod(pduuuenta cmenenus. Kpome Toro, kak TOYHbIE, TaK U MPUOIIKEHHBIE PEXUMHBIE XapaKTEePUCTUKH
9JICBAaTOPHBIX y3JI0B, PEKOMEHJOBAaHHBIE K IPIMEHEHHUIO, HECTIPABEAJIMBEI [T MaJbIX 3HaUeHUH KO3((PHUINECHTOB CMEIICHHS B
CBSI3U C BOSHUKHOBEHNEM OTPbIBA aKTHBHOMN CTPYH OT CTEHOK LIMUIMHPUIECKON KaMepPhbl CMEIICHHUS.
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METOAUKA PACUETA THIPABJIMUYECKUX MOTEPH B JIEMEHTAX
CAHMPOBAHHBIX TPYBOITPOBOAOB
Annomauusn
B cmamve paccmampusaemcs uzmenenue 2uOpasiutuecKko2o pexicumda 6 31eMeHMAX CAHUPOBAHHBIX MPYOONPOB000s.
Ilpeocmaenen memoo pacuema cHudCenus 2uOpPABIUYECKUX NOMEPL 6 CAHUPOBAHHBIX JNeMEHMAax mpyoonposooos.
Tpoussedena oyenra cHudiCenus 2UOPABIULECKUX NOMEPL 8 BTIeMEHMAX mpybonpo8oooe nocjie Canayuu.
KiroueBble ciioBa: caHaus TpyOOIPOBOIOB, THIPABIMYECKUE IOTEPH, METOIBI pacyera.

Savinceva Ju.l., Senatorova E.V., Smirnov A.l., Shabalin M.V., Haziev R.A.
Lead specialists of ZAO NDC NPF «Russkaja laboratorija», Saint-Petersburg
THE METHOD FOR PRESSURE LOSSES CALCULATION IN THE SLIPLINED PIPELINES ELEMENTS
Abstract
In the present paper there was considered changing of the hydraulic operation in the sliplined pipelines elements. There
was performed the method for calculation of pressure losses decreasing in the sliplined pipelines elements. There was
estimated average pressure losses decreasing in the pipelines elements after the sliplining process.
Keywords: pipelines sliplining, pressure losses, calculation methods.

en30eKHOe cTapeHHe TPYOOIPOBOIOB TEIIJIOBBIX CETEH HEOTPHIBHO CBA3aHO C MPOLECCOM MX PEKOHCTpYKIUH. Tak, B

Cankr-IletepOypre exerogHo pekoHcTpyupyetcss oT 50 mo 100 KM MarucTpaabHBIX M KBapTaJIbHBIX TEIUTOBBIX
cereii [5]. [Tporecc moTHON peKOHCTPYKIIMH, KaK U3BECTHO, CBSI3aH C IOPOTOCTOSIINM BCKPHITUEM IPYHTA HaJl MOBEPXHOCTHIO
BCEll TEIuIoTpacchl M COIYTCTBYIOIIMM HapyIIeHHeM KOMMYyHHKanmuid u OmaroycTtpoiictBa Teppuropuu. Kpome Toro,
HEMAaJIOBAYKHBIM SIBIIIETCS M TOT (DAKT, YTO MOJHASI PEKOHCTPYKIIMS YUacTKa TeIUIOBOW CETH IPH TAKOM IOAXOJIE B IIEJIOM DPsilie
CITydaeB MOXKET PaCTSIHYThCS Ha HECKOJIBKO JIET.

Heo6xonnmMocTs CHMKEHUS M3AEPIKEK I COXPAaHEHUS TEKYIIEro 00beMa PEKOHCTPYKIMH TEIUIOBBIX CETEH B YCIOBHAX
SKOHOMHHU CPEJICTB, C OJHOW CTOPOHBI, U CTPEMJIEHHE COKPATUTh TAKXKE U CPOKH PEKOHCTPYKLUMHU, C JPYrou, MpUBOIAT K
HEOOXOIUMOCTH IIOMCKAa HOBBIX METOJIOB W TEXHOJIOTMH MPOW3BOJACTBA peKOHCTpyKIuu. Tak, cnenuanmctamu OAO
«Temnocers Cankr-IlerepOypra» akTHBHO amnpoOHPyeTCsl TEXHOJIOTHS CaHAUU PEKOHCTPYHUPYEMBIX YYAaCTKOB TEILIOCETEH
[3,6]. Cyte 3TOrO0 Meroma COCTOMT B BEICHHH DPEKOHCTPYHUPYEMbI TpyOONpPOBOJ CIELHAIBHOW BCTABKH, KOTOpas MpH
OTIpEJICTICHHBIX YCIOBUSX NpUHHMMaeT (opMy TpyOomnpoBoja M 3arBepieBacT. J[aHHBI METOA IO3BOJISET CYIIECTBEHHO

42



Meowcoynapoonuiii HayuHo-uccredosamenvekuil dcypran = Ne 2 (44) = Yacmo 2 »@espans

CHH3UTH YAEIbHBIC 3aTPaThl HA IPOBEJCHNUE PEKOHCTPYKIMH 32 CUET MPAKTUUECKH MTOJTHOTO MCKIIOUCHNUS! BCKPBITUSI TPYHTa U
HOBBICUTB TIPOU3BOJUTEIILHOCTD PaboT.

[Ipn npoBeneHuHM TakoW NHpOLEAYPHl HEMAJIOBAXKHBIM OCTAeTCs M (aKT W3MEHEHHMs THIPABINYECKOrO pexuma B
peKOHCTpyHpOBaHHOM ydacTke. C OJHOW CTOpPOHBI, HAaOJIIOAAETCs HEKOTOPOE YMEHBUICHHUE ITPOXOJHOTO CEYEHUs
TpyOOIIpOBO/Ia, YTO, NMPU PABHOM pAacxXoJie, HNPUBOAUT K POCTY THAPABIMYECKMX mnorepb. C Ipyroil CTOpOHBI, MOCIe
MPOBECHU CaHAllUM SKBHUBAJICHTHAs ILIEPOXOBATOCTh TPYOONPOBOJA CYIECTBEHHO cHinkaerca ([1]), uTo mpuBogur k
CHIDKEHUIO THAPABIMYECKUX oTepb. OeHKa MpeBaInpoBaHus TOro WM HHOTO 3¢ ¢ekTa Obuta nposeneHa B [4]. B [4] 6buto
MOKa3aHo, YTO JUIA Ciydass TPSAMOJIMHEHHOrO yd9acTKa IOcie CaHalud TPyOOmpoBOAa yAaeTcs HOCTUYh CHIKEHHS
THIPaBINYECKUX NOTEPh OoJiee yeM B 2 paza. DKBUBAJICHTOM 3TOT0 3((eKTa ABIIETCS BO3MOXKHOCTh YMEHBIICHUS JHAMETPa
CaHMPOBAHHOTO TPYOOIIPOBOAAa IO OTHOWICHMIO K HecaHumpoBaHHoMy Ha 20%. Ilpum sTOM, omgHako, B pabore [4] He
3aTparuBaJiiCh BOIPOCHI M3MEHEHMS THAPABIMYECKOTO PEKHMMa B IJIEMEHTAaX TEIUIOCETEH, TaKMX KaK OTBOMBI, KOJICHA,
Hepexoabl AUAaMETPoB. B 3TOi CBA3M LENbi0 HacToOAIMIEH pabOTHl ABIAETCS pa3pabOTKa METOAWKHM M YUCICHHAs OLECHKA
CHIDKEHMS THPAaBINUECKUX NOTEPh B JIEMEHTaX TEMJIOBBIX CeTell:

—  JMTHIX ¥ CEKLIIMOHHBIX OTBOAAX;

—  KOJIeHax.

Brauane paccMOTpUM OCHOBHBIE COOTHOILICHMS [ OIpEAeNeHHs IOTepb MAABICHUS B HCCIEIYyEMBIX JJIEMEHTaXx,
SIBIIIIOIIMMUCS. MECTHBIMU CONPOTHUBJIECHUSAMU. byneM npuaepKuBaTbcs TEPMUHOJOIMM, NMpUHATOH aBTopamu [4]. Ilotepu

R
JTABJICHUS B JIUTOM OTBOJE NPUA ¥ q < 3 BbIpaxkarotcst cooTHomeHueM ([2]):

3 R 2
Ap=|0,0175—2"2 4+ ABC Wik , 1)
d 2

rae: Ry — pamuyc 3akpyrieHus 0TBO/a, M; O — YroJI TIOBOPOTA B OTBOJE, TPajl.; 4 — KOIPPHUIIMCHT, YUUTHIBAIOIIUN BIUSHHEC

. R
yria moBopoTa B OTBOAC, B - KOS(I)(bI/I]_II/IeHT, YYHUTBIBAOIIUHN BIIMAHUC OTHOCHUTCIIBHOTO paJinycCa 3aKPYIJICHUA 0 d OTBOJA,

C — xoddduimeHT, yYUTHIBAIOMINI BIUSHAE OTHOCHUTEIBHOW BBHITSHYTOCTH MONEPEYHOrO CEYCHUsl OTBojAa (Ui OTBOJA C
KPYTJIBIM TIOTIEPEYHBIM ceueHneM Kodddumuent paseH 1). Koapounuent 4 B popmye (1) mpu 6 = 90° pasen 1, mpu & < 70°

. R
A = 0,9-sind. Koadduruent B B hpopmyie (1) st oTBOAOB C O d >1,0 BBIUKCISETCS B COOTBETCTBHH C BBIPAYKEHUEM:
0,21
R%
d
Jlnsi CeKIMOHHBIX OTBOJIOB CyMMAapHbIE MOTEPH JABJICHHS JUIS MEPEXOJHOM M KBaJIpaTHYHOH 00JacTell BBIpaKaroTCs
cooTHoIeHueM ([2]):

)

2
ap=(k &, + mp).%, ®

raec: kA JUIA HCpCXO,I[HOﬁ u KBaI[paTH‘IHOﬁ obnacrei MNPUHUMACTCS PaBHbBIM 2 U1 HECAaHUPOBAHHOI'O OTBOJA U

A 3
kA =1+A-10° mus CaHMPOBAaHHOTO OTBOJA. K03((HUIMEHTH MECTHOIO COMPOTUBICHUS é’ AT TPEX3BCHHBIX OTBOJOB C

yriaamu mosopoTta 45° u 60° paBHbl, cooTBeTcTBEeHHO, 0,11 1 0,15. KoadduinenTs! noteps TpeHHs 171 TPEX3BEHHBIX OTBOJIOB
¢ yrimamu moBopota 45° u 60° onpenensroTes cieayomumM odpazom ([2]):

A R
¢, =0,398—"2, @)
mp D
0
A Ro
gmp = 0, 536T (5)
0
,21.]'[5[ IEPOXOBAThIX KOJICH KPYIJIOTO IMONEPEYHOI0 CECUYCHHA CYMMAPHBIC MOTCPU HNABJICHUSA BBIPAXKAKOTCA COOTHOIICHUEM
(2D):
2
pV
Ap = kA Aé/,w ’ 2 ! (6)

rac: kA JUJIs HCpCXOHHOﬁ u KBaﬂpaTHqHOﬁ obnacreit IMPUHUMACTCSI pPAaBHBIM 1,5 U1 HECAHUPOBAHHOI'O OTBOJAa U

k, =1+1,05- A-10° nns CaHMPOBAHHOTO 0TBOAA. Bermunubl A u §, B hopmyiie (6) BEIPAXKAIOTCS CIIEAYIOLIMM 00pa3oM:

A=0,95+33,5/9, (7

<, :0,955in2§+2,055in4g. ®)

B pacu€rtax CHHXCHUA THUAPABIMYCCKUX TIOTEPH TMNPHUMEM TI'PAHUYHBIC YCJIOBUA W 3HAYCHHUC SKBHUBAJICHTHOMU

IIEPOXOBATOCTH, HCIOIH30BaHHBIE aBTOpaMH [4]. Pe3ynbTaTel pacueToB CHIDKEHUS THAPABIMYECKUX MOTEPh B CAHUPOBAHHBIX
3JIEMEHTax TEIUIOBBIX CeTel mpuBeaeHsl B Tabimmax | — 3. [Ipoananu3upyeM MojydeHHBIE PE3yIbTaTHI.
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Tabnmma 1 — Pe3ynpTaTsl pacueTa CHIKEHHSI TOTEPh JUIS JIUTOTO OTBOJIA

d=0,200m | d=0,400m | d=0,600m | d=0800m | d=1,000m | d=1,200m

45° [ 60°[90° [ 45° [ 60° ] 90° [ 45° [ 60° [ 90° [ 45° [ 60° [90° | 45° [ 60° [ 90° [ 45° [ 60° | 90°
Ry 4 =1 | 082 |0,82/0,84/0,89/0,90|0,910,94/0,95|0,96/0,95|0,96|0,98| 0,97 |0,98|0,99|0,98| 0,99 |1,00
R, (=2 | 097 |0,99/1,02|1,04/1,06|1,09/1,08|1,10|1,14|1,09|1,11(114(1,10|1,12(1,15|1,11| 113 1,16
R, (=4 | 225 |2.25(2,25/2,50(2,50|2,50| 2,66|2,66| 2,66 (2,71|2,71(2,71(2,77|2,77|2,77|2,80| 2,80 2,80
R, [ =6 | 225 |2,25(2,25|2,502,50|2,50|2,66| 2,66 |2,66|2,712,712,71|2,77|2,77| 2,77 |2,80| 2,80 (280
Ry (=10 | 2,25 |2,252.25/2,50|2,50|2,50| 2,66/2,66(2,66|2.71|2,71|2,71/2.77| 2,77 |2,77|2,80| 2,80 |2,80

Ta6nnua 2— Pe3yJ'II)TaTI)I pacyeTa CHIIKCHUA NOTEPh JId CCKIMOHHOTO OTBOJA

d=0,200 m d=0,400m | d=0,600m | d=0,800m | d=1,000 m d=1,200 m

45° | 60°90° | 45° | 60° | 90° | 45° | 60° | 90° | 45° | 60° | 90° | 45° | 60° | 90° | 45° | 60° | 90°
Ry f =1 1,36 {1,36|1,36|1,57|1,57|1,57({1,69|1,68|1,68|1,73|1,73|1,73(1,77(1,77|1,77|1,80|1,80| 1,80
R, f =2 1,3911,39|1,51(1,60|1,59(1,70(1,71|1,71(1,82|1,76|1,76|1,86|1,80{1,80(|1,89|1,82(1,82| 1,92
Ry f =4 1,451,45|2,32|1,65|1,65|2,58(1,77(1,77|2,76|1,81|1,81|2,82(1,85(1,84|2,88|1,87|1,87| 2,92
Ry f =6 1,50(1,50|1,23|1,70|1,70(1,45(1,81(1,81|1,57|1,85|1,85|1,62(1,89(1,89|1,67|{1,91|1,91| 1,70
R, 4 =10 |1,59|1,58|1,84(1,78|1,78/2,03|1,89|1,89(2,15|1,93|1,93(2,19|1,97(1,96|2,22|1,99(1,99| 2,24

Tabauna 3 — Pe3ynpTaThl pacueTa CHIKCHHS MTOTEPh IS KOJICHA

45° 60° 90°
d=10,200 m 1,17 1,17 1,17
d=10,400 m 1,29 1,29 1,29
d=0,600 m 1,34 1,34 1,34
d=10,800 m 1,37 1,37 1,37
d=1,000 m 1,39 1,39 1,39
d=1,200 m 1,40 1,40 1,40

Amnanuz MOJYYCHHBIX PE3YJIbTATOB IMOKA3bIBACT CICAYIOLICE. JIJ'IH cjiy4das JIUTBIX OTBOJOB CHHMXXCHUE MOTEPH NOCTHUIACT

. R
CYIIECTBCHHOU BCJINMYUHBI JIAIIb B CIIy4yac 0 d >3.

JI71s1 CeKIIMOHHBIX OTBOJIOB C POCTOM JHAaMETpa CHIKEHHUE MOTeph HauyMHAET MPUHUMAThH CYIIECTBEHHBIC 3HaUeHHS (10 2
pa3). HeoOXomuMo Tak:ke OTMETUTh, YTO €CJIH JIJIS CEKIMOHHBIX OTBOJOB C yIiIaMu MoBopoTta 45° u 60° CHIXKEHHE MOTEPh B

R
CaHMPOBAHHOM OTBOJIE€ MOHOTOHHO YBEIMYHBAETCS C POCTOM O q » TO Ul CEKUHMOHHOTO OTBOJA C YIJIOM TOBOPOTa 90°,

OUYEBH/IHO, CYLIECTBYET HEKOTOpas ONTHUMAaJbHas KOH(QHUTYpalus OTBOAA, IIPH KOTOPOH CHIKEHHE MOTEPh B CAHUPOBAHHOM
OTBOJIE IOCTUTaeT MaKCUMyMa.

Jl71s1 KOoJIeH CHMXEHUE NIOTEPh HE 3aBUCUT OT YIVIa IOBOPOTA B KOJIEHE U ONPEAECISETCS AMAMETPOM IIOIIEPEYHOIO CEUEHUS
KOJIEHA.

IlomBons WTOTH, HEOOXOAMMO OTMETHTB, YTO €CIH JUII CIydas HPSIMOJMHEHHOTO y4JacTKa TEIUIOBOM CETH CaHaIus
TpyOOIIPOBO/a TO3BONISET CYIIECTBEHHO CHU3UTH MOTEPH JIABICHUS, TO I TEXHOJIOTHIECKHAX 3JIEMEHTOB TEIJIOCETEH TaKOTo
a¢dexta He HaOmMomaeTca. B 3TUX anmeMeHTax MpPeBaIMPYIOT MOTEPH 3a CYET MECTHBIX CONPOTHUBICHHH. B 3TOi cBs3M
YMEHBUICHUE JHaMeTpa TEXHOJOTMYECKUX IJIEMEHTOB MpH CaHAIUM TEIUIOCETeHl He pPEeKOMEHAYeTCs, MOCKOIBbKY MOXKET
IIPUBECTH K CYLIECTBEHHOMY POCTY THAPABIMYECKHX IOTEPh HAa BCEM CAHUPYEMOM YUYacTKe.
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ON THE METHODS OF LARGE-SCALE REACTORS INTEGRITY ESTIMATION
Abstract
In the present paper there was considered the method for large-scale reactors integrity estimation. There was given the
sequence of their integrity estimation. The scope of the nondestructive testing was considered. There were given required
regulatory documents references.
Keywords: large-scale reactors, integrity estimation, nondestructive testing.

CTapeHI/Ie M TIOCTETICHHBIA BBIBOJI M3 SKCIUIyaTallMH SIBISIOTCS HEOTbEMIIEMBIMHU (DaKTOpaMH, COMPOBOXKIAIOIIMMHU
paboTy MpPOM3BOACTBEHHOI0 000OpyJOBaHMA. B yCIOBHSX 3HAUMTENLHON HapaOOTKH IOCIEIHEr0 Ba)KHYIO DPOIIb
UTPalOT MEepHOANYECKHE TEXHHYECKHE OCBHJETEILCTBOBAHMS BO n3OexaHue aBapuil. OIHMM M3 BHUIOB IPOMBIIIIEHHOTO
000py/IOBaHMs, HYXIAIOIIETOCS B NEPHOJUYECKHX TEXHHYECKUX OCBHJCTEIBCTBOBAHUSAX, SBISIOTCS IIPOMBIIIICHHBIC
PEaKTopBI.

Kak mpaBuno, peakrtop mpencTaBiseT coOOW BEpTHUKAIbHBIM LWIMHIPUYECKHH ammapar ¢ ABYMs IONyc(epUYecKUMHU
JHAmamu. PaccMoTrpuMm peakrop ¢ BHyTpeHHHM auamerpoMm 2600 MM m obmiel Beicotoi 6860 Mm. Ha mosycdepuueckux
JHMIIAX MPeIyCMOTPEHbI ITyIepa i JTIOKH JUIS BXOA I BRIXOAA Cpeibl. BMectumocts ammapata — 27,6 m°. [{uuaapudeckast
oOevaiika M [IHHUINA W3TOTOBJEHBI W3 JiermpoBaHHOW cTamu 12X1M®. BHyTpeHHsSS MOBEpXHOCTh peakTopa (yTrepoBaHa
TOPKPET-0ETOHOM MJISl 3alIUTHl KOpITyca OT BO3AEHCTBHS BBICOKMX TEMIEpaTyp, KOPPO3UH M YMEHBIICHHUS TEIUIONOTEPS.
CHapyXH ammapaT 3aKpbIT IPEIOXPaHUTEIBHBIM KOXKYXOM. AMNapar MmpegHasHaueH IS THIPOOYUCTKH JU3EIFHOTO TOIUTHBA
n OeH3uHa. PeakTop SKCIUTyaTHpyeTCs B CTATHYECKOM PEKUME, IIPH KOTOPOM KOoJIeOaHHs JaBICHIS COCTaBILIIOT He Oomnee 15%
OT HOMHHAJIFHOTO 3HaueHusI. Paboune mapaMeTpsl peakTopa npeAcTaBiIeHs! B Tabimie 1.
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Ta6mmma 1 — Paboune mapaMeTpsl peakTopa

Pe:xum peaknmnn Pe:xum perenepanun
Jlasnennue, MIla (krc/cm?) 5,65 (56,5) 1,5 (15,0)
Paboune mapameTpsl
Temmneparypa (cpemsi), °C 425 550
2
PacueTHiie Hasnenne, MIla (krc/cm®) — 6(31),5 (65,0) =
o o0Oeuaiika, nmomycdepuyeckue THHIIA —
apame
1apaMeTphl Temneparypa (ctenkn), "C wrryteph - 400
JlaBnenue, MITa (krc/cm?) 5,65 (56,5) 0,3 (3,0)
Paspewennsie 5
HapameTphi Temmeparypa (cpensr), “C 425 550
Temneparypa (crenku), °C 200 200
dakTHUECKHE Jlasnenne, MIla (krc/cm?) 5,0 (50,0) 0,3 (3,0)
napameTpsl (1o cxeme o
BITIOYEHIS) Temmeparypa (cpensi), “C 425 530

IIpu oLeHKE TEXHHYECKOIO COCTOSIHHA PEAaKTOPOB ONUPAIOTCS HAa IEepeueHb HOPMAaTHBHOM HOKyMmeHTanuu [4, 6, 8].
O1eHKa TEXHUYECKOr0 COCTOSIHUSA MPOBOJUTCS B HECKOJIBKO JTaIoB.

Ha mnepBom 3Tame B COOTBETCTBHM C TpeOOBaHMSAMH [6] OCyIIECTBISETCS aHANIN3 TEXHUYECKOW TOKyMEHTAIUH.
ITpoBepsieTcst HamM4KE U COACPIKaHNE CIEAYIOMUX TOKYMEHTOB!

—  TIacTOPT PEeaKTopa;

—  UEepTeX PeaKkTopa;

—  cXeMa BKJIIOYEHHS PeaKTopa;

—  pacyeTr Ha IPOYHOCTbH PEAKTOpa.

Ha BTOpOM 3Tarme ocymiecTBaseTcsl BU3yalbHBIM KOHTPOJIb anmapaTa B cooTBeTcTBuu ¢ [7, 8]. Kontponupyercs:

—  ypOBEHb HAMOKaHUsI U30JIALUY;

—  TeoMeTpHs KOpIlyca, OTCYTCTBHE HEOMYCTUMBIX IEEKTOB B BHJIE BMSTHH, TOpp, KOPPO3UH U T.1I.;

—  OTCYTCTBHE MEXaHHYECKUX MOBPEXKICHUH;

—  cocTosiHHE ()IaHIIEBBIX COCAMHEHUH U KpETIexKa;

—  OTCYTCTBHE BHIMMBIX N€()EKTOB CBAPHBIX LIIBOB.

Ha Tperbem 3Tame OCyIIECTBISIETCS YIbTPAa3ByKOBOW KOHTPOJIb CTEHOK ammapaTa M CBAPHBIX IIBOB B COOTBETCTBHH
c [6, 8]. BeibopouHO ocymiecTBiIseTCs IBETHAS Ne(EKTOCKOIHS B 30HaX BO3MOXKHOTO 0Opa30BaHUSI MHUKPOTPEIINH COTJIACHO
[1]. B 06beM yapTpa3ByKOBOIO KOHTPOJIS BXOIHT:

1) VYiapTpa3ByKOBas TONIIMHOMETPUSL:

—  IWIMHApPUYECKoW o0edaiiku;

—  BEPXHEro M HIDKHETO JTHHMIIA;

—  JIIOK-JIa30B;

—  IITYHEPOB U KPBIIIEK ITYLEPOB.

2) YbTpa3sByKOBOM KOHTPOJIb MECT MEPECEYEHHUM CBAPHBIX MIBOB.

ITo pesympraraM NpPOBEAECHHBIX H3MEPEHHMH NPOBOIATCA IIOBEPOUHBIH pacdyeT Ha paboune mapaMeTpsl M pacder
OCTaTOYHOTO pecypca ammapara. [loBepouHbI pacuer Ha paboune mMapaMmeTphl OCYIIECTBISIETCS Ui BCEX 3JIEMEHTOB
anrapaTa, Ha KOTOPBIX OOHapy>KeHbI cliebl KOPPO3MH OCHOBHOTO MeTayula. MeToAMKa MOBEPOYHOTO pacyeTa >JIEMEHTOB
PeaKkTopoB NpuBeAeHa, Harpumep, B [3]. [To pe3yibTaTaM pacueTa onpeAensoTcs 0TOPaKOBOYHBIE TOJIINHBI JJIEMEHTOB.

Pacuér ocraTouHOro pecypca BBINOJNHAETCS B COOTBETCTBHM C TpeOoBaHMsaMH [4]. Pacuér mnpoBomurcs mams
KOHCTPYKTHBHBIX 3JIEMEHTOB, y KOTOPBIX B IHpollecce IKCIUTyaTaluu 3aUKCHPOBAHO CHIDKCHHE TOJIIMHBI CTEHOK IIO
CpaBHEHHIO C JaHHBIMU ITaCIOPTA.

Haxkoser, Ha mocieiHeM dTarne MpoBOAATCS THEBMOUCTIBITAHUS peakTopa B cOOTBETCTBUU C [5]. Ilpu 3TOM 0gHOBpEeMEeHHO
OCYIIECTBJIICTCSI aKYCTHKO-DMHCCHOHHBI KOHTPOJb C IIETbI0 IIOMCKA pPAa3BUBAIOIIUXCSA O] HAarpy3koil aedekTos.
3aBepInaroIui 3Tal OCYIIECTBISIETCS ¢ yueToM TpeboBaHui [2].

B 3akimodeHHe CTOMT OTMETHTh, 4YTO B HacTosed paboTe pacCMOTPEHbI OCHOBHBIE JTallbl TEXHUYECKOTO
OCBH/ICTEIFCTBOBAHMS IPOMBIIUICHHBIX PEAaKTOPOB, MOKa3aH ONTHMAIBbHBIH 00BEM M IMPOAOIDKUTEIBHOCTH ITHX JTAIIOB,
NIPUBEICHbI HEOOXOANMBIE CCBUIKA Ha HOPMATHBHYIO JIOKYMEHTALHUIO.
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EXPERIENCE IN JOINT APPLICATION OF THE FRACTURE MECHANICS
AND NONDESTRUCTIVE TESTING
Abstract
In the present paper there was considered usage of the nondestructive testing results of the high pressure vessel for
creation of the finite element model. The main requirements for the adequate physical model were formulated. There were
provided testing and calibration of the model in full-scale conditions.
Keywords: nondestructive testing, fracture mechanics, strain-stress state.

BHG,I[pCHI/Ie MEXaHWKH pa3pylIeHUs] B MPAKTHKy OOOCHOBaHUS PaOOTOCIIOCOOHOCTH M JOJITOBEYHOCTH KOHCTPYKIHMI
CHEP)KMBAETCS TPYAHOCTSIMH, BO3HMKAIOIIMMM TP  HWHTETPAllMM  JAHHBIX  HEpPa3pymIalomiero  KOHTPOJIS
TEXHOJIOTHYECKHX W IKCIUTYyaTallMOHHBIX IOBpeXaeHHH (HecrurontHoctei). CoBpeMeHHbIE MH()OPMaMOHHBIE TEXHOJIOTHH
TMIO3BOJISIFOT CMOJICJIMPOBATh U PACCUNTATH MPAKTHUECKH JIIOOBIE TTOBPEKACHUSI TEXHUYECKUX YCTPOHCTB B HE3aBHCHMOCTH OT
uXx ciokHoCcTH. OCHOBHas IpoOiema 3aKIIoYaeTcs B TOM, YTO pacdeTYHKH TPeOyIOT OT CIICIHAIMCTOB, 3aHUMArOIIMXCS
METOAAMHU HEpa3pyLIAIoIIero KOHTPOJIS, TAKOro Habopa MCXOIHBIX JAHHBIX, KOTOPOTO MOCIEJHHE MPOCTO HE B COCTOSHHUU
obecmeunTtsb. B pesynbrare, pemeHne o JOMyCcKe B SKCIUTyaTaIllUI0 WM PEMOHTE TEXHHUECKUX YCTPONHCTB MPUHUMAIOTCS HE Ha
OCHOBAHUH PAcueTOB Ha MPOYHOCTh, a U3 OMBITA HKCILUTyaTALMH UM B COOTBETCTBUH C TEXHOJIOTMYECKON TOKyMeHTanuei. 1o
MPUBOIUT K HEONPABIAHHOMY 3aBBINICHHIO 00BbEMa PEMOHTHBIX pabOT M 9acTO HE MOBBIIIAET MPOYHOCTh KOHCTPYKIUH, a,
HA000POT, CHIKAET e€.

BrixosmoM H3 CIOXKHUBIIEHCS CHUTyallUM BHJIUTCS INPUMEHCHHE KOHCEPBAaTHBHBIX DPACUETHBIX CXEM IO pe3yibTaTaM
Hepa3pylIaloero KOHTPOJsI IIPM  MHUHMMYME HCXOAHBIX JaHHBIX. [loJ KOHCEpBaTWBHOCTBIO CIIEAYET IOHUMATh
rapaHTHPOBAaHHOE HE3aBbIIICHNE PACUETHBIX BEJINYMH NPEAeTIbHON Harpy3KH, KpUTHYECKUX pa3MepoB HECIUIOMIHOCTEH, Yucia
IIUKJIOB HArPY>XEHUs 10 pa3pyIICHHUS 110 OTHOIICHHUIO K HICTHHHBIM.

OnHa M3 TakMX KOHCEPBATHUBHBIX PAacueTHBIX cXxeM Obuia npumeneHa B 2009 roxy corpyannkamu 3AO HLL «Pycckas
JabopaTopus» HpPHU TPOBEICHUH SKCHEPTH3BI NPOMBINUICHHONH 0e30macHOCTH OaJUIOHOB BBICOKOTO JABJICHHS (pacdyeTHoe
nmasiienue — 20 MIla) runpaBIudecknx CHCTEM MpoKaTHOTO ctaHa. bamtonst o0semom 9300 1 BHyTpeHHUM auameTpom 1290
MM ¢ ToimmuHON cTeHKkH 100 MM OBIITM M3TOTOBIIEHBI M3 JINCTOBOM cTtaimm Mapku 16I'C u mpeaHa3HAYaIHCh IS TMOAICPKAHNS
MIOCTOSIHHOTO YPOBHA Maciia B THIPABINYECKON CHCTEME.

IIpoBenéHHas yipTpa3ByKOBasi TOJIIIMHOMETPHUS OJHOTO M3 OAIJIOHOB BBISBHJIA B HIDKHEH 9acTH KOpPITyca 3HAYNTENbHBIC
OoTINYHs (PaKTHUECKNX 3HAUYCHWH TOJIIMHBI CTEHKH OT €€ MaclopTHHIX 3HaueHWH. [1o pesympraTaM TOJNIMIMHOMETPHUU OBLIO
MPUHATO pelIeHne 00 yBeanueHNH 00beMa KOHTPOJIS — IPOBEJICHHE AOMOIHUTEIFHOTO KOHTPOISI OCHOBHOTO MeTayuia 1mo 1-
OMy KJaccy CIUIOHNIHOCTH B cooTBeTcTBUM C [1 — 3]. [lis 3TOro Ha OCHOBaHMM NOJIyYSHHBIX paHee pe3yJbTaToB OblIa
JIOKaJIM30BaHa U MOJATrOTOBJIEHA ATl KOHTPOJIS 30HA OCHOBHOT'O MeTauia pasMepom 1,5 x 1,5 m.

B rmpomecce npoBeneHMS JIONOJHUTENHHOTO KOHTPOJISI TOATOTOBJIEHHOM 30HBI OBUIM OOHAapY)KEHBI CKOIUICHUS
HECIUIOUIHOCTEil yCIOBHOI MIOMansio MeHee 10 cM” Kakias, pacrooyKeHHbIe B HECKOIBKUX IIOCKOCTAX MO TOIIIMHE JTUCTA
Ha riyounax 26..37 MM u 54..70 MM 110 Bcel KOHTPOJIMPYeMOil 30He. PaccTosHUA MeX1y WX yCIOBHBIMH TpaHHLAMH ObLTH
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MeHee 15 MM. B cootBeTcTBHH ¢ [1] BBISIBICHHBIE HECIUIONIHOCTH ObUTH OOBEIMHEHBI B OJHY 30HY HECIUIONTHOCTEH, YCIOBHAS
IUIOIAAb KOTOPOH cocTaBuna 2,25 M2 1 IpeBbICUIA JOMYCTUMYIO HOpMY 1-To Kilacca cruomHocTy — 2,0 M.

B cBsi3u ¢ mosy4eHHBIMU pe3ysibTaTaMy ObUIO PEIICHO NMPOBECTH YTOYHEHHBIH pacdeT HanpspKeHHO-Ae(GOopMUPOBAHHOTO
cocrostaust (H/IC) xoprryca Oamiona uist yToYHEHHst HHGOPMAIMU O HECYIei criocoOOHOCTH OajloHa M OCTaTOYHOM pecypce.
B mpouecce pacdera Bce BHIBI HECIUIOMIHOCTEH (TIOpHI, BKJIIOYEHUS, PACCIOCHHS M T.J.) pacCMaTpHBaINCh B KauyecTBE
IUIMNTAYECKUX MOATOBEPXHOCTHBIX TPELIMH C IOJyOCSIMH 8 U C B COOTBETCTBUH C PEKOMEHAAIMSIMH, U3JI0KEHHBIMH B [4, 5]
(puc.1). MuHUMaNbHBIN HAOOP MCXOAHBIX IAHHBIX JJISI CXEMaTH3allMK HECIUIOMIHOCTEH BKIJIIOYAJ J[BE BEIWYMHBI — ILIONIAb
HecmtonHocTH F v rityOuny pacmnosoxeHus HecrutomHocTH h.

S

Puc. 1 — Cxemaruzanust OIMHOYHON HECIUIOIIHOCTH

[Tnoumians HecmJIOIIHOCTH Oblla BbIOpaHa B KayecTBE OCHOBHOIO HMCXOJHOTO IapaMeTrpa B BHIY TOTO, YTO €CIH
N3MepeHHasi METOAaMH Hepa3pyILIaroIero KOHTPOJIS IIIoa b feeKkTa B 2 pa3a MpeBbIlIaeT HCTHHHYIO, TO 3Ta IIOTPELIHOCTb
NPUBOAMT K 3aHIKCHUIO PACUYETHOW MNpeNeNbHOM Harpy3ku npubmmsutensHo B 1,2 pasa. Ilpm Tolf e MHOTpemIHOCTH
M3MEpeHus] JTUHEWHOTO pa3Mepa pacyeTHas IpeneNbHas Harpy3ka OKakercs 3aHkeHHoOH B 1,4 pasza ([4]). TpemmHsr B
pacdyeTHON MOAENH pachoiarajiuch TAKUM 00pa3oM, YTOOBl OHM MAaKCHMaJIbHO OCHaOIIsuM cedeHHe Kopmyca Oamtona. s
3TOTO MaJasi TIOJIyoCh JIUIMIICA 8 Pacroiarajach 110 HOPMAIX K OJvpKainie cBOOOAHON MOBEPXHOCTH TaK, YTOObI BepiuHa A
MaJlol ToylyocH M Onkaifmas K CBOOOZHOW IOBEPXHOCTH TOYKa KOHTypa zaedekrta coBmazamu (puc.l). Ilomyoce C
pacnonaragack B IIOCKOCTH, HOPMAJBHOW K HalpaBICHHIO ACHCTBUS MaKCUMAIbHBIX PACTATHBAIOIIMX HANPSOIKEHUN.
B3aumopelicTBre HECIIOIIHOCTEW YYMUTHIBAJIOCh HA CTaJMM COCTaBJIEHUSI pacyeTHOW Mojenu. g Kakmod HeCIUIOIHOCTH
OTpENeIIINCh @; U Cj, KOTOPBIE HyMEPOBAINCH B TOpAaKe yObIBaHUS &;. Eciu mro0ble 1B HECTIONTHOCTH OTBEYAIH YCIOBHIO
(1), To oHM OOBETUHSIINCH B OJHY 10 (opmyiie (2), mOoclie Yero paccMaTpuBaiach cucreMa M-1 HEeCIJIOMHOCTEH U T.1.

2 2
al- +a]- . .
< >1 1
ﬁ] 9aj (] )I ( )
rze: fj — MUHHMaNbHOE PAacCTOsSHIE MEXLY JBYMs HECIUIOIIHOCTSMY; &; — MaJiasl II0JIyoCh OOJIbIIeH HECIIOIIHOCTH.
2 2
— 7.1 = (&Y. LA .
F=m [1 (4'ai (aici + ajcj) + a; (Ci + Cj) (fl] + a; + aj) (2)

B pesynbTare MCHONB30BaHUS OMMCAHHOIO TO/XO/a K alllPOKCHMAlUU ¥ OOBEJMHEHUIO TPYNIOBBIX HECIUIOUIHOCTEH
OblIa NOCTPOEHAa KOHEYHO-IJIEMEHTHAsh MOJeNIb Koplyca 0ajiioHa, Y4MThIBaolas OOHApyKeHHbIE B MPOIECCe MPOBEICHUS
KOHTPOJISI CKOIUICHUSI HECIIOIIHOCTEH M MX B3amMmojelcTsue. [IpoBeneHHbIe B paMKax JMHEHHOW MEXaHWKH pa3pyIICHHS
pacuerst HIC aToii Mozmenun mokasanu, 9to Ko3((GHUINEHT HHTEHCUBHOCTH HAIPsDKEHUIH HOpMalIbHOTO OTphiBa K B BepimHe
MaJIOH TTOJIyOCH @ HECKOJBKHX TPEIINH MPEBBIIACT JOIYCTUMYIO BennauHy ([6]):

K
(K1l ==, ©)
rae Ky, — KpuTuueckuil kod(GUIHEHT MHTEHCUBHOCTH HANpsLKEHMH; N, — Kod(h@uIUEHT 3amaca IPOYHOCTH IO
TpeuMHOCTOMKOCTH. JIjis pabouymx YCIOBHEM N, = 2; yis yciaoBuil wucmeitanuii — 1,5. TIpoBencHHBIE B COOTBETCTBHH C
porpaMMoii paboT TNHEBMAaTHYECKHE WCHBITAHWA OajuloHa B COMPOBOXKICHWM aKyCTUKO-OMHCCHOHHOTO KOHTPOJIS
MTOJITBEPAVIIN Pe3yNbTaThl yrouHeHHoro pacueta H/IC, BRIIBUB Hann4me pa3sBUBAIOIINXCA JIE(EKTOB B JIOKAJIM30BAaHHON 30HE.
B pesynpraTe, OBUIO0 IPUHATO PELICHHUE O BBIBOJE M3 IKCINIyaTallny 00CIe0BaHHOTO OaIoHa.

IMonBoxs wrTorM, HEOOXOIMMO OTMETHTH, YTO OJHHM W3 HEMAJOBaKHBIX (DAKTOPOB IPH COCTaBJICHHH YTOYHEHHOMH
pacueTHON MoJEeNu BBICTYHNAaeT MMEHHO KOHCEpBAaTHBHOCTb. Ha 3TOM 3Tame pacueTuuKk JOJDKEH BPYUYHYIO BHEIPSTH B
pacyeTHyIO MOJIEIb aJrOPUTMBI, KOTOPBIE, C OHOW CTOPOHBI, 00eCTIeunBarOT PU3MYHOCTH BOCIIPOM3BOAMMBIX SIBJIEHHH, T.€. UX
KOpPEJSLMI0 C pe3yibTaTaMH Hepa3pyIIAIOIero KOHTPOJs, W, C APYroil CTOPOHBI, KOHCEPBATUBHOCTh, OOBEKTHBHOCTDH
Mojenu. B aTol cBs3u pacCMOTPEHHBIN MOAXOA ABIASAETCS BECbMa TPYJIOEMKUM U [IOKA He MOJUIeKALTUM aBTOMATH3aLHH.
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MATEMATHYECKOE MOJIEJIMPOBAHUE TEHEPATOPA IS OBHAPYKEHHWS TEYEN
B BAKYYMHBIX YCTAHOBKAX METOJAOM BBICOKOYACTOTHOI'O PA3PSIIA
Annomayus
B pabome npusedeno mamemamuueckoe MoOeiuposanue U Memooukd paciema napamempos pPe30HAHCHO20
mpancgopmamopa Kax UCMOYHUKA BbICOKOUACHOMHO20 BbICOKO20 HANPANCeHUs 0N OOHAPYICeHUs meyell 8 8aKYYMHbIX
yemanoskax. Tlpu smom pe3onancHulil mpancgopmamop 6wl cMOOeIUPO8aH KaK yens ¢ CoOCPe0omoyeHHbIMU NapamMempamu u
KaK yenwv ¢ pacnpeoeieHHbIMU napamempami.
KaroueBble cJi0Ba: BaKyyMHash YCTaHOBKA, pE30HAHCHBIM TpaHCPOpPMATOp, MAaTeMAaTHIecKOe MOJCIHPOBaHUE,
BBICOKOYaCTOTHOE BEICOKOE HAIPSHKCHUE

Safarov M.A.
Student, Bauman Moscow State Technical University
MATHEMATICAL MODELING OF GENERATOR FOR LEAKAGE DETECTION IN VACUUM
SYSTEMS BY HIGH-FREQUENCY DISCHARGE
Abstract
The article is devoted to mathematical modeling and calculation of parameters of resonance transformer as a high—
frequency high voltage supply for detection of leakages in vacuum systems. Resonance transformer was considered as a
lumped circuit and as a circuit with distributed parameters.
Keywords: vacuum system, resonance transformer, mathematical modeling, high—frequency high voltage.

B aKyyMHas TEXHHKa HaXOAUT IPUMEHEHHE BO MHOTHX 00JIaCTSX COBPEMEHHOW NpoMbIiieHHocTH. [Tpn aTom Gonbioe
3HAaYCHHE MMEIOT UCIBITAHUS BAKYyMHBIX YCTAaHOBOK Ha I€pPMETHYHOCTh. M ONHUM M3 TOCTOBEPHBIX M HaJIEXKHBIX
METOJIOB OOHAPYKEHUS T€UYEH B HUX SIBJIIETCS METOJ BRLICOKOYACTOTHOTO paspsiaa [1].

B xauecTBe TreHepaTopa BBICOKOIO HANPSIKEHHS BBICOKOM YacCTOTBI MOXET OBITh HCIOJNB30BaH PE30HAHCHBIN
tpancopmarop, umeHyemblidi Takke karymkod Tecma (KT). Jlns ero M3roroBieHuss HEOOXOJMMO ONpE/EIEHHE €ro
nmapameTpoB. MOAETNPOBAaHHUIO B pacyeTy pe30HaHCHOTO TpaHchopMaTopa U MOCBsIIEHa JaHHAs paboTa.

B pe3onancHOM TpaHcdopMmarope UIMHA BOJHBI COM3MEPHMa C JUIMHOW JIMHUH, MOITOMY CJIEAyeT paccMaTpHBaTh €ro
BTOPHYHYI0O OOMOTKY KakK LeIlb C pacHpe/iesIeHHBIMH IIapaMeTpaMHi, a TOYHee, KaK CupaibHbIi pe3onarop [2]. Tak kak
(ha3oBasi CKOPOCTh JIEKTPOMArHUTHON BOJIHBI B OTKPBITOM IIPOCTPAHCTBE MHOTO OOJIBILE, YeM BO BTOPHUYHON OOMOTKE
TpaHcopmaropa Tecna, Ha TpaHUIE KaTyIIKK W Ia30BOTO pa3psaa MPOUCXOANT BHYTPEHHEE OTPAXKEHHUE HIIEKTPOMAarHUTHOH
BOJIHEI [3], W, BCIEACTBHE 3TOrO, B PE30HAHCHOM TpaHc(opMaTrope BOSMOXKHO 00pa30oBaHHME CTOSYMX BOJH HANPSDKEHHUS H
Toka. [Ipu aTOM, eciu ero JuIMHa KpaTHA YEeTBEPTH JUIMHBI BOJIHBL, yYHOCTH CTOSYMX BOJIH TOKA M HAIPSDKEHUS] 00pa3yroTCs
Ha €ro BeIBOJIAX [7], 4TO Ha&€T MHOTOKPATHOE YBEIMYECHNE aMIUTUTY Bl BEIXOTHOTO HAIPSKEHUS.

Paccmorpum KT kak 1emb C COCpEOTOYEHHBIMH TapamMeTpaMu. BtopudHas oOMOTKa o00JiaJjaeT €MKOCThIO |
WHIYKTHBHOCTBIO, TPUYEM MHIAYKTUBHOCTH sBiIsgeTCS UCTOUHUKOM DJIC [4], 4TO MO3BONISET pacCMaTPHUBATEH ATY OOMOTKY Kak
MOCJIeI0BATENBHBINA KostebaTenbHeld KOHTYp [11]. IlycTs HampsbkeHHe Ha BXoJie KOHTypa U = CONSt, ¥ mMycTh TOK B KOHType

paBeH i = I,,, sin wt. Torja najieHne HANPSHKEHNS Ha BXOJE KOHTYpa [6]:
. . I .
U = RI, sinwt + wlLl,, sin(wt + 7/2) + w—"ésm(a)t —1/2) ©))
IIPY PE30HAHCHOM 4acToTe:
. . _ _ LIy _ . Iy _NLCI _
Uro = Rlo = U; Uy = wolly = 7= = plo;  Uco = o ¢ ply (4)
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L
e p = \/; — BOJTHOBOE COIIPOTHBIICHHE KOHTYDA.

AOCONIOTHBIN U OTHOCHTEJIBHEIA TOK B KOHTYpE paBeH [6]
U U I 1
I= =>Ip == => T=—= (4)

R2+for-gg] ! ° le@-3)]

OTHOCHUTEIBHBIE YACTOTH MAKCHMYMOB PaBHEHI [6]

Wy = ; Wp = (5)

Taxxe, IMeeT MeCTO PaBeHCTBO [6]
1

@ = arctg <wL;“’_C> = arctg [Q (5 - %)] (6)

O01ee OTHOCHUTENBHOE Ta/ICHUE HAIPSDKEHUS Ha BX0OAe KOHTypa [6]:

1

V=T v = (1+]o(a-2) )

W3 (1-7) 1 U3 AaHHBIX, MOJYYEHHBIX OIBITHBIM ITyTeM, ciienyloT (opmynsl (8—14), mo3Bossone NPOBOJUTh pacyeT
mapaMeTpOB Pe30HAHCHOTO TpaHchopmaropa [5, 8, 9].

C

= 8
f 7TD2 WZ ( )
rie
f — wacrora Toka B KT (k['1),
D, —nnametp BTOpUuHOIH 0OMOTKH (CM),
W, — KoIM4ecTBO BUTKOB BO BTOPUYHOM 0OMOTKE.
I
W, =9,7-=2 (9)
dacu
e
|, — nnuHa BropuvHO# 0OMOTKH (CM),
dy cy —IMaMeTp MPOBOJIa BTOPUYHON OOMOTKH (CM).
00,1:-W2-D,
L, =T = (10)
—-=+0,45
D3
rie
L, — MHAYKTHBHOCTh BTOPHUYHOM 00MOTKH (MI'H).
Cusec = D, (03777 + 0,0755 2 4. 2356 (12’
Lsec — Y2 ) +0, D_z + 103 D_z (11)
rie

Csec —€MKOCTh BTOpUYIHOM 00MOTKHU (1D).

Ceor = (1 + (02781 - ;—;‘2)> 2.8 \/@ )
rae

Td; — HapyXHBIIl AHaMeTp TOpouaa (cm),
Td, — nuametp TpyOBI, U3 KOTOPOIl U3TOTOBIICH TOPOUL (CM),
Cior —eMKoCTB TOpOHIa (D).

€3 = Crsec + Ceor (13)
rae
C, —emkocth Bropuuynoro koutypa KT (n®).
10°

21/ (L2C2)

(14)
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Jnst ompeneneHusi BBIXOJHOTO HANpsDKEHUS W TMPOBEPKHM METOJAMKHM pacuera pe3oHaHcHor wactoTrel KT mpoBeneno
mozaenupoBanue B cpexe PSPICE. B pannoit mMonenu wuHIykTMBHOCTH mepBuuHoW oOMotrkn KT pasna 30.7 HlH,
MHJYKTUBHOCTb BTOPUYHOM 00MOTKH paBHa 40.7 MI'H, eMKOCTh BTOPHYHOTO KOHTYpa paBHa 18.749 n®, ero conporusieHue —
90 OM, KOd(pUIUCHT CBI3U MeXIy oOMoTkamu paBeH 0.495, compoTHBICHME LEMM TEPBUYHOW OOMOTKH paBHO 1 Owm,
HarpsHKeHUE MUTaHKUs — TapMOHUYECKOe, ¢ aMIuIuTy1oi 42 B. Mozenps npencrasieHa Ha puc. 1.

R1 K1L1L20.49 R3
|
/\1/\/ 0.0000307 <iL1 L2 /\g/f}\/_T_ R2
: =70.0407 | 18.749pF 3300K
V1
AC 600

Puc.1 — Mogens KT B cpene PSPICE

B pesynbrate MonennmpoBanus onpejieNieHa pe30HaHCHAs 4acToTa KOHTypa BropuuHoi oomotku KT — f,., = 208,3 kly ,
YTO MOJATBEPXKIACT MPUBEIACHHYIO BBIIIC METOJUKY €€ pacyera. AMIUIUTYJHO—4acTOTHas xapakTtepuctuka (AUX) u dazo—
gyacToTHas xapakrepucTtrka (OUX) HampspKeHHs Ha 3JIeMEHTaX TpaHchopMaTopa MpeCTaBiIeHbI Ha PUC. 2.

100dB+
G0dB -

20dB-
-20dBH
-60dB+
-100dB

'14']['5 T T T L R | T T T T ITIT] T T T I UL LR | |l|||||||| T T T TTTTT 'zﬂuu
THz 10Hz 100Hz 1KHz 10KHz 100KHz TMHz 10MHz

Puc. 2 — AUX (cmonrnas nuaus) 1 @UX (myHKTHpHAS TMHUA) ToKOB B: L1 (cunss), L2 (kpacHas), R2 (po3osas) u
HanpspkeHuit Ha: L1 (depHas), R2 (3enenast)

B pexxume pe3oHaHCca MakCHMallbHAsl aMIUINTY/a BBIXOJIHOTO HampspkeHHus paBHa 35 kB. CooTBeTcTBYyIOmME IUArpaMMel
MpeCTaBJICHHI Ha puC. 3.

1,.,,.~nnmmwuMHI(HI(WUUHHHHI(UIMIIIWWUHUHHM
= I :

Ous 3I]us EI]us EII]us 12I]|.|s 15l]ps 1Bl]|.15 21I]ps 24|]|JS 2?I]ps 3|]|]|JS

Puc. 3 — Bpemennsie quarpamMmsel Toka B L1 (cunsisn), L2 (kpacuHas), R2 (po3oBast), Hanpspkenus Ha L1 (uepHas), R2
(3enenas) mpu yacTtoTe Toka B L1, paBHOI pe30HaHCHOM

[peacraBneHHOe B TaHHOW paboTe MOAEIMPOBAHUE MO3BOJISIET PACCUMTATH HMapaMeTpbl PE30OHAHCHOTO TpaHchopMaTopa
Ipru €ro NpoCKTUPOBAHNU. Hy)KHO OTMETHUTDH, YTO Ha OCHOBAHUM IOJIYYEHHBIX NJAHHBIX aBTOPOM 6BIJ'I HW3TOTOBJIEH ONBITHBIA
obpaselr pe3oHaHCHOTO TpaHchopMaTopa, JIabopaTOpHBIE WU3MEPEHHs MapaMeTPOB KOTOPOTO TMOATBEPAMIIA MPAaBHILHOCTH
MaTEeMaTHYECKOTO MOJICITUPOBAHHS.
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MPOBJIEMbI 3KOJOT'MYECKOI'O )KUJIUIIHOT'O CTPOUTEJLCTBA B COBPEMEHHOM POCCHUHA
Annomauyusn
Dronoeuueckoe dcunve — 00UH U3 Hauboee IPPHekmuHvlx Cnocobo8 COXPaHeHUus npupoosl U 300po8bs yenoseka. Ilo
OAHHBIM MUPOBOU IHEP2eMUUECKOU KOH@EpeHyuu, OKOI0 Mpemu 6Cel 3Hepeuu 6 CMPAHAX C YMEPEeHHbIM KIUMAmMom
mMpamumcs Ha OMONJIeHue 30aHUl. Yuumovleas 5mom axkm, 6 HCUTUWHOM CeKMope Haulell CMpPaHsl UMEIOMCS 3HAYUMETbHbLe
pe3epevl  IHepP20dKOHOMUU. [Ipyeas npobiema, Ces3anHdasi ¢ 9KONo2Uuel — npumernsemvlie mamepuanvl. K coorcanenuio,
3a4acmyio 6blO0p IKOJLOSUUHBIX MAMEPUATIO8 U BHEOPEHUE UX 8 CIPOUMENbHBIIL NPOYECC OCMAEMCs IUb NPOPHECCUOHATLHBIM
00J120M NPOEKMUPOSWUKOS. B yCcaosusx, K020a 3KOA02U3AYUSL HCUTbS. CMAHOBUMCSL OOHOU U3 OCMpeluux npobnem, 3mo
Heoonycmumo.
KaioueBble ci10Ba: 5K0JIOMHIECKOE CTPOUTENLCTBO, TEIUIONOTEPH, PECYPChI, MATEPUAIBI.
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ENVIRONMENTAL PROBLEMS OF HOUSING IN MODERN RUSSIA
Abstract
Ecological housing - one of the most effective ways of nature conservation and human health. According to the World
Energy Conference, about one-third of all energy in temperate countries is spent on heating buildings. Given this fact, in the
residential sector of our country has significant reserves of energy saving. Another problem associated with the environment -
the materials used. Unfortunately, often the choice of environmentally friendly materials and their introduction in the
construction process is a professional duty to designers. At a time when greening housing has become one of the most acute
problems, this is unacceptable.
Keywords: ecological construction, heat loss, resources and materials.

pOOIEeMBI SKOJIOTHYECKOTO CTPOUTEIBCTBA B HAICH CTpaHe, KaKk M BO BCEM MHpE, Ha CETOAHALIHWN IEHb BEChbMa

aKTyaJbHBL. YCTaHOBJICHO, YTO, HECMOTPS Ha POCT aJUIEPTUYECKHUX 3a00NeBaHUM, CHIKEHHE OOIIEro COCTOSTHHSA
3II0pOBBsI HACENICHN, B HACTOSIIEE BpeMsI HE YAENSAeTCS AOJDKHOTO BHUMAHMS MPUMEHEHHIO B CTPOUTENECTBE IKOJIOTHIHBIX
MaTtepuanoB. Ilpuasatuio 3¢pdekTuBHEIX Mep AT oOecrmeueHHst XOPOIIero KadecTBa BO3AyXa BHYTPH PEMOHTHPYEMBIX,
PEKOHCTPYUPYEMBIX U CTPOSIIMXCS 3JaHUHA U COOPYKEHUI.

DKOJIOTHYECKOE JKHIIbE, MOXKAITYH MOMKHO OTHECTH K HamOonee 3(pQHEeKTHBHOMY CIIOCOOY COXpaHEHHs IPUPOIBI U
3I0pOBbsl UeNOBeKa. EcaM roBOPUTH O LENU HIKOJIOTMYECKOrO KUIbs, TO IPEXKJIE BCEr0 OHO CBS3aHO C YMEHbBIIEHHEM
Pa3IMYHBIX OTPUIATENBHBIX 3(P(EKTOB OT BO3JMEHCTBHS CTPOUTENBHBIX MATEpPHAIOB HA OKPY)KAIOIIYIO CPEay M 4YeIoBeKa.
OKonoru4yecKkoe NpeanoaaraeT OAHOBPEMEHHO U YMHOE KUJIbe, IPEAHA3HAaU€HHOE AN HCIIOIb30BAHUS HOBEHIINX MaTepUaoB
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¥ TEXHOJIOTHH IJISl COXPAHEHMS MCUEPIIAEMBIX YHEPTETHIECKUX PECYPCOB CTpaHbl. TO ecTh HEOOXOAMMO PEIICHHE IBYECINHOM
3ajayn: 00eCIeYeHNE 3/I0POBbS HACEIEHUS U COXPAHEHUE MPUPOIHBIX HCTOYHUKOB dHepruu [1].

[To pesynabpraTaM JaHHBIM MHPOBOI IHEPreTHUECKOl KOH(EPEHIMH, NPaKTUYECKU TPETh BCEH NPOU3BOAMMON SHEPTUU
YXOIUT Ha OTOIJICHHE 3[aHUN B CTpaHaX C yMEpeHHbIM kiumaTtoM. [Ipu 3ToM, 4yeMm cypoBee KIMMaT, TE€M, OUEBUIHO,
3HaYMTeJbHEe 3Ta BennunHa. B Poccun norpebieHne nepBUYHON SHEPTUH HA BBIPAOOTKY TOpPSYEro BOJOCHAOKEHHS U TeIia
JUIsl oToIUIeHns1 oeHnBaercsi B 400 MWIUIMOHOB TOHH YCJIOBHOTO TomuMBa B rox [2]. Ot nudpsl roBopsAT 0 TOM, 4TO B
JKUJIMIIIHOM CeKTope Poccuu cyliecTByeT 3HAYHMTENBHBIH pe3epB DHEPrOdIKOHOMHH, CTOJIh HEOOXOAWMBIN SKOHOMHUKE HalleH
CTpaHBI B YCIIOBHSAX KPU3HCA.

OCHOBHBIE TEIUIONIATEPH OCYIIECTBIACTCS B TPEX HANPABICHUAX:

1. CrteHsbl, ON ¥ TOTOJIOK (HETIPO3pavHBIC OTPAXKIAIOIINE KOHCTPYKIIHH).

2. Oxna u (oHapH (CBETONPO3pAYHBIC KOHCTPYKIINH)

3. IIpomecce Bo3gyxooOMeHa

[ToTepu 10 3TUM TpeM COCTaBJIAIOIIMM NPUMEPHO PaBHO3HAYHBI, TI03TOMY HEOOXOJMMO IPUMEHSTh MEPhl 10 SKOHOMHUH
BO BCEX TPEX HANPaBICHUAX OJHOBPEMEHHO.

[pubnuzurensro 30-40 ner Has3ajq MOSBUIOCH OTHOCHUTEIBHO MHOTO JICIIEBBIX MAaTepUalioB, TEIUIOM3OJISIIHOHHBIC
CBOMCTBA KOTOPBIX B JIECATKU Pa3 IPEBOCXOIMIN yxke U3BecTHbIE. K HUM OTHOCSTCA: MUHepanoBarta, CTeKJIOBaTa, NEHOIUIAaCT U
Jpyrue. OTOT PBIHOK IPOJOJDKAeT AaKTUBHO pa3BUBaTbcd M HAa CeroAHAMHUN aeHb. [IpogomkaroT mHosABISATBCA Oolee
3¢ QeKTUBHBIE MaTepHalbl C YIYYLIEHHBIMH TMTHMEHHYECKHMH M JKOJOTHYECKHMMHU XapaKTepHUCTHUKaMH, ¢ Ooyiee BBHICOKOU
TETIOM30JIALIMOHHON CIIOCOOHOCTEI0. B 3TOM Citydae pemraercs nepBoe HaNpaBJICHUE MOTEPh YHEPTHN YEepPe3 CTEHBI, TIOTOJIOK
U TI0J1.

Bropoe HampaBneHne, kak ObIIIO OTMEUEHO BBINIE, CBA3aHO C MOTEpEH TeIua Yepe3 CBETONPO3payHble KOHCTPYKIIUH.
AHanu3 mpoOyieMbl MoKasal, 94To B PoccHu KOHKYpHpPYET MHOXECTBO Pa3HbIX (PMPM, MPOM3BOAAIIMNX HOBBIE KOHCTPYKIIUH
okoH. be3ycnoBHO, 4To MX TemiocOeperarmnue XapakTepUCTUKH YK€ 3HAYWTENIbHO JIydllle, HO TEeM HE MEHEe MHOTHE
3ara{HOEBPOIeiickue 00pa3Ipl, K COXAIEHUIO, B pa3bl Jydlle OTEYECTBEHHBIX. [103TOMy pa3paboTka M BHEIpEHHE HOBBIX
OoJyiee COBEPLICHHBIX TEXHOJOTMH HMX pa3pabOTKU SIBISETCS aKTyalbHOW 3amaueil W TpeOyeT TOCIOANEPKKH B YacTH
Y)KECTOUYCHHUS TPpeOOBaHUN K HUM B BUJI€ TEXHHUECKUX U CAHUTAPHBIX HOPM.

Jia pemieHus 3agayd MOTEpU TeIla 4Yepe3 BEHTWIAIMIO HUMEIOTCA JECSTKH PA3IUYHBIX TEXHUYECKHUX PpEIIeHUN u
pa3paboTOK OT MCHOJIB30BAaHMUS TEIIOBBIX HACOCOB N0 YJIyUIIEHHs KauecTBa BHYTPEHHEro Bo3ayxa 0e3 oOMeHa ¢ Hapy»KHOM
cpenoit. K coxxaneHuro, HO B IPaKTUKY CTPOUTEIHCTBA OHU HE BCET]a CBOCBPEMEHHO BHEPSIOTCSI.

OpHako, MOMHMO YPE3MEpPHBIX TEMJIONOTeph, BEAYIIMX K JIMIIHHM 3HEpro3arparaM, 4YTO OTPHUIATEIbHO BIHAET Ha
9KOJIOTHIO, YCTAHOBJICHO, YTO OJHMUM M3 MOIIHBIX MCTOYHHUKOB 3arpsI3HEHUSI KWUJIBIX W OOIIECTBCHHBIX 3[JaHUH SBISAIOTCS
CTPOUTENBHBIC M OTAEJIOYHBIE MaTepHalbl, KOTOPBIC NPHUMEHSIOTCS IPU HMX BO3BeAeHHWHU. [lo pacderaM 3KCIEPTOB, OHH
cozepskar Oonee 40 HaMMEHOBaHUH, OOJBITMHCTBO M3 KOTOPBIX SIBIIAIOTCS IOJMMEPAMH, ¥ IPU 3TOM SIBJISIOTCSI HCTOYHHKOM
80% XUMHWYECKHX BEIIECTB, KOTOpbIe OOHApyXXHMBAIOTCA B BO3AYHIHOW cpexe kBaptup [3]. B rtabmume 1 paccmoTpensr
HanOoJiee BpeJHbIE BEIECTBA U YKA3aHbI CTPOUTEIbHBIC MaTEPHalIbl, KOTOPBIC UX BBIICIISIOT.

Tabmura 1
BemecTBa HcTouyHnKk nocTynjieHust
AlleToH Kpackwu, knewn, J1aky, MIAaTICBKH, MACTHKH, H T.JI.
denon JCII, Jlunoneymsl, ®PII, repaeH, MacTUKH, IINATIAEBKU
Orunanerar Jlaku, Kpacku, MaCTUKH, KJIEH H T.]I.
dopManbaerun JCII, ABII, ®PII, mracTiuduKaTopbl, MAaCTUKH, TEPJICH, ITATICBKH, CMa3KH JJIs
CTaBHBIX (HOpM U 1.
Crupon Temmon3oAIUOHHBIE MATEPHANBI, OTEIIOYHBIC MaTEPHAIbl HA OCHOBE
MIOJINCTHUPOJIOB
benzon JIuHOICyMBI, MACTHKH, KJIeH, OCTOH M IIEMEHT C JJ00aBICHHEM OTXOOB H T.JI.
OTHIIOEH3071 Kpacku, mactudukatopbl, MaCTUKH, KJIEH, TUHOJIEYMBI, OETOH C OTXOJIaMH,
IINATICBKH M T.JI.
Tomnyon Jlaku, kieu, mWMaTiIeBKU KPacKH, , MACTUKH U T.[.
Byranon MacTuku, cCMa3KH, JTaKH, KPacKH, KJICH, JIMHOICYMBI
Kcunomsr I'epnensl, TMHOIEYMBI, KJIEH, IIMATIACBKH, , MACTUKH U T.1I.
Byrunauerar Jlaku, MacTUKM, KpacK, MINATIAEBKU U T.[.
Hukens IlemeHT, O€TOH, MIMATIACBKH, MaTepUANbI C I0OABICHUEM MPOMBIITUICHHBIX
OTXOJIOB
Xpom LemenT, 0eTOH, IIMATIEBKH, MAaTEPHAJIBI C JOOABICHHEM POMBIIIJICHHBIX
OTXOJI0B
CeuHen [emeHT, OETOH, KPACKH, MATEPUAIIBI M3 CBHHEICOACPIKAIINX IMPOMOTXO0B
KobGaibT KpacurenbHbie ¥ CTpOUTEIBHBIC MATEPUAIIBI C TOOABICHUEM MIPOMBIIUICHHBIX
OTXOJI0B
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AHaM3 0TEYECTBEHHOT'O YKOJOTHYECKOTO CTPOUTEIIBCTBA NMPAKTUICCKHU ITOKa3aJI OTCYTCTBHE KOMIUIEKCHOTO CUCTEMHOIO
noaxoJa, XoOTd HNPEUCACHTHI pa3pa60T1<M " peajin3aluyi MnporpaMmm 3Heproc6epera10mero CTPOUTCIILCTBA BCTPCUAIUCH U
paHee. Iloka Ha YpOBHE 3aKOHOIlaT€JILHOI7[ 0a3bl M TEXHUYECKHUX HOPM HOPOU3BOACTBCHHLIC, CTPOUTCIBbHBIC U
OKCILUTYaTallUOHHBIC IPOLCCChI HE CTAHYT 0e30MacHBIMUA JUIA J'IIO,Z[eﬁ u oxpymalomei/i Cpeabl, BLI60p OKOJIOTUYHBIX MaTCpUuaioB
U UX BHEAPCHUC B CTpOI/ITeJ'ILHHﬁ aponecc OCTaHCTCA HpO(l)eCCI/IOHaIILHLIM JA0JII'OM MNPOCKTHPOBIIUKOB. B CO3aaBIINXCA
YCJIOBHUAX TOJBKO Ha 3TO PACCUUTHIBATH HCJIb34. Ananus COJICpIKaHUA U pealn3alui NporpaMm KUINIIHOTO CTPOUTEIILCTBA
II0Kasaj, 4ToO B Halei CTpaHE BOIIPOCAM SKOJIOTU3alluH KUJIbs HE YACTIACTCA NOJLKHOI'O BHUMAHUA.

[ToTpebuTenpcKoe OTHOMICHHE K OKPYXKAOMIEeH cpene, HeoOOCHOBaHHAsT YOEKIEHHOCTh B HEHCUEPIIACMOCTH MPHUPOIHBIX
HCTOYHHKOB, C(OPMHPOBABIIMECS B HamleM OOIIECTBE, 3a4acTyl0 TPUBOIAT K OE3MyMHOMY W HEOOOCHOBaHHOMY
pacxoI0BaHUIO TIPHPOTHBIX HCTOUYHUKOB »Hepruu. Ilopa 3amymaTbecs 00 SKOHOMHHM HEBO3OOHOBIISIEMBIX OOTaTCTB HamIeit
CTpaHbI U 00 HCIIOJIB30BaHUU BO3MOIKHBIX AJIBTEPHATUBHBIX HCTOYHUKOB SHEPTUN B OTCYECTBEHHOM CTPOUTEIIHCTBE.

B 3axmoueHnH XOTENOCH OBl OTMETUTH, YTO DOKOAOM — DOTO BO3MOXHOCTh H KpaﬁHHSI H606XOHI/IMOCTB OHEPro un
pecypcocOepekeHus1, COXpaHEHHs 310pOBbsl Halu. OTHO OYEBUIHO, YTO OYIyIIee 3a IKOJIOTUIHBIM CTPOUTEIBCTBOM.
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Lenvio uccredosanus AGIANOCL onpeodeieHue NPoYHOCMYU MONWUHBL NOKPLIMUS, KOMOpOe UCHONb3VemCa 8 3aUUMHOM
cll0e U3 noauscmepa 8 antoMuHuegou kamyuike. boiio ucnonvsosano 120 06pasyos ¢ artoMUHUe8oU NOONOHMCHOU, NOKPLIMbBIX
noauscmepom. Onu exaroyanu 6 epynnel ¢ pasHou moawunol nokpvimus (1 epynna = 73 mrm), (2 epynna = 81 mxm), (3
epynna = 120 mxm), (4 epynna = 150 mxm), (5 epynna = 180 mxm) u (6 epynna = 210 mxm) u3 Kaxcoou zpynnel ObL1O
ucnonvzogano 20 obpazyos. Ilpounocms Ovlia UCCIE008AHA HA OCHOBAHUU CAEOYIOWUX CBOUCME: 80AGIUBANUE,
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Kpumepuio, ObLIU UCNOTL306AHLL O CPABHEHUs cpeone20 NOKA3amens 3a8UCUMOCIU HPOYHOCTHU Om MOJuWuHbl. B
pe3ynvmame UCCIe008aHUA Oblla BbIAGIEHA C6A3b MeNCOY NPOYHOCMbIO (Maxumu ee 60asiuéanue u Ooemnguposanue) u
MOIWUHOU NOKPLIMUS U3 NOUICMEDPA.
KaroueBble ciioBa: opraHM4YecKkoe MOKphITHE, MeToa KHooIa, ANCIEPCHOHHBIH aHaN3, UCHBITAaHWE IO JBYMEPHOMY
KPHUTEPHIO, IPOTHOCTH MasITHUKA.
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STATISTICAL STUDY EVALUATION OF CORRELATION BETWEEN ORGANIC COATING THICKNESS
AND THREE HARDNESS TEST METHODS
Abstract
This study is carried out for determining the effect of coating thickness on Hardness which is used on the protective layer
when polyester coating is applied on the aluminum coil. Total 120 samples with aluminum substrate and coated with polyester
coating were used for Hardness test. For coating thickness six group were made (Group 1 = 73 um), (Group 2 = 81um),
(Group 3 = 120 um), (Group 4 = 150 um), (Group 5 = 180 um) and (Group 6 = 210um), for each group Twenty samples were
used. Hardness was investigated by using three methods: indentation hardness, damping hardness, and Scratch hardness; in
addition we investigated their relationship and the effect of the coating thickness. Statistical analysis (ANOVA Test, Kruskal-
Wallis Test& Bivariate Correlate Test) were used to compare mean effect of different thickness on Hardness, and to evaluate
correlation between coating thickness and Hardness. According to the result of the study, an excellent correlation between
Hardness (indentation hardness, damping hardness) and thickness of polyester coatings is obtained, which is fairly supported
by the experimental and statistical data.
Keywords: Organic coating, Knoop micro hardness, ANOVA Test, Bivariate correlate, Pendulum hardness.

NTRODUCTION

Coating technology was used for protection and acquisition painted aesthetic elements, so many of the industrial
products are painted using organic and inorganic materials, to give these products long-term protection under a wide range of
causing wear conditions and erosion during the functional age of these Products [1].

Organic coatings are widely applied in many fields, such as in the automotive industry, coil coating used in construction,
furniture, ships, containers, and children’s toys, for the protection and decoration of substrates [2, 3]. There are many paint
systems used in coating which we can highlight, polyamide and Polyurethane (PA \ PU) coating, Acrylic Coating, polyester
Coating and Epoxy Coatings, which constitute the most important types of organic coatings used to protect the structure and
improve the mechanical properties such as resistance to scratching, wear resistance, hardness and durability [4]. American
Society for Testing and Materials ASTM advises to use certain tests to ensure the quality of the characteristics for coated metal
sheet. These tests are performed according to a specific standards like; bending test ASTM D4145, impact test ASTM D6905,
scratch resistance test ASTM D7027, dry & wet adhesion test ASTM D2197, micro hardness test D1474, abrasion resistance
test ASTM D4060, and chemical resistance test ASTM D1308 [1, 5].

Hardness is one of the most important properties of organic coatings, and is commonly used to estimate the mechanical
properties of coatings. Although numerous methods have been developed to determine coating’s hardness, pendulum hardness
and micro hardness tests are the most widely used ones in laboratory research because of their higher accuracy than common
methods used in industry such as pencil hardness and nail hardness [6]. Until now, there is no generally recognized method for
the quantification of the scratch resistance or surface damage of polymers. Analogous to the indentation hardness, Williams [7]
proposed the definition of scratch hardness to characterize the scratch resistance of metals. Other parameters such as tangential
hardness, dynamic hardness and specific grooving energy were considered by various authors [8, 9].

Browning et al, [10] have proved in their research where they evaluate the scratch resistance of the polymeric coating, that
the low thickness of the coating, will have double effect for each of the substrate and layer of paint on the micro hardness and
the scratching hardness as a result of a complex relationship generated between the stresses of both materials. It has been a
well-known fact that micro hardness depends greatly on the relative indentation depth (RID, the ratio of indentation depth to
thickness of coating) Many models have been proposed to describe the relationship between micro hardness and the RID,
which are mainly based on the principle that the measured values of micro hardness are representative of coating/substrate
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composite hardness [11, 12]. However, the influenced of thickness of coating on pendulum hardness has not attracted much
attention, although pendulum hardness values are generally compared at the same thickness of coating, [13, 14].

Xiao Yang Ma et al. [15] found that the pendulum hardness of acrylic coatings decreases gradually with the increasing
thickness of coating within a thickness range, and the sensitivity of pendulum hardness to thickness of coating depends greatly
on the glass transition temperature of the coatings.

Hwang et al. [16] studied the pendulum hardness of coatings on different wood substrates and found that the pendulum
hardness varies with different kinds of substrates and coatings.

Both Choi & Kim [6], have proved in their research, which have follow three methodologies to evaluate the hardness of
epoxy Acrylate coatings. The hardness values are affected by the hardness of the coated material where it was noted that the
hard substrate resulting in little coating layer hardness, as well the sensitivity of the tests for hardness of the surface of the paint
film tracing the following order: micro hardness — pendulum hardness — scratching hardness using a pencil.

In this study, we investigated the hardness Polyester coating (film) applied to the aluminum sheet (substrate) using the
three methods: indentation hardness, damping hardness, and scratch hardness; there we also investigated relationship and the
effect of the thickness of coating.

MATERIALS AND METHODS:

Research materials:

In this paper, we used samples of aluminum sheets (substrate) manufactured from the alloy (Aluminum Sheet 6061 T651),
where the chemical composition within the permissible limits is depending on the standard specification (ASTM B209) [17].
The sheets were coated with a layer of polyester (coating film) with different thicknesses. The tested samples were obtained
from a specialized factory for aluminum coil coating. Samples of aluminum sheet, thickness of 0.25mm and the dimensions
(100 X100 mm). A commercial polyester powder coating (TGIC free and glossy type — RAL 6012) [18] was applied by
electrostatic spray on the test samples mounted on proper holders, taking care of producing uniform deposition of the powder.
Since the properties of a powder coating can vary considerably with its thickness, the test samples were produced with three
different thicknesses (low thickness 73, 81 um, mid thickness120, 150 pm & high thickness180, 210 um) and at a rate of 29
samples of each thickness.

Test method:

Determination of Indentation hardness:

The micro hardness test was performed on coated samples by the micro hardness tester (Zeiss Axioskop 40 Micro
Hardness Tester MHT 10) (Fig. 1), where this device is available with a Knoop indenter, rhombic-based pyramidal shaped
diamond indenter. This indenter has been using during the test and that degree lab temperature during test execution. ASTM D-
1474 [19, 20] deal with standard test methods for indentation hardness of organic coating when applied to a plane rigid surface.

Fig. 1 — Zeiss Axioskop 40 Micro Hardness Tester MHT 10

The apparatus was pre-set to apply a Knoop indentation with a 25 g load for 18 seconds normally to the surface to be
measured. The length of the long diagonal of the impression was determined by means of a semiautomatic measuring system.
The procedure was repeated in five widely spaced locations for each test sample and the results were expressed as the mean
value.

Determining the scratch hardness using Hardness pencils test according to Wolff-Willborn “ASTM D3363”:

The purpose of the pencil test is to determine the hardness of an organic coating referring to the hardness scale of the
pencil leads. To determine pencil hardness there arel7 different pencils with harnesses’ from 6B to 9H For hardness testing the
pencils, starting with 6B are moved over the coating with an appropriate device at a constant weight and at an angle of 30 —
45°. This practice, usually performed manually, is useful in production control testing but the results obtained may vary
between different operators [19, 21]. To obtain more accurate measurements the tests were performed using a mechanical
device that allows reproducing the fundamental test conditions (load of 750+10 g and pencil inclined at an angle of 45+1°). In
terms of “the hardest pencil which does not mark the coating”.
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Determining the Damping hardness:

A Konig pendulum hardness tester (PH-5858 Pendulum hardness Tester with Konig pendulum, BYK-Gardner instruments
GmbH) was used to monitor the surface hardness (pendulum hardness values) of polyester coatings with different thicknesses
the pendulum hardness of the polyester was measured with respect to the pendulum oscillation time from 6° to 3°at 23 +
1C°and 50+2 % R.H., The pendulum hardness test is based on the principle that the harder a measured surface, the greater the
amplitude time of pendulum oscillation (ASTM D 4366) [22]. In this study, the pendulum’s oscillation time was measured by
the count of the pendulum’s oscillations with an electronic counter. The number of oscillations for the amplitude to decrease
from 6° to 3° was determined to be the Konig hardness.

STATISTIC METHOD:

Determining Sample Size from a Given Population:

To obtain the required sample size (120 samples) from total amount of the sample (given population 174), Krejcie and
Morgan [23] table was used to determine the samples size of which will be subject to statistical analysis. For coating thickness
six groups were made (Group 1 =73 um), (Group 2 = 81um), (Group 3 = 120 pm), (Group 4 = 150 um), (Group 5 = 180 um)
and (Group 6 = 210um), Twenty samples were used for each group.

Statistical analysis:

For statistical analysis the mean effect of different thickness on micro hardness and pendulum hardness (Scale variables)
were compared by using one way ANOVA (parametric analysis of variances), for homogeneity of variances levene’s test was
employed at 0.05 significance level and for significant effect parametric Post Hoc Tukey type was employed at 0.05
significance level [24, 25]. Also the mean effect of different thickness group on pencil hardness (ordinal data) was compared
by using Kruskal-Wallis test (Nonparametric test) [24]. This test was used on SPSS 17.0. The relationship between thickness
Variables and hardness variables was described by using Correlation test. Bivariate Correlate test was used to determine the
degree of correlation between the variable of coating thickness and variables of hardness (micro hardness and pendulum
hardness). The strength of the correlation was measured by using correlation coefficient (Pearson’s Correlation r) at statistical
significance level 0.01. The strength correlation between the group of thickness and variable of pencil hardness (ordinal data)
was measured by using Spearman’s rank correlation coefficient rs at statistical significance level 0.01 [24, 26]. Regression test
was employed to study the mathematical model which describes the correlation between the thickness variables and hardness
variables [25].

RESULTS AND DISCUSSION:

Pendulum hardness, Knoop micro hardness and Pencil hardness are summarized in Table 1. For pendulum hardness There
was statistically significant difference in between all groups, F (5,114) =1073.289, (P < 0.05). Also levene’s test for
homogeneity of variances is not significant (P=0.06 > 0.05) therefore the population variances for each group of pendulum
hardness are approximately equal.

Pendulum hardness was the highest in group 1 at 73 um of coating thickness, followed by the group 2, group 3, group 4,
group 5 and group 6. The lowest pendulum hardness was found in group 6 at 210 um of coating thickness.

For Knoop micro hardness, there was statistically significant difference in between groups all groups, F (5,114) =284.779,
(P < 0.05). Also levene’s test for homogeneity of variances is not significant (P=0.775 > 0.05) therefore the population
variances for each group of micro hardness are approximately equal. Micro hardness was the highest in group 1 at 73 um of
coating thickness, followed by the group 2, group 3, group 4, group 5 and group 6. The lowest Micro hardness was found in
group 6 at 210 pum of coating thickness.

Table 1 — A summary of results; numbers in each group being 20

Knoop Pendulum
Thickness Micro Hardness Hardnes_s (n_umber of Pencil Hardness Rank
oscillations)

KHN
Group 1
73 pm 175105+ 181.0764+ )
Mean +
Std. deviation 0.943155 5.680224 -
Mean rank i i 9720
Group 2
81 um 16.1445+ 140.1928+ -
Mean +
Std. deviation 0.803783 8.615833 -
Mean rank - - 87.40
Group 3
120 um 14.1485+ 106.3976+ -
Mean +
Std. deviation 0.911206 7.138865 -
Mean rank _ ] 67.40
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Table 1 — A summary of results; numbers in each group being 20 (end)

Group 4
150 pm
Mean + 11.9395+ 83.772+ -

Std. deviation
Mean rank 1.203147 6.293601 .
) - 60.60

Group 5
180 um
Mean + 9.4845+ 63.2228+ -

Std. deviation 1.148341 5.302879 -
Mean rank
_ - 22.68

Group 6
210 pm
Mean + 8.0895+ 54.9888+ -

Std. deviation
Mean rank 0.829936 6.082563 -

' i 27.73
Chi-square - _ 80,4867
F- ratio 284.7789 1073.289 -

The result of the Kruskal-Wallis test indicate that pencil hardness values significantly differ across the thickness groups,
X2 (5, N=120) = 80.487, P<0.05. According to mean rank, pencil hardness rank was the highest in group 1 at 73 pm of coating
thickness, followed by the group 2, group 3, group 4, group 5 and group 6. The lowest pencil hardness was found in group 6 at
210 um of coating thickness.

The results of experimental tests (pendulum hardness, micro hardness and coating Thickness tests), was illustrated in Fig.
2, which indicates the relationship between coating thickness and mean values of hardness for this coating according to the
groups of studied samples. Fig. 3 shows the graphic representation of the micro hardness values and coating thickness values
which uses scatter plot [21], which shows form a data flows in a straight line, a negative trend, indicating that the linear
relationship between the two variables.

200.004

< 100.00

Mean Pendulum Hardness (Number
of Oscillations)

50.00

Mean Knoop Micro Hardness KHN

-[3-— = Micro Hardness
—4— Pendulum Hardness

0.00 T T T
lowthickness73 I midthickness120 I highthickness180
lowthickness81 midthickness150 highthickness210

Thickness Groups

Fig. 2 — Relationship between coating thickness and mean values of hardness for this coating according to the groups of
studied samples
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This relationship has been studied through the correlate test (Bivariate Correlate Test); the strength of this relationship was
obtained from the Table 2. This table confirms the result of the scatter plot in that a significant negative relationship exists
between micro hardness and coating thickness, test scours were strongly correlate (r(118)= - .958, P< 0.01). Thus higher micro
hardness numbers are associated with lower coating thickness. Regression describes mathematical model between micro
hardness and coating thickness. The result of regression is an equation that represents the best prediction of micro hardness
number form coating thickness. Coating thickness explains 91.8 percent of the variance in micro hardness number, which is
highly significant as indicated by F value of Table 1. The liner regression equation was "micro hardness = 22.126 — 0.068 *
coating thickness, R? = .918, F (1, 118) = 1328.195, p< 0.01".

Table 2 —Regression & Correlation factors

Dependent Independent Variable (Thickness)
Variable Correlation Regression
Spearman's rho Pearson R Square constant bl F
Knoop
Micro Hardness - -0.958 0.918 22.126 - 0.068 1328.195
Pendulum : £0.943 0.937 643147 | —111186 | 1750569
Hardness
Pencil Hardness -0.793 - - - - -

For pendulum hardness the relationship between coating thickness and mean values of the pendulum hardness for this
coating was illustrated in Fig. 2. Scatter Plot Fig. 4 was used to identify non liner regression between pendulum hardness
number and coating thickness number, and this shows non liner regression and negative trend. The strength of this relationship
was obtained from Table 2. This table confirms the result of the scatter plot in that a significant negative relationship exists
between pendulum hardness and coating thickness and test scours were strongly correlate (r(118)= - .943, P<0 .01). Thus
higher pendulum hardness numbers are associated with lower coating thickness.

Curve estimation test describes non liner regression model between Pendulum hardness and coating thickness.
Logarithmic model was found between Pendulum hardness variables and coating thickness variables, the result of regression is
an equation that represents the best prediction of Pendulum hardness number form coating thickness.

Knoop Micro Hardness KHN

O Observed
200007 -~ Lingar
g 8- 1
15.000 %

o o000
fala - TaaE)

10,000 = % .
fs]

i,
6.2 m:ﬁ (]

50007

0.000 T T
100.000 150,000 200,000

Thickness pm

Fig. 3 —Micro hardness values & Coating thickness values which use Scatter Plot
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Coating thickness explains 93.7 percent of the variance in pendulum hardness number, which is highly significant as
indicated by F value of table 2. The non liner regression equation logarithmic model was "Pendulum hardness = 643.147 —
111.186 * Log (coating thickness), R? = .937, F (1, 118) = 1750.569, p< 0.01".

Pendulum Hardness (Number of Oscillations)

O Observed
200.007 — Linear

— Logarithmic

150.00]

100.00

50.007

0.00 T | T
100,000 150,000 200.000

Thickness pm
Fig. 4 —Pendulum hardness values & Coating thickness values which use Scatter Plot

A good relationship was found between Pencil hardness and coating thickness groups by using Non parametric correlation
coefficient (Spearman rho), we can see from table 2 that Spearman’s rank order negative correlation is significant,
rs (120) = -.793, P< 0.01, and so we can conclude that higher pencil hardness ranks are associated with lower coating thickness
groups.

Conclusions:

To focus the attention on the results of hardness of coating, which has been obtained using three methods, it was noted the
following:

Micro hardness of polyester coating was significantly affected by the thickness of the coating layer, where the values of
micro hardness have high sensitivity to the values of the coating layer thickness.

For the range of the thickness of the layers of coating from the value 73um as low thickness to the value 210um as high
thickness, the coating layers show variable resistance for the penetration of Knoop indenter. It was observed from the values of
the micro hardness obtained from the experimental tests for the coating layer that the coating layer with low thickness has
micro hardness equal 17.5KH and this value gradually decreases with increasing thickness of the coating layer up to the value
8.08KH.

The relationship between micro hardness (KHN) and the thickness (S) of the polyester coating layer can be described by
the following mathematical model representing of liner regression:

KHN = 22.126 - 0.068 *S

Pendulum hardness is greatly influenced by coating thickness, The relationship between pendulum hardness (PHN) and
thickness of coatings (S) can be described by equation PHN = 643.147 - 111.186 * logS with high accuracy within a certain
range of thickness of coating, i.e., from 73 to 210 pm.

Coating thickness has a significant effect on Pencil hardness rank; the statistic analyses show that good correlation
between coating thickness groups and pencil hardness ranks. Low thickness group has high Pencil hardness rank 2H, 3H and
this ranks gradually decreases with increasing thickness up to the rank F, HB, B.
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Cy1iecTByeT psi METOJ0B OOpabOTKM M aHAJIM3a CUTHAJIOB, MO3BOJISIONIMX MOBLICHTH 3(()EKTUBHOE paspelieHue. ITo
METOJIbI CBEPXBBICOKOIO pa3pelieHus, 0OpaTHON CBEPTKH CUTHAJOB, ()a30BBIX B3BELIMBAIOMINX KOA(P(QHUIIMEHTOB, YIriIOBOTO
B3BeIIMBaHus U Jp. [IpuBeseHHBIE METOBI HE SIBISIOTCS YHUBEPCAJIbHBIMU M AajJeKo He Bcerna ¢ ¢extuBHbl. Kpome Toro,
OHH HEJI0CTaTOYHO MPOCTHI JJIs1 BOCCTAHOBIICHHSI H300payKeHUsSI 00BEKTOB B PEXKUME PEATLHOTO BPEMEHH.

AnreGpanueckre METO/Ibl PEILIEHUs] OJTHOMEPHBIX 33/1a4, IPeJIoKeHHbIE B padoTax [3-5], 3aKito4aroTcst B IPeICTaBICHUH
NpUOIMKEHHBIX PELICHUI B BU/IE KOHEYHBIX Pa3IoKEHHH 10 33/1aBa€MBIM IOCIJIEA0BATEILHOCTAM (DYHKIUHA C HEU3BECTHBIMU
ko3(punrentamu. JaHHble MeTOIBI 0OPaOOTKH MO3BOJISIOT IOJIYYWTh pa3pelleHue, NpeBblaroniee Kpurepuii Pames, T.e.
JIOOUTBCS CBEPXpa3pelICHUs. OTH METOABI OKAa3bIBAIOTCS MEPCIEKTHBHBIMH M JUIA ABYMEPHOW 3a/ladud BOCCTAHOBICHUS
n300pakeHNiI WCTOYHWKOB CHTHAJIOB, TaK Kak WX 00OOIIeHWe Ha JABYMEpHBIE CilydaW [2] HE TPUBOIUT K CEPhEIHOMY
YCIIO)KHEHHIO aJlTOPUTMOB, @ BPEMSI YHCIEHHOTO PEHICHHS IIPH 3TOM N3MCHSAETCS HE3HAUYUTENBHO.

[TycTe cexTop 0030pa YIIOMEpHOW CHCTEMBI MPEICTABISAET co00il TenecHBI yron 2q. Mcmons3yercs y3kas Auarpamma
nanpasiensoctd (JJH) f(X,y), rae 3a HyneBoe IPUHITO HAMPABICHAE HA YCIOBHBIM IIEHTP (2o, @ X,Y - 9TO YIIIBI OTKIOHEHHUS OT
HYJIEBOTO HallpaBJIEHUs B JIEKAPTOBOHM cUCTeMe KOOpAMHAT. BHyTpm cekTopa 0030pa pacHosiokeH OOBEeKT HaOIIOJEHHS C
HEHM3BECTHBIMU B O0ILEM CiTyyae, KOHEUYHBIMU YTJIOBBIMHU pa3mMepamMu Q).

HckoMoe AByMepHOE YrIIOBOE paclpeiefiCHHE H3y4aeMOro HCTOYHHKOM (MM OTpaKEHHOT0) curHaia 06o3Hadum I(X,Y).
Tornma Ha BbIXOJIE MPUEMHOTO YCTPOWCTBA NMPU CKAHUPOBAHMU CEKTOpA IMOJYYHUM 3aBHCHUMOCTH OTMOAIOIIEH CHUTHAlIA B BHJC
U(X,y). Cea3p Bemuunn |, U u JIH Beipakaetcst B Buje JUHEHHOTO MHTErpanpHOro ypasuenus (JIMY) ®Openroibpma mepBoro
poJa TuIa IByMEpHOI CBEPTKH:

U(x,y) = [ F(x=x,y—y) (X, y)dxdy’ M

3agaya COCTOMT B BOCCTAHOBIICHHH YIJIOBOrO pacmpeneneHus I(X,y) Ha ocHoBe aHanm3a mpuHsAToro curHaia U(Xy) u
n3BecTHOH /IH crcTeMbl ¢ MaKCHMaJIbHO BOSMOKHBIM YTJIOBBIM pa3pelIeHHEM, PEBBIIAIOIUM KpUTepuii Pasutest.

Cy1iecTByeT OECKOHEYHO MHOTO pelieHHil B BHAE pactpeneneHuil 1(X,Y), yIOBICTBOPSIOIMX YCIOBHSAM ITOCTaBICHHON
3aga4qn. B obmem ciaydae 6e3 MCHONB30BaHUS KaKOW-THOO NpeaBapuTeNIbHON HHPOpMAUK 00 UCTOYHNKE CUTHAJIOB MOJKHO
HaWTH T 6a30BYIO YacTh pemeHns. Kpome Toro, MOMBITKY YBEIHMUYCHUS pa3pelleHUs 10 CPAaBHEHHMIO ¢ KpuTepueM Panes 3a
cuét 1udpoBoll 0OPaOOTKM CHTHAJIOB MPUBOIAT B OOLIEM cilydae K IOSBICHHIO HEYCTOHYMBOCTEH B DEIICHHSAX M, Kak
CIIE/ICTBHE, K 3HAYMTENbHBIM omnOKkaM. [1oaToMy, mocTaBieHHas 3ajada SBISETCS HEKOPPEKTHOM, T.K. HE YIOBJIETBOPSET
BTOPOMY H TPETheMY TPeOOBaHUIO KOPPEKTHOCTH 3aaauu mo Anamapy [1,5-7].

Jnst moncka TpHOMIDKEHHOTO pemieHus, ucxoms u3 Buma U(X,y), TPOU3BOAMTCS OLICHKA MOJNIOKEHHS U pPa3MepoB
TenecHoro yria ), B KOTOPOM pacIOJIOKEH HCTOYHUK CHTHAJIOB. Pasmeprl u pacnosoxkeHue €2 yTOUHSIOTCS B XOJ€
UTepaIMoOHHOr0 mpomuecca. Vckomoe pacmpenenerue (X,y) MOXKHO MpefCTaBUTh B BHAE PAa3IOKEHHsS [0 KOHCYHOH CHCTEME
OPTOTOHAIBHBIX B () IBYMEPHBIX (PyHKIMIT ¢ HEU3BECTHRIMH KO3 HINCHTaMH:

106 = Y, 10,08, (Y) - @
HpHH;ITLIﬁ CUT'HaJ1 r[peZLCTaBI/IM B BHUJEC: -
U y) = nilbn,m@,m (%Y) + B (6Y) = [ £, y—y)5, ()g, ()XY )
rae Ko3()QUIHEHTEI paBJ‘IO)KeHYI/IH_ by,m MOydnM, U3 penieHus CI/IT:TSMLI
UG8, 06 Y0 = 3 B, [, (6 30 (X 9D 1= 12N @

KonnuecTBeHHbIE XapaKTEPUCTUKH YBEINYEHUS Pa3pELICHHs U €T0 MPeelIbl UCCIEN0BAINCh HA MATEMAaTHYECKON MOJEITH.
Pe3ynbraThl BOCCTaHOBIICHHS N300paKEHHS YETHIPEX NCTOYHHKOB CUTHAJIOB NpUBeIeHB Ha puc.l. [1o ropu3oHTaIBHBIM OCSIM
OTJIO>KEHBI YIJIBL X U Y.

Puc. 1 — BoccranosieHHoe n3o0paxeHne

Ha puc.1 oTobpakeHs! ucciemyembiii mpuanMaembiii curaai U(X,Y) — KpuBOJIHHEHHAS TOBEPXHOCTD, M YETHIPE HCTOYHUKA
CHTHAJIOB, HaiineHHble npu o6padotke U(X,y) o amroputMmy Ha ocHoBe (1-4). [TosydeHHOE pellieHHe MPaBHIBHO OTPA3HIIO
KOJINYECTBO OOBEKTOB, MPAKTUYECKH TOYHO IEpeiao UX pacroyiokeHue. THTeHCUBHOCTH OBIIM OTPEAEICHBI ¢ HEOOBIION
omnOKoi, coctaBusiei 2-5%.
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MOJEJUPOBAHUE CKP-JILJJAPHOI'O CUTHAJIA JJI51 TOKAJIN30BAHHOI'O UCTOYHUKA

3ATPA3BHEHUSI ATMOC®EPHI

Annomauusn
Paccmompena mamemamuueckas mooenv npoyecca 30HOupoganus ammocgepwsl Ha ocroge 3¢pgpexkma CKP ¢ Y obracmu
cnexmpa. Paspabomannas modens no36o.sem, Oonupasicy Ha CNeKMpOoCKONUYECKy10 ungopmayuio 06 obvexme 0O6HaApYIHCeHUs,
napamempsl cpedbl PACRPOCMPAHEHUs U3NYYEHUs U napamempsl npuemonepeoarowjell annapamypsl, pacCcyumvléams
BEIUUUHY  0XHCUOAEMO20 JUOAPHO20 CUeHAIA U onmumusuposams xapakmepucmuku CKP-mdapa. Ilpedcmasnenv
pe3yabmamul  pacuemos OUCMAHYUOHHO20 OOHAPYHCEHUs. NApPO8 HEeKOMOPLIX XUMUYECKUX coeOuHeHui 6 ammocgepe ¢
nomowpio CKP-nuoapa, nocmpoennozo na baze skcumeprozo nazepa na cpede Krk.
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SIMULATION OF THE RAMAN LIDAR SIGNAL FOR LOCALIZED SOURCE
OF ATMOSPHERIC POLLUTION
Abstract
A mathematical model of the process of the atmosphere sounding based on the Raman scattering effect in UV region of the
spectrum is considered. The developed model allows to calculate an expected value of the lidar signal and optimize the
characteristics of the Raman lidar using spectroscopic information about the detected object, parameters of the radiation
propagation medium, and parameters of the transceiver equipment. The results of calculations of remote detection of vapors of
some chemical compounds in the atmosphere using Raman lidar constructed on the basis of a KrF excimer laser are
presented.
Keywords: lidar, raman scattering, gas analysis, atmosphere.

000606 MECTO B UCCJICOAOBAHWHU Ia30BOI0 CoCTraBa aTMOC(l)epI)I 3aHUMArOT JUJAAPHBIC METO/bI. Ot METOAbI Hanbolee

NEPCICKTUBHBI, T.K. TIO3BOJIAIOT TI10JYYaTb I/IH(l)OpMaL[I/IIO 0 TMPOCTPAHCTBEHHO-BPEMEHHOM paclpeACICHUN

an/IMeceﬁ B aTMOC(l)epe AUCTAHIUOHHO U OICPAaTUBHO. BosmoxkHoCTh peructpalu BCEX KOMIIOHEHTOB CIICKTpa
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OJHOBPEMEHHO B IIMPOKOM [JHAla30HE YaCTOTHBIX CIBHIOB JEJAaeT METOJ Ha OCHOBE 3(dEKTa CHOHMAaHHO20
kombunayuonnoeo pacceanus (CKP) npuBnexaTenbHbIM JUIs AUCTAHIMOHHON JUAarHOCTHUKH OKPYXKAIOIIEH cpepbl.

Hcnonp3oBaHre MHOTOKaHAJIBHOTO CIIEKTpOaHaIM3aTopa B pueMHol anmnaparype CKP-nunapa nMeer cBou 0COOCHHOCTH
U TpedyeT eqUHOTO MOIX0/1a MPU NMPOSKTUPOBAHUH JIMAAPHON CHCTEMBI, KOTOPBIN ITO3BOJIMI OBl OCYIIECTBUTH COTTIACOBAHUE
BCEX AJIEMEHTOB IPHEMOIEPEAIONIero ONTHYECKOro TpakTa Junapa. IIpy 3TOM BBIOOp MCTOYHHMKA BO30YKIArOLIETO
W3IIyYSHHUs SIBISIETCS BaXXHBIM dTanoM paspaborku CKP-iammapa, BO MHOTOM ONpenesisiiomuM ero oOJNIMK U HOTEHIHAaIbHbIe
BO3MOXHOCTH.

ITpu co3nanny cuCTEM ITUCTAaHIMOHHOTO KOHTPOJISI XMMUYECKOTO COCTaBa OKPYXKAIOIIEH cpebl ¢ HEOOMBIION aTbHOCTHIO
neiictBus (5—300 M), Korma Bo3pacTaHHE MOTEPh HE CTONb CYIIECTBEHHO CKAa3bIBaeTCs HA IOTCHIWANE JIUAApa, Ja3epHBIN
HCTOYHMK C JUITMHOM BOJIHBI M3ITydeHHS Kopode 250 HM KaKeTcs AOCTATOYHO IIPUBIIEKATEIBHBIM, IIOCKOJIBKY 00ECIEIHBaACT
KaK BBICOKOE CEUCHHE B3aMMOJCHCTBHA (B TOM YHCIIE 3a CUET BO3MOXKHOTO IIPEIPE30HAHCHOTO YCHJICHUS), TaK U BBITOJHOE
pacroio’)keHie YacTOTHBIX CIBHTOB B «COJHEUHO-cJiemoi» obmactu cmektpa (200-300 mm). Ilpm 3TOM BeposSTHOCTH
nepekpeitist criektpoB CKP u ¢uyopecueHIny CymecTBEHHO MEHBIIE, YeM NpU BO30YXIEHHH OoJiee UIMHHOBOJIHOBBIM
n3nyuenueM [1, 2]. Imenno nostomy npu npoektupoBanuu CKP-nmunapa B kauecTBe HCTOYHNKA BO30YKJAIOLIETO U3ITYyUSHHUS
ObL1 BEIOpaH 9KCUMEpHBIH Nasep Ha cpene KrF (numHa BoiHb! n3nyuenns 248,3 um) [3].

[Mepen nmpoexrupoBannem CKP-nmunapa Hy»KHO NPOBECTH KOJIMYECTBEHHBIE OLICHKH BEJMYUHBI OXXMJA€MOI0 CHUTHaja U
ONTHMU3UPOBATH XapaKTEPUCTUKH Jinapa. Jys penrenus 3Tol 3a1a4m, O4eBUAHO, HEOOXOIUMO MMOCTPOUTh MATEMAaTHYECKYIO
MOJIeNb TIpoliecca 30HAMPOBaHUS ¢ Hcnojib3oBanueM d¢¢ekra CKP. Ilpm sToM B KadecTBe BXOIHBIX JaHHBIX MOJEINH,
HEM30€KHO, TOTpedyeTcs Kak CIIeKTPOoCKonnIeckas nHpopManus 00 00beKTax OOHAPYKECHHUS, TaK U MTOTHBIN Ha0Op CBEeIEeHMHA
0 CBOMCTBax cpelpl pacHpOCTPAaHEHHUS U3ITyUCHNUS, TaK )K€ KaK U HEOOXOANMBIC TEXHHIECKHE XapaKTEPUCTUKN KOMIIOHCHTOB
anmapaTypsl JIHAApA.

B camom o01mieMm ciydae, MOITHOCTB JIMAAPHOTO OTKJIMKA 33 OJIMH JIA3EPHBII MMITYJIEC MOXKHO 3aIlicaTh B BUIE HHTErpaia
CBEPTKH:

P(t)= [ S(t- o) H(5 o)
0 1)

rae S(t) — dopma nazepHoro ummysbca; H(rg,t) mwin H(rp,I) — uMnynbcHas mepexoHas XapaKTepUCTHKA CHCTEMBI JIHAAp-
arMoc(epa, rpu GOKYCHPOBKE NPUEMOIIEPENATINKA HA PACCTOSIHUE lo; I — PACCTOAHUE OT JIMapa J0 PacCEMBAIOLIETO CIIOS;
t — BpeMeHHas KOOpIMHATA CUTHAJIA, CBA3aHHAs C PACCTOAHUEM I Yepe3 CKOPOCTh PACIPOCTPAHEHHS CBETOBOTO MMITYJIbCA:

(=2

¢ @)
IJIE ¢ — CKOPOCTh CBETA.
My ibCHYI0 IEPEXOAHYIO XapaKTEPUCTUKY CHCTEMBI JIAap-aTMoc(depa MOXKHO 3alncaTh Kak:

H(Gr)= 5 K212 T 0o, 1)- T () . o) 0(57) .

rae A — mromans npueMHoil aneptypsl; Ko(dy) — koadduimenT npommyckanus MPUEMHOTO ONTHYECKOTO TPaKTa JIHAApa;
n(lx) — xBaHTOBast >(p(PEeKTUBHOCTH (HOTONETEKTOPa; Ay — [UIMHA BOIHBI MPUHAMAEMOTO H3IIYYCHUS, Ag — IJHMHA BOJHBI
30HAUpPYOIIEro u3mydeHus; T(4o,I) u T(Ay,F) — crexTpanbHasi IpO3padyHOCTh AaTMOC(EPHI IS H3IYUEHHUs C [UTHHOM BOJHBI g 1
Ax COOTBETCTBEHHO; f(Ax,F0,F) — KO3buimeHT obparHoro paccesuust; g(ro,I) — reomerpuueckas GyHKIHUS JTUaapa.

s nupapa, ucnosb3yromiero 3¢ dext CKP, koadduiimeHT 00paTHOro paccesiHus MOXKHO BbIpa3uTh yepe3 ceueHre CKP u
KOHIIeHTpaIwmio [4]:

do(A,)
B.(A,r,r)=—2.C (r,r)
do @)

rae do(A)IdQ — muddepenumansuoe ceuenne CKP Hazan wucciemnyemoro kommonenrta, Cy(fp,I) — KOHIEHTpalus
HCCIIEelyeMOI0 KOMIIOHEHTA.

C yuerom Ttoro, yto cedeHue CKP He 3aBUCUT OT IJIOTHOCTH MOIIHOCTH Ja3€pHOrO HMMIyJbCa U HPH YCIOBUHU
MHTETPUPOBAHUS JTUAAPHOTO CUTHAJA MO BCEH Tpacce 30HAUPOBAHMS, MOXKHO TPU BHIYUCIEHUU UHTETpaia oT BeipakeHus (1)
BOCIIOJIb30BaThCsI CBOMCTBOM mpeodpa3oBanus Dypre 1yt cBepTKH. Toraa sHeprus, mocTynaroias Ha (GOTOMPUEMHUK CO BCEH
Tpacchl, 3a OJIMH JIa3ePHBIA UMITYJLC TpU GOKYCHPOBKE TIepeaTuiKa U MPUEMHUKA Ha PACCTOSTHUE Iy BBIYUCIISETCS KaK:

£(r)= [ P(t)dt = [S(E)t- [ H (g r)r
C yuerom: 0 0 O ©
TS(t)dt =]28(t)dt =W
0 0 (6)

rne 7o — 9¢PEeKTUBHAS JIUTEIBHOCTD JIa3epHOTO UMITysbca, W — SHeprust B Jla3epHOM MMITyJbCe ypaBHEHHE (5) mpumer
BUJL:

()= [ POt =W - [ H (5, r)r
° ° ™
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C yuerom (3) m (7) BemMUMHA JMAAPHOTO CHUTHAJA B YHClaX (DOTOHOB 3a OAWMH JIAa3ePHBIH UMITYJILC MPH (OKYCHUPOBKE
mpUeMOoIiepeIaTINKa Ha PACCTOSHHE I, IPUMET BH/I;

NG = A Ko(2) 2(2) 22D T L 107 3,00). €, 60) o o
0 ®)

rae Ng— U0 POTOHOB B TA3E€PHOM MMITYIIBCE, OIPEACTIEMOE BEIPAKECHUEM:
n :—/10
o
h-c 9)
rae h — IIOCTOsITHHas HHaHKa.
Pacuer nuaapHOTo curHaia TpeOyeT MH(OpMaluKM O MapameTpax Jujaapa M o0 o0bekTe uccienoBanuit. C ydeTom
BBIOPAHHOTO JIA3€PHOTO MCTOYHHKA (3KCUMEpHBIH nasep Ha cpeae KIF) u TpeGoBaHumii NpeabABIAEMBIX K CINEKTPATbHOM

anmaparype Jujapa MOXHO pacCuuTaTh HMapaMeTpsl JIMAapHOW cucTeMsl. lIpeamosaraeMele TEXHHYECKHE XapaKTEPUCTUKU
CKP-nunapa npezacrasieHsl B Tabmune 1.

Tabmmma 1 — Texanueckue xapakrepuctuku CKP-nmmapa

[TpremHas onTHYECKas CHCTEMA!

JmaMeTp npueMHOH anepTypsl, MM | 240
Jlazep:

JliiHA BOJTHBEI H3ITYYCHUS, HM 248,3
[[TupuHa TMHUYN U3ITY4YEHHUS, em’ 1
OHeprust B uMmynbce, MJIx 20
YacTtoTa MOBTOPEHHUS HMITYITLCOB, [ 1] 100
Biok cnekTpanbHOM ceNeKIuu:

CreKkTpanbHOE pa3peleHue, em’ 8
Koapunment nponyckanus (250-270um), % 50
DOTOAETEKTOP:

KsanToBas addexruBaocts (250-270 M), % | 13

C momomipro Moenu (8) ObUT IPOBENCH pacdeT JUAAPHBIX OTKIUKOB MPH 30HAMNPOBAHUH MAPOB HEKOTOPBIX XUMUYECKHAX
COCIMHEHUH (YETHIPEXXIOPUCTOTO YIIepo/ia, alleTOHA M IBYOKHCH CEphI), Ha KOTOPBIX IPEINOIaraloch MPOBOIUTH OICHKY
gyBcTBUTeNbHOCTH CKP-mumapa. IIpu 3TOM paccCYuTHIBAINCH 3aBUCHMOCTH BpPEeMEHH OOHApY)KEHHUS BEIIECTBA OT JAbHOCTH
oOHapyxeHHs1 TIpH (OKYCHUPOBKE IpPHEMOIIEpEaloIIeii CHCTEMBI JInapa B 00JacTh JIOKAIN3AIMU TApOB 3arps3HSIOIIETO
BemiecTBa. [Ipu 3TOM NpOTSKEHHOCTh 00JIaKa MapoB 3arpsA3HAIOMIMX BEIIECTB BIOJb TPAcChl 30HAMPOBAHMS NMPUHHUMANIACh
paBHO# 10 M (£5 M 0T TIOCKOCTH (POKYCHPOBKU IPUEMOIICPEIAOIICH CUCTEMBI JHIapa) ¢ OTHOPOIHOM KOHIICHTpanueit 1 ppm
(pucyHox 1).

10* 3
E 4
B if?
10° 4 CBHGO nd’f Péfv
3 —— CCL 4 nuud:un“ : 9&5"
1 SOZ Ooo"ooo
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°

Bpems obHapyxeHus t(r ), cek
[
OH
\
\

\

10° : —————r : —————r
10 100 1000

HAanbHocTb 0GHapYXEHUs 1, M

Puc. 1 — 3aBucumocTs BPEMCHHU O6Hapy)K€HI/I$I 3arpsA3HAIOIINX BCHICCTB OT JAJIbHOCTHU 06Hapy)l(€HI/I$I

Kak BumHO M3 pHCyHKa, BpeMEHa OOHAPYKECHHS MCCIEAYEMBIX 3arpsS3HSAIONINX BEIIECTB CYIIECTBEHHO OTIMYAIOTCS, YTO
oOBsicHseTcs paznmuueM ux Auddepernnnansaeix cedeHnit CKP. Taxoke M3 puCyHKa BHAHO, YTO TIOMBITKA OOHAPYKEHUS
3arps3HAIONIMX BEHIECTB Ha OoipmMX AambHOCTAX (Oomee 500 M) NPUBOIUT K HEITMHEWHOMY BO3PACTaHHIO BpPEMEHHU
M3MEpEeHUs] U TIOTepPE OINMEPATHBHOCTH KOHTPOJIA. DTO OOCTOSTENHCTBO OOBsIicHsEeTCS ocnadbienneMm curHanoB CKP 3a cuer
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MHTCHCHUBHOT'O IIOTJIOIICHUA aTMOC(l)epHBIM O30HOM. PGSYHBTaTBI pPacy€ToB IMOKA3bIBAIOT, YTO YBCIWYCHHUC BPEMCHHU
HAKOIUJICHUA CHUI'HaJla IMO3BOJIACT COXPAHUTH IMPCACIIbHYIO YYBCTBUTCIIBHOCTbH CKP -JIMAApHOro METoda Ipu 06Hapy)K€HI/II/I
3arpsA3HAIOINX KOMIIOHCHTOB aTMOC(l)epI)I Ha JaJbHOCTAX 110 500 m.
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!Student, 2PhD in Physics and Mathematics, Associate professor, Syktyvkar State University
DISPERSION OF MAGNETOSTATIC SURFACE OF DIRECT AND INVERSE WAVES IN MEDIUMS
WITH ABSORPTION

Abstract

In paper magnetostatic approximation of electrodynamics is reviewed. The basic dispersion relation for the direct and

inverse magnetostatic surface waves (DMSSV, IMSSV) with absorption for infinite ferrite plate placed in constant longitudinal

and perpendicular alternating magnetic fields is received. Frequency range of wave propagation is identified.

Keywords: magnetostatic waves, ferrite, dispersion, absorption, dispersion.

OpaTHble noBepxHocTHBIe MCB

CrnHOBBIE MM MeyeHHble OMB mpencTaBisitoT coboil pacmpocTpaHeHHe BO3MYIICHMH IMPELECCHH MarHUTHBIX
MOMEHTOB aTOMOB B y3J1aX KPUCTAIUIMUECKHUX PEIIETOK B MAaTHUTOYMOPSIOYEHHBIX CTPYKTYpax. OHU IEJsATCs Ha JUIOJIbHBIE U
OOMEHHBIE.

[lpy ManbIX 3HAYCHUSX BOJHOBOTO 9YMCIIA OOMEHHOE B3aMMOJCHCTBHE HE WIPAcT CYIIECTBEHHOW PON B (HOPMHUPOBAHUH
CIEKTpa CIHMHOBBIX BOJIH — TAKWE BOJHBI HA3bIBAIOTCS AMIOJIBHBIMU CIIMHOBBIMU BojiHaMu win MCB. Manas qmuna MCB no
cpaBHeHUIO ¢ OMB 1aéT BO3MOXKHOCTB MOJIb30BAThCSl YPAaBHEHUSIMH MAarHUTOCTaTHKK BMECTO TOJIHBIX ypaBHeHHI Makcseria [1].

OOpaTHBIC BOJIHBI XapaKTEPU3YIOTCS OTPHULATESIHFHBIM 3HAKOM CKAJIIPHOTO MPOU3BEICHUS BEKTOPOB (ha30BOM U IPYIIIIOBON
CKOpPOCTH BOJIHBL. B 3TOM cilydae mpm JIOOBIX yIJIax TaJCHUS WMEET MECTO OTpHIlaTelbHoe oTpaxeHue. OcoOEHHOCTh
(heppUMarHeTMKOB — aHHU30TPOIMs, Ojaromapss KOTOpPOH KOIPPUIIMEHT NpPEeTOMIICHUS BOJHBI B IUIGHKE HE SBISETCS
MIOCTOSIHHOW BENMYMHON M TIPH W3MEHEHWW YIJIa TaJCHUS BOJHBI MOXET NPWHUMATH JIOOBbIe TIOJOKUTENbHBIE H
oTpulaTeNbHbIe 3HaueHus. DeppUTOBBIC TICHKN SBIISIOTCS OJHUMH U3 HEMHOTUX Cpell, B KOTOPBIX MOTYT BO30YXKIAThCsl U
pacnpocTpaHsaThesa ¢ MaiasMu totepsivu OIIMCB [2].

OcHOBHbIE YPABHEHHS M FeOMeTPUs 3a1a4U

VYpaBHeHUs] MarHUTOCTATUKY [3]:

1)
rotH = 0,
{div(H + 4nM) = 0.
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Otkyna crenyer ypaBHeHHe Y oKepa:
)
Ay + 4m divM = 0.
Vpasuenue Jlanpay-Jludumia ¢ AMCCHIATHBHBIM WieHOM B Gpopme ['uinbbepra:
@)
oM a oM
== y[MxH]+MO[Mx =
3nech M, — MOCTOSIHHAS [UTHHA BEKTOPA HAMArHUYEHHOCTH, Y — THPOMArHUTHOE OTHOIICHHE, @ — MapaMeTp JUCCHITAIIAH.
TeomeTpust 3a1a41 UIMEET BUJ, IOKa3aHHbIM Ha Puc. 1. PaccmarpuBaercst GpeppuToBast IUIEHKA TOJIIUHBI, PACIIONIOKEHHASL
B IIockocTd yOZ Tak, YTO MOJOXKEHWE BepXHEl W HWKHEH rpaHedl ompejelsieTcss Koopaunaramu x = t+d/2. Bonna
pacmpocTpatsiercs B miockoctd Y0z, Moj HyJIeBbIM yriioM K ocd Oy, IUIEHKa HAMArHAYeHa JI0 HACBIICHHUS MAarHUTHBIM
T0JIEM, TIPUIIOKEHHBIM BIOJIb ocu OZ.

A
II1

_|_
[Se]f~

I |d ® >

(O] f= B

Puc. 1 — I'eomeTpus 3amaun

JucnepcuoHHoe ypaBHeHuUe
U3 popmyi 1, 2, 3 GbUIO NOTYUEHO TUCIIEPCHOHHOE ypaBHeHue [3]:

(4)
1 B+ 2ud
k=—In——-—.
2d9 [ —2u9
9=
B=W*—p*+p)cos’p —p—1.
31ech L — MarHUTHAs MPOHUIIAEMOCTh, V — KOMIIOHEHTa TEH30pa MATHUTHONH BOCITPUUMYHUBOCTH.
BoHOBOI BEKTOp HMEET MHIMYIO KOMIIOHEHTY, KOTOpasi OTBEUYaeT 3a 3aTyXaHHUe:
k=n-—ié.
C nomolib0 MaTeMaTH4YeCKUX peodpa3oBanuiil u3 (4) MoJIyYeHbl BBIP@KEHHS /15l KOMIIOHEHT BOJTHOBOT'O BEKTOpa:
. ()
nd = Zln((4A +1)? + (4B)?),
4 1 ) 4B
= —atan ,
d 2 4A+1

rue:
QPO R 2 - D2 Y e — )
- . ,
(v2—v2—v24+p? =20 — 1) + 4V —uu —u")?
g MOV by -2 - D) - 20 Y e )

2
(v2—v2-v2+ u?—2u — 1) +4@v" —pu' —u")?
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Q, (0F - Q*(1-a?)

,u' =1+ 3 ,
(QF — Q*(1+ a?))” + 2aQQy)?

., Qa(Q*(1+ a?) +QF)

u =- 2 )
(9,2, — Q21+ aZ)) + (2aQ0Q;)?
3 2 2 2
Q(Qf — (1 +a®)0?)
vV = > ,
(9,2, —Q*(1 + aZ)) + (2a00;)?
p 20050
v =—

. .
(Q%, —0%(1+ aZ)) + (2aQQ,)?
w

(Q=—

i 4y M,’
Hy

Q= .

H™ 4nM,

TakuMm 00pa3om, npaBble YACTH CUCTEMBI 5 3aBHCAT TOJIBKO OT YaCTOTHI, a JIEBbIE — KOMIIOHEHTHI BOTHOBOT'O BEKTOPA.

AHaJH3 JUCTIEPCHOHHOT0 COOTHOIICHUS

Ha pucynke 2 npejctaBieHbl rpadMKH 3aBUCUMOCTEH KOMIIOHEHT BOJTHOBOTO BEKTOPa OT JINHEWHOM YaCTOTHI.

[Ipu mocTpoeHnn OBLTH UCIIOTB30BAHKI CIEAYIONIIE TapaMeTpsl 3anaun: 4mM, = 1750 I'c, Hy = 437,5 O.

U3 rpaduka BumHbl quamna3onsl pacupocrpanerns OIIMCB u I[MIIMCB. ns npsamsix 3to [2,8:3,65] I'T'h, ams oOpaTHBIX
[3,65:4,4] ITTu. Jna 3apucumoctH f(nd) 3aMeTHO, YTO HAJIWYHE 3aTyXaHHS MPUBOINT K MCYC3HOBECHUIO ACHMITOTHYECKOTO
npUOIIDKeHNUST KpUBBIX K yacToTe f=3,65 I'T'u n nosBIsIOTCS pe30HAHCHBIC 3HAYCHHs1, KOTOPBIE HACTYIAIOT TeM ObIcTpee, YeM
BBIIIE BEJIMYMHA 3aTyXaHus. To ecTh MUHIUMaNbHAas AnuHa BostHb [IMCB orpanndena 3atyxanuem. V3 rpaduka f(§d) BuaHo,
YTO BCE KPHUBBIE OBICTPO JOCTUTAIOT HACKILICHUS 110 YaCTOTE, TaKXke 3aMeTHO ObicTpoe 3aryxanue OIIMCB npu nro0bIx a.

4.“1 T T T T T
4.2 i
4 |
3.8 1
= 3.6 -
=~ 34 -
= 0,010
3.2 = 0,010 |
=0,001 ——
3 =0,001 —— -
= 0,005 ——
2.8 ; | . v = 0,005 ——
0 0.5 1 1.5 2 2.5 3

nd, &d

Puc. 2 — JlucniepcoHHBIE KPUBEIC
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THE IMPACT ON ORGANIZATION’S STAFF TO IMPROVE THE LEVEL OF INFORMATION SECURITY
Abstract
Reviewed the methods of impact on the personnel, developed a model of information exchange in the social environment,
implemented modeling algorithm of the impact information, allowing making decisions that are more reasonable on
information management personnel.
Keywords: institutional management, motivation management, information management.

he staff is a major source of loss of valuable and confidential information. Difficulties in working with personnel
experienced any organization that uses the sufficient volumes of sensitive information.

A person, possessing the will and consciousness, responds to the control action is not, and with allowance for their own
ideas and interests. The way a person perceives the impact of management, whether it will follow it - depends on the efficiency
of the system as a whole [4].

The importance of the human factor in the overall system of information security (IS) determines the relevance of the
chosen research topic.

Formulation of the problem

To develop measures of information management staff to improve the system of information security in the organization.

The solution of the problem

The methods of impact on the personnel are divided into institutional practices, motivation and information management.

The essence of the institutional approach is to manage the rules and restrictions that are imposed on the activities of the
organization. For the implementation of institutional control are used regulatory documents of various kinds of internal
regulations, guidelines, security policy, etc.

However, in most cases, excessive regulation is fraught with a sharp decline in the loyalty of individual subjects and as a
consequence of the catastrophic fall in the efficiency of the whole system up to its complete destruction [1].

Therefore, along with the institutional, in the theory and practice of modern human resource management become more
urgent motivation management.

Motivation is understood as a process of revitalization of the motives of employees (internal motivation) and incentives
(extrinsic motivation) for their motivation to work effectively.

For motivational personnel management the following mechanisms, for example, can be used:

- the timely promotion and advancement of their careers;

- creating comfortable and safe working conditions;

- rendering assistance in difficult situations.

These mechanisms are able to generate a high level of loyalty to the system. The level of staff loyalty largely affects the
quantity and quality (danger) emerging internal threats and the fight against them.

Therefore, the loyalty of staff is one of the important factors to minimize security threats on the part of employees.

It should be noted that the efficiency of both institutional and motivational management is greatly influenced by the degree
of informativeness of the organization. This information control means control of the composition and amount of information
that the organization staff knows.

The concept of information management is presented as a process of development of administrative decisions in the
situation where the control action is an implicit, indirect and facility management presents certain information about the
situation (information picture), focusing on which the object chooses the line of conduct by itself [3].

The advantages of information management are "high selectivity of action, agility methods and means of exposure,
depending on the changing situation, the possibility of operational focusing on a particular object, the possibility of
comprehensive using of various methods and means of information impact, relatively low cost of development and
implementation of management solutions for their high performance implementation " [2].

To improve the efficiency of information influence on the personnel, the preparation and implementation of various
information "stuffing", under the leadership of Doctor of Technical Sciences Azhmuhamedov 1.M., has been developed a
model of information exchange in the social environment.

The simulation algorithm of information impact process on staff is as follows:

1. In the first phase, corresponding to the zero step in time (t=0) block information | agreed service personnel management
and leadership of the organization, be notified to the individual employees obviously a positive attitude to this information.
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At this stage, the following is formed:

- The initial "information vector" Z, in which the index of employee awareness is initiated the set equal to 1, for the
remaining employees - 0;

- The initial "opinions vector" employees.

2. The next step is the dissemination of information and exchange of views between employees at the time step t=t+1:

- "vector repost” R information | is formed;

- The employees, whose "indicator repost” | is equal to 1, transmit information to other employees in accordance with the
matrix of information exchange D;

- The calculation of the current "vector opinions" on by appropriate formulas are carrying out;

3. On the third phase Hamming’s distance is calculated between the current vector and the "opinions vector", obtained at
the previous time step, and checked the condition (1).

Pu(VV) <N ®

If the condition (1) is satisfied, then the algorithm work is terminated, and the findings are presented to the person making
the decision for analysis. Otherwise, it returns to the 2nd stage of modeling.

As an example of this algorithm, will consider the results obtained in the Office of the Federal Migration Service (FMS) of
the Astrakhan region.

Among employees of the Federal Migration Service the information about the possible consequences of ignoring the IS
was spread. The process simulation was carried out under the following initial data: the number of employees N=271, the
subject of implemented information (“"exceptions and their consequences") has been of interest to all employees of the
organization.

The matrix of information exchange and the matrix of "trust” for the subject of implement information block were filled by
the experts.

The inception employees "vector opinions™ about implemented information, coefficients evaluation, that reflect the level
of "conservatism", has been defined by the same experts, based on the individual characteristics of each employee.

-1

o
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|
T

=)
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I
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6 10 14 18

The capasity initiated the set

Fig. 1 — The dependence of the number algorithm cycles work of the capacity initiated the set

Depending on the meaning L the number algorithm cycles work to stop by the condition (1) was different. With increasing
L the number of cycles, as well as the number of employees remained uninformed, decreases.

Based on the results of simulation, M ={M,}(l =1;18) it was determined optimal employees set, through which

information can be spread.

Man, being part of the system has been and remains the most vulnerable point in the security system. Since the efficiency
of both institutional and motivational management is greatly influenced by the level of awareness in the organization is
important to consider issues of information management personnel.

The methods of information management are useful for creating a favorable corporate environment, maintaining and
strengthening the authority of the leadership, manipulating the consciousness of employees in order to increase the level of
motivation and loyalty to the system, create an atmosphere of intolerance to disturbance, disinformation of hostile
environment, as well as to identify the elements that threaten the implementation of the organization's mission (insiders).

The considered modeling algorithm of the impact information implemented as a software product (SP) in the object-
oriented programming language C#.

The simulation results with using this SP will enable to make more reasonable decisions on information management
personnel.
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CONTROL OF MODEL AND SOLUTION OF PRACTICAL PROBLEMS
Abstract
Importance of adequacy to the chosen model and the need of the research (not sample) approach to its decision are shown
on the example of a simple problem.
Keywords: model, speed, trajectory.

We will show on the example of a simple problem the importance of research approach to a choice of model and to
the search of alternative decisions.

For this purpose it is proposed to consider some various methodically important approaches to the decision of elementary,
though rather rare [1] problems of search of the minimal speed allowing in "vacuum" conditions to throw a dot material body
through the barrier height of "h" located on horizontal distance of "L" from a position:

a) of "an obvious ipromptu”,

b) of decision of system of inequalities,

c) of the physical analysis at the qualitative level.

a) Many even skilled professional physicists believes at once that the top of a parabolic trajectory of a body has to appear
precisely over the top point of a barrier.

Then, using entered designations of g - for acceleration of gravity, v - for the initial speed forming a corner a with the
horizon and t - for flight time to more top point of a barrier:

L=vtcos x
h<wvtsinx —0.5 gt?
v sin = gt
t=vglsin
sin2x=0.5Lgv2 (1)
v > (g(2h + 0.5L2/h)°>

About that this decision is inadequate to given problem, it is possible to be convinced, for example, considering limit
cases: if at L—0 we receive the true: v — (2gh)%/%, but at h—0 is expected v —co that is incorrect.

¢) Without doing heuristic assumptions of model (a) we start from two kinematic equations in two orthogonal projections:
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L=vtcos
{h <vtsinx —0.5 gtz}

then we will exclude time t and using parameter: z = 0.5gL?v~2 we will receive a quadratic equation:

tg(«)? =% tg(e) + 1+2=0

We come from the requirement of nonnegativity of its discriminant to the result:

v 2 (g(h+ (h* + L?)0%)%° )

The sign "plus" before the radical is chosen to obtain the correct limit value

v - (2gh)%5 if L—0.

c) Attention is drawn to the simple form (2) of the expression obtained, it is assumed that there may be even more intuitive
""semi-quantitative, physical" way to solve. Indeed, in terms of energy problem it is close to the estimation of the required
initial velocity of the jumper who is flying to the top of the barrier (coordinates: L, h), uses the pole of the length
0.5(h? + L?)°>, and relies the middle point between the points of beginning and end of the flight at an height of 0.5h (real or
fictional, chosen length of the pole has no influence on the result). Then its initial kinetic energy has to be equal to the potential
energy of the jumper at the top point of trajectory: 0.5mv? = 0.5m(g(h + (h? + L?)%5) and leads to an expression (2) for
minimal necessary speed too.

Interestingly, that from tg (2o =-L/h, where o is angle between initial speed vector and horizontal line, flows:

h+(h2+12)0s . . . . . . .
tg(ex) = —————, i.e. "aiming" is necessary pithily, located higher than overhead point of barrier on the size of distance

from the start point to the top of barrier. Another feature consists in that the tangent of angle p of slope of speed of body on
h+(h2+L1%)05

the top of barrier with a vertical line is equal tg(f) = -

orthogonal to his initial speed at start point.

In summary we will emphasize that the invalidity of the decision (1) of the first model (item "and™) was found at research
of its consequences (limit transition to small h) and until other solution (2) for comparison was found, it, generally speaking,
couldn't be rejected. Points (“b” and "c") showed invariance of result to various methods of its receiving.

So, on the presented example it is shown that at the decision even of simple physical problem the research approach
allows not only to define and expand a scope of the received result, but also to reject decisions which falsehood a priori isn't
obvious at all.

, i.e. speed of body in the overhead point of barrier is
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THE PROGRAM FOR CALCULATION OF PARAMETERS OF POSITRONIUM "BUBBLE"
Abstract
Currently, there are many models that describe the behavior of the positron and positronium in liquids and solutions. But
for the most part, these models do not take into account that the parameters of the "bubble” depend on the characteristics of
the solutions. So the results obtained may not be completely reliable indicators of true. Our program was written by the model
described in the article Buchihina [1], takes into account all the characteristics of solutions and liquids that affect the change
of parameters "bubble” and allows you to quickly and easily calculate these parameters.
Keywords: positronium, positron annihilation spectroscopy with a time resolution, "bubble" model.

y3bIpbKOBasi Mojienb Obuia BBexeHa Ferrell [2], uto6sr onennTs yBenuuenne Bpemenu xusuu Pick—off pacmana
A 1 oprono3utporus B KHIKOCTAX. ITOT MPOIIECC, MOCPEACTBOM KOTOPOTO TIO3UTPOH B OPTOMO3UTPOHHH UYBCTBYET
9IIEKTPOHBI C MPOTHUBOIIOIOKHBIM CITHHOM B OKPECTHOCTH, HA3bIBACTCS IBYX(OTOHHAS aHHUTHISAINSA. YMECHBIICHHE OICHKH
(MO0 CpaBHEHHIO € OXHAAaeMOW) OBUIO MPHUIUCAHO OTTAJKMBAHHMIO MOJICKYJ PACTBOPSHHBIM IO3UTPOHHUEM 4Yepe3
OTTANKUBAIOIICE B3aUMOJICHCTBHE, BO3HUKAIOIIEE OT 3JIEKTPOHA, paclpeaestomeecs (0OMeHUBaoLIeecs) Mexay aByms (Ps
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u Monekynamu). Kak u npezamonaranocs, 310 OyIeT BECTH K JOKAJIN30BAHHOMY COCTOSHHIO HO3UTPOHUSI BHYTPHU ITy3bIPbKa
WY [TOTEeHIUAILHOM SIMBI.
Bemnuuna pick-off anaurmsimun A, ot aToMoB (MM MOJEKYI) B OKpYXKalolIed >KHAKOCTH, coryiacHo Poemmury [3],
Jaetcs GopMyIioi:
)\'p =T r02C ZetiN Poy 1)
Tzie fp KIACCHYECKUH pajnyc 3JE€KTPOHA, C — CKOPOCTh CBETA, N — IIOTHOCTh MOJICKYJ HAa YYacTKE aHHUTHILIIHU B
KUAKOCTH, U Zegr - 93()(DEKTHBHOE YHCIIO HIEKTPOHOB BXOMIIHX B MOJIeKyiy npu Pick-0ff anuurmisiun mo3urpoHos B 0-PS.
MeuteHHBIE TTO3UTPOHBI HE MOTYT NPOHHUKHYTH TTTyOOKO B aTOM, BKIAJ B Zef JAIOT TOJBKO BAJCHTHBIC AIEKTPOHBI. Py —
BEPOSTHOCTD BBIX0JIa aTOMAa MO3UTPOHUS 32 TPEIEIIBl IIOTEHINAIBHOHN MBI
_ sin?(kR)
Pou = 1—kRctg(kR) &)
rae R — paauyc «my3bipbka» DO3UTpoHust, K — K03 duIreHT NponopuHoOHaTbCHOCTH.
CoorHomrenust (1), (2) W TpaHWYHBIC YCJIOBHH JalOT BO3MOXHOCTh, II0 M3MEPCHHBIM XapaKTCPUCTHKAM
AQHHUTWIAIMOHHHBIX CTIEKTPOB [4], paccuntats Benmunasl KR, R, U.
Hamm Opuma Hammcana mporpamma it pacuera pasmepa (R) «ry3sippkay. C TOMOIIBIO KOTOpPOW OBLTH CBEPEHBI
pe3yIbTaTH, IIOYYEeHHBIE B JPYTOH cTaThe [5]. Pe3ynpraTs! npencraBieHs! B Tabmmme 1.

Tabmmma 1 — CpaBHeHHE TaHHBIX, TOJYYEHHBIX U B3SATHIX U3 CTATHH

R, A . .
5 C, % Zypgy T3, HC o, 1uH/cM’ Lno (CEE;T‘:/I) (o M I; lf_(;k_ n kol?ka_
< IporpamMme)

;ﬂ 100,00 4,00 3,185 22,5 3,11 2,805 2,805 0,31 -1,16
2a) 95,14 13,71 3,165 23,0 3,14 2,802 2,802 0,32 -1,15
2, 70,00 12,20 3,021 25,5 3,24 2,807 2,807 0,33 -1,11
< 39,80 10,39 2,506 32,0 3,47 2,851 2,851 0,40 -0,92
5( 19,80 9,19 2,188 40,5 3,70 2,834 2,834 0,46 -0,78
A 9,80 8,59 1,992 50,6 3,92 2,772 2,772 0,50 -0,69
0,00 8,00 1,764 72,8 4,29 2,637 2,637 0,57 -0,57
R A R, A (o A pick- LnX

g C % 250 3, HC | o, Mum/CM2 Lno (cratbm) r[porpaflee) r(;ff pick-off
é 100,00 36,00 2,740 33,60 3,52 2,884 2,884 0,37 -0,99
S 70,00 27,71 2,584 34,25 3,53 2,882 2,882 0,39 -0,94
' 39,80 21,94 2,488 35,75 3,58 2,385 2,835 0,40 -0,92
é 19,80 16,46 2,392 38,30 3,65 2,867 2,867 0,42 -0,87
8 9,80 10,86 2,028 49,00 3,89 2,809 2,809 0,49 -0,71
0,00 8,00 1,764 72,75 4,29 2,637 2,637 0,57 -0,56

ITo maHHBIM TaOIMIBI BUIHO, YTO PAANYC «ITy3BIPHKa» MO3UTPOHMS, PACCUMTAHHBIA MO HAlled MporpaMMe ¢ TOYHOCTHIO
JIO THICSYHBIX COBIIAJIACT C TAHHBIMHU CTAThH, a 3HAYMT JaHHBIC COOTBETCTBYIOT popmyiam (1) u (2).
Jlnst oATBEepIKICHUS IOCTOBEPHOCTH MOJYYEHHBIX pe3ysbTaToB ObUT MmocTpoeH rpaduk 3aBucumoctu Ln A or Ln o,
pucyHok 1. Benb cornacHo dopmysie, mpuBeieHHOM B cTatbe [6]:
— * 12
A pick-off — 0,07* ¢ (3)
€CIIH TIPOJIOTapU(PMHUPOBATE BEIpaXKeHHE (3), TO TpaguKOM 3aBUCHMOCTH, TOJDKHA OBITH — MpsIMas.
0,00
3
-0,20™

040 15-0,5329x - 2,8036 /
-0,60 R%2=0,9766

-0,80 //

-1,00 /

-1,20

-1,40

00 3,20 3,40 3,60 3,80 4,00 4,20 4,40

Ln A pick-off

Lno
Puc. 1 — I'pachuxk 3aBucumocts Ln A ot Ln o.
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Ha pucynke 1 BUIHO, 9TO TOTPEIIHOCTH TOYEK Tpaduka MeHbIne 5%, T. 0. NaHHBIE, TIOTyYEHHBIE TI0 HAIlleH MporpamMme
«Bubblemody, cooTBeTCTBYIOT BbIIlIE TPU3HAHHBIM (POPMYJIAM APAMETPOB «ITy3bIPHKa» U AHHUTHMJSIIIMOHHBIX XapPaKTEPUCTHK
MTO3UTPOHUSL.

IIporpammsbl.

(1151 pacyeTa )KUJIKOCTEN)

PROGRAM BUBBLEMOD
INTEGER*2 iasc, iscan
REALT2,Z,V, L2, UR, GT, U
REAL C0,K0,K1
COMMON/P/P
EXTERNAL F
CHARACTER*60 NAME
C0=4.5071
K0=0.0387
K1=1.378

WRITE(*,1)

1 FORMAT(4X, TIP OF SAMPLE : ' A60)

READ(*,2) NAME

2 FORMAT(A60)
WRITE(*,*) 'INPUT LIFETIME T2 (nsek)’
READ(**) T2
WRITE(*,*) T2
WRITE(*,*) 'INPUT EFFECTIVE CHARGE Z'
READ(**) Z
WRITE(*,*) Z
WRITE(*,*) 'INPUT MOLAR VOLUME V'
READ(**) V
WRITE(*,*) V
WRITE(*,*) 'INPUT VOLUME OF SURFACE-TENSION GT "
READ(**) GT
WRITE(*,*) GT

L2=1/T2

P=(V*L2)/(C0*Z)
WRITE(*,*) " INPUT LIMITS OF ZERO AB'
READ(*,*) A,B
WRITE(**) A,B

TOL=1.E-5
Z0=ZEROIN(A,B,F,TOL)

UR=SQRT( ABS((Z0*( TAN(Z0)-2Z0)*GT)/SIN(Z0)**4))

U=KO0*UR

R=Z0*K1/SQRT(U)
WRITE(*,*)
WRITE(*,*) 'T2 =" T2, (nsek)'
WRITE(*,*)
WRITE(**)'L2 =",L2
WRITE(*,*)
WRITE(*,*) 'Z eff="Z
WRITE(*,*)
WRITE(*,*) 'V ="V, (sm3/mol)’
WRITE(*,*)
WRITE(*,*) 'GT =",GT,' (dyn/sm)'
WRITE(*,*)
WRITE(*,*) 'P(kR) =",P
WRITE(*,*)
WRITE(*,*) 'kR =',Z20
WRITE(*,*)
WRITE(*,*)'U =" U, (eV)'
WRITE(**)
WRITE(**) 'R =",R," (angstrem A)'
WRITE(**)

WRITE(*,1) NAME
WRITE(*,*)

WRITE(*,*) 'DO YOU WANT HARD COPY ?(Y ="Yes",N = "No")'
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CALL ONKEYW(iasc,iscan)
IF((iasc.EQ.89).0R.(iasc.EQ.121)) THEN
WRITE(10,1) NAME
WRITE(10,*)
WRITE(10,*)" MOLAR VOLUME V ='V,'(sm3/mol)’
WRITE(10,*)
WRITE(10,*)" Zeff='Z
WRITE(10,*)
WRITE(10,*)' SURFASE-TENSION ='GT,'(dyn/sm)'
WRITE(10,*)
WRITE(10,*)' P(kR)=',P
WRITE(10,*)
WRITE(10,*)" kR='Z0
WRITE(10,*)
WRITE(10,*)' POTENTIAL DEPTH U=",U,'(electronvolts)'
WRITE(10,*)
WRITE(10,*)" BUBBLE RADIUS R =',R,'(angstrem A)'
ENDIF
STOP
END
FUNCTION F(T)
COMMON/P/P
F=SIN(T)**2/(1.-T*COTAN(T))-P
RETURN
END

(g pacuera pacTBOPOB)

PROGRAM BUBBLEMOD

REAL T2, ML,MS,RL,RS,ZL,ZS,CL,CS,VL, WL ,WS,Z,V,XL,XS,L2,UR,GT,U
REAL C0,K0,K1

COMMON/P/P

EXTERNAL F

CHARACTER*60 NAME

C0=4.5071

K0=0.387

K1=1.949

WRITE(*,1)

1 FORMAT(4X, TIPE OF SAMPLE : ', A60)
READ(*,2) NAME

2 FORMAT(A60)
WRITE(*,*) 'INPUT LIFETIME T2 (nsek)'
READ(*,*)T2
WRITE(**)T2
WRITE(*,*) 'INPUT MOLAR MASS OF SOLVENT ML (g/mol)’
READ(*,*)ML
WRITE(**)ML
WRITE(**) 'INPUT MOLAR MASS OF SOLUTE MS (g/mol)’
READ(*,*)MS
WRITE(**)MS
WRITE(**) 'INPUT DENSITY OF SOLVENT RL (g/ml)=(g/sm3)'
READ(*,*)RL
WRITE(**)RL
WRITE(*,*) 'INPUT DENSITY OF SOLUTE RS (g/sm3)'
READ(*,*)RS
WRITE(**)RS
WRITE(*,*) 'INPUT VOLUME OF SOLVENT VL (ml)
READ(*,*)VL
WRITE(**)VL
WRITE(**) 'INPUT MASS OF SOLUTE WS (g)'
READ(* *)WS
WRITE(**)WS
WRITE(**) 'INPUT EFFECTIVE CHARGE OF SOLVENT ZL eff
READ(*,*)ZL
WRITE(**)ZL
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WRITE(*,*) 'INPUT EFFECTIVE CHARGE OF SOLUTE ZS eff’
READ(*,*)ZS
WRITE(*,*)ZS
WRITE(*,*) 'INPUT VOLUME OF SURFASE-TENSION GT (dyn/sm)'
READ(*,*)GT
WRITE(**)GT
*HAXEE BpIYHCIIEHIE MOJIIPHOTO 00beMa PacTBopa ***#**
WL=RL*VL
CL=WL/(WL+WS)
CS=WS/(WL+WS)
V=(ML/RL)*CL+(MS/RS)*CS

*AFHEX ppraucaeHue 3G PEKTUBHOTO 3apsiia PacTBopa ******
XL=(WL/ML)/(WL/ML+WS/MS)
XS=(WS/MS)/(WL/ML+WS/MS)

Z=71 *XL+ZS*XS

FHHAAF paccyeT BEPOSITHOCTH BBIXOA U3 SIMBI *****%

L2=0.693/T2
P=(V*L2)/(C0*Z)

skskeskosksksk OHpeHeHCHHe kR *kkkkhkk
WRITE(*,%) ' INPUT LIMITS OF ZERO A’
READ(**)A

WRITE(*,%)A

WRITE(*,%) ' INPUT LIMITS OF ZERO B'
READ(**)B

WRITE(*,*)B

TOL=1.E-5

Z0=ZEROIN(A,B,F,TOL)

FHXFXE paccyeT TITyOMHBI TOTCHIUABHON SIMBI *H# 4% *

UR=SQRT(ABS((Z0O*(TAN(Z0)-Z0)*GT)/SIN(Z0)**4))
U=KO0*UR

*AEXEX OIpECTICHHUE PAIIyCa SIMBI ¥ % *%

R=Z0*K1/SQRT(U)

*¥AXXE BRIBOJI PE3YJIBTATOB HA OKPaH ******

WRITE(**) 'T2="T2,'(nsek)'

WRITE(**) 'WL="WL,'(gramm)'

WRITE(*,*) 'WS="WS,'(gramm)'

WRITE(**) 'CL=',CL

WRITE(**) 'CS='CS

WRITE(**) 'XL="XL

WRITE(*,*) 'XS=',XS

WRITE(**) 'Zeff="Z

WRITE(**) 'V="V,'(sm3/mol)'

WRITE(**) 'GT="GT,'(dyn/sm)'

WRITE(*,*) 'P(kR)=",P

WRITE(*,*) 'kR=',Z0

WRITE(**) 'U="U,'(eV)'

WRITE(*,*) 'UR='UR

WRITE(*,*) 'R="R,'(angstrem A)'

WRITE(*,1)NAME

WRITE(*,*) 'DO YOU WANT HARD COPY ?(Y="Yes",N="No")'

CALL ONKEYW(iasc,iscan)

IF((iasc.EQ.89).0R.(iasc.EQ.121)) THEN
WRITE(10,1)NAME
WRITE(10,*)’'SOLVENT CONCN CI =',CL
WRITE(10,*)'SOLUTE CONCN Cs  ='CS
WRITE(10,*)’'SOLVENT MOLAR PART ='XL
WRITE(10,*)’'SOLUTE MOLAR PART ='XS
WRITE(10,*))MOLAR VOLUME V ="V, (sm3/mol)'
WRITE(10,*)'Z eff =z
WRITE(10,*)'SURFASE-TENSION  ='GT,'(dyn/sm)’'
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WRITE(10,*)'P(kR) =P
WRITE(10,*)'’kR =20
WRITE(10,*)POTENTIAL DEPTHU ='U,'(eV)’
WRITE(10,*)BUBBLE RADIUSR  ='R,'(angstrem A)'
ENDIF
STOP
END
FUNCTION F(T)
COMMON/P/P
F=SIN(T)**2/(1.-T*COTAN(T))-P
RETURN
END
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KNIKOCTHASA MOJAEJIb ATOMA, OTHOCHUTEJBbHOCTDb U KOCMOJIOI'U. YACTH 1

Annomauusn

B cmamuve uznooicenvl kauecmeennvle nPpUHYUNGLL NOCMPOEHUSL HCUOKOCHHOU MOOEU AMOMA, NPUHYUNDBL OBUIICEHUs Mel U
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KuaroueBble cji0Ba: MOIETh aTOMa, IPHHIUT IBHKCHUS TEJ, TPaBUTAIU.

Tolmachev S.V.
Pensioner, AECC
THE LIQUID MODEL OF THE ATOM, THE RELATIVITY AND THE COSMOLOGY. PART 1
Abstract
The article describes the qualitative principles of fluid atomic model construction, principles of solid’s motion and the
principle of gravity.
Keywords: atom model, principle of motion of bodies, gravitation.

1. BBenenue.
C OJIHOM CTOPOHBI CKOPOCTb Pa3BUTHS HAyKH MOPaXaeT — B TEUEHHUE JBYX, TPEX YEJIOBEUECKUX >KU3HEH MPOU3O0LLIH
THUTAaHTCKHAE M3MECHEHUsS B (DU3HKe, aCTPOHOMHUH U B IPYTHX 00JACTSAX YEIOBEYCCKHUX 3HAHUS, C APYIOH — YAUBIISICT.
Y auBisieT TeM, 9TO OCHOBA (PU3UKHU ITO:

o TIOCTYJIaThI HreroToHa u YpaBHECHUA MaKCBeHHa, HalmMCaHHBIC €11€ 10 BOBHUKHOBECHUSA IEPBBIX ATOMHBIX TGOpI/Iﬁ u ao
OTKPBITHS YaCTUL] HECYLIUX 3JIEMEHTAPHBIN 3JIEKTPUUECKUHN 3apsI;

e mpeoOpazoBanus JlopeHIa U TEOPUU OTHOCUTEIHLHOCTH, CHOPMYITHPOBAHHBIE B T€ BpeMeHa, KOTaa d3Up U CBET ObUIH
B3aMMOCBSI3aHbI;

e  sJepHas MOJENb aToMa, BBIPOCIIAs M3 TUIAHETApPHOHW, BCTYNHBINAs B CEPhE3HOE MPOTHBOPEUHE C KIACCHUYECKOM
3JIEKTPOAMHAMHUKOH.

Monens aToma, BIUTaBmas B ce0s Bce JIydlliee U3 MPEAMICCTBYIOMINX 3HAHUH, OJDKHA OOBACHATH Bee. M3 Hee TOMMKHO
BBITEKaTh BCE YCTPOMCTBO HAIIEr0 MHpa: W NPOCThIE MEXaHUYECKHE B3aUMOJEHUCTBUSL W ONTHKAa W TpaBUTalUi U
Makponpoieccsl B actpodusuke. K coxxaneHuro, COBpeMeHHass MOJIE)Ib aTOMa 3TUM TPEOOBaHUSIM HE COOTBETCTBYeT. B Hel
HET OTBETa HA MHOXXECTBO BOIPOCOB, B TOM 4YHCIe M Ha (QyHAaMeHTanbHble: «UTo Takoe rpaButamma?y», «llouemy
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TATOTEIONNE 00BEKTHI BCeleHHOM HE CIMITUCH B HEUTO, €UHOE TIeNI0e, MPH OECKOHETHON BO BpeMEHH XHu3HU Beenennoii?». B
Hell HeT OTBeTa M Ha CaMblii NPOCTOH Bompoc: «MOKeT JM cucTema, MoJo0Has IUIaHETapHOM MoJenH, 0O0pa3oBHIBATH
BelecTBo?». PaBeHCTBO 3aps0B ee 000JI0UKH U IIEHTpa elIe He 03HAYaeT ee IEKTPUUECKYI0 HelTpanbHOoCTh. [Ipnbamkatocs
K aroMy TaKoW KOHCTPYKIIMH, Mbl HPHONMKaeMcs K OTPUIATENbHO 3apsHKEHHBIM 3JEKTPOHHBIM 000J0YKaM, a 3HaYuT K
OTpHIATENIFHO 3apsHKEHHOMY Tely. Bce aTombl BemecTBa JOJDKHBI IO 3TOH NMPUYMHE CTPEMUTHCS pa3dexaThcs B pasHbIC
CTOpPOHBI, @ He 00pa30BHIBATH MOJIEKYJIBI BEIIECTBA MM YCTOHYMBYIO KPUCTAJUIMYECKYIO PEIIETKY. A 3TO HE Tak.

CKOJIbKO JIIOZIed - CTOJBKO WM MHEHMH. Pe3ynbraTel OJHOTO 3KCIEPUMEHTa MOTYT OBITh OOBSCHEHBI COBEPILEHHO
MIPOTHBOMOJIOXKHO Pa3sHBIMH JIOAsMH. Kakoe U3 3THX OOBsACHCHHWH NMpHMET Hay4yHas OOIIECTBEHHOCTh 3a HMCTHUHY - JIEJIO
cyopexTuBHOE. Torma oObeKTHBHA JIH, HaIIpuMep, ru3nka Kak Hayka?

Bot mpumep. OmeITel 0 00MydeHHIO anb(a YacTUIAMH METAJUIMYECKHUX IUIACTUHOK, MPOW3BEICHHBIE B JTa0OPaTOpUH
Pesepdopna B Hawanme 1900-x Tr., mpHBENM K BO3ZHUKHOBEHHIO HAEH O CYIIECTBOBAaHMHM BHYTPH aToMa HEKOTOPOTO
MAJICHBKOTO, TSKEJICHBKOTO, TOJIOKUTENFHO 3apsDKEHHOTO ILEHTpa — sIpa, W CO3MaHHIO IDIaHeTapHOW Moxenu atoma. Ho
PE3yNbTaThl 3TUX IKCIEPUMEHTOB MOXKHO OOBSACHHTH M Io-Apyromy. Hampumep, BOT Tak. MccnmemoBatenu mojaraiu, 4To
oOiyyaemasi TOHKasi METaJIMYecKasl IJIACTHHKA COCTOUT U3 INApUKOB aTOMOB, IUIOTHO YNAKOBAaHHBIX B ()OPMY IUIACTHHBI,
KECTKO CBS3aHHBIX Ipyr ¢ ApyroM (IJIACTHMHKa INpOYHAa W MEXaHWYeCcKH He pacmamaercs). OOCTpenuBany IUIACTHHKY
YacTHLIAMH, 110 CBOCH CYTH SIBIISIOIIMMMCS aTOMaMH{ JIPYroro BELIECTBAa, TO €CTh INAapUKaMHM MEHBIIMX pa3MepoB, MEIKOU
JpoOblo, TaK CKa3aTh, HO JIETSLIEH ¢ O0JbIIONH ckopocThio. M TOT (hakT, 4TO TOJBKO OYEHb MaseHbKas 4acTh NPOOHHOK
OTCKaKWBaja Ha OOJBIINE YIJIbI, @ HEKOTOPBIE MEHSUTH HAIpaBJICHUE IBIKEHUS Ha IPOTHBOIIOJIOKHOE, TOBOPUT TOJIBKO O TOM,
9T0:

®  TIIaphl aTOMOB B BEIIECTBE TUIACTHHBI YIIAKOBAHBD» COBCEM HE TaK IUIOTHO, KaK ITOJIAraioch paHee;

®  TICHTPAJbHBIN yIoap APOOMHKH B map aToMa (IIEHTPAIBHBIA yAap aToMa B aTOM) HE BHIOMBAcT aTOMBI BEIIECCTBA M3
IUTACTHHEI, CJIEIOBATENBEHO, CHIIBL, CBS3BIBAIOIINE aTOMBI IUIACTUHBI — 3HAYWTENBHBI, M STOT ydap JKBUBAJICHTCH yIapy
IpOOWHKHU BO BCIO TUIACTHHY, 3HAYUTEIFHO MPEBOCXOISAIIYIO €€ TI0 Macce;

e  BBHIYNCICHHBIC pa3Mephl PacCEMBAIOIIETO IEHTpa SBILIOTCS 3()(QEKTHBHBIMU B OTHONICHWH PAacCesSHHS pa3MepaMu
mapoB aTOMOB IUTACTUHBI.

Uro 31eck He nornyHo? Torna moyeMy cienany BBIBOA O HATMYUH KaKOTO-TO MOJOXKUTENBHO 3apsKEHHOI0 IIEHTpa — sSApa
B aToM¢€, MOCTPOWJIN MOJIECJIb, BCTYNMUBUIYIO B IPOTUBOPCUUE C 3HeKTpO}1HHaMHKOﬁ, IMOCTPOUJIN KBAHTOBO-MEXaHUYCCKUC
TIPUHIUIIBI, SIKOOBI Criacaromue 3Ty MOJCIb, U €HIC CTO JICT MOJIB3YyEMCHd €10, U CUHUTACM HpHeMJ’IeMOﬁ? HOHSITHO, qTO
HCCIIeI0BATEIN Ha BCEX ATalax 3TOr0 Pa3BUTHS TEOPHU CTPOCHUS aTOMa M3 BCEX BAPHAHTOB OOBSICHEHUS BHIOMPAIM TO, YTO
paboTano Ha WX COOCTBEHHBIC MOJENH, YTO KOHEYHO JIOTHYHO. A TIOYeMy MONBb3yeMcs €l MBI, ceiiuac, BUAS ec
HCKYCCTBEHHOCTH?

Bot apyroit mpumep. M3BecTHO, UTO BCAKOEC M3MEHEHUE HANPSIKEHHOCTH DJICKTPUYECKOTO TOJNS B TOYKE MPOCTPAHCTBA
MIPUBOJUT K BOSHHUKHOBEHHIO MEHSIOMIETOCSI MATHUTHOTO TOJIST B OKPY KAIOIIEM 3Ty TOUKY IMPOCTPAHCTBE, YTO B CBOIO OYepeb
MIPUBONT K BOSHUKHOBCHHIO MCHSIOMICTOCS 3JCKTPUUECKOTO MO — TO €CTh MPUBOIUT K BOSHHUKHOBCHHIO M JBIDKCHHIO B
MIPOCTPAHCTBE AJIEKTPOMArHUTHON BOJHEBI. 3HAYWT, JBIDKCHHE YAaCTUIBI, Hecyllel B cede DIMeKTpUYeCKHH 3apsi, JOJKHO
COIMPOBOXKIATHCA SHCKTpOMaFHI/ITHOﬁ BOHHOﬁ, TaK KakK Ipu ABUKCHUU TaKoH YacCTUIbl IPOUCXOAUT UMEHHO TaKOC€ U3MCHCHUE
HaANPsOKEHHOCTU JJICKTPUYECKOTO IIOJIA B OKPYXKAOINUX YaCTHUIY TOYKAX IMPOCTPAHCTBA. W Takas BojiHA I[eﬁCTBPITeJ'H:-HO
COTIPOBOXKIAET 3apsKEHHYI0 YaCTHIly, HO, KaK yTBEP)KIAeT KJIAaCCHYecKas 3JIEKTPOAMHAMHKA, TOJBKO JBUTAIOIIYIOCS C
YCKOpPEHHEM dYacTully (Hampumep, ¢ TOPMOXEHHEeM — TOpMo3Hoe usnydeHue) [1]. OmgHako, B 1934 r. OBUIO OTKPBHITO
H3Ty4YeHUe, CONPOBOXKIABIICE PABHOMEPHO JBHUTAIONIUIICS AJIEKTPOH. DJIEKTPOH, M3Ty4arolluii BUIMMOE IJIa30M CBEYEHUE,
JIBUTAJICA B MIPO3PAYHON CpeJe, CO CKOPOCTHIO MPEBBIIIAIONIEH CKOPOCTh CBETa B JAHHOU cpelie. Peus uueT o Tak Ha3pIBaeéMOM
n3nyuyeHun BasunoBa — UepeHkoBa. DTO W3NyyeHHUE, KaK BBICHWIOCH MO3ke, B 1936 TI., HEe BBITEKAalOUlee U3 JIOTHKH

KJIaCCHYECKOMI DJICKTPOAMHAMUKH, 06naz[an0 HpI/IMG‘IaTCJ'ILHOI\/‘I OCOOEHHOCTBIO — HCIIYCKAJIOCh BIEpPCJ, KOHYCOM, IOA
OIIPEACIICHHBIM  YIJIOM K HAIIPpAaBJICHUIO JABWXCHUSA YaCTHLbI W IO3TOMY [IPUBJICKJIO BHHMAHHUC HCCHGﬂOBaTCHGﬁ.
TCOpeTI/I‘{GCKOG OOBSICHEHHE HSTOI0 CBCUYCHHS nonﬂpmauﬂeﬁ MOJICKYJI Cpeabl (CMGH.[GHI/IGM 3apga0B B aTomMax — C

00pa3zoBaHNEM 3JIEKTPUUECKUX JIUIOJICH) BOIN3N ABMXKYIIEHCS YaCTHIIBI M HCITYCKAaHHUE 3THMH JTUIIOJISIMH JaHHOTO M3JTy4eHHS,
KaK M3BECTHO, ObLIO caenano dpankoMm 1 TaMMoM. 3a YTO U OTKpBIBATENb U 00BSICHUBLINE ITOT G dekT B 1957 1. nomyuunu
mpeMuu. Xouy 3aMeTUTh, YTO TAKOE TEOPETHIECKOe OOBICHEHNE 3TOTO M3IIyUYSHHs, HUBEJINPOBAJIO 3HAUYCHHUE ITOTO OTKPBITHS.
OHO HE TMPOTHUBOPEYUT BBHIBOJAM KJIACCHUECKOM 3IEKTPOJMHAMHUKHU, HO BPAJI JIM SBIAETCS aJeKBAaTHBIM IO OTHOILICHHIO K
peanpHBIM MpolieccaM, MPOTEKAOMKUM B pupoe. IloscHro:

e  JlomycTHM, YTO JIEKTPOH, ABWXKYIIMNCSA B Cpelie, MOKET BBIHYIUTH CMECTUTHCS 3JIEKTPOHHbIE 00Jaka aTOMOB Tak,
YTO «OTOJIUTCSA» IOJIOKHUTENBHO 3apsKEHHOE SIIPO aToMa U aTOM CTaHeT JJIeKTpHUYeckuM aumoieM. Ho Torga 3meKkTpoH
JIOJDKEH TOTEPATh YacTh CBOCH 3HEPTMHU JBIDKEHUS Ha 00pa30BaHHME STOTO JHIOJS U €ro pa3sBoOpOT BOKPYT COOCTBEHHOW OCH
10 Mepe JBIDKCHUs BOJIIM3M 3JIEKTPOHA. 3HAYMT, JIEKTPOH JIOJDKEH TOPMO3UTHCS, a HE JBUTAThCs paBHOMepHO. IloTepsiHHas
JJIEKTPOHOM DJHEPrusl, AOJKHA BOCIOIHHUTHCS MCIYLIIEHHBIM aTOMOM KBaHTa UEpeHKOBCKOrO W3IIydeHHs] — MpPH YCIOBUU
YHHUBEPCAIBHOCTH 3aKOHAa COXpaHeHMs 3Hepruu. OTKyJa aToM 3HAET, KaKOW 3HEPTHU KBAaHT HYXKHO HCIYCTUTb U B KaKOM
HarpasJIeHUH, YTOObI He HApYIIMJICS €llle U 3aKOH COXPaHEHHS UMITYJIbCa STOH CUCTEMBI?

e KBaHTOBO-MexaHWuecKas MoJeNb (WIM sJepHas MOJEJb) pa3peliaeT HaxXOAWTHhCS BHYTPUATOMHBIM BJIEKTPOHAM
TOJIBKO HAa JKECTKO OIpPENEeICHHBIX OpOWTax, W 3TH OpPOWUTHI HH KAaK HE MOTYT BBITSHYTBCS, CTaTh SJUIMOTHYECKUMH,
CJIeI0BATENILHO, 00pa30BaHUE AUMONIEH BCIEACTBUE BO3JIEHCTBHS PAJOM MIPOJIETAIOIIETO IEKTPOHA HEBO3MOXKHO.

e Bce aToMBI, Ha KOTOPBIE BO3JEHCTBYET ABIDKYIIUICS AIIEKTPOH, PACIOI0KEHB! PaAHaIbHO MO0 OTHOIICHUIO K HEMY B
m000# MOMEHT BpeMeHHU. Eciu 3Ti aToMBl BAPYT MO KaKOH-TO MPUYHHE HAYHYT W3Iy9aTh BOJIHBI, TO HAIPABICHUE IBHKCHUS
9THX BOJH OyAeT chepruuecKkr CHMMETPHUIHBIM, a OTHIOb HE 00Pa30BBIBATH KOHYC.

TakuM 00pa3oM, OOBSICHUTH HAJMYUE M3JIyYEHHs Tak, Kak 3To cruenanu Tamm n ®pank — HeBo3MoxxHO. Kpome Toro, B
npouecce OOBSICHEHUS! CBEUYECHUS C TAaKOW IO3WIMM, BO3HUKAIOT MBICIM O COCTOSTEJIBHOCTH M MOJENIM aroMa, |
9JEKTPOAUHAMUKY B LIEJIOM, U 3HAHUI O CTPOEHHUHM BEIIECTBA.
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B T0 X€ BpeMms, ecii NOJOUTH K OOBSICHEHHIO STOTO SBJICHUS C IO3MIMHU JJIEKTPOMArHUTHOW MHIYKIHH, C TOTO C Yero
HAYMHAICS 3TOT IPHUMEP, TO MHOTOE CTAHOBMTCS IOHATHBIM M OOBSICHUMBIM. HO mpu 3TOM HyXHO 100aBHTH €Ille BTOPYIO
4acThb OTOW MBICIH, 3ByYallyl0 IPUMEPHO TaK: BO3HHUKAIOUIEEe IIEPEMEHHOE MAarHUTHOE II0JIE MOPOXKAAET CHILY,
NPENATCTBYIONIYIO0 IEPBOHAYAIBHOMY HM3MEHEHHUIO HAIPSHKEHHOCTH JJIEKTPUYECKOTO TIOJII B IIPOCTPAHCTBE, BBHI3BAHHOMY
JBIDKCHUEM YaCTHIBI — TO €CTh, BO3ZHMKAIOIIAsl 3JEKTPOMAarHUTHAS BOJIHA NPUTOPMAaXKMBAEeT 4YacTHIy. Takum oOpaszom,
BO3HHUKAIOIAsl AJISKTPOMAarHUTHAsE BOJIHA MO CYTH CBOEH SBJISIETCS TOPMO3HBIM M3iydeHHeM. CIeqoBaTelbHO, JIBMKCHUE
3apsDKEHHON YacTHUIIBI IPUBOANUT K BOSHUKHOBEHUIO COIPOBOKAAIOIIETO M3TY4YEHHS 1 TOPMOKEHHUIO YaCTHUIIbI, a HE HA000pOT.
A 3TO O3HayaeT, YTO NPH IBWKEHHUH C JIO00H CKOPOCTBIO JOJDKHO BO3HHKATH COINPOBOXKIAIOIIEE YACTHIL H3IIyUCHHE.
Y106HO, BO3HUKAIOIIYIO BOJHY OIMCHIBATH CKOPOCTHIO M3MECHEHUS HANIPSHKEHHOCTH BO (poHTe BOdHEI V (pucyHOK 1). Ipn
9TOM, II0J HANpPSHKEHHOCTBIO MOXKHO IOHMMATh HAIPSDKEHHOCTb SJICKTPUYECKOTO MOJIS, WM HANpsHKEHHOCTh MarHUTHOTO
HOJIS. — IPUBBIYHBIC JJISL YUTATENS TEPMUHBL, MM IUIOTHOCTB TOH Cpelpl, B KOTOPOil ABMKeTcs BoHA. Ha pucynke 1 mo ocu
OpIMHAT OTJIOXKEHa IUIOTHOCTh cpensl — p, 1o ocu adcmucc Bpems t. Ecim ckopocTh M3MEHEHHS HANpsDKEHHOCTH (WA
IUIOTHOCTH) B €IMHUILy BPEMEHH Y BOJHBI Takas jke, KaK y BOJHBI BHAMMOIO CBETa, TO HCITyCKaeMOE H3IIy4eHHUE
BOCIIPMHHMMAETCS TJIa30M KaK BUAWUMBIN cBeT. CKOpOCTh M3MEHEHUS HANpsHKEHHOCTH 3aBHCUT OT CKOPOCTH JJICKTPOHA.
DJeKTpOH Kak Obl «OOpO3IUT» Ccpely, B KOTOPOH OH JBMXKETCS, CO3[aBas B HEH BOJHY. [Ipu IBM)KEHHH €ro B HEKOTOPOM
MHTEpBAJIE CKOPOCTEH CPaBHUMBIX CO CKOPOCTBIO CBETa B JTOH Cpesie, CONMpOBOXKIAIONIAs €ro BOJHA AOJDKHA OBITH BHIHA C
JTr00BIM M3 LBETOB Paayru (IIBET W3IyYSHHSI COOTBETCTBYET CKOPOCTH YacTHIbI). [Ipy ABMIKEHHH €ro ¢ OoJbIIei CKOPOCTEIO,
YeM CKOPOCTh BHUAMMOTO CBETa, CONPOBOXJAIONIas BOJHA MEPEHIET B HEBUIMMYIO IJIa30M YacTh CIIEKTpa - 0oJiee JKECTKYIO,
KOHYC €€ BBITSIHETCS. B HanpaBIeHHsIX NEepneHIUKYIIPHBIX TOMY KOHYCY CKOPOCTh BOJIHBI OyIeT paBHa CKOPOCTH CBETa, HO
YBHACTH BOJIHY IJIa30M - HEBO3MOXHO. [IpM IBM)XEHHH CO CKOPOCTSIMH HIDKE CBETOBOIl CKOPOCTH — H3JIydYeHHe Oyner
cdepuuecknm, 6e3 KoHyca, B HHQPaKpacHOW YacTH CIIEKTPa 3JIEKTPOMAarHUTHBIX BOJIH.

AP

Ap \ V=ap/at
At
t
Puc. 1

Ho Torna u3 BBIIIE HAMMCAHHOTO CIEAYET TO, YTO JOJDKHO ObwIO crenaHo emie B 1930-e rr. u yx TouHo B 1957 ., KOTI2
OTKPBIBATEIIIO M TEOPETHKAM ObUIN BPYYEHBI IIPEMUU — BBIBOIbI:

e  DIJEeKTPOJMHAMHUKA TOBOPSIIAS, YTO HU3IYyYaeT TONBKO 3apsi, IOBIDKYIIUICS C YCKOPEHHEM, HEBEPHO OIHUCHIBACT
¢usnky mpomecca u TpedyeTcs ee mepecMoTp. Beskuil ABIDKYIIHICS 3apsiji CONPOBOXKIACTCS W3IYYCHHUEM H, BCICICTBHE
3TOr0 TOPMO3UTCA. 3 3TOTO ClieyeT Tak ke, 4TO TUIaHeTapHas MOJIENIb aTOMa He MOXET OBITh pealibHOM.

o «KonmuecTBo ABIWKEHHS €CTh Mepa TAKOBOTO, YCTaHABIMBAECMAs MPOIOPIIMOHAIFHO CKOPOCTH U Macce. KonmmdaectBo
JBIDKEHUS ENIOTO €CTh CyMMa KOJIMYECTB JABIDKCHHS OTACTBHBIX YacTell eroy» [2]. Bor Tak ctpomn cBoro MexaHUKy HBIOTOH.
Pa3zbuBasi TeJ0 Ha OTHENIbHBIC YAacTH, FOPa3Zo MEHBIIUE, YeM 3TO Jenall caM HBIOTOH, MBI MPUEM K TOMY, YTO 3TO OyIayT
3apsHKEHHBIC YaCTUYKU, U3 KOTOPBIX OHO COCTOMT. A onn HCTIPEPBIBHO JABUTAIOTCA B TEJIE COIMIACHO COBPEMEHHLIM
MpCACTABJICHUAM U, CJICA0BATCIBbHO, HEIIPECPHIBHO YTO-TO HU3JIY4YarOT. 3Ha‘{I/IT, TEJIO HEMTPEPBIBHO TEPACT KAKOC-TO KOJIUYCCTBO
JIBIKeHUs. HpI0TOH, KOHEYHO, HEe 3HaI 00 3THX CKPBITBIX CBOWCTBAaX Tejla M, MPEAYCMOTPUTEIHHO CeNIal OTOBOPKY 00 3TOM
BO BCTYIUIEHUH K CBOeMY Tpyay. Ho coBpeMeHHBIM (hrU3HKaM 3TO-TO M3BECTHO. V3 BhIlle HAMMMCAHHOTO CIEAYEeT, YTO MPUHIIUI
nBrxeHus: HploToOHa, M3BECTHBIM Kak MpUHIMN WHepiuu: «CBOWCTBO Tena, MPEACTABIEHHOTO camMoMy cele, yIep)KUBaTh
COCTOSIHUE MOKOS MM PABHOMEPHOIO MPSIMOIMHEHHOIO [BIXKEHUS» - Hapylaercd. JIBuKyleecss Telo HENpephIBHO
TOPMO3UTCS, YTO-TO M3JIy4asl B cpelie, B KOTOpoi oHo HaxoauTcs. Teopus HplotoHa Xopoma, HO TpeOyeT 1opaboTKy.

e U BOT eme OJHO CIEACTBUE OTKPHITHS UEpEeHKOBBIM 3TOr0 H3IY4YEHUS, HE 3aMEUEHHOE WM CO3HATENBHO
NPOUTHOPUPOBAHHOE HAay4HOH 00uIecTBeHHOCTHIO. «IIpeHeOpexnuTenbHOe» OTHOLIEHHE K CHUCTEMaM OTCYeTa HEKOTOPBIX
3HAMEHUTBHIX Y4eHbIX 19-ro, 20-T0 BEKOB NpPHBEIO K «YPaBHHBAHHMIO» CHCTEM OTCUYETa B IpaBax U K (OPMYJIHUPOBKAM:
NPUHIUIIA OTHOCUTENILHOCTH; MaTeMaTHYECKHX MpeoOpa3oBaHMN 3aKOHOB ABWKEHHS IPU IEPEXOAe M3 OJHOW CHCTEMBI
oTcueTa B Apyryro (mpeodpazoBanus Jlopenia). OOHapykeHHE K€ 9TOTO M3IyUEHUs], U3ITYUYCHHUs IBIDKYIIETOCS 3apsSHKEHHOTO
T€JIa B CPEAC, KaK OBl MBI €0 HE OOBACHSIIH («HpaBI/IHBHO» Ui ((HeraBI/IJ'H)HO»), TOBOPUT O NPOTUBHOM: TECJIO ABHKETCA —
W3JTy4aeT, He ABIKETCS — HE W3JIydaeT. JTa Cpeda eCTh aOCONIOTHAs, BBIACICHHAS CHCTEMa KOOPAMHAT, HEPaBHO3HAYHAsS
JIPYTUM, a BCE Tella HaXOJAIIHecs B Hel THOO JBUTAIOTCS M W3IYYaroT, JINOO TMOKOSTCA He m3nydas. Kpurepuil ABMKeHHUS —
HaIMYue W3NydeHus. [IpUHIOWI OTHOCUTENLHOCTH He wuMeeT (u3uueckod peambHOoCcTH. I[IpeoOpaszoBanus Jlopenia,
HaIMCaHHbIE JUISl TOTO, YTOOBI OOBSACHUTH HEOOBSICHUMOE HAa TOT MOMEHT BPEMEHH, Pe3yJIbTaThl ONbITOB MalikeJbcOHa, HMEIOT
YHCTO MaTeMaTH4ecKylo npupoxay. [IpeobpasoBanusi, IPUBOAAIINE K TOMY, YTO B 3aBUCHMOCTH OT BEJIMYHMHBI CKOPOCTH TeJa
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MEHSIOTCSI €r0 MPOCTPAaHCTBEHHBIE Pa3MEpbl, Macca M BBOJWUTCS HEKOTOPOE BHYTPEHHEE COOCTBEHHOE BpEMs Tela — 3TO
Maremaruueckas (GUKIHs, He0OOX0 UMast JIMILb JUIS OJJHOTO — JJIsl OOBSICHEHUS! pAaBEHCTBA CKOPOCTH CBETA BJIOJIb HAIPABICHUS
JIBMDKCHUS IIJIAHETHI U TTOTIEPEK.

O0e Teopun OTHOCUTENBHOCTH, TAKUM 00pa3oM, UCXOAAT M3 HEBEPHBIX HPEANOCHIIOK, HCKYCCTBEHHBIX MaTeMaTHYeCKUX
TEOpHH, HE OTpaXKAIOMUX (PUIHUECKYIO PEATBHOCTD U, CIICI0BATENILHO, CAMH UCKYCCTBEHHBI.

OObekTnBHA 1M (U3MKa Kak Hayka? MoxeT ObITh, CTOMT NpHUCTaJIbHE MOCMOTPETh Ha €€ TEOPETHYECKUE OCHOBBI?
MoskeT OBITh, CTOMT OTKa3aThCsi OT HEKOTOPBIX HCKYCCTBEHHBIX TEOPHH, TOPMO3SIINX €€ pa3sBUTHE, NPUBOAALIMX K
YMO3AKJIIOYEHHSIM THIA «TEOpHs OOJIBIIOTO B3pBIBA» M PA3HOTO POJA «TEMHBIX» OTKPHITHH. MOXkeT OBITh, HafO MPOCTO
pa3o0pareCcsi C TeM, YTO BCE-TaKW HAONIOMAIOT acTPOPH3MKH B HE0O03puMOM KocMmoce. J[ymaro, 4TO OTBET MHOTOJUK.
OOBEKTUBHOCTD HaXOJWUTCSI B NMPSIMOW 3aBUCHMOCTH OT CYOBEKTHBHOTO — OT M3ATENBCTB, HANPABIAIOMINX U PYKOBOISIIINX
MPOLIECCOM PACIPOCTPaHEHHS NH(OPMALIHH.

Taxk ects 1 y GU3UKN Hage)KHBINH pyHIaMeHT? ETo HY)KHO CTPOUTS.

2. ’KugkocTHasi MOJIe/Ib ATOMA, OTHOCHTEIBHOCTh H KOCMOJIOTHA.

2.1. Pa3 u3 mozmenu aToMa cienyeT Bce YCTpOHCTBO Mupa — MOCTPOMM €e: IOKa KaueCTBEHHYIO, IIPOCTYIO U MOHATHYIO
OOJIBIIMHCTBY JIIO/ICH MHTEPECYIOIUXCS MPo0IeMOoil MUPOyCTpoiicTBa BeeneHHOH, He MMEIOIIYI0 HEJOCTaTKOB IIaHETaPHOM
MOJIETIH, COCTOSINYI0O M3 MHHUMAIBHO BO3MOXKHOTO KOJIMUECTBA JJIEMEHTAPHBIX (HEAEIMMBIX) CTa0MJIBHBIX YacTHYEK,
B3aUMO/ICHCTBYIOIIMX MEXAY COOOH IMOCPEICTBOM BCEr'0 OJHOTO B3aUMOJCHCTBHSI.

2.2. B aHTHYHOW JIPEBHOCTH YY€HbIC MPEAIOaraiy, YTO 3al0JHUTEIEM MyCTOTHl B KOCMOCE sIBJIsIeTCsl 0coboe HebecHoe
BemecTBo. M Makcsenn, B «T'pakrare 00 3JEKTpHIECTBE U MarHETU3MEY, IPEATIPHHSII BIIOJHE yJaYHYIO TOMBITKY OOBSCHUTD
JICKTPOMAarHUTHBIE SIBICHHMA C IMOMOIIBI0O MEXaHHMYECKOTO NEHUCTBHS, INEPENaBacMOro OT OJHOTO Tela K JAPYroMmy depes
MIOCPEACTBO CPEAbl, HaXOJIIeecss B NMPOCTPAHCTBE MEXIY TelaMu. Hammume cpempl mpenmosiarajiock y HEro Takke M B
BOJIHOBO TEOPHUH CBETA, 3Ta Cpelia JODKHA OBITh YIPYToi, KOHEYHOH IIIOTHOCTH [3].

Hcxonst W3 3TOro MOJE3HOTO OIBITa, MOWIEM TakMM JKE€ IIyTeM B IIOCTPOSGHMM MOJEIH aroMma, cienas Ooiee oOree
MIPEATION0KEHHE: Bce (M KOCMOC, U T€Na) COCTOUT M3 YNPYTOH, HEBUANMOH TIIa30M KHIKOCTH KOHEYHOH INIOTHOCTH, KOTOPYIO
Ha30BEM IIPUBBIYHBIM CJIOBOM — Mamepus.

2.3. MbI 3HaeM, 4TO BCE Tejla COCTOST U3 DIIEMEHTAPHBIX 3apsDKESHHBIX YaCTHUYEK, HO YTO TAKOE 3apsi MbI ONPE/EICHHO He
3HaeM. UTO MBI 3HaeM Tak 3TO TO, YTO CYIIECTBYIOT JBa POJa YaCTHYEK, OTJIMYAIOIIUECs IPYr OT JIpyra, KOTOpble Jub0
NPUTSTHBAIOTCS JIPYr K Jpyry, Ju00 oTTankuBalorcs. M To W apyroe JneicTBHs, Kak HMX Has3biBajl HbIOTOH,
LEHTPOCTPEMUTEIbHbIE (KYyTOHOBCKHE, TPaBUTALMOHHBIC), OOpPAaTHO NPONOPIHMOHAIBHBI KBaJpaTaM pAacCTOSHUSA MEXIY
YJaCcTUYKaMU.

Hcxozst n3 3T0TO0, CAETIaeM BTOPOE HPEAION0KEHNE: B 3TOH XKHUAKOCTH €CTh JIBa BHIA YCTOWYMBBIX (UIYKTYyallli — CTyCTOK
U JIBIPKa, TAaKHE KaK Ha PUCYHKE 2 (KpacHasl — CTyCTOK, CHHSISI — JBIPKa) TaKHE, YTO CYNEPIO3NIHS UX IIOTHOCTEH OyaeT paBHa
Po. VI3MeHeHHe MJIOTHOCTH XHMIKOCTH B CTYCTKE OOpaTHO MPOMOPIMOHAIBHO KBaJpaTy PACCTOSIHUS OT LIEHTPa CryCTKa.
V3meHeHWe IUIOTHOCTH B JBIPKE MPOTHUBOIOJIOKHO 3TOMY HM3MEHEHHIO B CTyCTKE. VI3MEHEHHE IUIOTHOCTH C(EepHUECKH
CUMMETPHYHO OTHOCHUTENBbHO HeHTpa (aykryanmu. [louemy 3t ¢mykTyanmu crabmisHbI? Hac 3TO moka He MHTEpecyer,
TaK{e OHU alpHOpH. Pa3Meps! X 1moka He 3aaHbl — 3TO AaHAJOTH JIEMEHTAPHBIM 3apsaaM.

‘ P - mwioHocTs

-
R - pacctosnue

Puc. 2

Ecnu Mb1 paszsenem atn urykryaunu (Pucynok 3), To cpenHsist INIOTHOCTB 10 MaTepuu OYyJET TakKas JKe Po, XOTS B KaKUX
TO KOHKPETHBIX MECTaxX IPOCTPAHCTBA 3alIOTHEHHOTO MaTepPHEH, 3Ta INIOTHOCTE OyIeT OTINYHA OT CPEeIHEH.

[IpeanonoxuMm, KOrna-To B MaTE€PUH BO3HHKIHM IO KAKMM-TO MPWYMHAM OECKOHEYHOE MHOXKECTBO TAKHX Iap M HX
YaCTHYKH (IBIPKU W CTYCTKH) Pa3BeH B CTOPOHBI. KakoBa OyneT cpeHss TUIOTHOCTh MaTepuu B pocTpancTBe? Jla Bce Ta ke
Po, XOTS I'/Ie-TO B KOHKPETHBIX MECTaX IUIOTHOCTH Oy/IeT NHOI.

2.4. Ilpunyun oOsudscenus. Kaxnas (uykTyais HCHBITHIBACT AaBJICHHE CO CTOPOHBI OKpYIKalolleld ee Marepuu. JTO
JIaBJICHWE TPONOPLUHOHAIBHO IUIOTHOCTH OKpPY)KAaIOIIEH €€ MaTepuH: IUIOTHOCTh Ooublie — OOJblle JaBliCHWE, MEHbIIE
IUIOTHOCTh — MEHbIIE AaBieHHe. [Ipy HAIMYMK Pa3sHOCTH TAKOI'O JABIEHHS Ha (DIYKTyalHIO C pa3iMYHBIX HaIlpaBJIECHHH,
drykmyayus 08UdNCEMcs 8 CIMOPOHY MEHbULE20 OA6IeHUsl CO CHIOPOHbL MAMEPUU U CKOPOCHIb ee O8UICEHUS NPONOPYUOHATLHA
amotil pasnocmu. IIpy OTCYTCTBUM TaKO# pasHOCTH AAaBIEHUH - QIyKTyanus He ABHKETCS.
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‘ 2 = mioTHoCTH

|

T
R— pacCcTossHUE

Puc. 3

Kak BugHO W3 pHucyHKa 3 JaBJieHHE, OKa3bIBa€MOE Ha JBIPKY CO CTOPOHBI CTYCTKa, OOJbIIE YeM C MPOTHUBOIOJIOKHOMN
CTOPOHBI, U JIBIPKa JBIDKETCS CIIpaBa HaJeBO. [l Ha CIyCTOK JaBJICHHE CIIpaBa OoJIbIle, YeM JaBICHUE CO CTOPOHBI AbIpKH. OH
TOXE ABIKETCS CIIpaBa HaJeBO. [I0CKONIBKY pa3Mepsl (BETHYMHA) 3JIEMEHTAPHBIX JBIPOK U CTYCTKOB PaBHBI, TO M BO3EHCTBUS
HX APYT Ha APYra paBHbI, ¥ HUKOT'/Ia CTYCTOK HE JOTOHUT JBIPKY, HO M HE OTCTaHET OT Hee.

PaccmoTrpuM aBe OpIpKH B 00acTH AeWCTBUS IpyT Apyra (PucyHok 4).

‘ p = [UIOTHOCTDL

-
R - paccrosmme

Puc. 4
W3 pucyHka 4 JIErKo IMOHATh, YTO JBE JBIPKH OyIy JBUTaThCs HABCTPEYY IPYr IPYry, a CIHBIIKCH, OCTAHOBSTCS,

00pa3oBaB HOBYI0, 0OJIBLIYIO 110 pa3MepaM JIBIPKY.
PaccmoTpuM Ba CrycTKa B 00JIACTH JCHCTBUS IPYT pyra (PUCYHOK 5).

‘ [0 = mrotHOCTH

-

R - paccrosmme
Puc. 5
s PUCYHKa 5 BUIHO, YTO ABa CI'yCTKa OTTAJIKUBAIOT APYT ApyTra.

PaccmoTpuM crycTok B 00sacTH ACHCTBHS OONBIION, COCTABICHHOW M3 HECKOJBKUX JJIEMEHTapHBIX IBIPOK, IBIPKH Ha
pucynke 6. HazoBem cimBIINEecs HECKOIBKO JIEMEHTAPHBIX JABIPOK B OJIHY OOJBIIYIO — IBIPOH.
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‘ P - wiomHocts

-
R - paccrosnme

Puc. 6

W3 pucyHka 6 BHIHO, 9TO M JIBIPA, U CTYCTOK JBUTAIOTCS B OAHY CTOPOHY. HO MOCKOIBKY IbIpa CIIOKEHA U3 HECKOIBKHX
IIBIPOK, TO TPAJUEHT IUIOTHOCTH OKPY)KAIOIIEH CrycTOK Marepuu OyneT Ooiblie, YeM IpaJdeHT IUIOTHOCTH OKpPYKaroIeH
nbipy. CrenoBarenbHO, CKOPOCTh JBHIXKGHUsI CrycTKa Oyner Ooiibllie CKOPOCTH ABMXKEHUs AbIpbl. CTyCTOK JOTOHHUT ABIPY,
BOIJIET B HEe U OCTAHOBUTCA B €€ LIEHTPE, KaK Ha pUCYHKE 7, TIOCJIE Yero JBHKEHHE 000MX IMPEKPATUTCS.

A p = IUVIOTHOCTH

o

R - paccrosnne
Puc. 7

HWTtak, npoaHann3npoBas BCE ITH B3aUMOJICHCTBHS, MBI MOXEM CJIEIaTh CIEIYIOIINE BEIBOIBL:

e Bce JIBIPKH CTPEMSATCS CIUTHCS JPYT C APYroM, 00pa3oBaB JbIPHL;

e  JIBIPHI CIIOCOOHBI 3aXBaThIBaTh CTYCTKH, 00pa3ys CHCTEMY IIOXOXKYI0 BHEIIHE Ha aTOM, COCTOSIIYI0 U3 OJHOM
cyOcraHmuM (Cynepno3uius IUIOTHOCTEH CTYCTKOB M JABIPHI) — MaTepHH; B TAaKOH CHCTEME Ha CTYCTKH JEHCTBYeT
LEHTPOCTPEMUTEIbHAS CHJIa CO CTOPOHBI JBIPHI M CHJIBI OTTANKHBAHHA, MEXIY IOTJIOUICHHBIMU CTYCTKaMH; KOJUYECTBO
JBIPOK B Takoil cucTeme, JODKHO MPEBBIIIATh KOJHMYECTBO CTYCTKOB (MHA4e HACTYIHT CUTYyalus Onm3kas oOcykmaaeMoi Ha
pucyHke 3);

e uMes B HAJIMYUM Takue JABe (UIYKTyallMH, Mbl MOXXEM CKOHCTPYHPOBATh JIBa BHJA YACTHIL: HPUTATHBAIOIIUXCS H
OTTAJIKUBAIOLIUXCS; TPUTATUBAIOIINE YACTHUIIBI MOTYT OBITH IPOCTEIMU M COCTaBHBIMU;

e  Mapa «IbIpKa — CTYCTOK» MOX0Ka Ha 3JIEKTPOHHO-MIO3UTPOHHYIO T1apy, a TAKXKE [OX0XKa Ha ()POHT BOJIHBI B KUJIKOCTH
MaTepuH, 0X0%Ka Ha JBIDKYIIHICS 3JIEKTPOH C COIPOBOK/IAIOIICH €ro BOJIHOM pa3psyKeHNs;

e B MaTepuM MOTYT OCTaThCs CBOOOJHBIE CTYCTKH, a BOT JIBIPKH BCE HAPACXBAaT, YTO TaK )K€ HAIIOMHUHAET CUTYaluIo ¢
9JIEKTPOHAMH U NMO3UTPOHAMU.

Uro Takoe AbIpKa U CTYCTOK B MUPE OTKPBITHIX 3JIEMEHTAPHBIX YaCTHULL?

CrycTox - IoJIOWAET U 3JIEKTPOH, 3JIEMEHTapEH, UMEETCsl B OTPOMHBIX KOJIMUECTBAX, B CBOOOHOM COCTOSIHHUH.

JpIpKa - TOTHAs TPOTHUBOIIOIOKHOCTE 3JIEKTPOHY, BO3MOXKHO, 3TO MO3UTPOH, €CIIH MO3UTPOHBI MOTYT CIHBATHCS JIPYT C
JIPYTOM U 00J1a1aTh TAKUMH XK€ CBOWCTBAMM, KaK M ABIPKA, B IPOTHBHOM CJIydae aHAJOT - 3TO APYyTrHe, IOX0XKHe, HO eIe He
OTKPBITHIEC YACTHIIBL.

2.5. PaccMoTpuM elie OfMH CIYCTOK B 007aCTH JEHCTBHS CHCTEMBI, KOTOpast n300paxeHa Ha pucyHke 7. Uro npousoiiner
¢ 3TuM crycTkoM? OH Takke OyZeT 3axBadeH M IOMENIEH B IICHTPAJIBHYIO YaCTh CHCTEMBI, T/le YCIIOKOUTCS Ha HEKOTOPOM
pPacCTOSIHUU OT APYTOro CTYCTKa, YK€ MPHCYTCTBYIOIIEro TaM. B mrore mosyumTcs cucrema: IpIpa, B KOTOPOil OymyT IBa
HETIOJIBMKHBIX CT'yCTKa, pacliojo)KeHHbIE Ha HEKOTOPOM PACCTOSIHUM JPYT OT Apyra ¥ oT ueHTpa. Eciam npubiausum eme oauH
CT'YCTOK, TO MOJY4YHM: JIbIpa, BHYTPH KOTOPOH OyJeT TpW CrycTKa, paBHOOTCTOSIIUE JIPYr OT Jpyra (B yrjilaX NpaBHIBHOTO
TpeyronbHuka). Jl00aBMM elle CryCTOK — IOJIy4WM: AbIpa, BHYTPH KOTOPOH YETHIpE CrycTKa B BEpIIMHAX TPEYTOJILHOM
npaMuabl. IISTh CryCTKOB: JIbIpa C BBITYKJIBIM MHOTOTPaHHUKOM (YeThIpexyronbHas nupamuaa). U tax nanee. B 1878-1879-x
IT. A. Maiiep SKcHepHMEHTAIBHBIM ITyTEeM NPOU3BOAMI 1MO100HbIe 3anonHeHus [4]. Toipko y HEro BMECTO CTyCTKOB OBLIH
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MaJIeHbKHE NPOOKH, ¢ HAMAarHMYCHHBIMHU WIJIAMH, IUIABAIOINME HA MOBEPXHOCTU BOABI (MArHUTHI OJHUM IIOJIIOCOM BBEpPX), &
BMECTO Hallel JbIpbl ObUI OOJIBIIONW MarHWT, pacliojOKEHHbBIH HaJl NpoOKaMy MPOTHUBOIOJIOKHBIM IMOJIOCOM BHHU3. [IpoOku
MEK1y OO0 pacTalKMBaIUCh, HO CTPEMHJIMCH K LEHTPY 0] OOJIBIIMM MarHMTOM H3-3a LEHTPOCTPEMUTEIBHOW CUIIBI 3TOTO
MarHurta u oOpa3oBBIBAINCH YCTOHUYMBBIE KOH(GUTypauuu npobok. Eciu yncino npoGok 6610 10 5, TO OHM pacnoiarajivuch B
yriax NpaBWIBHOTO MHOTrOyronbHMka. Ecim 6, To ogHa mpoOka 3aHMMaia LEHTP, OCTajbHbIE 5 — YIIIBI MPaBHIBHOTO
ISITHYTONIBHUKA C ATUM ke IeHTpoM. [Ipu kommyectBe 29 mpoOoK, B IIEHTpe — 0/1Ha MPOOKa U OCTaIbHBIE KoJbLIamH 1o 6,9,13
MarHuTukoB. Y A. Maiiepa nocTpoeHHs NPOU3BOAMINCE Ha IUNIOCKOCTH, Y HAC K€ aHAJIOTHUHBIE TOCTPOCHUS B MIPOCTPAHCTBE.
Y Maiiepa: konebOaHnsT BHEUTHETO MAarHUTA, MMOydaeMble IEPEABIKCHUEM €0 110 BEPTHUKAJIH, IPUBOIIIIO K TIEPEXOLy OJHOM
KOH(UTypalluyl MarHUTHKOB B JIPYTYIO, TOKE YCTOMYMBYIO KOH(GHUTYpaIuo. Y HaC K€ M0J100HbIE N3MEHEHHS IPOU30HIYT NpH
W3MEHEHHH KOJINYECTBA JBIPOK, COCTAaBILSIIONIINX IBIPY CHCTeMbl. Ecnm nmplpa mocTaTo4HO OoJbIIasi, TO OHAa 3aXBaTHT
JOCTaTOYHO MHOTO CTYCTKOB, MPEXIE 9e€M «HACBITUTCS» U MPEKPATHT MOIJIONIATh CIEAYIOIINe, TaK KaK HACTYIHT CHTYalus,
CXOJHasi C CHTyammeil, oOCyxmaeMol Ha pHCyHKE 3, KOTa M CHCTEMa, W CTyCTOK OYAyT IBHTaThCsl C OJUHAKOBBIMH
CKOPOCTSIMH, 0€3 MPOHUKHOBEHHSI CI'YyCTKa BHYTPb. DTH MOTJIOIIECHHBIE CTYCTKH MOCTPOSITCS TaK: OJUH B LIEHTPE, @ OCTAJIbHBIC
Ha KOHIIGHTPUYHBIX YCJIOBHBIX cQepax B BEpIIMHAX 3aMKHYTHIX MHOTOIDAaHHUKOB. Takue cQepuyeckn 3aMKHYTHIC
KOH(UTypaluy — MHOTOTpaHHUKU M3BECTHBI: UX Ha3bIBAIOT (yJuiepeHamu.

2.6. Utak, aToM 3TO JbIpa B MaTepuH (Jblpa OKpaIlleHa XKEJIThIM [[BETOM Ha PUCYHKE 8§), BHYTPH KOTOPOI KOHLIIEHTPUIHO
LEHTPY JABIPBI PACIHOJIOKEHBI CTYCTOK M HECKOJBKO cdep (yiuiepeHoB, B BEpIIMHAX MHOTOIPAaHHHKOB KOTOPBIX HAaXOZISTCS
CTYCTKH MaTepHu (3aIITPUXOBAaHHAsI KPACHBIM [[BETOM 4acTb PUCYHKa 8).

Puc. 8

Ecnu npenmnosiokurh, 4TO B KaXJ0H BEPIIMHE Takoro (yiiepeHa MOXKET HaXOAWTHCS HE NMPOCTO CTYCTOK, a (yirepeH
MEHBIIIETO IOPSJIKA, TO BO3MOXKHOCTH TOJOOHBIX IIOCTPOCHHH NPOCTO HE OrpaHWYeHbl. MOXXHO TOCTPOUTH BCIO
HEepapXUUECKyIO 10 Macce JIECTHHUILY M3BECTHBIX JJIEMEHTAPHBIX YAaCTHIl, XUMHIECKUX 3JIEMEHTOB, IIEPEOCMBICIINB, KOHEYHO,
3aBUCHMOCTbh XMMHUECKHX CBOWCTB AJIEMEHTOB OT COCTaBa M CTPYKTYPHI AbIPBI, U (YIIEPEHOB aToMa.

Bech aToM MMeeT IUIOTHOCTh MEHBIIYIO, YEM CPEAHASA IUIOTHOCTH MATEPHH, MOCKOJIBbKY YHCIIO 3JIEMEHTapHBIX JIBIPOK,
COCTaBIIIOLINX €ro, OOJBIIE YHCIA IIEMEHTAPHBIX CTYCTKOB. IIpnbmmkasch K aToMy H3BHE, INIOTHOCTh MaTEpHUH CHadajia
NaJaer, a MOTOM BOJIHOOOPa3HO MEHSETCS 10 Mepe MPUOKEeHUs K HeHTpy. CryCTKH, HaXOsIIIHecs] Ha BCeX ATHX YCJIOBHBIX
cepax HENOABMIKHBI U HAXOJSTCS B YCTOMYHMBBIX COCTOSIHUSIX — M 9TO M30aBIIsIeT HAC OT INIABHOT'O HEIOCTaTKa TPAIUIIMOHHON
anepHoi mMozpenu. Eciam aTroM MOTJIOTHT emie OfHY WM HECKOJBKO JIBIPOK (MJIM CT'YCTOK), TO BO3MOXHO MEPECTPOCHHUE
CTYCTKOB B (pyyiepeHax. OTO HEpPEeCTPOECHHE BHI30BET BOJHOBOE KOJeOaHHE IIOTHOCTH OKpYXKaloIled mMaTepuu. JTa BOJIHA
JBIDKETCSI TaM, TJ€ IJIOTHOCTb MAaTE€pUU OTJIMYHA OT HyJIs — TO, YTO MBI BOCIIPMHUMAeM KaK 3JEKTPOMArHUTHYIO BOJIHY.
Bcesikoe u3MeHeHHe BO BPEMEHHU IUIOTHOCTU MaTEpUH, PACHPOCTPAHSETCS B MAaTEpUU B BUAE T'MIPAaBIMUYECKOIN MPOAOIBHO-
MONEPEYHOI BOJHBI, CKOPOCTb PACIPOCTPAHEHHSI KOTOPOW sIBISieTCSl (YHKIMEH IUIOTHOCTH >KHIKOCTH B JAHHBIX TOYKaX
IPOCTPAHCTBA.

2.7 3amTpuxoBaHHas KpPacHBIM I[BETOM YacTh PHCYHKa 8 ((ymaepeHs) B TPEXMEPHOM IMPOCTPAHCTBE BBITIISANT Kak
(yTOOTBHBIN MY, TOATOMY HA30BEM 3Ty 00JacCTh MAuOM (AT OTIUYUS OT SApa B TPAAWUIIMOHHOHN SIIEPHOM MOJENH aToMa),
Hy a BHEUIHIOIO 4YacTh aroMa (OKpallleHa >KeNTHIM LBETOM) — Oblpoll atoMa. BenmmumHy p, paBHYIO pasHOCTH CpeqHei
TUIOTHOCTH MaTepuH BOJIM3H ABIPHI aTOMa Po M MUHUMAJILHOM INIOTHOCTH MaTe€puy BHYTPHU ABIPBI aTOMa P;, HA30BEM 2IYOUHOIL
ObIpbl aTOMA.

2.8. Ecni Ha HEKOTOPOM PACCTOSHHUHM OT IEHTpa atoMa R, BRIIETUTH chepy A ¢ HEKOTOPBIM paauycoM (Ha pUCYHKE 8 OHa
M300pakeHa CUHHM I[BETOM), W TIOMECTUTh B 3Ty cdepy Tr000€ YyCIOBHOE Teno (CTYCTOK, AbIpKa WM COCTaBHas WX
KoMOWHAIMs), To 3Ta chepa Oyaer ABUraTbcs OT mnepudepur ABIPHI K MAdy aromMa. CKOpOCTh 3TOTO JABIKCHHS OyAeT
MPOTIOPIMOHATBHA PA3HOCTH JABICHUNA Ha 3Ty cdepy CO CTOPOHBI MATEPUH JIBIPHI aTOMa B KAXKAOH TOYKE ITOH TPACKTOPHH.
Crenyer 3aMeTuTh, YTO cepa He 3aBUCHMO OT TOTO, YEM €€ HAIlOJHUTb, Oy/leT NagaTh Ha M4 OJAMHAKOBO — 3TO epAGUMAyus
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aroma. TOYHO TaKk K€ M B 3€MHBIX YCJIOBUAX. Eciam B3sTh mIapsl, CIENaHHBIE M3 Pa3HbIX MaTepHaloB (METald, IEpPeBo,
XKHJKOCTh), OJHOTO pa3Mepa, U COPOCHTh UX C OAHOW BBICOTHI O€3 HAayaJIbHOM CKOPOCTH, TO OHM OyAyT HajgaTh Ha 3EMIIIO
OJJMHAKOBO.

Crenyer 3aMeTHTh, YTO Pa3HOE coziepuMoe cdepbl A, OyaeT IeiicTBOBaTh HAa MsTY aToMa 1o pasHomy. M3 aToro oueBuHO,
YTO AEWUCTBUS JBYX pasHbIX TeN APYr Ha Apyra MexJy coOoi He paBHBI, YTO TOBOPHUT O HE BBHIIOJHHMOCTH TPETHErO 3aKOHA
Hrrorona. K TakoMy ke BBIBOJTy MOXKHO TIIPHHTH, Opocast Iapbl U3 pa3HbIX MaTepHaJIOB B MOJIE TATOTEHUS 3eMJIH.

2.9. Teno.

B mapre 1928 r. K. JI»BucoH mpounTan mokian Ha 3acemannyd OpaHKIMHOBCKOTO WHCTHTYyTa B Pumanensdun [5], Ha
MIEPBBIX CTPAHMIAX KOTOPOTO JAETCSI OTMCAHNE Mmesid, KPUCTAIIa HUKENS, C KOTOPBIM IPOBOMIINCH OMBITHI 10 O0TydIEHHUIO €r0
MIOTOKOM 3JIEKTPOHOB. DTO OIMCAaHHE MPOBEICHO C TOYKM 3PEHUS TE€X 3HAHHH, KOTOPHIMH oOnanana (u3uKa HA TOT MEPUOX
BpeMEHH, a UMEHHO: «MBbI IMEeM OCHOBaHUS CUMUTATh, YTO JUAMETP JIEKTPOHA MOPSAKA 102 cm. Mt 3Haem, 4To MOPAIOK
BEJIMUMHBI TMAMETpPa aToMa cocTaBimsier 10° cM, M 4TO HAMMEHbIIEE PACCTOAHHE MEXKIY aTOMAMH B KPHCTAIUIC HHKENS eCTh
2,48~1O’SCM. Ecmu npuaATH 1078 ¢M 3a €IMHUIY JJTHHEI, TO THaMeTp JIeKTpoHa OyneT paBeH |, quaMeTp aroMa HHUKeNS OymeT
100 000, a HamMeHbIIIee PACCTOSHUE MEXKIY aTOMaMH B KpucTajute HuKels OyaeT nmpuMepro 250 000» Bot 3ti MmaciraOsl MHE
W MHTEPECHBI B NPUBEICHHOM mpumepe. He nymaro, 9To 3TH NpENCTaBIICHHS O BEIIECTBE IPETEpIeN Kakoe-TO CHIBHOE
W3MEHEHHE K HACTOSIIEMY BpPEMEHH, TaK KaK OHM CJENaHbl C IMO3MLWH SACPHOM MOJEIM aroMa, a OHAa — M3 OIBITOB
Pezepdopna. B Toxke Bpemsi, eciii MCXOAWTH W3 albTEPHATHBHOW JIOTHKM O0OMX HPUMEPOB, NPUBEJCHHBIX B BBEICHUU, U
KHUJKOCTHOH MOJIEIIH aToMa, TO 3TH MacIITa0bl CYIIECTBEHHO U3MEHSTCS:

e  pasMep atoma 108 em;

®  pacCcTOsSHUE MEXAYy aroMaMu IpeKHee 2,48-10 %M, Tak Kak KOJIMYECTBO ATOMOB B Tee MpeXxHee, MIOTHOCTh
BEILIECTBA HE JI0JDKHA U3MEHUTHCS;

e pa3sMep Msua aTOMa KaK MHHHMYM Ha TIOPAZOK MEHbIIE pasMepa atoma 104 cu;

e  MfY aTOMa HUKEJS] COCTOUT M3 HECKONBKHX THICSY CTYCTKOB, OTCTOSIIIUX JPYT OT APYTa Ha HEKOTOPHIX PACCTOSHUAX,
CIIeI0BATENBHO, Pa3Mep CryCTKA OPHEHTHPOBOYHO HA IIATh MOPSAAKOB MEHBIIIE pa3Mepa Msiua i mpuMepHo paser 1070 cm.

Ecnu npuHATE, 9TO CryCTOK M €CTh JICKTPOH, TO HOJydHM B MAacIITade CrycTKa BOT TaKHe MPOMOPINH: CI'YCTOK - THAMETP
paBeH 1; paccrosaue Mexny msaamu Hukens 248 000 000 000; camu mstau muamerpom 100 000. Takum obpasom, meno, 3TO
HekoTopass (opma (TpaHHIA Tela), 3alOJHEHHAs >XUIKOCTBIO MaTepUH ONPENCICHHOW IUIOTHOCTH, BHYTPHM KOTOPOH Ha
OIPCACIICHHBIX U OYC€Hb 3HAYUTCIBbHBIX PACCTOAHUAX PACIIOJIOKCHBI «ITY3bIPbKW» - NBIPKH, C COACPKAIIUMUCA B HUX MsAYaMU
BelIeCcTBA. JTa JKUAKOCTh (KaK M BCSKasl AKHUJKOCTh, K KOTOPOH MBI IIPUBBIKJIM, BOJIa HAIIpUMEp) UMeeT CBOWCTBO ypaBHUBATh
CBOIO INUIOTHOCTH W JABJICHUC IO BCEM HaAINPaBJICHUAM BHYTPU q)OpMI)I TCJa, 3a HUCKIIOYCHHUCM obnacreii HaXogAIuXCsa B
HEMOCPEICTBEHHOH ONN30CTH OT Msiyeld. DTOT MEXaHU3M ypaBHUBaHUs (10 CyTH - 3akoH [lackais) mpUBOIAMT K TOMY, 4TO Ha
Ka)i(,[[]:lﬁ MY CO BCEX CTOPOH I[eﬁCTByeT OJJMHAKOBOC OaBJICHUC (Fpa):[I/IeHT JaBJICHUS PaBCH HyJ'IIO) 1 MA4YU TCJIa HC CTPEMATCA
commsuThes Apyr ¢ apyroM. Kak Bumum, 3akoH Ilackams mMeeT (yHIaMEHTaIbHYIO CYINIHOCTh. JTO CBOMCTBO HE AaeT
«CXJIOIBIBATHCS» aTOMaM MO ASHCTBUEM CHII TATOTCHUS - TPABUTALIUH.

Hy, u BO3Bpamasch K IPHUBEICHHOMY B Hadase IyHKTa Mokiany K. /I3BHcOHa MOXXHO OTBETHTH Ha BOINPOC JOKJIAna:
«BoyHBI 1M 3NMEKTPOHBI?». J[BIKEHHE CTYCTKa B MOpE J>KHAKOCTH COOCTBEHHO YK€ MOXHO BOCIPHMHHUMATH KaK BOJIHY,
IIPUHMMasi BO BHUMaHUE Pa3MbITOCTh €T0 INIOTHOCTH. Ho crycrtok cam mo cebe HE MOXKET JABHIAThCsS B PAaBHOMEPHOM MOpE
XKHIKOCTH, Bellb IUIOTHOCTh €€, OKPY)KAaIoIasi Cr'yCTOK, CO BCEX CTOPOH OJMHAKOBA (M3 NMPUHIMIA JBWKEHHS (QIyKTyalluu
myHKT 2.4). EquHCTBeHHAs anbTepHATHBA 3TOMY — IBHTaThCs 3a pa3psDKEHHEM KaKOH—TO BOJIHBI, YBJIEKaThca €10. 1o ecTh
CTYCTOK—OJICKTPOH JOJKEH OBITh HEPA3PBIBHO CBA3aH C BOHHOﬁ, YTO MU HNOATBEPKIAACT OTKPLITUC U3TYUCHHUSA BasuioBa—
UepenkoBa (B MOeil TeOpeTHIECKOH TpakToBKe). A 4To poxjaaer BoaHy? Cama iu yactuna? Mnm yactuna ysiekaercs exo? Eme
npeAcTouT BbIsICHUTh. Hy M oTBeT Ha nokiaj. Beskuil MOTOK BOJIH Ha IpaHULE paslelia ABYX pPa3HBIX KHAKOCTEH, pa3HOM
IIJIOTHOCTH, YaCTUYHO OTPAXKACTCA Ha 3TOM TpaHUIEC, YaCTUYHO MPCIOMIIACTCA, KaK U JOJDKHBI ACJIaTh BOJIHBI; W 3JICKTPOH,
clie/lysl 32 CBOeH BOJIHOM, JIMOO OTPa3UTCs C YIVIOM IaJieHUs] PaBHBIM YIIIy OTPaXKEHUs, €CJIM CJeJIaeT 3TO ero Beayllas BOJHa,
00 «IIPEJIOMUTCS» TPH aJbTEPHATHBHOM IIOBEJCHUH CONPOBOXKIaromiel BoiHBL CTaTHcTHUYecKas KapTHHKa O0OMX 3THX
MIPOLIECCOB MOJIYYUTCS B UTOT€ Takod, kKakod nonyuyui ee K. JI3BHCOH.

2.10. Ilnanema.

Yro Takoe IUIaHETa C MO3UIMHU 3TOH Mozenu? YUem Oosnblle MOPSAKOBBIH HOMEP aToMa BEIIECTBA B NEPHUOANYECKOM
CHCTEeME XMMHUYECKHX 3JIEMEHTOB, TeM M3 OOJIBIIETO KOJIWYECTBA CIYCTKOB JOJDKEH OBITh CIIOKEH MsY 3TOrO aroMa B
KHUJIKOCTHOH MOJIENI aTOMa, U U3 ellle OOJBIIero KoIN4ecTBa JBIPOK JOJDKHA COCTOSATH ABIpa 3TOro aroMa. IlpudeM ckopocTh
IIPUPOCTa KOJIMYECTBA JIBIPOK II0 MEpe pPOCTa MOPSAKOBOTO HOMEpa aToMa JOJKHA OINEepekaTh CKOPOCTh MPUPOCTa CIyCTKOB.
910 0O3HAYACT, YTO YCM «TAXKEIICC)» BEUICCTBO, TEM MCHBLIIEC CPEAHAA IJIIOTHOCTh MAaTEPHUU B HEM. Toma Cynia mJIaHeThI - TO, YTO
HaM NpEACTaBIACTCA Hau0OoJiee IIJIOTHBIM — SIBISIETCS MaTepHeﬁ C MCEHBIICH INIOTHOCTBIO, YEM OKCAHBHI. HOIIHI/IMaHCB Haxg
Cylled, TUIOTHOCTh MaTEepPHH IOBBIMIAETCS (BO3AYIIHAS arMocgepa IUIaHEeTHl) M, JOCTHTHYB KOCMOCA, MBI HPHUOIHM3MMCS K
MaTepuy caMmoil OOJNBIION TIOTHOCTH - K OmbOneiickoir «rBepam». [lmanera, Takum oOpa3oM, sBisieTcs OONBIION IBIPOH
3aIIOJIHEHHON CTYCTKaMH U €€ CPEe/HssI IUIOTHOCTh MEHBIIE INIOTHOCTH KocMoca. CoOCTBEHHO, BBIIVISIUT OHA, Kak OOJbBIIONH
aTOM - PUCYHOK 9.
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Puc. 9

DKCrepUMEHTAIBHBIH (aKT: CKOPOCTh CBETa B CTEKIIE, MEHbILIE CKOPOCTH CBETA B BO3/yXE, a T4, B CBOIO OUepEllb, MEHBIIIE
CKOpOCTH CcBeTa B Bakyyme. ClieoBaTenbHO, C TOUKHM 3PEHHS KHUIKOCTHONH MOJENH, 4eM OoJbIlle IIIOTHOCTh MAaTepHH, TeM
Oouble JOMKHA OBITH CKOPOCTH cBeTa. CKOPOCTh pacrpoCTpaHEHHs BOJIH B MAaTEPUH MPOMOPIMOHANIBHA TNIOTHOCTH MaTepPHU.

Kitaccuyeckas anekrpoauHamuka MakcBemia, npeoOpasoBanus JlopeHa U obe TeOpUHM OTHOCHTENBLHOCTH HCXOISAT U3
TOT0, YTO CKOPOCTB CBETa B 3(hUpe MK B BaKyyMe SIBIISIETCSl HEKOTOPOW YHUBEpCalIbHOM KOHCTaHTOH. ONpeessaTh BaKyyM Kak
MPOCTPAHCTBO C OTKAYaHHBIM BEIECTBOM, C yNAJICHHBIMU M3 NPOCTPAHCTBA aTOMaMH, C TOYKH 3PEHUS KHIKOCTHOW MOJENN
aroma He afiekBaTHO. O4EeBHAHO, YTO BaKyyM B KaMepe YCKOPHTEIS Ha IUIaHeTe (IMyCTh JaKe HACaTbHO OTKaYaHHAS KaMepa) u
BaKyyM KOCMOCa Ha OpOHTE KOCMHYECKOW CTAHIMM — CYIIECTBEHHO pas3iHyeHbl. M He mMOoTOMy, 4TO KOJIMYECTBO aTOMOB
BO3/yXa B €IMHHIIE 00bEMa MOXKET OBITh HE OJMHAKOBO (IIycTh OyIyT OHHU PaBHbI), @ IOTOMY YTO IDIOTHOCTh MaTepHH pa3Hasi,
OHa IIPOTIOPIIOHATbHA PACCTOSHHUIO OT ITOBEPXHOCTH IUIaHETHI. I1MOoTHOCTE MaTepun B 6€30peXKHOM KOCMOCE BCIONY pasHasl.
Hamomuro, y Hac mon marepuedl OHMMAaeTcsl HE IUIaHeTa WM 3Be3[a B NPOCTPAHCTBE-BPEMEHH, a IUIOTHOCTH KHIKOCTH
MaTepuud B MHPOBOM IpocTpaHcTBe. OTCIoNa - BTOPOH MOCTYNAT, HA KOTOPOM OCHOBaHBI TEOPUU OTHOCHUTENIBHOCTH, C TOUKH
3pEeHMs JKUIKOCTHOM MOJEIM aToMa, He UMeeT MecTa ObITb. Ckopocmb ceéema nponopyuoHaibHa NAOMHOCHU MAMepuu U He
Aaensiemcs yHugepcanvrol koncmanmoti. OHa BCIOAY pa3Hasi, YTO M MOATBEPKAAETCS ONBITAMH, JaXKe B 3MHBIX YCIIOBHAX.

Tax Kak OBITh C TEMHU SBICHUSIMH, KOTOPbIE MOJTBEP)KIATH TEOPUIO OTHOCUTENHHOCTH? O6 3TOM BO BTOPOH 4aCTH CTaThU.
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B cmamve npusooamcs pesynomamol MOHUMOPUH2A 8EMPOBO2O BONHEHUS, NPOBOOUMOZ0 6 OceHHe-TemHull nepuoo 201 1-
2015 22. ha cmayuonapHoll okeanozpaguueckotl niamgopme. B pesynomame ananuza 8500 8onnocpamm nonyuensl OCHOSHbIE
cmamucmuyecKue XapakmepucmuKky 6blCOm 60JIH, Onucvlgarowue 6011080l pexcum 6 2011-2015 ce. B uacmnocmu,
MAKCUMATbHBIE 8bICOMbL GOJIH 1eMOM 00CMUSAnU Gblcombl 3,3 M, a 0ceHbio — 5,6 M.
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WIND WAVES NEAR THE SOUTHERN COAST OF CRIMEA IN SUMMER AND AUTUMN
Abstract
This article is devoted to the results of the monitoring of wind waves, conducted in 2011-2015 on the fixed oceanographic
platform. The author gives a clearcut presentation of the basic statistical characteristics of the wave regime in 2011-2015,
obtained by analysis of the 8500 wave records. In particular, measurements showed that the maximum wave height in summer
was 3,3 m and in fall — 5,6 m.
Keywords: wind waves, wave height, periodicity, Black Sea.

BBez[eHne. I'mnpomereoposorudeckue HaOMIOAECHUS BCerJa WIPald BaXXHYI0 pOJNb B HAapoOAHOM XO3sHCTBe,
obecrieunBas 0€30MaCHOCTh MOpPEIUIABAHUS M TPHOPEKHON MHPACTPYKTYPHI, @ TAKIKE SBIISISICH BAYKHBIM 3JIEMEHTOM
nojiepkanust obopoHocrnocodHocTr crpansl [1, 2]. Haunnas ¢ 90-x rogoB XX cToseTHsi, OTMEYaETCsl Pe3Koe COKpalleHne
THIPOMETEOPOJIOTHUECKUX ~HaOMoAeHU B NpuOpexHbIX palionax YepHoro wmops. I[losTomy mio0ble u3MepeHHs
THJPOMETEOPOJIOTHUECKHUX MTapaMeTPOB UMEIOT OOJIBLIYIO HAYYHYIO U MPAKTUYECKYIO IIEHHOCTS [3].

Lens HacTosimiel pabOTHI COCTOSIIA B CIIETYIOLIEM:

HCCIIEI0BaTh XapaKTEPUCTUKH BeTpoBoro BoiHeHUs y KOxHoro 6epera Kpsiva (nrr Karusenn) B neTHe-oceHHHIT epron ¢
UCTIOIB30BaHUEM JAAHHBIX THAPOMETEOPOJIOTMYECKOr0 MOHUTOPHHTA Ha CTAllMOHAPHON OKeaHosorndeckoit mardopme (COIT).

Paiion m3MepeHuii U ucnoabdyemasi anmaparypa. VM3mepeHus NpOBOAMIUCH HA HCCIENOBATENbCKOM CTAalMOHAPHOM
okeaHorpaduueckor 1aTdopme, pacroioKeHHOW B mpuOpekHOH uyactm YepHoro mops nrr Karmusenn. Ilmardopma
MPEACTaBIsIET coOOH CBalfHYIO NPSMOYTOJNBHYIO KOHCTPYKIMIO pazmepoM 20X20 M. m obopynoBaHa Aisl IIPOBEICHUS
okeaHorpaduyecKux uccienaoBanuii. [1youHa Mops B 310 Touke — 30 M, paccrostnust 10 Oepera 450 m. Jlns mpoBeaeHUsI
MonuTopuHra Ha COII Ob1 McTIONB30BaH KOMIUIEKC cOopa ruapomMeTeoponorndeckux aanHsix (KCI'D) [4], pazpaboTaHHbIH B
MI'U. Inst u3MepeHus: BBICOT BOJIH HCIIOJIB30BAJICS CTPYHHBIH pe3ucTHBHBIN BosHOrpad. Ommbka u3MepeHHs KojeGaHus
ypoBHA He mpeBbimana 1 cM. [[uckpeTHOCTs ompoca coctaBisia 4 ['m. M3MepeHns ruapoMeTeopoIoTHIeCKUX MapaMeTpoB
mpoBoIuIMCh ¢ mepepsiBamMu ¢ 2011 1. mo 2015 r. B nanHO# paGoTe MPHBOAATCA pe3yNbTaThl M3MEPEHHUil BBICOT BOJH 3a
JIETHE-OCEHHMI Iepro. 3a Bech Mepuo] HaOmoAeHui Obuto moxydeHo Oosnbire 8500 4acOBBIX M3MEPEHHH BO3BBIICHHS
MIOBEPXHOCTH MOps. V3 omHOM 3armicy MBI TTOJTy9aid MaKCUMAJIbHYIO BBICOTY BOJIHBI M BBICOTY 3HAUMTEIbHBIX BOJIH (YEThIpE
CTaHAAPTHBIX OTKJIOHEHUs BO3BBIIIEHHMH MOPCKOH ITOBEPXHOCTH), KOTOpas MEPECUUTHIBAIACH B CPEIHIOI0 BHICOTY BOJHBL. B
paboTe mpH aHaNIM3€ MOBTOPSEMOCTEH BBHICOT BOJH B35Ta INKaNa BOJHEHHUS MOps, paspaboraHHas u npuHsTas BcemupHOH
Merteoponiorndeckoit Opranuzaumen.

Pe3yabraTsl. OCHOBHBIE pe3ybTaThl MOHHUTOPHHIA MpeAcTaBieHbl B Tabmumax | — 3. 3a Bech HccieayeMblid epHox
HaMMEHBIINE CPEIHNE BHICOTHI BOJH (H ,,) HaOIIOAAINCH JIETOM, B 3TO BPEMs CPEAHUE BHICOTHI BOJH COCTAaBIISUIN 3HAYCHUS
0,20 — 0,28 ™M, mpu 3TOM CpeAHHE BBICOTHI 3HAYUTEIBHBIX BOJMH (H; 5) docturamu 0,32 — 0,44 M. B netHue Mecsisi
MaKCHMaJIbHbI€ BBICOTHI 3HAYUTENBHBIX BONH (Hgmax) Moram mocturath 1,0 — 1,8 M. A MakcuManbHbIe OJIMHOYHBIE BOJHBI
(Hmax) mocturanu BbicoThl 3,3 M (MiOHB). OCEHBIO MPOMCXOJUT YCHUIICHHE BOJHOBOW aKTHBHOCTH. CpemHue BBICOTHI BOJH
coctasisiu 0,23 — 0,39 M. MakcumanbHble BBICOTHI BOJTH (Hpa) B OCEHHHE MeCSIIbl JOCTUTamu 5,6 M, 4TO TpUMEPHO B 1,5
paza GoJbIiie JeTOM.

Tabmuna 1 — XapakTeprucTHKH BETPOBOTO BOJIHEHHMS
s M Hsav | Hsmax | Hmax | H av
Mecsin
Uronp 0,43 | 1,83 | 3,33 | 0,28

o 0,44 | 1,62 | 2,91 | 0,28
Asryct | 0,32 | 1,03 | 1,81 | 0,20
CenTsiops | 0,37 | 1,29 | 2,58 | 0,23
Okrs6ps | 0,62 | 3,17 | 5,66 | 0,39
Hos6ps | 0,57 | 2,03 | 4,04 | 0,36
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CrokoiiHoe Mope (cpemHue BHICOTHI BoiH 10 0,1 M) B JeTHe-OCeHHUH meproA HaOmonanoch mpuMepHo B 9% ciydaes
(Ta6. 2), mpuyem sieToM TG gocturan 18% (tad. 3), a ocenpto ymenbmaics ¢ 20% B cenrsope no 1% B Hos0pe (Tad. 3).
Cnaboe BonHenue (0 0,5 M) SBISUIOCH JOMHHUpYOWMM (10 76%), JIETOM HPOLEHT JaHHOTO THUIA BOJIHEHHS cocTaBisii 70-
93%, a ocenpro — 71-80%. Jlerkoe Bomnenue (0,5-1,25 M) B geTHHE MecsIbl Habmoaamoch B 1-12% ciydaeB, a OceHbIO B 9-
24% cmyyaeB. YMmepennoe BonHeHue (1,25-2,5 M) HaOMIOAAIOCh TOJNBLKO B OKTSIOpE M HOSIOpE, MOBTOPSIEMOCTh IaHHOTO THUIIA
BOJTHCHHS cocTaBisuia 10 2%. BonHenue co cpegHuMU BhIcOTaMHU BOJH Oosiee 2,5 M B paiione COII 3apeructpupoBaHo He
ObLI0.

Tabmuna 2 — IoBTopsemocts (%) cpeaanx BHICOT BOsH (h, M) JUIsl eCTH rpynn
h, m Jo 0,1 0,1-0,5 0,5-1,25 1,25-25 25-4,0
8,93 75,92 14,83 0,32 0

Tabauna 3 — [ToBropsiemocTs (%) cpenuux BeicoT BoaH (h, M) I KaXKOT0 MecsIa 1Mo rpagausM

h,m | 100,11 {01-05(05-125]|125-25|25-4,0
Mecsng

Wronp 18,27 69,59 12,14 0 0
Urons 11,33 76,32 12,35 0 0
ABrycT 6,40 92,67 0,91 0 0
CenTs6ps | 20,07 71,32 8,61 0 0
Okts6ps | 4,39 70,81 23,74 1,43 0
Hos6ps 0,83 79,95 19,17 0,05 0

ITonmydyeHHsle pe3ynbTaThl TuUApoMeTeoponorndeckoro Monuropunra Ha HOBK Kpeima npeacraBnsioT uHTEpec s

pa3BUTHS PEKpealMy PEruoHa, Bepu()UKAIIUH YUCICHHBIX BOJHOBBIX MOJICTICH U JAHHBIX CITyTHUKOBBIX H3MEPCHHU .
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ASSESSMENT OF ENVIRONMENTAL MANAGEMENT EFFICIENCY INDICATORS
OF NATURAL - RESOURCE POTENTIAL IN ORENBURG REGION
Abstract
This article presents the results of evaluation of environmental management of natural - resource potential of Orenburg
region.
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investments.

ﬂﬂﬂ COIIMATBHO-?KOHOMIYECKOTO pa3Butus OpeHOyprckoit obmactu nmpupoaHo-pecypceHbiii noteniman (ITPIT) nmeer
[JIaBEHCTBYIOIIEee 3HaueHHe. OCHOBY SKOHOMHKM pErHMOHa COCTaBISIIOT OTPAcid CBSI3aHHBIE C OCBOGHHEM U
UCIIONIb30BAaHUEM TIPHPOAHBIX pecypcoB. JTo HedTsHas M ra3oBas MPOMBIIUICHHOCTH, YE€pHAs M IBETHAas METAJLIyprus, a
TaK)Ke arpoIrpPOMBIIUICHHBIA KOMIUIEKC U CETMEHTBI CTPOUTENIHLHOI0 KOMILIEKCA.

OueBHIHO, YTO PALMOHAIBLHOE HCIOJB30BAaHUE MPUPOIAHO-PECYPCHOTO IMOTEHIMANAa U YCTOWYMBOE (DYHKIIMOHHPOBAHUE
CBSI3aHHOTO C HUM CEKTOpa IPOM3BOJICTBEHHOI M HENPOM3BOJCTBEHHOI c(hepbl 00ecTieuuBaeT 3aHsATOCTh HACSJICHUS U CO31aHHe
HOBBIX pabo4ux MecT. OJHUM U3 IIaBHBIX (aKTOpOB mpuBiedeHUs] B OpeHOYPrcKyro 00acTh OTEUECTBEHHBIX U 3apyOeKHBIX
WHBECTUIINH SBJISETCSI BO3MOXXHOCTD PEaI3aliiy NIEPCTICKTUBHBIX ITPOEKTOB CBSA3aHHBIX ¢ ucnonb3oBanueM I1PII e€ Teppuropnii
[1]. IIpu 3TOM Takoe MCIOJIL30BaHUE JOJKHO OTBEYATh SKOJIOTHYECKUM TpeOOBaHMAM. J{JIs OLIEHKN 3KOJIOTMYECKON MOIUTHKH B
pETHOHE LIeNIeco00pa3HO MPOBOIUTH aHATIN3 KITIOUYEBBIX MOKa3aTelel MprUpoI0TI0NIb30BaHUs U OXPaHbl OKpYKatomen cpenpl. s
oreHkH dddextuBHOocTH yrpasieHus [IPI1 B OpeHOyprckoit o0nacTn HaMH Ha OCHOBE METONUWKH [2] OBLT MpOBENEH aHAIN3
HHIUKATOPOB 3(P(PEKTHUBHOCTH SKOJIOTUIECKON ITOTUTHKH B peruone (puc. 1-9, tadm. 1) [3,4]:

- WHTEHCHUBHOCTD 3arpsi3HEHHS BOJHBIX PECYPCOB;

- HWHTEHCHBHOCTb 00pa30BaHMsl OTXOJIOB IIPOU3BOJICTBA U TIOTPEOICHHUS;

- WHTEHCHUBHOCTD 3arpsi3HEHHs aTMOC(eEphI;

- KO3 PHUIUEHT H3HOCA OCHOBHBIX (DOH/IOB;

- JIECOBOCCTaHOBJIEHHE B JIECHOM (DOHJE;

- CTETIeHb JIerpa/ialliy 3eMeb;

- WHBECTHLIUH B IPUPOAOOXPAHHYIO NEATENLHOCTD, B % K HHBECTHIMSAM B OCHOBHOM KanHTal.
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Puc. 1 — [lunamuka cOpoca 3arpsiI3HCHHBIX CTOYHBIX BOJ B TOBEPXHOCTHBIE BOAHBIE 00beKThl OpeHOyprekoi obmacTu
(2000-2014 rr.)
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Puc. 2 — JluHaMuKa KOJTMUECTBA 0OPa30BaHHBIX U KOJIMUECTBA MCIOIb30BAHHBIX U 00€3BPEKEHHBIX OTXO0B B
Openbyprckoii oomactu (2002-2014 rr.)

[To OpenOyprckoit obnactu u3 29 npoO BOABI B peKax MaKCHMallbHbIE 3HAYCHHUS 3arpsA3HEHHOCTH HAOIIOAAIOTCS Y P.
BnsBa (ma 0,5 kM HmKe T. MeOHOTOPCK) W XapaKTepH3yeTcs KaK dSKCTpeManbHO Tps3Has (5 0auioB), MHUHHMAaJbHBIC
3HaueHus — p. Cakmapa, XapakTepusyeTcs Kak ciabo 3arpsisHeHHas (2 Oamwra). Ha puc. 1 HaOmomaeTcst MOJOXHUTEIbHAS
JVMHAMHKa YMEHBIICHHS 00Iero oobema cOpoca 3arpsA3HEHHBIX CTOYHBIX BOJ B BOJHBIE 00BEKTHI (Ha 25% 3a 14 ner). B
CpelHeM KauecTBO BOJBI B MeCTaxX 3a00poB Mpob Ha pekax 00JacTH COOTBETCTBYET Kilaccy 3a (3arps3HeHHas) [4].

AHanu3upysi AMHAMUKY KOJIMYECTBa 00pa30BaHHBIX OTXOMOB (PHUC. 2), MOXKHO CJeNaTh BBIBOJ O €ro0 POCTE [0 CPABHEHHUIO
¢ 2002 r. 6onee yeMm B 3 paza. B 3 pasa yBenuuuiics u 00beM 00€3BpEKEHHBIX M UCIIOJIB30BAHHBIX 0TX00B. OCHOBHYIO Maccy
otxonoB (98,2%) coCTaBISAIOT OTXOABI 5-TO Kiacca oOmacHOCTH. V3 o0miero yucia OTXOJOB OTXOZIBI J0OBIBaroIIeit
MIPOMBIIIIJIEHHOCTH COCTaBJsIOT 87,6% [3,4].
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Puc. 3 - I[I/IHaMI/IKa BaJIOBBIX BI)I6POCOB 3arpsA3HAIOIINX BEHICCTB IO TUIIAM UCTOYHHUKOB
B Openbyprckoii o6mactu (2000 — 2014 rr.)
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U3 pucynka 3 BHIHO, YTO JOCTUTHYB MakcumMyMma oOwvema BeIOpocoB B 2007 ronay, WHTCHCHBHOCTH 3arpsA3HECHUS
NocTeneHHo wuaer Ha cnax. OnHako, oOmumit Tpena 3a 14 ner oOyciaBiMBaeT OTPHULATEIbHBIC 3HAYCHUS ITUHAMUKH
COOTBETCTBYIOIIEro nokaszarens. OCHOBHas 4acTh BCEX BBIOPOCOB IPHXOAUTCS Ha BBIOPOCHI, OTXOJSIIME OT CTALMOHAPHBIX
UCTOYHHUKOB (B cpeaHeM 78%).

OpeHOyprckast 00acThb SBJISETCS PETMOHOM C OJHUM M3 HauOOJBIIMX 3HAUEHHWH IOKa3aTelisi H3HOCa OCHOBHBIX (DOHJIOB
(76 mecto B Poccum), ypoBeHb M3HOCA OCHOBHBIX (DOHIOB IMOBBINIEHHBI M pactymuil (puc. 4). DTO XapakTepH3yercs
CBEPXIIOTPEOJICHUEM IPUPOJIHBIX PECYPCOB, JOMOJHUTEIBHBIM 3arps3HEHUEM OKpPYKAIOIeH cpelbl M TEXHOJOTMYECKUM
OTCTaBaHHEM.

Jin OpenOyprckoit oGracTn, MEpONPHATHS HANpaBiICHHBIE HA YIYYIICHHE COCTOSIHUS JIECOB W IOBBIIICHUS HX
BOJIOOXPAaHHO3ALIUTHBIX, CPEIO0Opa3yoNX M CONHWANTBHBIX (YHKIMH BCerga KpailHe aKTyaldbHBL. OJTO OOYCIaBIMBAETCS
HHU3KUM I0Ka3aTelIeM JIECUCTOCTH (TEPPUTOPHS CUMTAEeTCsl Oe3NecCHON mpH mpoleHTe decucrocta Menee 10%). Hecmotps Ha
yBeNWYEHHE OOIMIel IUIomany JIeCOB 3a paccMaTphBaeMblii mepuon (puc. 5), Jecuctocth Teppuropun OpeHOyprcekoit
obnactu — 4,6% HauMeHbIIas cpey BceX CyObeKTOB BXOAAMMX B [IpuBOIDKCKUI (heepanbHbIid OKpyT, a B Poccnn MeHbmmii
COOTBETCTBYIOIINH [T0KA3aTeNb UMEIOT TOJIbKO 5 pernoHoB [1]. [Ipu kpaiiHe HU3KOM IOKa3arese JIECUCTOCTH B PETHOHE BCeTaa
aKTyaJIbHBIM OBUIO NPOBEJCHUE MEPOIPUATHH IO OXpaHe W 3alluTe JIeCOB. B 3TOH CBS3M, COKpalleHHE BBIPALIEHHOTO
MOCaJI0YHOT0 MaTepuaia (puc. 6) He ClIOCOOCTBYET AIPPEKTUBHOCTHU JICCOBOCCTAHOBUTEIILHBIX MEPOIPUATHIA B PETHOHE.
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Puc. 5 — [lunamuka obmeit rmomanu necoB OpenOyprexoit odmactu (2002 — 2014 rr.)
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Puc. 6 — JluHaMuKa KOJIMYECTBA BBIPAIIIEHHOTO MOCa04HOr0 MaTepuaia B Openoyprckoit odmactu (2002-2014 rr.)

Ha Tteppuropunn OpeHOYprckoii oO0NacTH TNPaKTHYSCKH HE OCTalOCh 3€MeNlb, HE HCIBITABIINX AHTPOIIOTCHHOTO
Bo3zeiicTBus [5]. M3 obmiero crucka perpagannoHHbix  sBiaeHuid B 2002 romy Bbinensiach BojgHas sposusi. OxHaxko, k 2014
roJy MaciTaObl BETPOBOW 3PO3UH 3HAYUTEIFHO YBEIUIHINCE, ¢ 1124 Thic. Ta 10 5819 THIC. Ta, YTO COCTABIISAET UyTh MCHBIIIC
ITOJIOBHUHBI BCEX 3eMellb peruoHa. [1o ocTaibHBIM jke BUIaM U3MCHEHUS HEe 3HAUUTEIBHBI (puc. 7).
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Puc. 7 — [Tnomanp 3eMens, MOABEPKEHHBIX ACTPaIalliOHHBIM MpoIieccaMm, Mo BuaaM 3po3un B OpeHOyprckoit oomactu

(82002 u 2014 roxax).

[oka3aTenp WHBECTULHWH B NPHPONOOXPAHHYIO ACSATENHHOCTh, B NPOLCHTaX K WHBECTULWSAM B OCHOBHOW KaIlUTall II0
OpenOyprckoii obmactu BbImie, 4eM B cpexHeM mo Poccum (puc. 8). HaOmiomaercs cmax moxasarteinsi, BBI3BaHHBIH
YBEIMYCHUEM O0IIEero 00beMa MHBECTHLUI B OCHOBHOI KamuTtan. Iy HarisAHOCTH NpelCcTaBiIeHa JHUHAMHKa aOCONIOTHOTO
MOKa3aTessi ”HBECTHLUH B IIPUPOJAOOXPAHHYIO IESTEIBHOCTH (puc. 9).
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Puc. 8 — aBecTHIIMM B IPUPOJTOOXPAHHYIO JAESITEILHOCTD, B IPOIEHTaX K MHBECTHUIIMSIM B OCHOBHOMN KaIlluTal B
Openbyprckoii ooactu u B Poccun
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Ta6mmma 1 — OneHka TMHAMUKH KITIOYEBBIX HHAUKATOPHI dQdextuBHOCTH ynpasineHus [1PIT OpenGyprckoii obnactu
Ne WNunukaTtop DKoJIorn4eckas OreHKa
JIUHAMUKA
1. MHTCHCUBHOCTD 3arpsi3HCHUS BOJTHBIX PECYPCOB MOJIOXKHUTEIbHAS
(Puc. 1)

2. MHTeHCHBHOCTH 00pa30BaHUs OTXOI0B MPOU3BOICTBA U MOTPEOICHUS OTpHIIATEIILHASL
(Puc. 2)

3. VIHTEeHCUBHOCTB 3arpsi3HCHUS aTMOC(EpHI OTpHULATEIbHAS
(Puc. 3)
4. KoaddrureHT n3noca 0CHOBHBIX (OHIOB OTpHIAaTeIbHASL
(Puc. 4)

5. JlecoBoccTanoBIeHUE B IecHOM (hoHIE TIOJIOKHUTEIIbHAS
(Puc. 5),
OTpHUIaTeNIbHAS
(Puc. 6)

6. CreneHp gerpaganuy 3eMelb OTpHIAaTeIbHASL

(Puc. 7)
7. WMHBecTHIINK B TPUPOJOOXPAaHHYIO IESATEIBHOCTh, B % K WHBECTHUIHSIM B TIOJIOKHUTETIbHAS
OCHOBHOM KaIuTa (Puc. 8, 9)

[IpoaHanmm3upoBaHHBIE KIFOYECBBIC TOKA3ATENH MPHPOTHO-PECYPCHOTO MOTCHIMATA IEMOHCTPUPYIOT PacTYIIHA YPOBECHb
aHTPOTIOTEHHOH HATPY3KH Ha SKOCHCTEMY, UYTO BIICUET 32 COO0H CHIKEHUE MPHPOTHO-PECYPCHOTO IOTEHIIHANIA 00IacTH, a TaK
KE POCT SKOHOMHUYECKHX H3JepkeK. Bmecte ¢ Tem, rae B oOmeM OTMEYeHa IOJIOKUTENbHAS IHMHAMHUKA HaOIOMAI0TCS
ECTPYKTHUBHBIC TEHACHIIMH POCTa AHTPOMOTCHHOTO BO3ICHCTBHSA HAa OKPYKAIOIIYIO CPeoy W YXYOIICHHE YKOJOTHYSCKUX
YCIIOBUI OCBOCHUS IPUPOIHBIX PECYPCOB PETHOHA.
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JEKTPOHHBII YUEBHBIN ATJIAC 11O TEOT'PA®UH IS IIKOJ KASAXCTAHA
Annomauusn
B cmamve paccmampuearomes memooonocus uccied08anus, SbINOIHAEMO20 68 PAMKAX HAYYHO20 NPOeKmd, 60HPOCH
CO30aHUsL U NPUMEHEHUs DNIeKMPOHHbIX YUeOHbIX amiacog ho eceozpaguu. B cmamve npedcmasieno cooepcanue
9NEeKMPOHHO20  YuebHOo20 —amaacd Kasaxcmana, a makoice ckpunwomsl unmepgeiica INeKMPOHHO2O0 —amaacd,
Ooemoncmpupylowue  @QYHKYUY Hasueayuu no kapmam amiacd. B ocnosnoii wacmu cmamvu Onucamvl OUOaKmMuyeckue
@ynxkyuu u yuebnvle 3a0auu, KOmopwvle MO2Ym peuwiams yuumenb U YYEHUK NPU UCHONb30GAHUU INEKMPOHHO20 Y4eOHO20
amaaca Ha KasaxcKom, PYCCKOM, GHIIUUCKOM A3bIKax. B sasepwaiowell wacmu cmamvu ONUCAHA MEXHOIO2US CO30AHUS.
INEKMPOHHO20 AMAACA, PA3PABOMAHHO2O CPEOCMBAMU pabombl ¢ npocmpancmeeHHbimu oannvimu 6ubnuomexu MapWindow
u szvika npoepammuposanust C# ¢ cpede Visual Studio 2013.
KoroueBble cioBa: reonH(pOpMallMOHHAS CUCTEMa, 3JICKTPOHHBIA y4eOHBIH ariac mo reorpaduu, reonHpopManuoHHbIe
TEXHOJIOTHH B 00pa30BaHUH, AUAAKTUUECKHE (YHKIINH.

Damekova S.K.}, Han S.1.2, Muradilov G.S.>, Mukhamedzhanov K.zh.*
'PhD in Pedagogy, 2PhD in Engineering®senior teacher, “undergraduate
Kokshetau state university named after Sh. Ualikhanov
ELECTRONIC EDUCATIONAL ATLAS ON GEOGRAPHY FOR SCHOOLS OF KAZAKHSTAN
Abstract
In the article the methodology of the research which is carried out within scientific project, the creation and application of
electronic educational atlas on Geography are considered. The content of the electronic educational atlases of Kazakhstan,
and also interface screenshots of the electronic atlas showing functions of navigation on the maps of the atlas are presented in
the article. In the main part of the article the didactic functions and educational problems are described which a teacher and a
pupil can solve using electronic educational atlas in the Kazakh, Russian and English languages. In the concluding part of the
article the technology of the creation of electronic atlas is described developed by means of work with spatial data of a library
MapWindow and a programming language C# in the environment Visual Studio 2013.
Keywords: geographical information systems, electronic educational atlas on geography for schools, didactic functions,
geoinformation technology in the education.

he modern elementary and high school is characterized by active approach of geoinformation technologies. Nowadays

in some countries (the USA, Great Britain, Austria, India, Russia, Ukraine and others) the geographical information
systems (GIS) , electronic educational atlas in particular are widely used in school geographical education [1,2,3,4]. “The geo
info set of educational maps "Atlas" project is carried out at Kokshetau State University named after Sh. Ualikhanov,
according to the budgetary program of the Ministry of Education and Science of the RK at the Natural Science Department (Ne
I'P 0113PK00407). The goal of the project is to determine the structure of the functional possibilities, content, the technology
of creation of electronic educational atlas in geography. The electronic educational atlas is developed for the schools in
Kazakhstan for the first time. In present there are some thematic projects to solve specialized scientific and applied problem in
business and management in Kazakhstan. The analysis of specialized scientific material, pedagogical practice show the usage
of electronic educational atlases at geography lessons and in extra curricular activities prominently expands the educational
activity of the teacher and the student, stimulates cognitive curiosity, forms geo information competence.

The first stage of scientific- research work is based on the analysis methods of domestic market- resume, interview; and
geo information methods of work with electronic raster images and their transformation to the unified map system of
coordinates and projecting with further vectoring. The analogues of electronic educational atlases are analyzed [5,6,7]. The
analysis of educational textbook and the map sets are analyzed. The structure and function of the electronic educational atlas in
geography is determined.

According to the two year scientific study there were thematic editions for the following maps of Kazakhstan: physical
map, the map of territory investigation, geological map, tectonic maps, mineral resources map, climate map, hydro graphic
map, natural zones, physical-geographical map of the Kazakhstan regions, economic, ecological maps.

The fine-tuning of vector layers for the maps of Kazakhstan, testing, approbation of the electronic educational atlases in
geography at schools, the creation of the methodical recommendation for teachers are carried out at the final stage of the work.

The created electronic educational atlas in geography includes 80 vector layers for the school curriculum in geography,
allows to use geo information technologies at elementary schools. It provides to master the school geography curriculum, using
interactive filling in and analysis of geographical maps, the creation of their own maps, the work with different kinds of
contour maps, the creation of their own descriptions of geographical maps on the basis of the analysis of multimedia
information objects.

The electronic educational atlas improves the effectiveness of the studying process, with the help of the usage of geo
information technologies in the salvation of the traditional and new geographical problems at geography lessons. Among those
problems, there is comparison and analysis of the maps of different contents of the same area with the aim to find out the
connection between climate and terrain, climate and vegetation. Such kind of problems are difficult while using traditional
maps, because they are based on several maps. The electronic educational atlas allows to solve the problem rapidly, and it
helps a student to make such kind of analysis which developed skills of scientific work. In figure 1 imposing of a physical map
and mineral resources map is presented.
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Fig. 1 — Screenshot in the mode of imposing of a physical map and a mineral resources map of Kazakhstan

The developed electronic educational atlas in geography allows to help a teacher to solve the following problems in
Kazakh, Russian and English: the usage of different models in class- digital maps, digital images; to change the size of
mapping image on the screen with the goal of changing detailed placing of geographical objects and phenomena; to put one
kind of maps ( layers) on the others, and also on geographical and physical map;to prepare the set of digital maps, including
contour map, necessary for the practice; to use the set of demonstration maps and diagram maps, place in the library of
additional multimedia information.

While using the electronic educational atlas a student can do it in Russian, Kazakh, and English:to read geographical maps
in digital; to search geographical objects on digital maps; to measure on digital map; to fill in digital contour maps; to creat his
own digital geographical map; to analyze the statistics, placed in the library of additional multimedia information; to describe
the connection between geographical objects and phenomena while using digital thematic maps of different content; to save
digital map and multimedia information in a file, to print.

The developed technology of creation of electronic maps and programming of electronic educational atlas in geography
apples a consequent carrying out of the operation: the storage, studying and analysis of the original material for digital maps;
the transformation of digital maps to the unified mapping system of coordinates and projecting; the forming of digital map,
scanning, attaching of the raster sound -proofing, putting thematic layer on typical basis, digitalization of contours; the
development of inter face of program shell: the main window, menu, and tool instrument; the creation of data of attributive
geographical information in 3 languages( Kazakh, Russian, English); the involvement, lightning of shape files of digital maps,
placing of symbols; the involvement of multimedia information to digital maps of electronic atlas; the programming realization
of legends of electronic atlas; the programming realization of functional navigation, searching, exporting, importing of shape
files, measuring of geographical coordinates, stamps, forming and filling in contour maps.

While creating of vector layers, the technical side is exact, as while working with rasters all the aspects of mathematical
basis of maps were taken into consideration. The system of coordinates of Pulkovo-42 with the protection- normal conical by
Kavraisky was made for the maps of Kazakhstan. The developed vectoring thematic layers involve moderate generalization
and object selection.

The approbation took place in schools of Kokshetau. The experimental testing of the methods of geography studying with
using electronic educational atlas showed its effectiveness. The table program shell of electronic educational atlas is made with
the library funding OpenSourceMapWinGIS [8].
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JIOKAJIBHBIE TPOSIBJIEHUSI COBPEMEHHOI'O USMEHEHMUS KJIMMATA B YCJIOBUAX CEBEPHbBIX
PEITMOHOB (HA TIPUMEPE I'OPOJIA HUJKHEBAPTOBCKA)

Annomayusn
B cmamve paccmompenvt 0cobeHHOCMU  NPOAGNEHUS ~ COBPEMEHHO20 — UBMEHeHUs KIUMama Ha — meppumopuu
Huoicnesapmosckoeo pezuona. Ilpugeden ananus eudpomemeoponocuyeckoli oocmanosku 2. Husxcrnesapmoscka 3a 2007-2015 ze.

KnroueBsble ci10Ba: M3MEHEHHE KIMMATa, IOTEIUICHNE, CEBEPHBIC PETHOHBI, AHOMAJILHEIC SIBJICHHS TTOTOJIBI.

Kuznetsova V. P.
Teacher of Department of geography, Nizhnevartovsk State University
LOCAL MANIFESTATIONS OF MODERN CLIMATE CHANGE IN THE CONDITIONS OF NORTHERN
REGIONS (ON THE EXAMPLE OF THE CITY OF NIZHNEVARTOVSK)

Abstract

The article considers of manifestation of modern climate change in the territory of the Nizhnevartovsk region. The analysis

of a hydrometeorological situation of Nizhnevartovsk for 2007-2015 is stated.
Keywords: climate change, warming, northern regions, abnormal phenomena of weather.

MI/IpOBLIM Hay4YHBIM COOOIIECTBOM NpH3HAH (haKT COBPEMEHHOTO W3MEHEHMs KiMMaTa. B Hacrosmee BpeMs B
Pa3IMYHBIX PETHOHAX 3€MHOTO IIapa HaOJIIOAAaeTcs MHOXECTBO CTATUCTHYECKH 3HAYMMBIX MOTOMHBIX AHOMAIIHH,
CBHCTENBCTBYIOIMX O MpeoOpa3soBaHMM KIMMAaTHYECKOH cucTteMbl. [Ipomeccsl W3MEHEHHs KIMMAaTHYeCKHX YCIOBHH
MIPOSIBIISIFOTCSL KaK Ha TJ00albHOM YpPOBHE, TaK M Ha PETHOHAIBHOM, MOJ| BIMSHHEM MECTHBIX (H3HKO-TeorpapuyecKux
(akropos [2].

KnumaTtndeckne u3MeHeHns1 Haubosiee OTYETIIMBO MPOSBIISIOTCS B CEBEPHBIX pernoHax Poccuu, K KOTOPBIM OTHOCHUTCS M
Teppuropuss HU>KHEBAPTOBCKOIO PEruoHa, PAclOIOKEHHOIO B MOA30HE CPENHEH M CEBEPHOM TailrM LEHTPaJbHOM 4acTH
3amagHo-CuOUpCKOil paBHUHHOW CTpaHbl. MHCTpYMEHTAalbHBIC HAONIOJCHUS M PE3YJIbTaThl MCCICIOBAHHA KOHCTATUPYIOT
MOBBILICHHE NTPU3EMHOI TeMIepaTypbl BO3ayXa, YBEJIMUEHHE KOJIMYECTBA aTMOC(HEPHBIX OCAJKOB, MOBBILICHHE TEMIIEPATyphl
MHOTOJIETHEMEP3JIbIX [TOPOJ, aHOMAJIbHBIE SIBJICHUS TIOTOJIBI, @ TAK)KE, CABUIH CPOKOB (PEHOJIOTUUECKHX COOBITHI, M3MEHEHUE
Oropa3HO00pa3us U CTPYKTYPHI 3KOCHCTEM BCICACTBUE JUHAMUKH Kinumarta [1, 2].

T'opon HmxHEBapTOBCK HaXOAWUTCI B YMEPEHHOM KIMMAaTHYECKOM IOsiCe, M XapaKTEepPH3yeTCs SKCTPEMalbHBIMU
MIPUPOJHO-KIMMATHYECKUMH YCIOBHAMH € MPOAOIDKUTENBHBIMY, CHEKHBIMU U XOJIOJHBIMU 3UIMHUMH CE€30HAMH, AIUTEIbHBIM
3aJeraHueM CHEXHOTO MOKPOBAa, KOPOTKUM 0e3MOpo3HBIM meprogoM [3]. OnHako, Ha MPOTSHKEHUH HECKONBKUX IMOCIEIHUX
J1eT, HabMI0Jaf0TCsl HEKOTOPhIE U3MEHCHHMS IPUPOAHO-KIMMATHIECKOW 0OCTAaHOBKH Ha (hOHE HAOIFOIaeMOT0 TIOTEIUICHHS.

Cpenrerososas TeMIepaTypa Bosayxa B r. Hukaesaproscke 3a 2007-2015 rr. cocrasisier -1,2°C 1, B MHOTOJIETHEM XOJIE,
HaOoaeTcs TeHICHIM ee He3HauuTenbHoro moBbineHus (Puc. 1). Bricokue moxaszarenu cpenHErofoBoil TeMIepaTypel
Bo3ayxa otMeuanuch B 2007 r. u 2015 r. (-0,1°C), a 2009 r. (-2,4) u 2010 r. (-3,6) — cranmu cambiMu xonoausivu (Puc. 1). TTo
maHHBIM [unpomernentpa, 2015 roxm B Poccum oTMeueH OZHMM U3 cCaMBIX TeIUIBIX B ucTopuu. Ha Tteppuropun
HwxkHEBapTOBCKOTO pernoHa pe3koro MOTEIUIEHHsT B 3TOT MEpUO/] He HAOJI0AIOCh — CPEAHEro[0Basi TeMIepaTypa Bo3ayxa
JIOCTHUTJIa BBICOKOTO 3HAYEHHS 3a CYET OTCYTCTBHUS YCTOWYMBBIX CHIIBHBIX MOPO30B (OTMEUEHa BBICOKas TeMIIepaTypa BO3ayXa
B (espaine, -11,5°C; cpennsis temneparypa aexabps cocrtasmwia Bcero -14,5°C). Kpome storo, B 2015 r. Ha ucciexyeMoi
TEPPUTOPHH TIPOUCXOAUIO OOJiee paHHEe HACTYIUIEHHE BECEHHEro ce3oHa (Temnbiii ampens (+2,1°C), 3adukcupoBana
MakcumaibHas 3a 2007-2015 rr. cpeauss temneparypa B mae +10,6°C), a mionb (+18,4°C) ycTymaer mo mokasaresro
cpeaHeMecsIHoN Temrieparypsl Bo3ayxa 2012 u 2011 rr. (Puc. 1).
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Puc. 1 — I'pacduku cpeHEeMeCcsIIHON U CPETHETO0BOM TeMITEpaTyphl BO3yXa B
r. HiwxueBaptoscke 3a 2007-2015 rr.

Ha Teppuropun HmkHEBapTOBCKOTO peruoHa, Hapsily C HECBOWCTBEHHBIM TEPMUYECKHUM PEXUMOM ISl JaHHOM
teppuropun, 2007 1 2015 TT. OTIHYAOTCA MaKCHMAJIBEHBIM KOJHYECTBOM aTMOC(EpHBIX ocaakos (O6onee 760 u 700 MM B TOx
COOTBETCTBEHHO), KOTOPBIE OBUTH 0COOCHHO HHTCHCHBHBIMH B OIPECIICHHBIC CE30HBI roJla. AHOMaNbHbIE IIOTOHBIC YCIOBHS,
XapaKTePU3YIOIIUecs 3HAYUTEIFHOH CYyMMOM aTMOC(EPHBIX 0CaJKOB, IPEBBIMIAIOIICH KIMMATHICCKYIO0 HOPMY, YCTaHOBHJIIHCH
B Mae, utoHe u aBrycte 2007 r., a Takxe, tetoM 2015 r. (Puc. 2).
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Puc. 2 — I'paduxu cymmbl atMocdepHBIX ocaakoB B . HmwxuaeBapToBcke 3a 2007-2015 rr.

CHEXXHBIH TOKPOB SIBISICTCSI OJHUM W3 TJIaBHBIX WHAWKATOPOB THHAMHKH KIMMATHICCKHAX YCIOBHHA CEBEPHBIX IITUPOT U
OTIpe/ieIIsieT MPOJOJDKUTENFHOCTE MOPO3HOTO Tepruoja. Uncio JHedl co CHeXHBIM IHOKpoBOM B TI. HmkHeBapToBcke M ero
OKPECTHOCTSIX JocTrraeT okoso 190-210 mueii B roxy. CpeJTHEMHOTOJIETHEE 3HAYEHUE BBICOTHI CHEXKHOTO MmokpoBa 3a 2007-2015
IT. coctaBmsier 40 cM. AHOMAaJbHO BBICOKHE TeMIIepaTypbl Bo3ayxa oceHbro 2008, 2010 u 2013 rr. mpuBenu K MO3AHEMY
3aJeTaHUI0 CHE)KHOTO MOKpPOBa — B Hadajlie M BO BTOPOH IOJIOBMHE HOSOpS M, KaK CJIEACTBHE, HAPYIICHHIO OHOPHUTMOB
npencraBuresnei ¢paynsl. 3umMuuid ce30d 2014-2015 rr. OTIMUUTENCH aHOMAIBHBIMU TTI0Ka3aTeJISIMH BBICOTHI CHEXKHOT'O ITOKPOBA,
KOTOpasi HAMHOTO IIPEBBIIIAET COOTBETCTBYIONIHNE 3HaUCHUS npeaspiaymux et (Puc. 3). Cxox CHEXHOTO MOKPOBAa MPOUCXOAUT
IJIaBHBIM 00pa3oM B TepBoi jekane Mas, 3a uckiodeHuem 2007 r., korga cHer coten yxe k 21 anpens. HeGnaronpustHbie
MoroHbIe ycioBus BecHOH 2013 r. crtocoOCTBOBAIM OTHOCUTENBHO MTO3AHEMY CXOIY CHEKHOTO MOKpoBa [3].
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Puc. 3 — CpenHemecsuHbIE TOKa3aTeNN BEICOTHI CHEXKHOTO TIOKpOBa (CM) B
r. HmwkaeBaproseke 3a 2007-2015 rr.

OcCoOEHHOCTH  METEOPOJIOTHUECKUX  YCIOBHH  ONpEAeNsioT  (DYHKIMOHMPOBAHWE TPHPOAHBIX  KOMIUIEKCOB |
XO3SHCTBEHHON JeaTenpHOCTH HacesneHus. 3umoit 2013-2014 rr. Ha TeppuTtopuu XaHTEI-MaHCHHCKOTO aBTOHOMHOTO OKpyTa-
IOrps!I cpokr BBOJA B HKCIIITyaTaIMI0 HEKOTOPEIX 3UMHHUKOB U JIEIOBBIX NEpEnpaB ObLIN EpEHECEHBI Ha OoJee MO3IHUE JaThl,
BCJICICTBHE TEIUIOM OCEHH W IO3JHEro JyeroctaBa Ha pekax (Puc. 1, 4). MuorocHexkHas 3uma 2014-2015 rr. BHecna
KOPPEKTHUBHI B pa0OTY KOMMYHAJIBHBIX CIIY)KO HACEJIICHHBIX ITYHKTOB M KHU3HEIEATEINbHOCTD JI0JeH pernona [3].
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Puc. 4 — Cpoku 00pa3oBaHMs JIEOCTaBa, HaYalIa JICA0XO01a U MPOJIOKUTEIBHOCTD JIeqocTaBa (B AHAX) Ha peke O0b B T.
HwmwxueBaproscke 3a 2007-2015 rr.

TemnepaTypHbIil pexuM, pachpelielieHHe aTMOC(EpHBIX OCaJKOB, CPOKH CXOJla M yCTAHOBJICHUS CHEKHOTO IOKpOBA,
YpOBHEW BOIBI B pEKax U BOJOEMax OKAa3bIBAIOT 3HAUMTENBHOE BIUSHHE Ha T0XKAPOONACHBIA Ce30H. JlaHHBIE MapaMeTpbl
JIECOTIOXKapHOI 0OCTAHOBKHM JTOCTATOYHO BaPbUPYIOTCS 110 TO/1aM, B 3aBUCUMOCTH OT TMIPOMETEOPOTIOTHUECKHUX YCIOBUH [4].

Hawubonbiree koaudyecTBO JIeCHBIX ToXapos (524), 3apeructpupoBaHsbix ¢ 2007 r. Ha Teppuropun HikHEBapTOBCKOTO
peruoHa OTMEYEHO B moxapoonacHelii nepuos 2012 r. [4], KOTOpPbI BO MHOTOM OIpPEJENEH aHOMAIbHO >KapKUM JETHUM
CEe30HOM, Korja OblIa 3auKkcupoBaHa MakCUMallbHasi M3 MHOTOJIETHUX TeMIeparyp Bo3ayxa B HioHe ¢ Hadaima XXI| cronerus
(+21,7°C), kpome 310TO, HaGMIOAANCS AEPUIUT aTMOChEPHBIX OcanKkoB [1].

B  Becenne-metHuii cezom 2015 1. B HibkHEeBapTOBCKOM  pETHOHE  HabOmojanach  HeOIarompusTHas
THAPOMeTeoposIornyeckas oocTaHoBka. 1o maHHBIM mHOKIaga 00 OnepaTHBHOI OOCTAHOBKE MO YPE3BBIYAHHBIM CUTYalUsIM H
yrpo3aM 0€30MacHOCTH JKH3HEAEATENbHOCTH JlemapTraMeHTa TpaKTaHCKOM 3alWThl HaceleHHs XaHTBI-MaHCHICKOTO
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aBTOHOMHOTO OKpyra-fOrpel, ¢ moHs B T. HuKHEBapTOBCKE BBENEH PEXHMM UPE3BBIYANHON CHTyallMM MYHHIUINAIEHOTO
XapakTepa Ha OTAEIbHBIX TEPPUTOPUSIX FOPOJA, B CBSI3H C BHICOKMM YPOBHEM MaBOJKOBBIX BOJ U 3aTOIUICHHEM 3HAYUTENBHOM
YacTH CaJI0BO-OTrOpoAHNYECKHX 0o0benuHeHnid. 19 wmrons 2015 r. ypoBens Boabl B peke OOb (r. HmxneBapToBCcK) mocTur
ormetku 1061 cm (Puc. 5). Takas curyanus Moriia ObITh BbI3BaHa aHOMaJILHO OOJIBIIUM 3artacoM cHera 3umoi 2014-2015 rr.,
a TaKoke HECKOJIBKO OCIIOXHMIIACh MHTEHCUBHBIMH JIMBHEBBIMU ocaakaMu jietoM 2015 r. (cymMMa 0caJkoB B HEKOTOpBIE THU
nmocturana 24-32 mm B cytku). Ha rpaduke (Puc. 5) xoMIiekcHO mpencTaBieHbl exennesHbie (¢ 30. 04. 2015 r. o 31. 08.
2015 r.) mokazarenu ypoBHS Boxsl Ha peke OOb M cymma arMoc(epHbIX OcaakoB 1o r. HmxneBaproBcky. Panee
MaKCHUMallbHBIE YpOBHH BOABl Ha peke OOp Ha Tepputopmn HinkHeBapTOBCKOTO paiioHa otMedanmuch B 1979 r (1071 m),
2007 r. (1012 m), 2002 r (994 m) [4].
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Puc. 5 — Yposens Bomsl Ha peke O0b (CM) U cyMmMa aTMOC(HEPHBIX 0caakoB (MM) B T. HibkHEBapTOBCKe
¢ 30.04. 2015 o 31. 08. 2015 rr.

Takum o6pa3zom, 3a 2007-2015 rr. BbISIBICHBI JIOKaJbHbIE OCOOCHHOCTH pPEaKIMU KOMIIOHEHTOB NPHUPOJHON Cpelbl Ha
W3MEHEHMs] KIMMaTa B YCJIOBHSIX TaeXHOH 30HbI HmkHeBapToBckoro perunona. CoBpeMEHHOE TIJI00ajbHOE MOTEIJICHUE
MPOMCXOJIUT Ha (POHE MEKTOJIOBOH E€CTECTBEHHOW HM3MEHUYMBOCTHM KJIMMAaTa, KOTOpas OCOOCHHO 3HAYMTENbHA B BBICOKUX
mmporax. B pesynapraTe mepecTpoKHM KIMMAaTHUYECKOM CHCTEMBI, YBEJIMYMIIACh TOBTOPSIEMOCTb JKCTPEMAlbHBIX WU
KaTacTpo(hUIeCKNX MPUPOTHBIX SBICHUH, Cpe KOTOPHIX HAOJIOAAIOTCS 3aCyXH, yparaHbl, HHTCHCUBHBIC TOXIH, ITO3IHHUC
BECCHHHE 3aMOPO3KH, HABOJHEHHWS WM Ap. MHOTHe BakKHEHIINE XapaKTEPHCTHKH KIMMaTta, TaKhe KakK MPOJOJDKHTEIHHOCTh
0Ee3MOpO3HOrO TEpUOJa, CPOKH YCTAHOBJIECHHUsS CHEXXHOTO ITOKPOBA, HACTYIUICHHWE MEPBBIX M IIOCIECIHHX 3aMOpPO3KOB H
pacIipeienieHle OCalKoB, CTadM Oojee m3MeHYMBHEIMHU [2]. HaydHoe cooOmiecTBO KOHCTaTUpyeT BBISBICHHBIE TCHCHIUH
N3MEHEHHMS IPUPOIHON CPEAbl M MX CBS3b C KIMMATHYECKUMHU (DIYKTYalHsIMH, YYaCTUBIIUMUCS aHOMAIbHBIMH SIBICHUSMH H
9KCTPEMAIIbHBIMU (haKTOpaMu.
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PA3PABOTKA XUMUNYECKOI'O COCTABA JJI51 YAAJIEHUSA AC®AJTBTOCMOJIONTAPA®HUHOBBIX
OTJIOKEHUM B HE®TSIHBIX CKBAYKMHAX
Annomauusn
B cmamve npedcmasnenvt pesyrbmamuvl UCCIEO08AHUL NO  paA3pabOmMKe XUMUUECKO20 COCMA8A ONs  YOaneHusl
acanvmocmononapagurosvix omnodxceruii (ACIIO) 6 negpmanvix cxkeascunax. Iloxkaszana 3¢hpexmusnocms paspabomannozo
pacmeopumens ACIIO, npugeden pacuem e2o moroujetl, Oucnepeupyouell u pacmeopsioujeli CHocooHocme.
KiroueBble cioBa: acdanrbrocMononapaduHOBBIE OTIOXKCHHS, ICIPECCOPHO-ANCTIEPTHPYIOMAs MPUCAIKa, MOIOIIAs,
JVCIIEPTUPYIOLIAs, PACTBOPSIONIAS CIIOCOOHOCTb.

Rogachev M.K.}, Khaibullina K.Sh.?
'Professor, PhD in Engineering, “postgraduate student, National mineral resources university (Mining University)
DEVELOPMENT OF THE CHEMICAL COMPOSITION FOR REMOVAL
OF ASPHALTENE-RESIN-PARAFFIN DEPOSITS IN OIL WELLS
Abstract
In article are described results of researches on development of a chemical composition for removal of the asphaltene-
resin-paraffin deposits (APPD) in oil wells. Efficiency of the developed ARPD solvent was shown. The washing, dissolving and
dispersing abilities were calculated.
Keywords: asphaltene-resin-paraffin deposits, depressant and dispersant additives, washing, dispersing and dissolving
abilities.

B Iporecce KCIUTyaTaluy HePTAHBIX CKBRXXUH MPH MOHMKEHUH TEMIICpaTyphl U AaBICHUS IPOUCXOAUT 00pa3oBaHMe
acanprocmononapagpuHoBbix oTinoxenuit (ACIIO) Ha noBepXHOCTH HEQTENPOMBICIIOBOTO 000PYIOBaHUs, & TAKXKE B
npuzaboitHoii 30He macta (I1311).

Cocras u npoyrocTh ACIIO 3aBHUCST, B IEPBYIO OYEpPElb, OT COCTaBa U CBONCTB IJIACTOBBIX ()IIFOHUIOB, T€OJIOTO-
(bU3MYECKHX U TEXHOJIOTUUECKHUX YCIOBUI pa3pabOTKH KOHKpeTHOro HedTsaHoro Mectopoxaerus. ACIIO npu no6bue HepTH
COCTOUT B OCHOBHOM U3 Mapaduna, Mo, ac(haabTeHOB, BOJIBI, IECKa U HEOPraHHYECKUX codeit [1].

CymecTByIOT Ba croco6a 60psosr ¢ ACIIO: npenynpexkacHue U ynaieHue oTioxeHuid. Hanbonee pacnpocTpaHeHHBIM
cuntaercs ynanerane ACIIO ¢ moMompio XMMHYECKUX pacTBoputeneil. i Toro 9to0bl BEIOpaTh pacTBOPHUTENL HEOOXOANMO
3HaTh TUN OTI0XEeH!H. ACIIO — MHOTOKOMIOHEHTHOE BELIECTBO, II03TOMY Ha CETOAHAIIHUN JEHb NPUMEHSIIOT KOMIIEKCHBIE
PacTBOPUTENH, BKIIOYAIONIME B ceOs apoMaTHdeckue W annpaTH4ecKHe YIIeBoxopoabl. B cocraB pactBopmTenel Moryt
BXOJIUTH MOBEPXHOCTHO-akTHUBHbIE BemecTBa (IIAB), koTopple cmocoOHBI cO37aBaTh HAa METALIMYECKOH MOBEPXHOCTH
CKBa)KHHHOTO 000pyJOBaHHSA THAPOPHUIBHYIO IUICHKY, IIPEMATCTBYIOIIYO NPIIINITAHUIO KPHCTAIUIOB ITapaduHa K MeTaly.

Hamu npoBeneHbl wHcclenoBaHHS 10 Pa3padOTKe BBICOKOI(P(PEKTUBHOTO XMMHYECKOTO cocTaBa (YrJIeBOJOPOIHOTO
pactBoputeis) st yaanenus ACIIO B HedTSHBIX CKBaXHHAX. B 3KcmepuMeHTaxX HCHOb30Bamuch o0pasiubl ACIIO
napa)MHUCTOrO THIIA, CIEAyromero cocrasa: achanbrenst - 0,52-1,07%; mapadunst - 50,5-78,3%; cmoner - 2,55-7,68%;
Mmexanudeckue npumec - 0,13-3,71%). Tum oTI0KeHHIA OMpeessIcs Mo MeToauke Mapkyccona [2].

B kauecTBe KOMIIOHEHTOB YTJIEBOJIOPOAHOIO PACTBOPUTENS ObLIM BBHIOPAaHBI JH3EJIbHOE TOIUIMBO M TONyoJ. Jlu3enbHOe
TOIUIMBO COCTOMT B OCHOBHOM M3 Mapa)MHOBBIX YIJIEBOJOPOAOB. B KauecTBe apoMaTH4ecKoro yrieBoaopoja ObLl BBIOpaH
TOJYOJ1, 00JIaIaIOIINI BEICOKOH pacTBOPSIONIEH CIIOCOOHOCTHIO MO OTHOMIEHHIO K ac()aIbTOCMOJIMCTHIM BEIIECTBAM B COCTaBE
ACIIO.

Harmsngao moxHO mokaszaTh 3(QQeKTUBHOCTh peareHToB Uil yaaneHuss ACIIO ¢ momomipio mocTpoeHust rpaduka
a¢dextuBHOCTH OMHAPHBIX pacTBoputenei ([DBP). lanHy0 METOANKY MPUMEHSIOT JJIS OLIEHKH MOIOIIEH, paCTBOPSIONICH 1
JHCTIEPrUpYOIIei criocoOHoCcTel pacTBopuTens [3].

HccnenoBanus 1o OLEHKE MOIOIIEH, pacTBOPSIOUIEH M AUCTIEPTHPYIOIIEH CIIOCOOHOCTEH pacTBOPHUTENS MPOBOAMINCH IO
«Metoauke ompeneneHust 3¢¢GeKTUBHOCTH peareHToB 1 ynaneHuss ACIIO» (MeTommka «KOP3MHOK»), NPeIOKEeHHON
OAO «HNHWHedbTempomxum» [4].

IIpu o0OpabGoTke pe3yiabTaTOB IPOBOIWICA pAcdeT MOIOIIeH, AMCHEPTHPYIOUIe W PacTBOPSIOMIEH CIOCOOHOCTEH
pacTtBopuTens. Moromias CoCOOHOCTh PAacCTBOPHUTENS ONpeeNsieTcsd KaK OTHOIIECHHE PAa3HOCTH MEXIy HCXOIHOM Mmaccoit
obpasua ACIIO, mnomemienHoro ¢ kop3uHkKy, u Maccoi ACIIO, ocraBiierocss B KOpP3WHKE IIOCJIE TPOBEACHUS
sKkcrepuMenTa [5]. Uem Bblllle 3HAUCHHUS TOTO MOKa3aTelsl, TeM B¢ 3(G(PEKTHBHOCTH pacTBOpUTeNs. Jucneprupyromast
CIIOCOOHOCTH PacTBOPHUTENS ONpeensieTcsl Kak oTHomeHne maccsl octatka ACIIO Ha ¢unbTpe kK HCXonHOW Macce oOpasua
ACIIO B xop3unke [5]. OHa xapakrepu3yer crocoOHocTh pactBoputelns pazpymarb ACIIO Ha Gosee Menkue (parMeHTHI.
PacTBopsitomast criocoOHOCTb PacTBOPHUTENST OINpEZessieTcsl KaKk OTHOIIGHHE Pa3sHOCTH MEXKAYy MAacCOd pacTBOPEHHBIX H
JIICTIEPTUPOBAHHBIX OTIIOKEHUH K UCXOaHOM Macce obpasia ACIIO [5].

[Ipn pazpabotke pacTBOpuTeNs ObUIM BBIOpaHBI apoMaTHYECKHe, anudaTHUecKue yTrIIEBOAOPOJBI (TONYOJ, IU3eJIbHOE
TOTUIMBO) W TIOBEPXHOCTHO-aKTHBHOE BEIIECTBO (JempeccopHo-aucneprupyomas npucanaka - JJIT). I no6asmsmu ot 0,1
o0 3 % W OLIEHMBAIUCh MOIOINAs, AWCIEPTUPYIOIIAs U PACTBOPSIONIAs CIIOCOOHOCTH PacTBOPUTENs ¢ Ao0aBieHHEeM U 0e3
nobasnenust mpucaaku. Ha pucynke 1 mpeacraBmeHsl mokaszarenun sddextuBHOocTH pactBopurens ACIIO (moromas,
JUCTIEPTUPYIOIIAs M PACTBOPSIONIAs CIIOCOOHOCTH) B 3aBUCHMOCTH OT pa3in4HbIX KoHneHTparwii JI/II1 B ero cocrase.
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Puc. 1 — Db dexruBrocts pacteoputenss ACIIO ¢ nobdasienuem u 6e3 nodasmenus J1JII1

Kak BumHO u3 pucyHka 1, HamOosbmas 3((GEeKTHBHOCTb, HPU KOTOPOH 3HA4YE€HHS MOIOUIEH M JHCHEpPrupyouien
CHOCOOHOCTEW IMOKa3bIBAIOT HauOOJbIIME 3HAueHMs, gocturaercs npu nodasnenun 3% JJIl B pactBopurens. Moromas
crocoOHOCTh pacTBopHTens npu podasmenun 3% JIJIIT Bo3pocma moutu B 1,8 pas, Mo CpaBHEHHIO C PacTBOPHTENEM, B
KOTOPOM JICTIPECCOPHO-TUCTICPTUPYIOIIAs IpUcaIka OTCYTCTBOBaNA. Jlucneprupytromias crmocoOHOCTs yBenndmiach B 11,8 pas.
OmHaKO pacTBOPSIONIAs CIIOCOOHOCTH YMEHBIITIIIACKH (B 6,3 pa3).

MaxkcuMyM MOMOMEH W MaKCHUMyM TUCIIEPTHUPYIOIIEH CcIocoOHOCTEH O3Ha4YaeT, YTO INaHHBI PACTBOPHUTENb MOXKHO
MIPUMEHATH JIMIIb TOJNBKO JISI IPOMBIBOK HacocHo-koMmnpeccopHbix TpyO (HKT) B nuHammueckux ycioBHSAX (TO €CTh C
LUPKYJSILUCH pacTBOPUTEIIS, IIPEAOTBPAILAOIICH BO3MOKHOCTE ocaxkaenus aucneprupoBanasix ACIIO) [3]. Ucnons3oBanne
JITAHHOT'O PacTBOPHTENS Uil 00pabOTKU NMpu3aboiHON 30HBI TJIaCTa HE PEKOMEHIYETCsI, TaK KaK eCTh OOJIbIlasi BEPOSITHOCTD,
4to aucneprupoBanublie yacTuipl ACIIO MoryT 3akoyibMaTHpOBaTh NOPOBOE MPOCTPAHCTBO ILIACTA.

[Tpu KcnoIp30BaHUU METOANKH «KOP3UHOK» HYXKHO YUUTHIBAaTh, YTO pacTBopuTelb aeiictByeT Ha ACIIO co Bcex cTopoH,
B TO BpeMs KaKk B pEalIbHBIX YCJIOBHAX B HE(TEra3ompoMbICIOBOM O0OpPYIOBaHMM KOHTaKTa CO BCEX CTOPOH He
00OHapyKUBACTCS.

[TosToMy OBUIM TPOBEIEHBI HCCIENOBaHHUS TIpolecca ynajleHus ac(aabTocMoIonapaduHOBBIX OTIOXKEHUH C
METaTMYECKOH MOBEPXHOCTH Ha YCTAHOBKE «XOJIOJIHBIM CTEPXKEHbY», Ul TOTO YTOOBI 00eceUnTh «CTeHOYHBIH 3ddexT» n
npubI3uTh ycsosus oopasoBanus ACIIO k peansHbIM [6].

VYcranaBnauBanace Temreparypa Oanm 37°C (TutacroBas TeMIepaTypa HCCIEIyeMOTO MECTOPOXICHHUS), TeMIeparypa
XOJIOJTHOTO cTep>kHs cocTaBisia 2°C (cpennsis temmepatypa creHok HKT B 3umHee Bpems).

O6pazer; ACIIO npeaBapuTeIIbHO PACIUIABIISUICS. 3aTeM XOJIOJHBIA CTEP)KEHb OIyCKaJICs B CTAKaHYHMK C PacIliIaBICHHBIM
oopaziiom ACIIO, 3acekamoch Bpemss (2 wmunyThl). [lpu Hanecennn ACIIO Ha MeTaIIMYECKYIO MOBEPXHOCTh B
pacIulaBIEHHOM BHJE TPOUCXOJMT CIEIUIEHHE KPUCTAUIOB mNapaduHa C HOBEPXHOCTHIO 32 CHET pPas3HHIBI TEMIeparyp
OTJIOKEHHMST W MeTajula. 3aTeM XOJIOJHbIE CTEPKHH OIYCKaJHCh B PACTBOPUTEIM IIPU PAa3IMYHBIX KOHIECHTPAIMIX
KOMIIOHCHTOB Ha OHpeﬂeHeHHLIﬁ IIPOMECIKYTOK BPEMEHU. MakcumanbHoOe BpEMA HaAXOXIACHUA XOJOJAHOI'0 CTCPKHSA B
pactBopuTene cocTtaBisno 24 waca. OlneHHBajIach MOIOMIAsi CIIOCOOHOCTH pacTBopHTeNs mo n3MeHeHH:o mMacchl ACIIO Ha
XOJIOJHOM CTEPKHE 10 U TOCIIE SKCIIEPUMEHTA.
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Puc. 2 — Moromas ciocobHocTh pactBoputes ACIIO npu pa3nMyHbIX KOHIEHTPALUSIX €r0 KOMIOHEHTOB (JM3€IbHOT0
TorMBa, Toxyona u JJIIT)
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W3 pucyska 2 BuagHo, uto mocie pobasnenus JIJII1 moromas crmocoOHOCTH pacTBOPHUTENS 3HAYUTEIHHO BO3POCIA
(TmpakTHuecKu B 2 pasza).

PesynpraTel uccienoBaHU MO METOAY «XOJOIHOTO CTEPXKHS» MOATBEPKAAIOT HCCIASAOBAHUS, MPOBEIACHHBIC IIO
METOJIMKE «KOP3UHOK». Ha pucyHke 3 mpeicTaBiieHbl pe3yJbTaThl, TOTYyUYEHHBIE MO IBYM 3TUM METOUKAM.
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Motomias ciocooHocTh 1o Metogy XC u Metony "KOp3uHOK"

B Merog XC B Meron "Kop3uHOK"
Puc. 3 — Moromas cioco6HOCcTh pactBoputelst AIIO o Metoxy XC 1 METOTy «KOP3UHOK»

Kak BugHO M3 pucyHka 3, Motomas criocooHocTh pactBoputenss ACITO 1o MeTonuke «KOP3MHOK» OKa3anach BBIIIE, YEM
o MeToay XC. DTo 00BICHIETCS TEM, YTO 0 METOJUKE «KOP3MHOK» PacTBOPUTENb neiicTByeT Ha oOpaser; ACIIO co Bcex
CTOPOH, TOT/Ia KaK B pealbHBIX CKBAXXMHHBIX YCIIOBHSIX BCECTOPOHHEro koHTakTa pactBoputens ¢ ACIIO e mpoucxoaut
(3TuM ycnoBusM B GosblIel cTeneHu cooTBeTcTByeT MeTo XC).

[ocne noGaenenust k pactBoputento JI/AI1 NpoucXoaUT 3HAYMTEIHHOE YBEJIMYEHHE €r0 MOIOLIEH M AWCIEprHpyIomIei
CIIOCOOHOCTEH, TeM CaMbIM IIOBBIIIACTCS IMOBEPXHOCTHAsI aKTUBHOCTH pacTBopuTens u >pdekt aucnepruposanus ACIIO.
YMeHbIIasi MOBEPXHOCTHOE HATsDKEHHE, pacTBop cMmaumBaeT obOpaszeny ACIIO, mpoHmKas B TPEIIMHBI M IOPBL, NIPH 3TOM
CHIKAETCS CLEIUIIEMOCTh €ro YacTHIl. YCTaHOBKa «XOJIOJHBIH CTEpXKEHb» UIA yIAaJIeHHUS ac(aabTOCMOIONapaduHOBBIX
OTJIOKCHUH C METaJUIMYECKOW ITOBEPXHOCTH OOECIEUMBACT «CTEHOYHBIH 3(dexT» m mpubnmxaer ycinoBus o0Opa3oBaHHA
ACIIO k peanbHBIM CKBaXMHHBIM ycioBusiM. HccnenoBanust mo merony XC mokazand pe3yibTaTbl, CONOCTAaBUMBIE C
pe3ysibTaTaMH 10 METOIUKE «KOP3WHOK». Moromas CrmocoOHOCTh pacTBOPHUTENST NPH J00aBIEHHH JIEIPECCOPHO-
JUCHIEpTUpYIOed Npucanky, paccunTaHHas mo Merony XC M METOAMKE «KOP3WHOK», B 2 pasza BBIIIE DPE3YJbTaTOB
skcriepuMenTa 6e3 nobasneHus [1AB B pactBopurens. OnHako pacTBOpsIONIas CIOCOOHOCTh, PaCCUMUTAHHAs 10 METOJIUKE
«KOP3WHOK» yMEHBILIMJIACH TT0CIIe JOOABICHHS MPUCAIKH.

BoiBoa

B pesynbTaTe mMpoOBEAEHHBIX HCCIENOBAaHUN pa3pab0TaH XUMUYECKHUH COCTaB, OTIUYAIOIIMKACS BBICOKMMH MOIOIIEH U
JCTIEPTUPYIOLIEH CHOCOOHOCTSAMHM 110 OTHOMICHHIO K ac(albTocMOJONapadUHOBBIM OTJIOXKEHHSM, YTO IO3BOJISIET
PEKOMEHIOBATh €T0 JUIA YAAICHHS S3THX OTIOKEHHH B HE(TAHBIX CKBRXHMHAX (U1 MPOMBIBOK BHYTPHUCKBaXXHHHOTO
obopynosanus). st 00paboTkH nMpru3ab0iHON 30HBI IJIACTA UCIIOIB30BAHKIE JAHHOTO PACTBOPHUTEIISI HE PEKOMEHIYETCSs M3-3a
OTIaCHOCTH 3aKOJbMAaTHPOBAaHMUS ITOPOBOTO IPOCTPAHCTBA ITacTa qucnepruposanHpIMU dactiunamu ACIIO.

Jlureparypa

1. PoraueB M.K. ®uznko-xuMuyeckne METOAbI COBEPLICHCTBOBAHUS IPOIECCOB IOOBIYM HEPTH B OCIOKHEHHBIX
YCIIOBUSIX: JTUC. ... JIOKT. TeX. Hayk: 25.00.17 / M.K. Poraues; ¥ ¢pum. roc. Hedt. Texuuu. yu-T. — Ya, 2002. — 312 c.

2. [uspos U. H., baryesa U. 10., CansikoB A. H., Cononosa H. JI. Xumust Hedti. PykoBoacTBO K J1aO0paTopHbIM
3aHATHAM: Y4eOHoe mocobue st By30B. JI. : Xumust, 1990. ctp. 240.

3. CrporanoB B. M., TypykamoB M. B. Dkcrpecc-meroanka moadoopa 3PQPeKTUBHBIX pacTBOpuTesied achaibTeHO-
cMmodio-iapadunaoBbIX oTiaoxenui // OilGas. - 2007. - Ne8. - C. 44-48.

4. Meroauka ompeneneHus S(PQPEKTUBHOCTH pPeareHTOB sl yaaneHus ac(haibTeHO-CMONIONapahMHOOTIOKEHHA.—
Kazanp: OAO «HNUHehTenmpomxum», 1998. — 3 c.

5. Typykanos M.b. Kpurepun BbIOOpa >(PQPEKTUBHBIX YIJIEBOJOPOAHBIX pAcTBOPHUTENICH U ylaJICHHSA
acampTocMoonapadUHOBEIX OTIIOKEHU: ABTOped. auc. ... kana. xuM. Hayk: 02.00.13 / Kpacromap: Ky0OaH. roc. TexHOIN.
yH-T, 2007. — 24 c.

6. Illepbaxos I'.I0. OGocHOBaHME TEXHOJOTHH YyAalIeHHs achanbTocMosonapUHOBBIX OTIOKEHHH B CKBAXKHHAX C
MIPUMEHEHHUEM PacTBOPHUTEIIS M ONITHYECKOTO METO/1a KOHTPOJISA 33 IPOLIECCOM: JIUC. ... KaHA. TexXH. Hayk: 25.00.17: 3anmineHa
30.09.2015. — Cankr-IletepOypr, 2015. — 113 c.

7. JlabGopaTtopHas MeTOAWKAa OIECHKH 3S()()EKTHBHOCTH pPACTBOPHUTENEH ac(albTO-CMOMUCTBIX W MapadUHOBBIX
otnoxxenuit. ['epacumona E.B., Axmetos E.B., Jlecatkun A.A., Kpacunsaukosa FO.B. 6.m. : Hedrerazosoe agemno, 2010 r.

References

1. Rogachyov M. K. Physical and chemical methods of improvement of processes of oil production in the complicated
conditions: dis. ... doctor of technical Sciences: 25.00.17 / M. K. Rogachyov; Ufa state petroleum technological university. —
Ufa, 2002. — 312 p.

2. Diyarov I. N., Batuyeva I. Yu., Sadykov A. N., Solodova of N. L. Himiya of oil. The management to laboratory
researches: Manual for higher education institutions. L.: Chemistry, 1990. p. 240.

3. Stroganov V. M., Turukalov of M. B. Express-metodik of selection of effective solvents of the asphaltene resin paraffin
deposits//OilGas. - 2007. - No. 8. - Pages 44-48.

101



Meswcoynapoonuiii Hayuno-ucciedosamensckuil scypran = Ne 2 (44) = Yacmeo 2 =@espann

4. A technique of determination of efficiency of reagents for removal of asphaltene resin paraffin deposits. — Kazan: JSC
Niineftepromhim, 1998. — 3 p.

5. Turukalov M. B. Criteria of a choice of effective hydrocarbonic solvents for removal the asphaltene resin paraffin
deposits: Abstract. dis. ... Candidate of Chemistry: 02.00.13 / Krasnodar: Kuban state technological university, 2007. — 24 p.

6. Scherbakov G. Yu. Justification of technology of removal the asphaltene resin paraffin deposits in wells with use of
solvent and an optical control method of process: dis. ... Cand.Tech.Sci.: 25.00.17: it is protected 30.09.2015. — St.
Petersburg, 2015. — 113 p.

7. Laboratory technique of an assessment of efficiency of solvents of asphaltene resin paraffin depositss. Gerasimova E.V.,
Akhmetov E.V., Desyatkin A.A., Krasilnikova Yu.V. B. m: Oil and gas business, 2010.

DOI: 10.18454/1RJ.2016.44.100
Ynounés A.A. (Maaamuii)
Kanaunat 5KOHOMHYECKUX HAYK,
WuctutyT ctermm YpO PAH, . Openoypr
Paboma evinonnena 6 pamkax 6100scemnoi. memul « 3yuenue ucmopuro-2eoepapuyeckux u coyuanrbHo-3KOHOMULECKUX
aACneKmos 0C8OeHUs U pa3eumust cmenno2o npocmpancmea Poccuu u Eepazuuy
K BOITPOCY O ®OPMHUPOBAHHNU U 3BHAUYEHUUN JIECOMEJIMOPATUBHOI'O KAPKACA
OPEHBYPI'CKOM OBJIACTH
Annomauusn
Macumabnouii npoexkm — «Cmanunckuti nian npeobpazosanus npupoovly 1948 200a usmenun nanowagpmuoiii 061uUK
Openbypeckou obaracmu. Bo emopoti nonosune XX 6exka 6 pecuoHe ObLIU 3AJ0NCEHbL OCHOBbL CXEMbl COBPEMEHHO20
necomenuopamugrozo kapkaca. Ocnosoll necomenuopamusio2o kapxaca Openbypeckoii obracmu cmana Iocyoapcmeennas
3auUmMHAs 1eCHast NoI0ca 8 Hanpaeienuu eopvl Buwnesas — Yxanos — VYpanvck — Kacnuiickoe mope no bepecam pexu Ypan,
npomsicénnocmoio oxono 1080 xunomempos. besnecnvle pavionvt (menee 1%) 6 OCHOBHOM COCPEOOMOUEHBL HA BOCMOKE
obracmu co cpeonem nokaszamenem jecucmocmu - 0,5%. s muoeux meppumopuii Openbypeckou obracmu ce2o0Hs
AKMYAIbHBIM SIGISIEMCST CO30AHUE TECONAPKO8020 IAHOWApma npu codmodenuy noKazamene OnmuMaibHOU J1eCUucmocmu
munog mecmuocmu. Ilpu cobmodenuu 5mo2o yCiogusi 1eCOMEIUOPAMUSHBIL KAPKAC NOMUMO HpIMOU (yuxkyuu Oydem
ocyuecmensame 6 NOIHOU Mepe U COYUATbHYIO QYHKYUIO (DEKPeAyUOHHYIO, 30PABOOXPAHUMENbHYIO, ICMEMUUECKYIO U np.).
Kuarouesble cioBa: JlecomenuoparuBHslii kapkac, OpeHOyprekast 0651acTh, roCyIapcTBEHHAs 3alUTHAS JIECHAs T10JI0CA,
JIECOBOCCTaHOBIICHHE, TOKA3aTeN b JIECHCTOCTH, CTPYKTypa JiecHOTro (GoHa.

Chibilyov A.A. (jr.)
PhD in Economics,
Institute of Steppe of the Ural branch of the RAS, Orenburg
TO THE QUESTION ABOUT THE FORMATION AND SIGNIFICANCE OF AGROFORESTRY FRAME
OF THE ORENBURG REGION
Abstract
A large-scale project — “The Stalin plan to transform nature™ of 1948 changed the landscape of the Orenburg region. In
the second half of the twentieth century in the region laid the foundations for the modern scheme of agroforestry frame. The
basis of agroforestry frame of the Orenburg region became the State protective forest strip in the direction of the Vishnevaya
mountain — Chkalov — Uralsk — Caspian sea along the banks of the Ural river, a distance of about 1080 km. Treeless areas
(less than 1%) mainly concentrated in the east region with average extent of forest cover of 0.5%. For many areas in the
Orenburg region relevant today is the establishment of a forested landscape while respecting the optimum forest cover types of
the area. At observance of this condition the agroforestry frame in addition to the direct function will be to implement fully and
social function (recreation, health, aesthetic, etc.).
Keywords: Agroforestry frame, Orenburg region, state protective forest, reforestation, forest cover indicator, the structure
of the forest fund.

B cepenune mnepBoii derBepTH XX| Beka HecMOTps HAa MOYTH HMCYE3HYBIUMH THII PACTUTENHLHOCTH, CTEHHAs 30HA
MIPOJIOIKAET OCTAaBaThCs BaXKHEHIIEH AJIs X0341cTBa Hamlel cTpaHbl. CeroiHs MOKPOB CTENH B 3HAUYUTEINBHON CTENEHN
3aMECHEH YEJIOBEKOM Ha CEJIbCKOXO3SHCTBEHHYIO PACTUTENBHOCTh arpoiaHamadTa, TeM HE MEHee BOIPOCHI CTEICBEICHHUS
OCTAIOTCSl aKTyallbHBIMU 7151 MHOTUX PETUOHOB CTEMHOro npocTpancTBa Poccun u EBpasun. Komminekc 3Tux BOnpocoB Beeraa
HOCHJI MEXJUCIUIIIIMHAPHBIN XapakTep, 3aHUMasi yMBI He TOJIbKO TeorpadoB, OHOJIOroB, OYBOBEIOB, HO M SKOHOMHCTOB.

Kax wm3BectHo, B 1877 romy B.B./JokyuaeB HauMHaeT cBO€ WCCIEAOBaHHE PYCCKOTO YEpHO3e€Ma TOJ OTHI0H
HMnepaTopcKkoro BOJNBHOTO 3KOHOMHYECKOTO obmiecTBa. PesymbTaToM 3THX HCCieoBaHHMM cTaja opraHm3anus «Ocoboif
9KCHEIUIIH [0 UCTIBITAHNIO U YIETY Pa3IMIHBIX CLIOCOOOB M IPUEMOB JIECHOTO M BOJHOTO X03siicTBa B cTemsax Poccun» u ero
Tpya «Hamm cremm mpexne u Ttemepsp» (1892). IlonmBeka cmycTs 3TH HIEW JIETTH B OCHOBY «CTaJMHCKOTO IUTaHA
npeoOpazoBanus mpupoas» (1948) [1].

OTtoT MacmTaOHBIA MPOEKT MO M3MEHEHMIO JTaHAma(Ta 1 MUKPOKIIFMAaTa, KaK U JPYTrOod MPOEKT — «IETHHHAS KOMITAaHUS»
(1954) nzmenunm o6IMK €BPa3MHCKOTO CTEITHOTO MPOCTPAHCTBA [2].
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Puc. 1 — «PenyT» rocyaapcTBEHHOM 3alIUTHO MOJOCHI r.Bummnésas —Kacrmiickoe Mope
(Bun ¢ ropsl BepOumoxka: 51°2421" c.ir.; 56°49'01" B.1.).

IIo mopogHOMy cocTaBy il FOCYAAPCTBEHHOM 3allUTHOM JIECHOM IOJIOCHl ropa Bumnesas — UkanoB — VYpaibck —
Kacnuiickoe Mope peKOMEHAOBANIUCH B KadecTBE ITIaBHBIX: Iy0, Oepesa, OepecT, BA3 MEIKOIMCTHBIH, TOIOJb, COCHA (Ha
MecKax); COIMMyTCTBYIOIIUX — KJIEH TaTapcKuil, iauma [1].

Cornacao I'ocynmapcTBeHHOTO Tana B mepuos ¢ 1949-1965 rr. npeamnonaranocs co3aars Ha Teppuropun OpeHOyprekoit
00J1acTH 3alIUTHBIC JTECOHACAKICHUS:

a) cunamu u cpedCmseamu Koaxo308 (Mmvic. 2eKmapos)

6 Nepuoobl:
BCEIO: 1949 200 1950 200 1951-7955 ee. 1956-1965 ze.
201,5 3,5 8,2 4,7 1428
6) cunamu u cpedcmeamu Munucmepemaa necrozo xoszsucmea CCCP (moic. cekmapos)
1949 200 1950 200 1951-7955 ze.

Ospaoicro- B zoc- Ospaoicro- B zoc- Ospaoicro- B zocnec- B konxos-
banounvle necghonoe banounvle necghonoe banounvle ¢onoe HbIX Jlecax

04 3,5 04 4,6 1,2 354 2,6

8) cunamu u cpeocmseamu co6x0308 Munucmepcmesa coexozoe CCCP (mvic. eexmapos):

BCEIO: 1949 200 1950 200 1951-7955 2. 1956-7965 2.
78,8 0,5 2,2 18,0 58,1
Husi  OpenOyprckoit  00acTd, MEpONpPUATHS  HAMpaBi€HHbIE HA  YIy4IIeHHE Jieca W  TOBBIMCHUS  €ro

BOJIOOXPAHHO3AIIUTHBIX, CPENO00pa3yIomnX M CONHMAIbHBIX (YHKIMH Bcerja KpailHe aKTyaJbHBL. DTO 00YCIIaBIMBAETCS
HU3KUM II0Ka3aTelieM JICCUCTOCTH (TEpPUTOpHsl cUMTaeTcst Oe3lecHoi mnpu nponeHTe jgecucroctd meHee 10%). Jlecucrocts
tepputopun OpeHOyprckoii 001acTH HaMMEHbIIAsl Cpein BeceX cyObekToB Bxoasamux B [IpuBomkckuii henepanbHbIil OKpyT, a
B Poccuu MeHbpLINIT COOTBETCTBYIONIHIA MOKA3aTENb HMEIOT TOJIBKO 5 perroHoB (Tadi. 1) [3].
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Tabmmna 1 — Jlecuctocts pernoHoB PO

Peruon % mnecucTocTH
Opendyprckas 06J1acTh 4,6
Bonrorpazckas o6nacth 4,3
PocroBckas o61acThb 2,4
AcTtpaxaHckasi 0071acTb 1,8
CTaBpONOIbCKUHN Kpait 1,6
Pecny6nmka Kanmbikus 0,2

PaccmarpuBas mokaszaTendm JIECHCTOCTH B pa3pe3e MYHHIUNAIBHBIX oOpasoBaHmil OpeHOyprckoil o0jacTh, OTMETHM
TPy IPUTPAHUYHBIX PAOHOB ¢ IOKaszaresneMm JsecuctocTn Oonee 10%: Bysymykckumit (22,8%), Cesepnsiii (18,8%),
Tromeraackui (17,3%), Byrypycnanckuii (12,9%), Unekckutii (10,5%) (puc. 2).

FTOPOAA  MIT: PAWOHbI:
1. Byrypycaah; Il. ABAYAUHO; 1. CesepHblit; 2. ByrypycAaaHckui; 3. AGAYAMHCKUIA; 4. ACEKEEBCKUIA;
lll. By3yayk; IV. CopoymHCK; 5. Marseesckuin; 6. MOHOMAPEBCKUIA; 7. By3yAyKCkmiA; 8. Mpa4€BCKmi;

V. OpeHb6ypr; VI. Coab-Ureuk; 9. KpacHorsapaeickumit; 10. AAekCaHAPOBCHKM; 11. LLIGPAbIKCKMIA;

VII. KysaHasik; ViIl. MeaHoropck; 12. KypmaHaesckuit; 13. Toukui; 14. CopoumHckmin; 15. HoBocepriesckumia;
IX. Fai; X. HoBOTPOMLK; 16. Nepesoaouxui; 17. OkTabpbckuia; 18. TIOALraHCKUI; 19. NepBoManckmi;
_ XI. Opck; Xl AcHbI 20, TawAuHckui; 21. Maekckuin; 22. Cakmapckui; 23. OpeHByprekuia;

24. Capakrawickui; 25. Coab-Uaeukui; 26. AKBYAQKCKUiA; 27. BeaseBckui;
28. KysaHablkckui; 29. Manckmi; 30. KsapkeHckui; 31. HoBoopckui;

32. Aaamosckuit; 33. AomBapoBckmin; 34. icHeHCKu; 35. CBETAMHCKMIA.

Mnowaab 3eMernb NOKPbITLIX NECHOWN PaCcTUTENbHOCTbLIO
”‘ ¢ npeobnapaHvemM apeBecHbIX nopoaa (ra)

s7o0 [l XBoOWHbIE NOPOALI AEpeBLEB
B TeépaonucTeeHHble NOpoaAbl AepeBLEB

%
TlecuctocTb Tepputopum (%)
25 34 35
M 20 v 6onee (1) ( A ¢ :
M 10030 20 (4) - )
580 10 (8)
140 5 (15)
Ao 1 (7) KMAOMETDBI
Puc. 2 — Jlecuctocts Teppuropun paiionoB OpeHOyprckoit obiacTi Ha

1.01.2014 r.

besnecHble paiionsl (MeHee 1%) B OCHOBHOM COCPEOTOUEHbI Ha BOCTOKE 00JIACTH CO CPEIHEM MO0Ka3aTesieM JIECUCTOCTH -
0,5%. Ha rore obiacTi OTMETHM CKYAHBINA Ha JiecucTocTh AkOynakckuii pailoH. BocrouHas yacTh 3anagHoro OpeHOYpKbs H
ceBepo-3amaj] MEeHTPaJbHOIO MPEACTaBIECHbl palOHAMM, BXOJSIIMMHU B TPYIIY JECUCTOCTH Tepputopuu oT 1 1m0 5 % (3a
UCKJIIOUYEHHEM AJICKCaHAPOBCKOro paiioHa). Ha cHIkeHHMe mokasaTeis HMX JICCHCTOCTH BO MHOTOM HOBJIMSUIM JPEBHHUE
pyanuku "Kapramer". s KapraJauHCKOW METaJUTypruul TpeOoBajics yroib, Ha KOTOPBIM TPAaTWINCh OOJBIINE 3arachl
JIpEeBECHHBI Ka4eCTBEHHBIX MOpox (Oepésa, cocHa). OTHOCHUTENBFHO BBICOKOW [UISi PETHOHA IPEICTaBIISICTCS JIECHCTOCTh
pailoHOB BKITIOYAIOLINX B CBOEH TEPPUTOPUU 3EMITH MMOMMEHHBIX J1ecoB pek Ypaina, Cakmapsl U Camapsl.

B crpykrype 3emens secHoro ¢onma (641 828 ra) OpeHOyprckoit o0IacTH 3HAYHTEIBHYIO YacTh 3aHUMAKOT JICCHBIC
wromanu (535,7 Teic. Ta; 84,7%). CenbCKOX03HUCTBEHHBIC YTOAbs B JIecHOM (poHzae 3anumaroT 4,4% (28 TrIc. ra; u3 Hux 1,5
THIC. T TIAIITHM), a Ha 3eMJIH "'oj1 Bojoi" mpuxoaures 2,5% (puc. 3).
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B CenbCKOXO3AMCTBEHHbIE YrOAbsA
M /lecHble 3emMnu

M 3emnu nog goporamu

B 3eM/1 3aCTPOMKM

M 3emnu nog BogoM

W 3emnu nog 6onotamu

[Opyrue semaun

0411
Puc. 3 — CtpykTypa 3eMensb jiecHoro ¢oHaa mo yroassam (%)

[Nokazarenb KagacTpoBO# CTOMMOCTH 3eMedb JiecHoro ¢onaa obmactu B 2008 roxy cocraBisn 7 650 py0. 3a rexrap (wiam
282,3 $) (Pesynomamer ymeepowcoenvt [locmanosnenuem Ipasumenncmsea Openbypeckoti obracmu om 11.11.2008 2. Ne 418-n.)

Ecmu 6pats 3a OCHOBY 3TH JaHHBIE TO HAa HOSOpH 2015 roma 3TOT mokas3arenb B COIIOCTABUMBIX IIeHAX Oyzet paseH 18 715
py0. 3a rexrap. Takum o0pa3oM COBOKyIHAs KagacTpoBas CTOMMOCTH 3eMelb JiecHoro ¢oHma B 2015 romy mMoxer OBITh
paccuuTana B penenax 12 008,1 miH. pyo0.

[Ipn kpaiiHe HU3KOM ITOKa3aTele JIECHCTOCTH B PETHOHE BCET/a aKTyalbHBIM OBUIO MIPOBEJCHNUE MEPOIPHUATHIA 110 OXpaHe
¥ 3amuThl JiecoB. K coxaneHwro, eciy OpaTh CTaTUCTHKY IO JICCOBOCCTAHOBICHHUIO 3emenb ¢ 1980 roma, HabmromaeTcs
CHIDKEHHE TIOKa3aTeNs NCKYCCTBEHHOTO JIECOBOCCTAHOBICHUS (pHcC. 4).

rA

5000 -
4500 -
4000 -+
3500
3000 -
2500 A
2000 -
1500 -+
1000 -
500 -

M /1ecoBOCCTaHOB/IEHUE, Ta
/ M [Mornb10 NeCcHbIX HaCaXKAEeHWU, ra
| | |

1980 1990 2000 2005 2010 2011 2012 2013 roas!

Puc. 4 — [lunamuka necoBocctanosienus mo Opendyprekoit odmactu B 1980-2013 rr.

st MHOTHX TeppuTopuii OpeHOYprckoil 00J1acTh CerolHs aKkTyallbHBIM SIBJISIETCS CO3/IaHHE JIECONapKOBOro JaHamadra
npu coOJIIOICHUH TIOKa3aTeNell ONTUMAaIbHON JIECUCTOCTH TUTIOB MECTHOCTH.

JlanamaTHO-MHXKEHEPHBIE pabOThl Ha OBparax, MNPOCKTHPOBAHUE CAJ03AIMUTHBIX JIECHBIX MOJIOC, MEIHOPATHBHBIC
MEpOIIPHUSTHS BAOJIb OEPErOB PEK, 3alUTHBIC JIECOHACAKIICHUS BIOJIb TPAHCIIOPTHBIX MyTeil, 0J1aroycTpoiicTBO JeconapkoB 1
JIPYTHAE MEPOIPHATHS JOJKHBI MPOBOJMTCS HPU COOJIIOJICHUM YPOBHS KauyecTBa MOPOJHOIO COCTaBa Jieca U KYyCTAPHUKOB
PEKOMEHIYeMBIX CIEIMaJiNcTaMH JUIs KOHKPETHBIX TeppuTopuil peruoHa [4, 5]. Ilpu colmiogeHMH 3TOTO YCIOBHUS
JICCOMEITMOPATUBHBIA KapKac MOMUMO MPSIMON (YHKIUU OYAET OCYIISCTBIATH B IOJHOM Mepe M COIHAIbHYI (DYHKIHIO
(pekpeallnoHHYI0, 3MPABOOXPAaHUTEIBHYIO, SCTCTUICCKYIO U Tp.). 3HAYHUTENBHAS OIS 3HAYMMBIX B TYPHCTCKOM OTHOIICHHUH
00BEKTOB Ha TEPPUTOPUU PETHOHA TaK WIA HHAYE CBSI3aHBI C MOWMEHHO-PEYHBIMH M TOPHO-JICCHBIMH PEKPEaIlHOHHBIMU
naHgmadTaMi, COCHOBBIMH U BOAOPA3NEIbHBIMH OCTPOBHBIMH JiecaMH. VIMEHHO Ha TaKUX TEPPUTOPHUAX PACHOIOKECHO
OOJNBIIMHCTBO 00BEKTOB KypOPTHO-CAHATOPHOTO KOMILUIEKCA, TypOa3 U JIOMOB OTHBIXA.
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