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BETEPNHAPHDIE HAYKN

SMUJAEMHUAOJOTMYECKOE 3HAYEHUE BEIIEHCTBA CEJIbCKOXO35ICTBEHHbIX
AKNUBOTHBIX U TUKUX ITIOTOAJHBIX

Baijirazanos Aoapaxman HypmyxaméeroBny

Kano.eem.nayx, 3as. kageopoii «Bemepunapuas canumapusy, e.Cemeui, Kazaxcman

TueybaeBa Asexcanapa BurajibeBHa

K.6.1., ooyenm xagheopuvr «Bemepunaprnas canumapusy, 2.Cemeti, Kazaxcman

HypkenoBa Mapaa KapunoJuiiaesaa

K.6.1., ooyenm raghedpwr «Bemepunapuasn canumapusay, 2.Cemeil, Kazaxcman

baeiim Tarbsina HukosaeBHa

K.6.1., ooyenm raghedpvr «Bemepunapuas canumapusay, 2.Cemeil, Kazaxcman

OmapoexoB Ecenrenbasl OmapoexoBuy

K.6.1., doyenm raghedpwr « Bemepunapuas canumapusy, e.Cemeil, Kazaxcman

AHHOTAIMSI. VccnenoBanust IPOBOJUIIKCH C IIEIIBIO OIPENEIICHHS STIHIEMUOIOTHIECKOT0 3HaYeHus Oe-
HICHCTBA > XUBOTHBIX. Onpeaeneﬂa JUHaAMHKa KOJIUYECTBaA He6narononqumx ITYHKTOB U KOS(l)(bI/IHI/IeHT KoppeJid-
O GeIlIeHCTBa JUKHUX INIOTOAOHBIX U AOMAIITHUX XUBOTHBIX.

ABSTRACT. Studies were conducted to determine the epidemiological significance of rabies in animals.
The dynamics of the number of unfavorable points and the correlation coefficient of rabies of wild carnivores and

domestic animals are determined

KnaroueBsbie ciioBa: BGH.ICHCTBO, Koppeanus, IJIOTOSAAHBIC.

Keywords: Rabies, correlation, carnivores.

Ilo nanubIM BeeMupHO opraHu3anuy 340pOBbS
#uBOTHBIX (BO3XK — MOB) pabuyeckas nHpexuus
BXOJIUT B IPYIITy TPAHCMHUCCHOENBHBIX O0JIe3HEH, BO3-
JICHCTBYIOIUX Ha OOIIECTBEHHYIO YKOHOMHUKY U 31Ipa-
BOOXpaHEHNUE, KaK B OT/EIbHBIX CTPaHaX, TaK U MUpPE B
LETIOM.

BemmencTBo, TpeOyeT MOCTOSHHOTO IIMPOKOMAC-
mTabHOrO MOHHTOPHHIA — HEOTHEMJIEMOH YacTH CH-
CTEMBI IPOTUBOAHU300THIECKUX U ITPOTUBOIIMHIEMHUO-
jJorudeckux MeponpusaTtuil [1]. Pe3ynpTaTsl MOHMTO-
PHHTOBBIX HCCIEJOBaHWN OCIIEHCTBA PpETyJSIPHO
OTPaXaloTCd B MEXKJYHapOJHBIX CIIEHAIN3UPOBaH-
HBIX W3gaHusx Rabies bulletin Europe (RBE) u World
servey of rabies (WSR).

B HacTos1ee BpemMst 000CTpUIach SMUIEMHO-31TH-
300TOJIOTHYECKAst CUTyalusl 10 OSIIeHCTBY KaK B Tpa-
JUIIMOHHO HEeOJIaromoydHeIX pernoHax Kasaxcrtana
(FOxno — Kazaxcranckas, JXamoOpuickas, Ke3purop-
JMHCKast, AJIMaTHHCKasi 00JlacTH), Tak U B BocTouHO-
KazaxcTanckoit obmactu. Ha ¢one smu3ooTonoruye-
CKOT'0 HeOJIaronoxydusi OTMEUeH POCT KOJIM4YecTBa 00-
PaTUBIIMXCS 33 MEAUIMHCKOH ITOMOIIBIO JIFO/EH, I0-
CTpaJlaBUIMX OT YKYCOB XHUBOTHbIX — B 2016 roxy mno-
crpananmu 4767 genosek, 2565 (53,8%) w3 KOTOPBIX
ObUTH TOKyCcaHBl 0€3HAJ30PHBIMH JKUBOTHBIMHU, B OC-
HOBHOM cobakamu [2,3,4].

B snm300THYECKyIO ETh CTajIl WHTEHCHBHO BO-
BJIICKAIOTCS HOBBIE 3BEHbBS, IPEICTABICHHBIE XOPb-

KaMH, KyHUIIaMH, 6apCcyKamu, PHICSAMU, TUKUMHU KOIII-
KaMH, KpbIcaMu, examMu, 000paMu, XOMsIKaMu, OHJAT-
pamu, HyTpUSIMH U JP.

K coxaienuro, craad OOBIYHBEIMU OOHTATENSAMU
necoB Opoxsumne cobaku. [lorosoBbe Oe3HAI30pPHBIX
co0aK M KOILIEK, He MMEIOIUX UMMYHHTETa K OClIeH-
CTBY, B CeMeHCKOM pEeTHOHE PacTeT €KETOTHO.

3a nepuog ¢ 2009 o 2017 roa 3aperucTpupoBaHO
177 Hebaaronony4HbeIX MyHKTOB, u3 Hux 125 (70,6%)
— CeJBbCKOXO3SHCTBEHHBIX JKUBOTHBIX, 33 (18,6%) —
JoMamHuX miotosaneie, 19 (10,7%) — nukue mioTo-
SITHBIE.

HaGmofaeTcss HMKIMYHOCTH 3a00NeBaHusl KpyIi-
HOI'O POTaToro CKOTa, MUK 3a00JIEBACMOCTH HPUXO-
nqutcst Ha 2012 u 2015 rox, B 2017 rogy Takxke UAET
HapacTaHWEe JWUHAMHKH OCIIeHCTBA B pErHOHE.
HaumeHsbIiee KOJIHMYeCTBO HeOIArOMOIyYHBIX TyHKTOB
U cIay4aeB 3a00JIeBaHUs CEIbCKOXO3SHCTBEHHBIX JKH-
BOTHBEIX HaOmoaaercs B 2009 u B 2016 romax. [Ipocie-
JKIBAETCS MpsiIMasi 3aBUCHMOCTh yBEIHMUYCHHS 3a00Jie-
BAaEMOCTH CEIbCKOXO3SIMCTBEHHBIX JXKHUBOTHBIX C PO-
CTOM 3a00JI€EBAEMOCTH JOMAIIIHUX THIOTOSAHEIX B 2012
u 2015 romax u gukux mIotosmHelx B 2011, 2013 u
2015rr.

JluHaMuka KoJIn4yecTBa HEOJIArONOIYYHBIX ITyHK-
TOB OCIIEHCTBA JAMKHUX IUIOTOSIIHBIX HECET BOJIHOOO-
pa3HbIi XapakTep C YBETUUCHUEM UX YHCIIa B CPEAHEM
4yepe3 roj 3a Bech nepuo] Haomoaenus (Pucynok 1).


http://pandia.ru/text/category/vovlechenie/
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Pucynox 1 Juuamura Heb1a2ononyuHvlx nyHKmMos u ciy4aes 3a001e6anus no 6UOAM HCUBOMHsIx 6 nepuoo 2009-
2017ze. (Cemetickuti pecuon Bocmouno-Kazaxcmanckas obnacmy).

[Ipu mpoBeAeHUN KOPPEISIUOHHOTO aHANN3a IO
cirydasM 3a0o0JieBaHHs OCIICHCTBOM B IEJIEBHIX ITOITY-
msmmsx (Tabmumma 1) Hamu BEISIBIICH BRICOKUH K03 du-
IIUCHT KOPPEILINH CIIy4aeB 3a00JCBaHUS Y CEIbCKO-
XO3SUCTBEHHBIX W JJOMAaIIHKUX MI0TosAHbIX (0,73), mo-
JOKUTENbHAS ~ KOPPeJSIHsT ~ MEXAYy  ClydasMu
OEIIEHCTBA CEIIbCKOXO3IMCTBEHHBIX M TUKUX IIOTOSI-
HBIX )KUBOTHBIX (0,15) U IUKUX ¥ JOMAITHUX TJIOTOSII-
HBIX XUBOTHBIX (0,46).

[TomoxuTeabHAsS KOPPEIAIHS MEKAY ITUKAMHU H
JIOMAIIHUM IIOTOSIHBIMU, JUKUMHU IJIOTOSAHBIMU U

CEIIbCKOXO3IHCTBEHHBIMHA JKUBOTHBIMH  JIOKa3bIBAaCT
JUIITE OOIIHOCTH AMH300THYECKUX (DaKTOPOB, BIHUSIO-
X Ha pa3BUTHE 3MHM300THIECKOTO Mporecca npu oe-
OICHCTBE (3aTyXaHWe/HapacTaHHE cllydacB 3a0oieBa-
HUS 32 OTIPEIEIEHHBIN BpeMEHHOI HHTEPBa), K KOTO-
PBIM, MOXXHO OTHECTH OHOJIOrMYECKHE OCOOEHHOCTH
OelieHCTBA, OCOOCHHOCTH OMOJIOTUH BOCIIPHMMYHBBIX
IUTOTOSITHBIX, a TaKXkKe (IIyKTyalli OCHOBHOT'O OHOJIO-
TMYECKOr0 3aKOHA COXPaHEHHs IOIyJSHUU (MOMyJIs-
LMOHHOW BBDKMBAEMOCTH BUA).

Tabmmmna 1 KosdduimenT koppemnsimm cirydaes 3a0071eBaHMs

Cenbckoxo3siictBeHnble | [lomamaue mioto- | Jlukue mioTosii-
SKHBOTHEBIE SITHBIC HEIC
CellbCKOX035CTBEHHBIE YKHBOTHBIE 0,73 0,15
JlomartnHue mIoTosJHbIE 0,73 - 0,46
JIMKHe TI0TOSIIHbIE 0,15 0,46 -

Buaumo, npu majgbHEHIIeM H3yYeHHH OHOJIOTHU
GemreHcTBa, KO3(PGHUINEHT KOPPEISIIUN MOXKET CyIIe-
CTBEHHO M3MEHHTCS, TaK KaK BBIIBIISIEMOCTh OCIIeH-
CTBa CpEIH JUKHUX IUIOTOSHBIX KUBOTHBIX M OAWYaB-
mmx 0€30MHBIX CO0aK M KOIIEK HeI0CTaTOYHa, U Tpe-
OyeT MONMONHUTENBHBIX HccienoBaHnii. B wacTHOCTH
HE0OX0MMO TIPOBEPSTH Ha OEMIEHCTBO BCEX OTCTpe-
JSTHHBIX COOaK KOIIEK, MPOBOJWUTH JHATHOCTHYECKUI
OTCTPEN IUKHUX MJIOTOSAHBIX, IEPHOANYECKH UCCIIEN0-
BaTh Ha OCIIEHCTBO TPYIBI XUIHBIX KHUBOTHBIX U I'PHI-
3YHOB COOpaHHBIE IIPH MapIIPYTHBIX UCCIIEJOBAaHU.
Tab6muma 2

Takum 00pa3oM, SIBHO MPOCIICKHBACTCS TCHCH-
Ul K 3aMEHE 0YaroB NPHPOTHOTO W aHTPOIyprude-
CKOTO THIIa Ha CMEIIaHHEI’, 9TO OOBACHICTCS YBEIH-
YEeHHEM YHUCJIEHHOCTH IMKHMX IUIOTOSIIHBIX M Oe3Haj-
30PHBIX IUYABIINX JOMAITHHUX ILIOTOSTHBIX.

OO0pamaeMoCcTh HACEIEHUS C YKYCaMH, OlapaIrbi-
BaHUEM, OCITIOHCHHEM I10 BHJAM XHBOTHBIX MPEICTAB-
JieHa B Tabimie 2
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2009 3765 4 14 | 15 | 205 | 3711 | 23,6 17 4,5 22 | 14,0
2010 1701 11 4,0 2 2,7 | 1671 | 106 21 5,5 4,5
2011 2333 65 | 234 | 13 | 17,8 | 2278 | 145 40 10,6 2 1,3
2012 1850 52 | 18,7 | 4 55 | 1729 | 11,0 101 266 | 16 | 10,2
2013 2072 34 | 122 | 23 | 315 | 1085 | 12,6 51 135 | 13 | 83
2014 1819 102 | 36,7 | 5 68 | 1740 | 11,1 41 108 | 33 | 21,0
2015 1855 10 36 | 11 | 151 | 1689 | 10,7 107 282 | 48 | 306
2016 940 0 0,0 0 0,0 923 59 1 0,3 16 | 10,2
2017 H/I H/I H/I H/I H/I H/I H/1 H/I H/I H/I H/I
Uroro 16335 278 | 100,0 | 73 | 1000 | 15726 | 100,0 379 100,0 | 157 | 100,0

U3 165335 oOpamennii cirydan TOATBEPKIEH-
HOro OemreHcTBa coctaBisatoT 278 unu 1,7%. I1o Bumam
JKUBOTHBIX OOJIbIIIAst OJISI CITy4aeB IMPUXOIUTCS HA JI0-
MAaIllHUX IUIOTOSIAHBIX 15726 (96,2%), cenbckoxo3sii-
CTBEHHBIC )KUBOTHBIC — 379 (2,3), mpouue — 157 (0,96).
K mpoyum KHBOTHBIM YaIllle BCEI'0 OTHOCSITCS MEJIKHE
JIOMAIIIHUC TPBI3YHBI.

[o nammemy MHEHUIO, OoJiee AeTalbHOE HU3yUCHIE
SMU300TOJIOTUIECKON CHTYyallud B pa3pe3e CEeIbCKUX
OKpYTOB, UCCIICIOBAHUS THHAMUKH YHCICHHOCTH H 3a-
00J1eBaeMOCTH JUKHUX IUIOTOSIIHBIX, YIET OJUYABIINX

Opomsunx cobak, KOMEK U X IKOJIOTHIECKIe 0COOCH-
HOCTH JIJIsl JAHHOTO PErHOHA U3MEHST KAPTHHY HAIps-
KEHHOCTH OCIICHCTBA B PETHOHE.
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TneybdaeBa Anexkcanjapa BurajibeBHa

K.0.1., 0oyenm xageopwi « Bemepunapnas canumapusy, e.Cemeul, Kazaxcman

Hypkenoa Mapan KapunoJiaesHa

K.6.1., doyenm xaghedpwr « Bemepunapnas canumapusy, .Cemetl, Kazaxcman

buaeiim Tatbsina HukoJiaeBHa

K.6.1., doyenm xaghedpwr « Bemepunapnas canumapusy, .Cemetl, Kazaxcmanu

Omapo0ekoB Ecenrenbasl OmapoekoBuy

K.6.1., doyenm rxaghedpur « Bemepunapuas canumapusy, e.Cemeti, Kazaxcman

AHHOTAIIUS. UccnenoBanust NpOBOAMINCH € LENBIO ONPEEIeHUs POIN JUKUX IJIOTOSAHBIX B MPOSIBIIE-
HuM OcmieHCTBA. M3ydeHa TMHAMUKA YHCICHHOCTH JIMCHUI] M KOPCAKOB, IMHAMHKA HEOJIATONOIYYHBIX ITYHKTOB H

CJ1y4acB 3a00J1€BaEMOCTH JHUKHX ITJIOTOAIHBIX.

ABSTRACT. Studies were conducted to determine the role of wild carnivores in rabies. Studied the popula-
tion dynamics of foxes and Korsakov, the dynamics of the disadvantaged areas and cases the incidence of wild

carnivores.

KiroueBble cjioBa: bemeHCcTBO, TUKHE IUIOTOSATHBIE, PE3ePBEHTHI, HEOIAromorydyHe MyHKTHI.
Keywords: Rabies, wild carnivores, reserves, unfavorable points.
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B Hacrosiiiee BpeMsi O€IICHCTBO 3aperucTpHpo-
BaHO Oosiee yeM B 160 cTpaHax MUpa OT KOTOPOTO TT0-
ru0aeT eXerogHo okoiao 60 ThIC. YETOBEK, MMEBIINX
KOHTAaKT KaK C JUKUMH, TaK U C JOMAIIHUMH YKUBOT-
HbIMH [1].

Uucno caywaeB OemeHnctBa B Kazaxcrane B 2006
r. coctaBuiio 46, B 2007r. — 177, B 2008r. — 97, B 2009r.
86, B 2010r. — 151, B 2011r. — 216, B 2012r. — 109, B
2013r. — 174, a B 2014r. — 163, B 2016 romy
3apETUCTPUPOBAHO 4 ciTydast OCIICHCTBA CPEIH JIFOICH,
U3 HUX cpenu aetei | ciyyait [2].

Bemenctro B PK pacmpocTpaHHUiIOCs U YKOPEHH-
J0Ch, CPOPMHUPOBAB YCTOWYHMBBIC MPHPOJIHBIC OYArH,
KOTOpBIE C TIEPHOTUYHOCTBIO B 3,5 rojia paciupsiroTcst
C PEe3KUM YBEIHYCHHEM 3a00JIEBACMOCTH OMAIIHUX
JKMBOTHBIX TOCJE€ KOHTAKTa UX C IMKAMH ILIOTOSI-
HBIMH JKHBOTHBIMH, KaKOBBIMH SIBIISIFOTCSI MapKEphl U
BPEMEHHbBIE PE3EPBEHTHI BUPYCa — JIUCHIIBI, KOPCAKH,
BOJIKH, OJIMYABIINC U JOMAIIHUE TUIOTOSIHBIC COOAKH
[3,4,5,6].

CJ0XHOCTh MPOTHO3UPOBAHUS SIH300TUICCKOTO
COCTOSIHHUS 10 OCHICHCTBY OOBSICHACTCS CHHEPIreTHYC-
CKUMH OCOOCHHOCTSIMH TCUCHUS. DMU300TUUCCKOE He-
O1aronoyy4yne OYaroBbIX TEPPUTOPHH HAXOIAWUTCS B
IPSIMOU 3aBUCUMOCTH OT TPeH/1a 3a00JIeBaeMOCTH K-
BOTHBIX B MPE/IIIECTBYIOIIEM T'O/Ly OT YUCICHHOCTH OC-
HOBHOT'O PACHPOCTPAHUTENSI BUPYCa — JMKUX TLIOTOS/-
HBIX ¥ B 00pPaTHOI 3aBUCHMOCTH OT YHCIIEHHOCTH MEJl-
KAX  MJICKOMHUTAIOMINX, COCTOSTHHE KOTOpOU
YBCJIMYUBAOT WM YMEHbIIAIOT IMOABUXKHOCTH 3TOI'O
XHUIMHUKA, a CJICA0BATCIIbHO, CTCIICHD €I'0 BHYTPUBUIO-
BBIX U MEXBHUIOBBIX KOHTAKTOB [6].

B CewmeiickoM pervoHe OCHOBHBIMH PE3CpPBCH-
TaMHu 6eIHeHCTBa Cpean NUKHX KUBOTHBIX SABJIAIOTCA

TUcHIa W Kopcak. Jlucuma HacemseT Bce OMOTONBI
BCTpEYAeTCs] B HACENEHHBIX IMYHKTaX, B TOM YHCJIE B
KpYITHBIX ropojax. MoHoraM, BO BpeMs TOHA 3a OJTHOM
CaMKOH MOXeT ciriefoBaTh 10 10 caMIioB, KOTOpEIE Kak
MIPAaBUJIO AEPYTCS MEXKIY COOOH, UTO TMOBBIIIAET PUCK
pacmupocTpaHeHHs OeIeHCTBA B Oy ISAIUH. [ 0H mpH-
ypoueH K siHBapro-¢peBpaito. llleneHne mpoucxoauT B
MapTe amnpene, B moMére 00bI4HO 4-6, mHOTAA 13 JucsT,
I0JIOBasi 3peJIOCTh HAacTymaeT yepe3 10 mMecsiies.

Kopcaxk HacensieT cyxue cTenu npearnoYuTaeT Me-
CTa C XOJIMUCTBIM peibe(oM, BCTpEedaeTcs 1o T0JIHMHAM
PeK, CyXuM pyciiaM, Ha 3aKperI€HHBIX neckax. MoHo-
ram, yamie XXUBET CEeMEWHbIMU rpynnamu. Bo Bpems
TOHA 32 CAMKaMHU CIIEAYIOT HECKOIBKO CaMIIOB, KOTO-
pBIe nepyTes Mexy coooit. ['oH HaunHaeTcs B sSTHBape-
(eBpae, meEeHeHHE — MapTe-anpene, B MOMETE MOXKET
OBITH 10 16 IIEHKOB.

Jannsie o unciennocty 3a 2009-2016 romsr mpen-
craBieHbl B Tabmuue 1. J[MHaMKKa 4HCIEHHOCTH JIU-
CHIIBI ¥ KOpCaKa HOCUT IIUKIMYECKUH XapaKTep U CBS-
3aH, MO-BUAMMOMY, C YUCJICHHOCTBIO MCJIKHX I'PbI3Y-
HOB U TOJIIIMHON CHEXHOTO MOKPOBa.

KopcaK B OTJIMYUC OT JIMCHUILBI HE «YMECT» MBbIII-
KOBaTh, OCHOBHOH PAaIllMOH COCTAaBJIACT MEIKHE TPBI-
3YHBI H 3aiirieoOpa3Hble U B CHEXKHBIC 3MMBI, KOPCAK
MUTPHPYET Ha MAJIOCHEKHBIC TEPPUTOPHHL.

[IpocmennB AWHAMHUKY YUCICHHOCTH JIUCHUIBI U
KOpcaka B pPErHoHE II0 ITaHHBIM TOCYNApCTBEHHOTO
y4éTa, MOKHO CIeJIaTh BBIBOJI, YTO ITOBBIIICHUE YHCIIA
cilydaeB OCIIEHCTBA CPeaU AUKHUX IJIOTOSTHBIX Hamps-
MYIO CBA3aHO C YBCJIMYCHUCM IIOTOJIOBbS JaHHBIX BH-
noB (Pucynok 1).

Tabnuna 1. JlnHaMuKa 9uCIeHHOCTH JUCHIBI U Kopcaka B 2009 - 2017 rr.

BHU]L 2009 r 2010 2011 r. 2012 2013 r. 2014 r. 2015 2016r 2017t
=g |25 (B85 |8z |8z |[8g |8z |88 |2z
WA ! WA ! W N W N W N wa X wa N W N w2 N
5 5 5 5 5 5 5 5 5
Sz | €z |z |8z |Ez |2z |8z |z |8z
Q = Q = [P} = [P} = () = [P} = [P} = o = Q =
sEz|3Ez|35Ez|35E5z|5E5z|8Ez|85z|c5z|85¢=
s S|l 8|l Fl el 8|58 |lFE |8l F8E| 558
JINCHULIA 12697 12385 16186 15276 17615 14378 15507 13244 13898
KOpCcak 2411 2972 4091 4337 4675 2716 3997 3514 4034
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AUKHe nnotoagHblie

2009 2010 2011 2012

2013

2014 2015 2016 2017

Pucynox 1 Juuamuxa neb1azononyynvix nyHKmos u ciyiaes 3a001e6anust OUKux niomosionvix 6 Cemetickom pe-
2uone

Ha pucynke 2 npencTaBieHO ce30HHOE pacipesie-
JICHUE CllyyaeB OCIICHCTBA IWKHX IUIOTOSIHBIX. M3
aHaIM3a Pe3yJbTAaTOB BHHO, YTO OCHIEHCTBY THKHX
JKUBOTHBIX CBOWCTBEHHBI JETHUH MHUHHUMYM H TpHU

moxpEMa: HOSIOph-IeKaOph-IHBAPh, C IMKOM B ieKadpe
(KC- 4,9, UC -1,1), dpeBpamp-mMapT-anpens, ¢ TAKOM B
mapre (KC - 3,9, UC — 0,5), uronmp-aBrycr-ceHTs0ps, ¢
koM centsiope (KC-2,31C-0,3).

Pucynox 2 I'noosas ounamuxa bewencmea cpeou ouxux niomosonwvix Cemetickoeo pecuona Bucmouno-Kaszax-
cmauckotl obnacmu

OTH 3aKOHOMEPHOCTU AMHAMUKU MHTEHCHUBHOCTH
SMU300THYECKOrO TPOLECCa BIIOJIHE COYETAIOTCS C
0COOCHHOCTSIMU OMOJIOTUH JIMCHUIIBI — TJIABHOTO Pe3ep-
Byapa M MCTOYHHKa pabudeckoro Bupyca. M3BecTHo,
YTO B HaYaJIe JIeTa KaKJI0e CeMeICTBO JIMCHUI] 3aHUMAeT
onpenenéHupli yyactok. [Ipu ero 3ammure KUBOTHBIE
00OBIYHO HE BCTYMAIOT B 0OpHOY M HE OXOTATCS HA €To
TEPPUTOPUH, YTO OTPAHUYMBALT Mepenady ooseznu. B

KOHIIE JIeTa HMOAPOCUIMHA MOJIOAHSK MOKUAAET CeMei-
HBIE€ Y4acCTKU U paccensiercsi. KoHTaKkTel Mexay JIHcH-
L[aM{ Y4YaIlaloTcs, NPOUCXOAUT Oopnba 3a ydacTKH
o0uTaHus1, YeM OOBSCHSICTCS BECEHHE-3UMHUI MObEM
3aboneBannsa. Ha 3uMHHE MecAIbl PUXOIUT HEPHOT
TOHAa C O0s3aTEIBHBIM COIEPHUYECTBOM MEXIY CaM-
11IaMH, YTO NPUBOAUT K 3UMHE-BECEHHEMY ITHUKY 3IIU30-
OTHH.
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B 3axmroueHne, X0TeNn0Ch ObI OTMETHTB, YTO HPEJ-
CTaBJICHHBIE PACCYKIEHHUS O CBSI3M paOMUECKOl HH-
(dbexnum C OmMpeneNEHHBIMHA COIMATHLHO-OHMOIOTHYE-
CKUMH COOBITHSMH CKOPEE HOCST IPEIIIOJIOKHUTEINb-
HBI xapakrtep. s Gonee 0OOCHOBAaHHBIX BBIBOJIOB
TpeOyeTcsl majbHEiIIee BCEOOBEMIIONIEE H3YICHUE
Ouonorun Bo3OyaMTeNs, Ooiee TOJIHAs W JeTajbHas
nH(opManus o KKIOMY KOHKPETHOMY CITy4aro (3IH-
JIEMHO-3ITU300THYECKOMY OYary) IaHHOH OoJe3HH, ¢
00s13aTeNbHBIM YYETOM BCEX BHIOB JUKUX JKHBOTHBIX
YUYacCTBYIOIIMX B SIU300THYECKON LeEeNH (KOPCakH,
XOPBKH, BOJIKH, OApCyKH).
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1. OcHoBHBIE (aKkTBl 0
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4. CynranoB A.A., Pocisixo A.A., Kyrymberon
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mybmuke Kazaxcran — Ammatsr — 2015 — 9c.

5. T. H. Cunopos, E. M. ITonemryk, . I'. Cuno-
poBa «BupioBas cTpykTypa X03s5€B pabu4eckoro Bo30y-
JUTENST U 9KOJOr0-CUHEPreTHYECKHe OCOOEHHOCTH
SMHU300THYECKOT0 Npolecca demeHcTBa B OMCKOHM 00-
nacty 32 1962-2013 rr.»// Omckuii Hayunsiit BectHuk
- 2014 - Nel (128) — C. 115-119

6. KaOxanoBa A.M. «Bo3sxgelicTBre M3MEHEHUA
KIIMMaTa Ha PaclpoCTpaHEHHE

OemeHcTBA KUBOTHBIX»// Mart. PecryOimkaHckoi
Hayd.-TeopeT. KoH}. «Ceitpymnmackne urenns —11:
Mononexs u Haykay. — 2015, — 1.1, u.1. — C. 249-251
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COMPARATIVE RADIONUCLIDE COMPOSITION OF THE GROUNDWATER OF THE
SOUTH-EAST AND EAST OF THE MOSCOW REGION

Yuri Nikolaevich Gonchar, the Director;
candidate of technical sciences

Natalia Olegovna Gudymenko,

the expert of the radiology laboratory; postgraduate
Vasily Anatolievich Gudymenko,

the manager of the radiology laboratory; candidate of biology

Closed Joint Stock Company «The main checkpoint testing centre of drinking water», 86, Vernadskogo pro-
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YBenunueHne o0beMa UCTIOIb30BaHUS IIUTHEBOM BOJBI TPEOYET IIOMCKA U OCBOCHHMS aIbTCPHATUBHBIX HCTOY-
HHKOB BogocHaOxeHus. st MOoCKOBCKOro perroHa Haubojee mpremiieMa SKCIUTyaTalisl 3alacoB MOA3EMHBIX
BoJ. Ho, B OTIIHYHE OT MOBEPXHOCTHBIX HCTOYHHUKOB, ITOJ3EMHBIC BOABI HEPEIKO XapaKTEPH3YIOTCS TOBBILICHHBIM
CoJIepKaHueM TIPUPOHBIX anb(a-n3Iydaroux paguonykimnnos (Ra-226, U-234, U-238, Po-210 u ap.), uTo Tpe-

OyeT mpoBeJeHHs PaAHUON30TONHBIX UCCIIEOBAaHUH.

The increase in the use of drinking water requires the search and development of alternative sources of water
supply. For the Moscow region, the most acceptable exploitation of groundwater resources. But, unlike surface
sources, groundwater is often characterized by a high content of natural alpha-emitting radionuclides (Ra-226, U-
234, U-238, P0-210, etc.) that requires the radioisotope studies.

KiroueBble cioBa: ApTE3UaHCKUEC BOAbI, IPUPOAHBIC anL(ba-mny'{aTenH, paI[I/IOHYI(J'II/I,ZlHHﬁ THUII BOAbI
Keywords: artesian waters, natural alpha-emitting radionuclides radionuclide type of water

Bce Bo3pacTaromyro poib B CyIIECTBOBAHHH Ye-
JIOBEYECTBA CETOJHS MpHOOpeTaeT HeoOXOAUMOCTh
obOecreueHus: HaCeJSCHHUS YUCTON IMUTHEBOM BOJIOM, SIB-
JISTFOIEHCS BaXXKHEHIINM (PaKTOpPOM HOPMAIBHOTO CY-
IIIECTBOBAHUS U 370POBbS UEIOBEKA. Y CHIICHHE aHTPO-
IIOTCHHOI'O BO3}I€ﬁCTBPIH Ha TOBEPXHOCTHBIC BOJbI
(TIpoMBINUIEHHOE 3arpsi3HeHNe 0aCCEHHOB PeK U BOJO-
XPpaHWININ), TPUBEAET K TOMY, YTO BOJa B HUX B OJH-
JKaliree BpeMsi He OyJIeT COOTBETCTBOBAaTh CaHUTAp-
HBIM TpeOoBaHMAM. OTHO M3 HANPaBJICHUH B EJSIX BO-
JIOCHA0XKeHMSI HAaCeJEHWs IUIAaHEThl KaueCTBEHHOMH
MUTHEBOI BOOM — Bce OoJiee MHTEHCHBHOE UCIIONB30-
BaHUEC MOA3C€MHBIX, B TOM YHUCJIC apTC3UAaHCKUX BOJI. Ho
B OTJIMYHUC OT MOBECPXHOCTHBIX, MOJA3EMHBIC BOABI HE-
pEaKO XapaKTEpU3YIOTCS MOBBILICHHBIM COIEPKAHUEM
MIPUPOHBIX allb(ha-u3mydaroniux paguonykiInaoB (Ra-
226, U-234, U-238, P0o-210 u 1p.)

OcobeHHO akTyanbHa JaHHas TpoOiema Ui
MOCKOBCKOT0 perroHa, B KOTOPOM 3a CUET NOJ3EMHBIX

BOJ yHoBieTBopsieTcst 6omee 93% moTpedHOCTH 007a-
CTH B BOJAE XO3SCTBEHHO-IIMTHEBOTO HA3HAYCHUS
[Kpyrosa B.3., 1999], npu 3ToM MOLITHOCTH 30HBI IIpeC-
Heix Box gocturaet 300 m [KpaBuunckwuii @. 1., 1999].
HecMoTps Ha TO, 4TO COBPEMEHHOE BOJIOCHA0XKEHHE T.
MockBbl 0a3upyeTcsi B OCHOBHOM Ha HCIOJIb30BaHUU
HOBEPXHOCTHBIX BOJI M3 BOAOXPAHWIHIL, PACIIUPEHNE
TPaHHUI] CTOJINIBI TPEOYET NCTIONIL30BAHMS 3aI1acOB ap-
TE3MaHCKUX BoJA Ha Tepputopusix HoBoit MockBbl u
MOCKOBCKOTO permoHa.

EcrecTBeHHas palMOaKTHBHOCTH MPUPOTHBIX BOJ
00yCIIOBJIEHA, IPEKIE BCEr0, IPUCYTCTBHEM H30TOIIOB
panona (222, 220), paaus (226, 228, 224), ypaua (234,
238), K-40, pexe - P0-210 u Pb-210. Texnorenuas pa-
JIMOaKTUBHOCTb OOBIYHO OOYCIIOBJICHA MPUCYTCTBHEM
Sr-90 u Cs-137 B MOBEPXHOCTHBIX BOJAX, U1 HAMHOTO
pexe — B IPYHTOBBIX.

T.o., enb TaHHOW pabOTHI — ONPEIEeTICHHE PATUO-
H30TOITHOT'O COCTaBa apTe3MaHCKUX BOJ JABYX PailOHOB
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MoCKOBCKO# 00JacTH W ONpeAeNeHIe THIa BOJBI TIO
npeodIafaromeMy pPagHoOHyKIUIY.

B kauecTBe Marepmanga MCHOIB30BAIM IPOOBI
MOJ3eMHBIX BOJA U3 25 HEHWCTBYIONIMX apTe3MaHCKHUX
ckBaxkuH JIro0eperkoro u 20 nefcTBYIOMNX apTe3naH-
cKuX ckBaKuH OpexoBo-3yeBCKOro p-Ha MOCKOBCKOH
obnacru.

T.K. BOZy C HOBBIIICHHBIM COJIEP)KaHHEM PaJIn0-
HYKJIMJIOB HEBO3MOXKHO HJICHTU(HIUPOBATH 110 Opra-
HOJIENTUYECKUM M 3aTPYIHHUTEIBHO MO (PU3UKO-XUMH-
YEeCKUM II0Ka3aTesisiM, B paboTe MCHOIb30Ballk Me-
TOJbI, OCHOBAaHHBIC Ha IOJYIPOBOJHUKOBOW ajbda-
cnekrpomerpun (MKC-01A «Mynbtupan» ¢ mpo-
rpaMMHbIM nakeToMm «IIporpecc 5.1» u KUAKOCTHO-
cruHTIULIHOHHON criektpomerpun (CKC-0711-b11
«Konmop» c MPOTPaMMHBIM MaKETOM
«LiquidMaster2.0») ¢ mpeaBapUTEIEHBIM PaTHOXIMU-
YECKUM BBIICJICHIEM HHTEPECYIOUINX PaJIHOHYKINIO0B
IO aTTECTOBAaHHBIM METOJIMKaM.

B paGote paccMOTpeHbI POOBI TIOA3EMHBIX BOJI C
CyMMapHOW 00BEMHOW ab(a-aKTUBHOCTHIO, MPEBBI-
maroreid 0.4 Bx/n, ¢ MakCHMalbHBIM €€ 3HaYEHHEM
1,43 Bx/n. MakcumanbHOE 3HaYCHHE CyMMapHOii OeTa-
aktuBHOCTH coctaBmwio 0.63 bk/n. Bece mpexncrasmien-
HBIE 00pa3bl MOTPEOOBAH MPOBEACHUS IIOJHOTO Pa-
JUOHYKJIMTHOTO aHaIN3a, BKIIIOYAIOIIEro OIpesese-
uue P0-210, Pb-210, Ra-226,228 u U-234,238, co-
rimacHo MY 2.6.1.1981-05/ MV 2.6.1. 2719 - 10.

[To BenuumHe 00BeMHO akTUBHOCTH P0o-210 00-
pasubl Box u3 Jlrobeperkoro palioHa pacrpeeuiIuch
creayrommM oopa3oM, (cM. Puc. 1): B matu mpobax
(20%) mocTOBEpHO TIPEBBINIEH YPOBEHH BMEIIATENb-
ctBa 0.11 Bx/m B cootBercTBHEe ¢ [Ipmnoxennem I1-2
CanlluH 2.6.1.2523 — 09, (HPB-99/2009). Yetsipe 06-
pasua, (16%), HaxonsATCA B 30HE HEOMPEICICHHOCTH
(cymma 00BbeMHON aKTHBHOCTH W TIOTPEUIHOCTH IIpe-
BBIIIAET BeTHInHy Y B) 1 16 06paszmos (64%) ynosie-
TBOpsitoT TpeboBanmsiM HPB-99/20009.

YnoeneTBopsieT
HopMmaTuUBY
64%

Puc. 1. PacnpeneneHune uccnenoBaHHbIX o6pa3uoB
no BeriniuHe oobeMHon aktTuBHocTu NMonoHua-210.

He
yaoBreTBopsieT
HopMaTuUBYy
20%

30Ha
HeonpeaeneHH

ocTin
120/

\ OHe yaoeneTBopsieT HopMaTUBY

& 30Ha HeonpeaeneHHOCTU \

B Bonax OpexoBo-3yeBCKOro pailoHa 3HAYUMBIX
aktuBHOCTeH Po-210 He oOHapykeHO (He MPEeBhIMAI0T
MUA B COOTBETCTBUU C METOAUKOH ONPEICIICHIS).

O0Obemuas aktuBHOCTh Pb-210 BO Bcex mccneno-
BaHHBIX Tpobax He mpesbimaer YB 0.2 bx/m. (HPb-
99/2009).

ITo BenmunHe 00BEeMHOM akTHBHOCTH Ra-226 mo-
JTYyYUIIH CIEAYIONYI0 KapTuHy, (cM. Puc.2 —Jlrobepen-

kuil p-H, Puc.2a — OpexoBo-3yeBckuil p-H COOTBET-
CTBEHHO): B IIsTH npobax (20%) Jlrobepenxoro p-Ha u
AT npodax (25%) OpexoBo-3yeBckuil p-Ha J0CTO-
BepHo npesbinieH YB 0.49 bx/n (HPB-99/2009). nsts
ob6pasioB (20%) Jlrobepenkoro p-ua u cemb (35%)
OpexoBo0-3yeBCKOT0 p-Ha HAXOJATCS B 30HE HEOTIPEIe-
JICHHOCTH (CM. BBIIIIE).

He
yOoOBrneTBopsieT
HopMaTuBY

20%

30Ha
HeonpeaeneHHo
cTn
20%

Puc. 2. PacnpepeneHune uccrnegoBaHHbIX NPo6 no
BenuyinHe oo bLeMHoun akTuBHoctTn Pagna-226

e YpoBneTBopsaeT
HOpMaTuBY
60%

.............
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[IaTHammats 06pasmos (60%) Jlrobeperkoro p-Ha
u BoceMb (40%) OpexoBo-3yeBCKOTo p-Ha yIOBIETBO-
pstot TpedoBanusM HPB-99/2009 mo BenmmamHe 00beM-
HOU akTHBHOCTH Ra-226.

Puc. 2a. PacnpepeneHune uccrnenoBaHHbIX Npo6 no
BenM4nHe o6bLeMHON akTMBHOCTU Paanna-226
He
yOoBneTBOpsiET o y
HopmaTusy i, YACBeTSOPRT
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35%
OO0wemHast akTHBHOCTH Ra-228 BO Beex mccieno- [IpeBbimenne YB m3otomos ypana (234,238) B
BaHHBIX MpobOax He mpeBbimaer YB 0.2 Bx/nm (HPB-  obpasmax Box JlroGepenxoro p-aa (cMm. Puc.3) B coot-
99/2009). BerctBuu ¢ (HPB-99/2009) He oTMeUueHO HH B OJTHOH U3

nccnenoBaHHbIX mpod; (YB mis U-234 cocrasmset 2.8
Bx/im; nist U-238 — 3.0 Bx/1 COOTBETCTBEHHO).

Puc. 3 O6beMHas akTMUBHOCTb M30TONOB ypaHa (234;238) B
uccnenoBaHHbIX Npobax
0,6
0,5
84
T
&3
o
I . B
o s ~ ey -
) © " ¥ N B =}
0,1 é’tm(\l(\lt\logq;;
LRI IEﬁE
% S ;- oE ‘B IR IR R
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Uro kacaetcst Bog OpexoBo-3yeBCKOTO p-Ha, TO B cootBercTBUM ¢ paboTamu nmaboparopun M30-
MaKCUMalbHas BenuumHa akTuBHOCcTH U-234 cocta-  TomHbIX MeronoB aHammza OI'YII BUMC, mo paawmo-
Bwia 0,034 bx/m, a U-238 — 0,031 Bx/n cooTBer-  HYKIMAHOMY COCTaBY IPHUPO/HBIE BOABI MOXKHO pa3jie-
CTBEHHO JIUTP HA IIATH OCHOBHBIX THITOB: YPAHOBBIU, ypaH-pa -

€BbIi, pasueBblil, MOJOHUI-paANEBbIA U CMELIaHHbIH,
B KOTOPOM NPUCYTCTBYIOT BCE yKa3aHHbIE U30TOIIBI.
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MNonoHun-
paguneBbiit
40%

Puc. 4. PacnpepeneHune nccrnenoBaHHbIX
BOZ MO PagUOHYKNUAHOMY Tuny CMelaHHbIi

PapguneBbin

8% 28%

HccnenoBannsle 06pasusl Box Jlrobepenxoro p-
Ha 10 PaJHOHYKIMIHOMY COCTaBY pacHpeie/ININCh
creyronM obpasom: 7 mpob — panueBsiit Tan (28%);
10 npo6 — monoHui-paauessiii Tin (40%); 6 mpoO -
ypaH-paaueBbiii THI (24%) ¥ 2 npoOBl CMEIIaHHOTO
tuna (cM. Puc. 4.), mpu 3ToM Bce o6pa3msl Box Ope-
XOBO-3yEBCKOTO P-Ha OTHOCSATCS HCKITIOYUTENHHO K pa-
JIEBOMY THITY.

T.o., OCHOBHOHM BKJIaJ B CYMMapHYyIO aib(a-ak-
THUBHOCTb UCCJIEJOBAaHHBIX P00 apTe3UaHCKUX BOJ| BO-
CTOUYHBIX U IOr0-BOCTOYHBIX paiiOHOB MOCKOBCKOIO
perruoHa BHOCHT M30TOI paaus-226.
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THE ANALYSIS OF THE CORRELATION BETWEEN CHANGES IN THE
IONOSPHERE AND STRONG EARTHQUAKES

Alexandra Denisenko, Zuohan Zeng

School of Earth Sciences, China University of Geosciences, Wuhan 430074, China

ABSTRACT: We are taking into account the existence of correlational changes in the ionosphere before

strong earthquakes triggered by geomagnetic storms. The ionospheric anomalies usually happen in D-layer, E-
layer and F-layer. They may be observed from 1 to 10 days prior to the earthquake and stay until 1 to 2 days after
the earthquake. Comparatively the ionospheric precursors, the geomagnetic indices Dst, Kp and AE-indexes have
been selected for pre-earthquake disturbed states. We have considered four strong earthquakes that occurred in

Papua New Guinea and Indonesia and geomagnetic storms that were recorded during March 2018.

Keywords: lonospheric perturbations, earthquake, geomagnetic disturbances, geomagnetic storm, short-term

precursor.

1. Introduction

In the present study we are taking into account the
existence of correlational changes in the ionosphere be-
fore strong earthquakes triggered by geomagnetic
storms. The ionospheric anomalies usually happen in
D-layer, E-layer and F-layer. They may be observed
from 1 to 10 days prior to the earthquake and stay until
1 to 2 days after the earthquake. Comparatively the ion-
ospheric precursors, the geomagnetic indices Dst, Kp
and AE have been selected for pre-earthquake dis-
turbed states from other anomalies correlated to the ge-
omagnetic activities, as well as the total electron con-
tent (TEC) and F»-peak density (NmF2). The precursor
appeared as an increase in TEC and NmF2 from six

days to ten hours before the earthquake. As well the To-
tal Electron Content (TEC) is used to obtain the TEC
changes in the geomagnetic storms of the latest solar
activity cycle. Obtained data showed that there are per-
turbations in the TEC variations before strong earth-
quakes; these could be viewed as precursors to strong
earthquakes. In general, the short-term behaviour of
TEC shows clear positive and negative phases, a nega-
tive phase is observed during winter. There is a strong
correlation between geomagnetic storms and iono-
spheric perturbations. The objective of this paper is to
present a statistical analysis of the correlation between
changes in the ionosphere and strong earthquakes. For
this purpose we studied the ionospheric effects of the
preparation processes during earthquakes M > 6. We
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took into account geomagnetic storms that occurred
during March 2018 and connected to them to four
strong earthquakes that occurred in Papua New Guinea
and Indonesia. There was anomalous behavior in the
ionosphere before the earthquakes occurred. Precursory
activity had been observed for the two strong earth-
quakes in Papa New Guinea and these provide evidence
about the existence of ionospheric perturbations before
strong earthquakes. In the case of the three earthquakes
(M>6, with depths of less than 50 km) they clearly dis-
played precursor features in the ionosphere that de-
pended on local time and latitude. With regards to the
earthquake that occurred deeper it didn’t show obvious
variations.

Previous studies on earthquake prediction over the
past few years have highlighted the existence of many
earthquake precursors in the lithosphere, atmosphere
and ionosphere. Therefore, there are perturbations gen-
erated from a few days to a few hours before earth-
quakes occur in the geomagnetic field. Nowadays, the
main task of scientists is to describe the nature and be-
haviour of complex earthquake precursors. We are con-
sidering the precursors as phenomena which would al-
low for the solution of three forecasting problems: find-
ing the place, strength and time of a seismic event. The
purpose of this research is the estimation and definition
of the parameters expected in strong earthquakes in
short-term predication.

This paper deals with ionospheric anomalies asso-
ciated with strong earthquakes. As we know that nu-
merous geophysical parameters are associated with
strong earthquakes. Monitoring these parameters is one
of the research tasks with a purpose to reduce the ef-
fects of expected hazards. Changes before a strong
earthquake may have different physical effects on the
lithosphere, atmosphere and ionosphere. These varia-
tions before the strong earthquakes are considered as
earthquake precursors. The perturbations could be
manifested in the form of negative or positive devia-
tions from an undisturbed level. The ionosphere pertur-
bation takes place in all heights of the ionosphere up to
the magnetosphere [Pulinets, S.A. and Boyarchuk,
K.A., 2004] and leads to height range changes.

Many scientists believe that there is a strong rela-
tionship between geomagnetic storms and ionospheric
perturbations. Known as the “background” level of ge-
omagnetic activity (Kp < 4) it influences the TEC be-
havior [Jodogne and Stankov, 2002]. There is geomag-
netic forcing during storms. The ionospheric storms go
through an initial “positive” phase, at middle latitudes,
when the electron density and the electron content are
greater than the normal (median) values, followed by
Table 1.

List of the earthquakes aimed for the data analysis

the main “negative” phase when the previously men-
tioned quantities are reduced below their normal pre-
event values [Araujo-Pradere et al., 2006]. Neverthe-
less, there are differences from storm to storm, and cer-
tain storm characteristics can significantly vary de-
pending on latitude, season, local time, etc. [Akasofu
and Chapman, 1972]. Each storm has its own individual
characteristics.

The current investigation is dedicated to the study
of disturbances in the total electron content (TEC) of
the ionosphere during the preparation process of strong
seismic events (earthquakes) [Stankov, S.M., Warnant,
R., 2009]. The analysis of the correlation between
changes in ionosphere and strong earthquakes and the
estimation of the parameters of expected strong earth-
quakes would be studied in short-term predication.

2. Data and methods

The proposed methods in this study are presented
in four sections. A number of steps are required, in or-
der to establish a reliable methodology (including fea-
tures of earthquakes disturbances) for the short-term
prediction of earthquakes.

The first step is to find regular features of precur-
sor disturbances. In most cases, strong earthquakes
(M > 6, with depths of less than 50 km) seem to show
precursor features in the ionosphere that depend on lo-
cal time and latitude. It seems that earthquakes that oc-
cur deeper do not show obvious variations.

The second step is to collect the following obser-
vational data: the concentration of electrons in the ion-
osphere, the Dst-index indicates the magnetic storms;
the K-index quantifies disturbances in the horizontal
component of the magnetic field, the A-index, and the
Dst- index that is disturbance storm time. The geomag-
netic data for the investigation is available at the
Dourbes Geophysics Centre. The geomagnetic activity
characterization is based on evaluation of the geomag-
netic disturbances with two major types of indices in
use — the K and Dst. We also will collect the critical
frequency (foF2) measurements, peak density (NmF-,
Total Electron Content (TEC) and slab thickness. We
are also studying this EQ using ground-based data
NmF2 and TEC in addition to satellite data.

The third step is to determine the mechanism of
the earthquake-related ionosphere disturbance. In gen-
eral, the TEC behaviour during extreme events is simi-
lar to the one during first-class events. We suppose that
the positive phase is less pronounced and the negative
phase should start immediately after the storm onset.

The fourth step is to find a feature that can be used
to predict earthquakes, a common feature that appears
before each earthquake.

Year | Month | Day | Hour | Minutes | lat. lon. Dep (km) | M
Papua New Guinea | 2018 3 24 11 23 | 5.496°S 151.497°E 33| 6,3
Indonesia 2018 3 25 20 14 | 6.655°S 129.866°E 1715 | 6,4
Papua New Guinea | 2018 3 26 9 51 | 5.462°S 151.396°E 40 | 6,6
Papua New Guinea | 2018 3 29 21 25 | 5.532°S 151.500°E 35169

In order to detect anomalies it is necessary to iden-
tify the normal and natural phase of the phenomenon.
Using recorded geomagnetic and ionospheric data we

have analyzed earthquake precursors to observe the
normal deviations. The appropriate time showing the
normal behavior could be considered to be about 30



https://en.wikipedia.org/wiki/Earth%27s_magnetic_field

Eepasutickuti Cor3 YueHbix (ECY) # 8 (53), 2018

15

days before the event. This time is long enough to ana-
lyze regular and irregular perturbations.

For the purpose of this study we took into account
geomagnetic storms that occurred during March 2018.
Four earthquakes occurred during this time; the first
event took place on March 24, 2018 with a magnitude
of 6.3 in Papua New Guinea, the second event took
place on March 25, 2018 with magnitude of 6.4 in In-
donesia and the third event took place on March 26,
2018 with magnitude of 6.6 in Papua New Guinea, the
fourth event took place on March 29, 2018 with magni-
tude of 6.9 in Papua New Guinea (see Table 1).

Vertical TEC data for this study has come from the
CODE (Centre for Orbit Determination in Europe)
global ionosphere maps (GIM) generated from IGS (In-
ternational GNSS Service) measurements. Geomag-
netic data has been collected from Geomagnetic Data
Service such as Dst- index, AE-index, Kp-index in real
time [Stankov, S.M., 2009].

The storm-time (ST) begins with the storm onset.
The storm onset is relatively easy to determine for
storms with sudden storm commencement (SSC), how-
ever, there are many storms with gradual commence-
ment or storms that occur during the recovery phase of

another storm. Here, for the SSC storms, the onset is set
at the moment of the Dst peak and, for the non-SSC
storms, at the moment just before a persistent decrease
in Dst. In all cases the Dst minimum should be reached
within 36 hours. If a period of increased geomagnetic
activity shows multiple Dst minima, we assign these as
two separate storm events provided that the two minima
are separated by at least 24 hours [Stankov, S.M. and
P.M. Mumhtarov, 2001].

The selected storms could be classified according
to their intensity using the standard nomenclature:
Class II (“moderate”, Dst minimum between -100 and
-50 nT) and Class I (“intense”, Dst minimum -100 nT).
Also, we describe the “extreme” storm class, Class X
(Dst minimum -200 nT), which is in fact a sub-class of
Class I. The ionospheric response to geomagnetic
storms depends heavily on the season [Stankov, S.M.,
Stegen, K., Warnant, R., 2010].

3. Observational results

A major earthquake registered by the USGS as 6.3
hit 148 km east of Kimbe, Papua New Guinea at 11:23
UTC on March 24, 2018. The depth was 33 km. The
epicenter of the earthquake of M 6.3 is shown in Fig.1.

USGS Community Internet Intensity Map

NEW BRITAIN REGION, PAPUA NEW GUINEA
Mar 24 2018 09:23:32 PM local 5.4959S 151.4971E M6.3 Depth: 33 km ID:us1000d8k9

Processed: Sun Apr 1 0546:42 2018 vmayfi1

Fig.1. Intensity map of the earthquake on March 24, 2018 in Papua New Guinea.

The Australia-Pacific plate boundary is greater
than 4000 km in length in its northern margin stretching
west from the Sunda trench to the Solomon Islands in
the east. The eastern section is over 2,300 km in length
stretching from north eastern Australia to the east coast
of Papua New Guinea.

The Australia and Pacific plates merge together
along the South Solomon trench at the rate of roughly
95 mm per year. Seismicity along the Solomon trench

is related to subduction tectonics and massive earth-
quakes are frequent. The western end of the Australia-
Pacific plate boundary is the most intricate section of
the entire boundary, running from Eastern New Guinea
to Indonesia.

Another strong earthquake registered by the
USGS as 6.4 hit 241 km North-West of Saumlaki, In-
donesia at 20:14 UTC on March 25, 2018. The depth
was 169 km. The epicenter of the earthquake of M 6.4
is shown in Fig.2.
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USGS Community Internet Intensity Map
BANDA SEA

Mar 26 2018 05:14:47 AM local 6.6247S 129.8138E M6.4 Depth: 169 km ID:us1000d8xh
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Fig.2. Intensity map of the earthquake on March 25, 2018 in Indonesia.

The third earthquake registered by the USGS as
6.6 hit n139 km East of Kimbe, Papua New Guinea at
09:51 UTC on March 26, 2018. The depth was 40 km.
The fourth earthquake recorded by the USGS as 6.9 hit
n150 km East of Kimbe, Papua New Guinea at 21:25
UTC on March 29, 2018. The depth was 35 km.

4. Discussion

4.1 Analysis of the correlation between iono-
spheric perturbations and strong earthquakes

We are taking into consideration four earthquakes
that occurred during March, 2018. The first earthquake
happened on March 24 at 11:23 UTC with M6.3, the
second earthquake occurred on March 25 at 20:14 UTC
with M6.4 and the third earthquake took place on
March 26 at 09:51 UTC with M6.6, the fourth earth-
quake took place on March 29 at 21:25 UTC with a
magnitude of 6.9 in Papua New Guinea.

The geomagnetic activity during the period be-
tween March 19 and March 22 was quiet, except for the
period between March 22 and March 26. Some anoma-
lies were observed on 23-24 March (20:00-02:00
UCT), on 25-26 March (22:00-01:00 UTC) and on 26
March (20:00-23:00 UTC).

The recorded geomagnetic disturbances can be
qualified as a substorm (the Dst index did not exceed —
50) started on March 22 and all ionospheric stations
from the region demonstrated the negative disturbance
of the critical frequency. The changes in ionosphere
were observed 2 days before the first earthquake. Thus
anomalies in geomagnetic activity were considered as
precursors of this seismic event. During the storm onset
phase, the Dst-index decreased to minimum (negative)
value. The Dst-index fell below — 50nT (Class Il-
“moderate”). The corresponding data is shown in the
Fig.5.

The Kp-index indicated a magnetic disturbance.
The changes in the magnetic field started on March 22
at 21:00 UTC and on March 23 at 09:00 UTC, they
were observed during these four earthquakes. Fig.3
shows the variation of Kp-index during these seismic
events. The Kp-index had an active phase of more than

10 hours before the first earthquake. In response to this,
the Kp-index was between 4 and 5. The Kp-index was
moderate on March 24, with a value between 3 and 4.
Therefore, it had the active phase with value between 4
and 5 on March 25 and March 26, it became ‘moderate’
on March 27. Before the earthquakes the geomagnetic
field was active with a value of Dst [-32; -50]nT during
March 18 and March 19 correspondingly.

In this investigation we are analyzing the iono-
spheric effects of a strong earthquake, before the earth-
quake AE-index increases, which is an indicator of
magnetospheric substorm. The AE-index and the Dst-
index are shown in the Fig.6. Dst-index was in decline
since March 18 and it reached the peak at -50 nT in the
evening at 22:00 UTC. Two days before the first earth-
quake occurred there were some changes in the AE-
index; they started about 19:00 UTC in the evening on
March, 22, and ended of about 09:00 UTC on March,
26. These changes were observed during three strong
earthquakes. The perturbations in the AE-index
reached the maximum value on March 23 at 21:00 UTC
[800]nT, on March 25 from 03:00 to 07:00 [800]nT and
it had some perturbations until March 27 in a range [-
300;-150]nT.

Thus, exemplary results of K-index and AE-index
operational production during recent minor geomag-
netic events increased the geomagnetic activity. These
events were analyzed as phenomena with magnetic
storms. It could be assumed that the magnitude of these
effects largely depended on the state of a continually
varying ionosphere. These storms were quite excep-
tional in exhibiting a record increase in TEC (Fig.4),
but not a particularly large event in terms perturbations
of foF2. This event therefore acquired the name “TEC
storm.” Fig.6 clearly indicates the existence of the
short-period variations within the ionosphere in the
time interval preceding the earthquake.

From the relative TEC disturbances maps descrip-
tion and analysis provided above, one of them can be
marked out as common pre-earthquake TEC variations
features in all considered cases: TEC anomalies were
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observed two days before the first event. The integra-
tion of earthquakes parameters retrieved from different

geomagnetic field does not act alone. Thus, it is im-
portant to create a comprehensive database to describe

precursors indicated that the seismo-generated zonal the nature and behaviour of complex earthquake pre-

cursors.

Local K index at Dourbes (50.1°N, 4.6 "E)
from ground-based measurements
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4.2 Analysis perturbations in real-time iono-
grams before strong earthquakes

The Fig. 7 (a-b) presents the real-time autoscaled
ionograms on March 24, 2018 from 5:40 UT to 22:15
UT. The ionograms don’t show much activity until
09:25 UT (Fig.7a), when we observed the generation of
several ionospheric disturbances two hours before the
event (the strong earthquake that occurred on March 24,

2018 at 11:23 UTC in Papua New Guinea). There were
strong perturbations in the ionosphere 7 minutes before
the earthquake (Fig.7b). The perturbations in the iono-
sphere weren’t observed until nine hours after the
event. Thus, it’s clear that there is correlation propaga-
tion of ionospheric perturbations associated with the
earthquake.
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The Fig. 8 presents the real-time autoscaled iono-
grams on March 25, 2018 from 05:40 UT to 20:15 UT.
The ionograms don’t show activity during the observa-
tion period because the earthquake wasn’t shallow
(Fig.8); the depth of the event was 171.5 km. The strong

earthquake occurred on March 25, 2018 at 20:14 UTC
in Indonesia. In this case we couldn’t find any correla-
tion between ionospheric perturbations and the earth-
quake.
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Fig.8. Real-time autoscaled ionograms on March 25, 2018 at 20:15.

The Fig. 9 (a-b) presents the real-time autoscaled
ionograms on March 26, 2018 from 08:10 UT to 09:50
UT. The ionograms don’t show much activity until
08:30 UT (Fig.9a), when we observed the generation of
several ionospheric disturbances one hour before the
event. The strong earthquake occurred on March 26,
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2018 at 09:51 UTC in Papua New Guinea. There were
strong perturbations in ionosphere 50 minutes before
the earthquake (Fig.9b). As shown in this section there
is correlation between ionospheric perturbations and
the earthquake.
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Fig.9. Real-time autoscaled ionograms: a) on March 26, 2018 at 08:10; b) on March 26, 2018 at 08:40.

Conclusion

For better estimation of earthquake parameters we
assume that the earthquake parameters using any single
precursor is associated with some uncertainties. There-
fore, this study is concerned with the incorporation of
different parameters of strong earthquakes.

This article analysed the strong earthquakes dur-
ing March, 2018, here we found anomalous behavior of
the ionosphere before the earthquakes. Precursory ac-
tivity had been observed for the two strong earthquakes
in Papa New Guinea and these provide evidence about
the existence of ionospheric perturbations before strong
earthquakes.

The hourly data from March 22, 2018 to March
29, 2018 was analysed in the present article. Regular
features were observed in the ionosphere during this pe-

riod. So far we have talked about the large-scale irreg-
ularities appearing in the ionosphere within the interval
period of 1-6 days before the earthquakes. The iono-
spheric precursors within the interval 2 days before the
seismic shock were registered for earthquakes with a
magnitude more then 6. We can assume the magnitude
of 6 as a threshold of ionosphere sensitivity for earth-
quake preparation.

The geomagnetic desturbances were observed on
23-24 March (20:00-02:00 UCT), on 25-26 March
(22:00-01:00 UTC) and on 26 March (20:00-23:00
UTC). The geomagnetic substorm started on March 22
with the negative disturbance of the critical frequency.
The changes in ionosphere were observed 2 days before
the first earthquake. Subsequently, the geomagnetic ac-
tivities were classified as Class II with means ‘moder-
ate’ with the Dst-index — 50nT. The changes in the
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magnetic field were observed in the variation of Kp-
index, Dst-index and AE-index. We assume that there
is a correlation between changes in the ionosphere and
the preparation process of the strong earthquake trig-
gered by the geomagnetic storms.

Therefore, we can consider them as precursor dis-
turbances. In the case of the three earthquakes (M>6,
with depths of less than 50 km) they clearly displayed
precursor features in the ionosphere that depended on
local time and latitude. With regards to the earthquake
that occurred deeper it didn’t show obvious variations.
The real-time ionograms were analysed to find the cor-
relation between ionospheric perturbations and strong
earthquakes. As previously mentioned there are regular
features in the ionosphere before strong earthquakes.
The integration of earthquakes parameters retrieved
from different precursors indicated that the seismo-gen-
erated zonal geomagnetic field does not act alone.
Thus, itis important to create a comprehensive database
to describe the nature and behaviour of complex earth-
quake precursors.

Understanding the nature of earthquake precursors
could contribute to earthquake hazard reduction. We
believe that the present study will help to describe the
nature and behaviour of complex earthquake precur-
sors, because it is important to promptly and reliably
determine the location, intensity and time of the ex-
pected earthquake, for the purpose of real-time predic-
tion of seismic hazards. Thus, to control or reduce the
occurring earthquake, it is necessary to develop effec-
tive methods of geomonitoring of complex precursors
such as recording, processing and the analysis of obser-
vational data expected in strong earthquakes for the
preparation process for the selected focal area, the cre-
ation of models describing the mechanisms of earth-
quake precursors. It could help to develop the technol-
ogy for rapid evaluation of seismic hazards.
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O CMEHE HUCTOPHYECKHUX 3I1O0X, INTPEEMCTBEHHOCTH PA3SBUTHA U
CTHUAE OPTAHHM3ALIMH HAYYHBIX UCCAEJOBAHUI AAYPEATA
IrOCYAZAPCTBEHHOU TTPEMHWH PdD E.JHHUKUTHHA HA ITPHYIMEPE

PABOTbBI OTAEAA TTPUPOJHAA 3OHAABHOCTD KU TTOYBOOBPA3OBAHHE
CEKTOPA KOCMHYECKOE 3EMAEBEJZEHHE U PAITMIOHAABHOE
I[MIPHUPOJOITOAB3OBAHHUE M3 MI'Y UM. M.B.AOMOHOCOBA.

Caboouna E. I1.,

K.¢h.H., Hayunwviti compyonuxk M3 MT'Y um. M.B.Jlomonocosa, Mockea, Menvnuxos IO. C. unscenep M3

MI'Y um. M.B.Jlomonocosa, Mocksa.

AHHOTAIMSI: B paboTe npoaHaIM3upOBaHbl THAJIEKTHIECKUE ACHIEKThl HCTOPUYECKOTO Pa3BUTHS Ha IIPH-
mepe ucropun M3 MI'Y um. M.B.JlomoHnocoBa 1 Bkiaaa pabotsl Mysest B pa3zBuTHe no4BoBeieHHs. [loka3aHbl
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6a3oBbIe TeopeTudeckue mosoxenus cozgateneii M3 MI'Y 10.K.Edppemona, I'.B.Jlo6poBonbsckoro, E./[.Huku-
THHA B UX CBSI3HM C NPUHIUIIAMU POCCUUCKON IIMBUIIM3ALMK M B X COIIOCTABICHUH C MOJIOKESHUSIMUA COOOIECTB,

OpPHEHTHPOBAHHBIX Ha PHIHOYHEIEC TPHOPUTETEI.

Knrouesblie ciioBa: GpyHaaMeHTanpHOE IOYBOBEICHHUE, YUCHUE 00 3Koorndecknx GpyHkumsax nous, KpacHas

KHHTa ITOYB, IPUHITAIIBI pOCCHﬁCKOﬁ IMUBUJIN3allH.

ABSTRACT: the paper analyzes the dialectical aspects of historical development on the example of the
history of the Moscow state University. M. V. Lomonosov and the contribution of the Museum to the development
of soil science. Shows the basic theoretical principles of the creators of MOH, Moscow state University Yu. K.
Efremov, G. V. Dobrovol'skii and E. D. Nikitin in relation to the principles of the Russian civilization and their
juxtaposition with the provisions of the communities, market-oriented priorities.

Key words: fundamental soil science, the doctrine of ecological functions of soils, the Red book of soils, the

principles of Russian civilization.

OIHMM U3 OTIHYHMTETbHBIX MPHU3HAKOB BeJIH-
KOro Hapojaa

CJIYKHT ero croco0HOCTh MOTHUMATHCS HA
HOTH IocJie

najseHusi. Kak 0b1 HU ObLIN TSIZKKY €10 YHH-
JKEeHH A, HO

NpodbeT YPOUHbBIii Yac — OH codepeT cBOM
pacTepsiHHbIEe

HPaBCTBEHHbIE CUJIbI M BOMJIOTUT UX B OJTHOM
BEJIHKOM

WIH HECKOJIbKHX BEJHKHUX JIAAX, KOTOpPbIe H
BBIBEAYT

€ro Ha MOKMHYTYI0 UM BPeMEeHHO MPSIMYIO HC-
TOPHYECKYIO

aopory.

Bacumnit Ocunosuu KimroueBckuit

JluanekTrka MCTOPHYECKOTO OBITHS IpEeAroa-
raeT U3MEHEHHE MaTepHaJIbHBIX U UeaIbHBIX HCTOPU-
9EeCKUX 0OBEKTOB, KOTOPOE HE €CTh MIPOCTOE MEXaHU-
gecKoe IepeMelIeHne, HO KOTOpoe SBISIETCS UCTOpU-
YECKHIM CaMOpPa3BUTHEM, MPOJIOHTHPOBAHHBIM B
HUCTOPUIECKOM BPEMEHH ITePeX0I0M Ha 00JIee BEICOKUE
CTYIICHH opraHu3amyn. Mcropudeckoe pa3BUTHE (IIBU-
JKCHHE) TTOJICXKUT OCMBICIICHHUIO B €T0 3aKOHBI, IIPH MX
MOCTIKEHUH TIO3BOJISIFOT TPEABHICTh U IPEIBOCXH-
TUTP MpeNCcTosIHe npeodpasoBanms. Korma coeprra-
eTcsl Iepexo/] OT 3Tama K 3Tally, TO MoIpa3yMeBaeT JIH
3TOT MEePEeXxo MOJIHbIM 0TKA3 OT MPEABIIYIIETO WK CY-
IIECTBYET HEKOE SIPO, KOTOPOE HUKOTJa HE TOJISKUT
nepeopMaTHPOBAHHIO, U TO3BOJISIET OCTAaBaThCS He-
KOMY pa3BHBaloIIeMycs kauecTBy? B Bonpoce 3THHUe-
CKOTO Pa3BHTHUSI MOXHO JIH OOHapyXHTh Takoe sIIpo,
MO3BOJISIFOIEE HAPOJY OCTaBaThCS CaMUM COOOH, B
CBOEM JIMYHOCTHOM OBITHH, YTO B 3TOM S/IPE OCTACTCS
HEU3MEHHBIM U ecThb Jiu B M3 MI'Y um. M. B. Jlomo-
HOCOBa, MHKpokocMoce Benmkoit Poccun Hekas rpaHb,
MEPECTYNHNB 4epe3 KoTopyro, My3eil cTaHeT 00o0ou-
Kol 6e3 comepxxanns? JIroOast Teopus, GyHIaMEHTAIb-
HOE 3HAHWE pa3BEepPTHIBACTCA U3 IIEPBOHAYAIBHOI
WACH-TIPUHIINIIA, TIOPOXKIAIOIIEH HECKOJBKO ITOJIOXKe-
HHUH, U3 KOTOPBIX pa3BOpadyMBaeTcs Bcs cucTema. Tak
W3 TIOHATHS TOYKH M HECKOJIBKHX MTOJIOKEHUHA DBKIHIA
pPa3BepHYTO OTPOMHOE MOJIOTHO TeomeTpuu. OO6paTtum
Hallle BHUMaHUE K PYCCKOMY HApoAay, ¢ TeM, 4TO OBl
YBUIETh 3THUYECKOE MEPBOHAYANIO U COMYTCTBYIOIINE
€My INPUHIMIIBEL. Y HCTOKOB COBPEMEHHOM POCCUICKON
OUBUIIM3AIMA M TOCYIAapcTBa CTOUT AJCKCaHIp

Hesckwuit. Uctopuk Cynran TameBua KaranumeB mm-
met: «Heob6xoaumo OBLIO MO30pHOE UTO OOpaTUTH B
IIKOJIy ~ MCTOPHYECKOTO  BOCIUTAHUSI ~ PYCCKOTO
Hapoaax[5, c.117]. Pycckuit Hapon poxmaeTcs B ycio-
BMSX TsDKeJeliero nopaxxenus Kuesckoit Pycu, B ko-
TOPBIX OTHEHHBI BUXPb CTpafaHUH JOJDKEH ObII
CKedb OCTAaTKM Hapoja, TOBOPSIIETO HA PYCCKOM
SI3BIKE, HO CTaJ OYHCTUTENBHBIM OTHEM 3aKaJMBaHUSA
pycckoro ayxa. C. T. KatanuueB npojgonxaet: «B Hem
(Anexcanape HeBckoM) B yAUBUTEIIEHOM COTJIACUH CO-
YeTaJUCh TPY BEIWYANIINE JOOIECTH: MPAKTHUCCKUH,
TPE3BBIN B3TIIAA, THOKUHA, N300peTaTeIbHBIN U MIHPO-
KHH yM, CIIOCOOHBIN OOHMMATh PAa3HOPOAHBIC MpeEa-
METBI H 00CTOSITENBCTBA BO BCEH NX CI0KHOCTH 1, TIPO-
HHUKas B Oyaymiee, HaMe4aTh HOBbIE (POPMBI KH3HH, C
COEIMHEHUH C HECOKPYIIMMOHN Bojel M camooOajia-
Huem» [5, ¢.117]. 3apoxaeHre HapoJia U rocyaapcTBa
COCTOSAJIOCH NTOJT PYKOBOJACTBOM JIMJEpa, 3aJ0KHUBIIETO
OCHOBBI I'OCYJapCTBEHHOTO YTPaBJICHUs Ha CTOJICTHUS
BIiepen. AJIeKCaHJp KEPTBYET CBOMM CIIOKOHCTBHEM,
BCEMH BBIT0JIJaMH CBOETO MOJIOKCHHS, BCEMHU JINUHBIMHU
nHTepecaMu 1t OTeuecTBa, OH OCO3HAET HealeKBaT-
HOCTbH CTapbIX CIIOCOOOB yIIpaBieHus, (POPMHPYET HO-
BbI€, M, HECMOTPS! Ha JIMYHBIC CTPAJAHUS U YHIDKCHHUS,
nobuBaeTcs ux yctaHosneHus. Kaknmu Hanbomee Bax-
HBIMH ~ MIEIMH  PYKOBOACTBYeTCs  AJIeKCaHap
Hesckuit? PaccmoTpum 3T ujien: 1. KepTBEHHOE CITy-
xenue OtedecTBY; 2. OCTOPOXKHOCTb, YMEHHE BBI-
KIaTh, HE BCTynas B 00 ¢ HEMOOEJUMBIMHU Ha TOT MO-
MEHT TaTapamMy; 3. 4€TKoe NOHUMaHWe HAMEPEHUH JTH-
JepoB 3alajHOll NMBWIM3ALMK KaKk CMepTeIbHOM
OTIaCHOCTH, B BOGHHOM, U 0COOEHHO B KyJIbTypHOM OT-
HOIICHWU AN PycH, HeNpHeMIEMOCTH IS PYCCKUX
KaTONM4YeCcTBa; 4. COCOOHOCTH K (hrimocockomy pe-
meHnio B gyxe CIMHO3BI, TO €CTh NPOTHBOIIOCTABIIE-
HUSI ABYX IIPUPOJIHBIX CHJI B JIMIE KaTOJIMYECKOTo 3a-
Tajia ¥ MOHIOJI JIPYT APYTY U 0OpeTeHne cBoOO b ye-
pe3  TO3HaHHYI0  HEOOXOOUMOCTh  IOJYMHEHHUS
MOHTOJIaM JUIl COXPaHEHHs PYCCKOro Hapoja. OJTH
HUJEU-TIPUHITUTIB TTO3BOIMIIN AJlekcanapy Hesckomy
OBITH TEM, 0 KOM cka3aHo: «[ToOexmai, HO ObLT Hemo-
6emnm». KauecTBa, HEOOXOIUMBIE TOCYAaPCTBEHHOMY
munaepy Poccun 3anmoxmn Anexcanap Hesckuid, a kade-
CTBa HEOOXOAMMBIE HApPOAHBIM MaccaM CO3aBaJIUCh
noBxHNYIecTBOM Ceprus Pagonexxckoro: «YcTaHas-
JIMBAETCS B OOMTEINN OOIIEKUTENBCTBO. ... [loBenern on
TBEPAO CJIENOBaTh 3allOBEIU CBATHIX OTIOB: HHUYEM
COOCTBEHHBIM HE BJIaJIeTh HUKOMY, HMYTO CBOUM HE
HA3bIBaTh, HO BCE OOIIUM CUUTATh...»[3, ¢.88]. Obmie-
CTBEHHasl COOCTBEHHOCTh Ha CPE/ICTBA IPOU3BO/ICTBA,
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BBIPDAXKCHHAsA B ATOW 3alOBEIM OOYCIIOBJIEHA MPUPOJI-
HBIMH YCJIOBUSIMH DSKCTPEMAJIBHOTO 3€MIEIENUs M
HEOOXOANMOCTBIO CINIOTUTH HAPOAHBIE CHIIBI B IIEPUO,
TSKENEUIINX UCIIbITaHuU. E1é 0HUM Ba)KHBIM MIPUH-
oM PamoHeXcKoro OyzmeT ciemyolee MpaBHiIo:
«Kto He paboTaer, TOT He ecT». PaboTa MOHaxoB cep-
THAHCKUX MOHACTBIpEH — 3TO TPyA C MOJUTBOH Ha
3emiie, 00paboTKa OYBBI, PACHINPEHHE MAaXOTHBIX yro-
Jquil. 13 aToro Tpyaa pokaaercs emé oAuH MPUHLUIL:
«CBsiTast pycckas 3eMysh». Bellie u3noxeHHbIe MOM0-
JKEHMS SIBJIIOTCS MPUHIUIIAMU, OIpPEeIeIUBIINMU
HaIpaBlIeHUE KyJIbTYPHOTO Pa3BUTHsI pyCCKOT0O Hapoa
W HapOJIOB, BOBJIICYCHHBIX B OPOUTY pOCCHUIICKON IMBHU-
mmzanyd. [IposBistroress mu 3TH QyHIaMEHTaIbHBIE
TIPHUHITAITEL B Pa3BUTHH POCCHICKOI HaAyKH 1 00pa3oBa-
HHUSI, B YACTHOCTH 10 OTHOIIEHUIO K MOCKOBCKOMY roc-
yAapCTBEHHOMY yHHMBepcuTeTy uM. M.B.JlomoHoCcOBa
u ero yactu Mysero 3emineBenenus? Paccmotpum He-
KOTOPBIE aCIEKTHI IOCTaBJICHHOTO BOIPOCA.
Poxxnenne QyHIaMEHTaIbHOTO TOYBOBEICHUS
KaK Ba)XHEHMIIEro eCTeCTBEHHO-HAyYHOI'O HarmpaBiie-
HUS IPOUCXOJUT B YCIOBUAX 3eMJeeNb4ecKoil kaTa-
CTpOo(BI, NEPHOIUUECKOTO TOJI0a KOHIIA AEBATHAILIA-
TOro - HavaJja aBaanaroro Beka. JI. H. Toxcroii: «Pa3Be
Tenepsp, KOrAa 0N, Kak TOBOPSAT, MPYT OT roJ0Aa, Mo-
MEIIMKH, KYyMIBl, BOOOImE OOrayn W3MEHHIH CBOIO
JKU3HB, NIepecTanu TpeboBaTh OT Hapoja AJIS yJIOBIe-
TBOPEHUSI CBOMX IPHUXOTEH TI'yOMTEIBHOTO ISl HETO
TpyZia, pa3Be IepecTainy Ooradn yoOuparh CBOH MajaThl,
ecThb Joporue o0enbl, OOTOHITHCS HA CBOMX phICaKax,
€3JIUTh Ha OXOTHI, HApsKaThCs B CBOU Hapsael? Pa3se
Ternepb Oorauu He CHIST CO CBOMMHM 3amacami xJeda,
oKHJast ere OONBIINX MOBBILIEHUH 1IeH, pa3Be (hadpu-
KaHThI HE COMBAIOT IIeH ¢ paboThI? Pa3Be YMHOBHUKHU
MepecTaroT MoJy4yaTh JKaJloBaHUe, cOOMpaeMoe C ro-
noaHbIx? Pa3Be Bce MHTENIIMTEHTHBIE JIOAU HE IPO-
JIOJDKAIOT XKHTh 110 TOPOAAM — JUISt CBOMX, HOCITYILAEIb
UX, CAaMBIX BO3BBILIICHHBIX LEJEH, OXKHUpas TaM, B ro-
poJax, 3TH CBO3HMMBIE JUISl HUX TyJa CPEJICTBA JKHU3HU,
OT OTCYTCTBMSI KOTOPBIX MpeT Hapoa?»[11]. B stux
CTpOKaX, HAalTUCAHHBIX BEIIMKUM PYCCKHUM IHCATENEM,
OTpa)K€Ha Tpareausi POCCUNCKON HUBUIU3ALUU KOHLA
JieBITHaaToro Beka. bypHo obOpabaThiBaemast crer-
Has, B IEPBYIO ouepes, 30Ha Poccun, ciocobHas na-
BaTh HAHOOJIBIIINE YPOKaH, a 3HAUYUT U IPUOBLIb, OCKY-
nesana. Coznanue u pazputue B.B./lokyuaeBbiM 1 ero
mocienoBateNsiMi, B ToM guciie [.B.JloOpoBoiscKkumM
u E.JI. HukutuHpM (yHIaMEHTAIEHOTO IIOYBOBEICHUS
U NIPAKTHYECKOMN pean3aliy ero UAeHHbIX OCHOBAHUI
MOJIOXKHJIO IPeET OCKYACHUIO 3€MIIU U YEJIOBEUECKUM
CTpajaHusiM OT roigojga B HameM OtedecTBe yxke K
KoHIy 60-x TomoB. OOpaTHMCS K HEKOTOPHIM OCHOBO-
MoJIaralIuM MpuHIKIaM nouBoBeAeHus. B.B.Jloky-
yaeB: «YEpPHO3eM MOXKET U JIOJDKEH OBbITh Ha3BaH «Ila-
peM MoYB»; 3TO, TaK CKa3aTh WIealbHAs moysa. M3-
BECTHBIM HEMELKUN Yy4YeHbId arpoHoM-xuMHK KHor,
ompenenss TEOPETHIECKH, YTO Ha3BaTh JIydIIeH MoY-
BOM B MHpE, JaeT HaM TaKyl0 CXeMy, MOJ KOTOPYIO
BIIOJIHE TIO/IXO/INT HAIl PYCCKUI YepHO3EM, TaKUM 00-
Pa3oM 3TO U €CTb HJIeallbHasl, Ty4Ilasi U3 Ty4IIUX I10YB.
. 4épHO3EMHasl 30HA C €€ CTEMsIMU UMEET CBOIO THU-
NMYHYIO (ayHy, IJIaBHBIM 00pa3oM B BHJIE MHOTOYHC-
JIEHHBIX I'PBI3YHOB, KAKOBBI CYCIIUKHU, CYpPKH, 3€MIISTHBIE

3aflbl, CIEMIBl, MBI, KPBICBI W Jp., JKUBYIINE
0OBIYHO B 3eMIIe, TiepepadaThIBatoONIye e, T. €. MPUHU-
MaIoIIe BEChMa IEATEIbHOE yJacTue B 00pa3oBaHUH
caMoil ouBbl. KOBBIIbHBIE U KYCTApHUKOBBIE pacTe-
HUSI TIOKPBIBAIOT YE€PHO3EMHBIC CTENN OOBIKHOBEHHO B
(opMe mapoB; OHM )KMYTCSI K 3eMJIE OT JKI'y4ero BeTpa
U COJIHIIA, KaK Ha CeBepe KYCTApPHUKOBBIE UBBI JKMYTCS
0T X0J04a. DTO Pa3sHOIO POAa «IEPEKaTH — IOJIE» CO-
MIPOBOKAAIOILINE BCE JAEBCTBEHHble cTenu Poccun,
Benrpun u CeepHoit AMepuku (IIpepun); S BCTpeda
ux u Ha KaBkase, Ha Beicote ot 4000 mo 8000 ¢dyros.
Takum 00pa3om, KJIMMar, I04Ba, PACTUTEIBHBIA U KH-
BOTHBIM MHPHI HIYT pyka 00 pyKy! Bor mouemy s emié
B MPOIUIOM TOXy BBICKa3al MBICHb, YTO B MHpPE Lap-
CTBYET, K CUaCThI0, HE OJIMH 3aKOH BeNUKOro /lapBuHa,
3aKoH OOpBROBI 3a CyIIecTBOBaHHE, HO NEHCTBYeT U
JPYTOii, TPOTHBOIOJIOKHEIN 3aKOH JTIOOBH, COAPYXKE-
CTBa, B3aMMOIIOMOIIM OCOOEHHO SPKO IIPOSIBIISIO-
LIUHCS B CYIIECTBOBAHUU HAIlIUX 30H, KaK MOYBEHHBIX
TaK ¥ eCTeCTBEHHO-UCcTOpudeckux»[2, ¢. 500]. Uto 3To0,
Kak He npeoOpa3oBaHHbIE HAYYHOIH MBICIBIO TPHH-
uunel Ceprus Pamonexxckoro? Jto00Bb K pOHON
3eMJle CTaja MCTOUYHUKOM POXKACHHs (QyHIaMEHTasb-
HOTO NOYBOBeAEHUs, co3nanHoro B.B.Jloky4yaeBsiM 1
€ro MocJeI0BaTeNsIMU, Tipexae Bcero I.B.JJo6poBois-
ckuM u E.JI. HUKUTHHBIM, 4YbUM TpYIOBBIE MOJBHUIH
HMEIOT HEMOCPEACTBEHHOE OTHOIICHHE K My3ero 3eM-
nesegenuss MI'Y um. M.B.JIomonocoBa.
I'.B.lo6poBonbckuit u E.JI. Hukutus, Oynyqn py-
KOBOJUTEISIMH OTPACIIH, IPOSBUIIN B CBOUX ACHCTBHIX
TE KayecTBa, KOTOpbIC OBLIM 3aJ0KEHBI B PYCCKOM
KynbType emé Anekcanapom HeBckum, T.e. MPOXKHUIN
KHU3Hb, MOJHYIO INOABHXHHYECKOTO TPYIa, >KEPTBYS
OJ1araMu CBOETO BHICOKOTO MOJI0KEHHS, PEalIU3ys B Op-
TraHW3alliid HAay4dHOM paboThl IENBIX KOJUIEKTHBOB
TIPUHOMIBL, 3aJI0KCHHBIE AEATEIBHOCTHIO JIHAEPOB
Xl Beka. TpeOys OoT CBOMX MOAYUHEHHBIX MAKCH-
MaJIbHOHM OT/a4u B HAYYHOM TPYJAE, OHH CaMu ObLTH
MIPUMEPOM Hay4dyHOTro nojasmwxHuvecTsa. Tak, E.JI.Hu-
KHATHH 3HAYUTENBHYIO YacTh CBOEH 3apabOTHOM IIaThl
TpaTHI Ha ()MHAHCUPOBAHHME KOJJIEKTUBHBIX HAYYHBIX
UCCIIeIOBaHWA W HayuyHbIX myOnukanmid. E.J[.Huku-
THH, TOHUMAas HeaJIeKBaTHOCTh CYIECTBYIOUINX (HopM
3aIIUTBl TPUPOJIBI, co3naeT copmecTHo ¢ ['.B.J{o6po-
BOJIBCKUM YyUY€HHE OO0 JKOJIOTHYECKUX (YHKIHAX
noyYB[2], KOTOpPOE CTaHET TEOPETUIECKOH OCHOBOH CO-
3nanus KpacHoit kauru nous Poccun[1], u Kommnekc-
Hoii KpacHoit kauru npuposr u Hoocheps[7,8], kak
HOBBIX (JOPM 3aIIUTHI IPUPOJIBI, PeaTH3aLusl KOTOPBIX
MIO3BOJIUT TIPEAOTBPATUTh KaK IUIAHETapHBIH TOJOx,
TaKk M rI00aJbHYI0 KyJIbTYpHYIO Aerpajianuio. Beime-
CKa3aHHOE SIBJISIETCS JOKA3aTeIbCTBOM TOTO, yTo Moc-
KOBCKMM YHHMBEPCHUTET B Jule My3es 3eMJIeBeIeHUs
JIecTByeT B pycie (yHAAMEHTAIbHBIX IPHHIUIIOB,
NeXamux B ocHoBe Hamrero OrtedectBa. [IpuHINTIOB,
KOTOPBIE HENb3sI U3MEHHUTh MIIN OTMEHUTH 0€3 YHHUTO-
KeHHs cucTeMbl. Ho ecTh nu Takue uaen u ux peaiu-
3a1us, KOTOPBIE MPOTHBOACHCTBYIOT ATUM IPUHIIUIIAM
U CTPEMSATCS COKPYIIUTH cucTeMy. HecoMHeHHO, Tako-
BbIE MJEU U JAEHCTBUS UMEIOTCS, H OHU OBUIM XOPOIIO
n3BecTHHI emé Anexcanapy Hesckomy u Cepruto Pa-
JOHEeXcKoMy. TpyaHbINA BEIOOP B TONCKaX COIO3HHKA B
noab3y Opabl, u Hecornacue Ceprusa Pagonexckoro ¢
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MIPEIOKEHINEM MOCKOBCKHX JIMACPOB IOMYCTHTH Te-
HY?31I€B K TOPTOBJI€ MyITHUHOHN BIJIOTH 10 Benukoro
VYcriora o0epHYIHCh, B KOHEYHOM CUETE, TAKMMH OJ1a-
ramu 11 OTedecTBa Kak TOCYAapCTBEHHBIN CYBepEHH-
TET, DKOHOMHYECKOE W IyXOBHOE MOTrymecTBo. U
HA000POT OMMOKHN B BEIOOPE COIO3HUKOB M HAUBHOCTH
B O’KHJIAaHWMU OJIar OT OCHOBAHHBIX Ha FOCHOACTBE YacT-
HOH COOCTBEHHOCTH, Oe3yJep)KHOH SKCIUTyaTaluu
MPUPOABI U YeTOBEKa IMBUIM3ALUN HE pa3 IPUHOCUIN
6enpl OTeuecTBy. B KOHTeKkCTe Hamieil TeMbl ciegyer
OTMETHTB, YTO YXOJ OT IPUHIIUIIOB MYy3€HHOTO CiyXe-
HUS, 3aJI03KeHHBIX coznaTenssmu M3 MI'Y HO.K.Edpe-
MoBbIM, [.B.JIo6poBonsckum, E.JI. HukutnaeIM Hemo-
MyCTUM, TaK KaK HAHOCUT YPOH CaMOM CHCTEME M MO-
JKET TPUBECTH K WCKAXCHHUIO (YHIAMEHTAIHLHOTO
HAy9YHOTO conepxanus. V3 Hambolee OmacHBIX HaeH
clelyeT yKa3aTb MIEK paccMarpuBaTb Mysed Kak
TPEINPUATHE IS M3BJICUCHUS IPUOBUTH U OLICHKH Jie-
SATEJBHOCTU COTPYAHUKOB C 3TOM TOUKH 3peHus. py-
roil onacHoM ujaeeil sBISETCA MOIBITKA JOCTHYb JO-
MOJIHUTENBHOTO (DMHAHCHPOBAHUS 3a CUET MpUBIIEYe-
HUS CPEJICTB TeX MUPOBBIX OpPTaHU3aIUH, KOTOPHIE HE
MoryT ObITh oOpoxenarensmu Poccun. Ham Heo6xo-
IUMO 9€TKO 00O03HAYHMTH BOJOpa3Aed MEXIy QyHma-
MEHTaJbHBIMH HAYYHO-(QHIOCOPCKIMH JOCTHKCHHU-
SMH OTCUECTBEHHOW W 3apyOe)KHON HAayKW M Kak OBl
HayYHBIMH HAMpPaBICHUAMH, IPEIHA3HAYCHHBIMHU IS
WHBIX, HEHAYYHBIX [eneld. MBI JOIDKHBI IIOMHHTE, 9TO
B YCJIOBHUSIX HOBOW XOJIOAHOW BOMHBI Halll MPOTHUBHUK
OyzaeT UCTIONB30BaTh JIFOOBIE CIIOCOOBI AT 1€30praHu-
3alliM HAIllero CO3HaHUs, MOJphIBA HAIIMX 0a30BBIX
MPUHIUIOB. B KauecTBe 0AHOTO U3 TPEBOXKHBIX CUMII-
TOMOB coluieMcs Ha paboty Makeesoit B. M., Cmy-
poBa A. B. «Xaptus 3emnn, e€ NpUHIUIBL, UX peanu-
3anus B Tatapctane u B My3see 3emieBeAeHUs
MI'Y»[6], B koTOpOii coobmaeTcs, uTo «Mys3eit 3emIe-
BegeHust MI'Y 3aHMMaeT aKTUBHYIO MTO3ULUIO B pEaIt-
3allMMd U Pa3BUTUU MJEH, MTHUIMUPOBAHHBIX XapTuen
3emun» [6, c. 211]. OgHuM U3 BeaylMX co3aaTesiel
Xaptuu 3emin sBisiercst CtuBeH Pokdemnep, oH xe
3aHUMAET ITOCT CcoTpeaceaaTe st MexXIyHapOaHOTO CO-
Beta Xaptuu 3emun. Kak B 3apy0OexHO#, Tak u B OTe-
YECTBEHHON Hay4YHOM MBICIIHM CYIIECTBYET CEepbE3Hast
KPHUTHKA, KaK UIeHHOHN cocTaBisonieii Xaptuu 3emiy,
TaK M OCHOBAaHHOM Ha OJTHX WHIEAX JAeATEeNbHO-
ctu[10,11].
PaccMoTpuM HEKOTOPBIE MOJIOKEHUST XapTHH:
«...becnipenieneHTHRII POCT HAaceleHUS BBI3BAI
MEeperpy3Ky COLMAIBHBIX H JKOJOTHYSCKUX CHCTEM.
OCHOBHI T7100aTEHOM 0€30MTACHOCTH O] YTPO30ii.
...HeoOxomumel pyHIaMEHTATBHBIC N3MECHCHHS B
Haleil cucTeMe IIEHHOCTEeH, MHCTUTyTaXx H oOpase
xu3Hm» [13] - naHHBIC HEH SIBISIOTCS SIPKO BBIPAKCH-
HBIM MaJIbTY3HaHCTBOM H B IPUHIIUTIE HE COBMECTHMBI
¢ nemorpadueit PO, ncneITBaromeit remorpaguye-
CKUI KpU3NC HEJJOCTATKa HACEJICHHUS.
«...I'apanTupoBaTh BceoOmMi AOCTYH K 3ApaBO-
OXpaHEHWI0, OOECIEYNBAONIEMY PEHPOIYKTHBHOE
3/I0pPOBbE U PETYIHPYEMOE BOCHPOU3BOACTBO» - JAH-
HOE TIOJIOKEHUE MNpUMEHUTEeNbHO K P® Bemér k
000CTpeHuIo IeMoTpahuuecKOi CUTyalnH.

«... IlpuHnMate Takue o6pasbl )KU3HH, KOTOPBIC
npuaaBaiy Obl 0ocoboe 3HaUYEHNE YPOBHIO KU3HH U Ma-
TepUaTbHOMY JIOCTaTKy B HAIlEM HMMEIOLIEM Ipelel
mupe» [13] - KoOCBEeHHO OTpHIIaeTCs IPaBo HEOOTaTOTro
YeJI0BEKa Ha KHU3Hb.

«...12. 3amumaTs mpaBa Bcex Joael, 0e3 uc-
KpUMMHAIUY, Ha NPHPOJHYI0 U COLHUAIBHYIO Cperdy,
MOJIAEP>)KUBAIOIIYIO UX JOCTOMHCTBO, 310POBBE TeJa U
JIYyXOBHOE OJarojfieHCTBHUE, yAesis ocoboe BHHMaHUE
IIpaBaM KOPEHHOI'0 HaceJIeHUs U MEHBUINHCTB. ... Uc-
KOPEHATh JTUCKPUMHUHALIUIO BO BCEX €€ MPOSBICHUAX:
PacoBy1o, ... 10 CEKCyaJlbHOH OpUEHTAINH, PETUTHO3-
HYI0, HAIMOHAIIBHYIO, 3THYECKYIO WIJIH COIHAIbHYIO»
[13] - MBI BoOUHIO HAGIIOAEM, UTO pEan3alist OCHO-
BaHHBIX Ha JAHHBIX MOJIOXKEHUX NporpamMm B EBporie
TIPUBOJUT K CEPHE3HBIM HETATUBHBIM ITOCIEACTBUSIM U
JIe30pTaHI3aIuy OOIIECTBa.

«...©opMHpOBaTh KyIbTypy TOJICPAHTHOCTH, HE-
HACWJINS ¥ MHpA.

...JleMUIUTapU30BBIBATE CHCTEMBl HAIlMOHAJIb-
HOH OeszomacHoOCTH...»[13] - maHHOE MOJNOXEHHE B
CHITy OYEBHIHOCTH €TI0 aHTUTOCYAAPCTBEHHOIO COfep-
YKaHUsI MOXKHO OCTaBHTh 0€3 KOMMEHTapHEB.

«B Mysee 3emnesenenust MI'Y um. M. B. Jlomo-
HOCOBa Ha NMPOTSKEHUH MHOTHX JIET IIPOUCXOIUT pea-
Jn3auus OpuHUMNOB XapTuu 3emud...»[6, ctp. 210]
coobmarot nupexkrop M3 MI'Y M. M. B. JlomoHOCOBa
CmypoB A. B. u ero coaBrop Maxkeea B. M. Bos-
MOJKHBI pa3MYHbIC IPUYMNHBI CTOJIb OJHO3HAYHBIX CO-
oburenuit. Hanpumep, kanauaatT OMOJIOTHUECKUX HAYK
H. A. CoxonoBa, aHaIM3Upys peaiid COBPEMEHHOTO
Mupa, numeTr «He MeHee paauKaIbHO MEHSIETCS CYII-
HOCTh HayKH B COBPEMEHHOM mupe. B maHHOU chepe
OCYILECTBIISACTCS pa3pbIB MEXy UCTHUHHOCTBIO U HAyY-
HOCTBIO. YU€HBIN 4acTO UILET HE UCTUHY, a CIIOHCOPa,
0ecCIoKOsICh 0 KOMMepUeckoil cropore aenay [10, cTp.
117]. B nanHOM cityyae peyb UJIET O TOW caMoil rpaHu,
epexo/1 yepe3 KOTopyro MoKeT npepatute M3 MI'Y
B 000J104Ky 0€3 co/iep>KaHHs, IOTOMY YTO CTPEMIICHHE
K TIOJIy4EHHUIO MTPUOBIIN NPUCYIE HE HAYYHOH, a Ipea-
MIPUHUMATENbCKON AesATebHOCTH. CTYIEHTBI, CTpeMs-
IIMeCs B YHUBEPCUTET CO BCET'0 MHPa, I0JIararoT HoIy-
YUTh 00pa3oBaHME, a HE MPUOOIINUTECS K IPEATIPHHU-
MaTeJIbCKON JEesTeIbHOCTH. YHHUBEPCUTET PBIHKOM
HHUKOT/Ia HE CTaHeT, HO HaJIW4YKMe B HEM Ha PYKOBOJS-
MHAX TOCTaX M B CTYICHYECKO-TIPENOaBaTelbCKOM
cpezie pHIHOYHO OPUEHTHPOBAHHBIX WHIMBHIOB HAHO-
CHT HayKe M 00pa3oBaHHIO YIIEpO, BBIXOJAIIMBACT
WK TBOPLOB-OCHOBaTenel, kak cosparens MIY
M.B.JlomoHOCOBa, Tak H co3mareaern M3 MIY
I0.K.Edppemona, TI'.B.[Jo6posonbckoro, E./I.Huku-
THHA.

Takum o0pazom, B IESITENBHOCTH COTPYAHHUKOB
M3 MI'Y kak B Karure BOJBI OTPAa3WINCh BaKHEHIINe
poccuiickue mpobnemsr XXI Beka. OTu mpoOiIeMsI 3a-
KITIOYAIOTCS B HEOOXOANMOCTH COXPAHUTH NMPHHIUIIEI,
3aJI0’)KEHHBIE CO3/1aTEISIMU POCCUIICKOM TOCY1apCTBEH-
Hoctu em€ B XIII Bexke u mposiBIEHHBIE Yepe3 BCIO
HAIly UICTOPUIO, B TOM 4Hcie uepe3 ucroputo MI'Y um.
M.B.JIlomoHOCOBa U ero yactu Mysest 3emieBeIeHuUsI.
B ucropun namero OTeuecTBa OJHA SMOXAa CMEHSET
JpYrylo, HO CJIeIOBaHUE OCHOBHBIM (pyHIaMEHTaJb-
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HBIM TIPUHIIAIIAM, KaK 9TO AeJIalld JUAEPHI TI0YBOBEIE-
aus ['.B.Jlo6poBonsckuii n E.JI.HUKkuTHH pUBOAUT K
MepEeXOy C OJHOW CTYNEHU Pa3BUTHS Ha IpYyTyio, 60-
Jiee BBICOKYIO U COBEPIIEHHYIO, YTO ¥ OBIIO JOKa3aHO
pa3BuTHeM (YHIAMEHTAIHbHONH €CTECTBEHHOHAYYHOU
JUCLHIUIMHBI — I04YBOBeAeHUs. [locTymaTenbHbIi X01
POCCHICKOIT HCTOPUU HE TOJDKEH OBITh IPEPBaH B CHITY
mro0bIX 00cTOsITENBCTB. BKitan poccuiickoil Hayku B
JTAHHOM KOHTEKCTE SIBJIIETCS BECbMa aKTyaJIbHBIM, YTO
orpezenseT HeoOXOMUMOCTh Pa3BUTHSI T€X HAYYHBIX
HarpasJeHuH, KoTopele 3a1anbl [.B.JloOpoBonbckum
u E.J[. HUKUTUHBIM, B TOM YUCJIE U B IIPOLIECCE MY3€H-
HOW ¥ HAYYHOH pabOoTHI COTPYAHUKOB oTnena [Ipupon-
Hasl 30HAJILHOCTh U MOYBO0Opa3oBaHue[9], pykoBoIu-
TeneM Kotoporo foirue roast 0sut E. JI. Hukutus.
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MEPDBI YAYHIIEHWA ®HUHAHCOBOI'O COCTOAHHKA
DAPMALIEBTUYECKHMX OPI'AHW3ALIMH, PABOTAIOILHMX B YCAOBHAX
APKTHKH U KPAMHEI'O CEBEPA

Tapaodykuna Capoana Makaposna

Kanouoam gapmayesmuyeckux Hayk, ooyenm meouyuncxkozo uncmumyma @PIAOY BO « CBOY um.

M.K. Ammocosay, temx@mail.ru, Henamoesa Enena Ilemposna — cmapuwiuii npenodosamens MeOUYUHCKO20 UH-
cmumyma @I'AOY BO «CB@Y um.M.K.Ammocosar,ignateva_elena@inbox.ru, A6pamosa Ana Unvunuuna xan-
oudam papmayesmuueckux HayK, ooyenm meouyunckoeo uncmumyma @IrA0Y BO « CB@Y um. M. K. Ammo-
cosay

AHHOTAIMUSI: [IpencraBneHsl pe3ynbTaThl (PUHAHCOBO-DKOHOMHYECKOW JESTEILHOCTH (hapMaleBTHye-
CKHUX opraHusanuii, padoratomux B ycioBusx Kpaiinero CeBepa U ApKTHKH. BBIsSiBI€HO HaM4ne HEIOCTATOYHO-
CTH 0OOPOTHBIX CPEACTB B aNTEUHBIX OPTaHM3ALMIX IS HA/UIEKAIIETO BBITOTHEHUA (YHKIMH MO JICKAPCTBEH-
HOMY oOecriedeHHnI0 HaceleHus. IlyTeM COIMOJIOTHYECKOTO OmIpoca BBIBICHBI (HaKTOPHI, OKA3bIBAIOIIHC
HanOospIIee BIMSHAE Ha TOCTYIMHOCTh JIEKAPCTBEHHON MOMOIIHN ISl HACEJICHHUS apKTUYECKUX U CEBEPHBIX Tep-
putopuii. OG0CHOBaHA HEOOXOANMOCTD Pa3pabOTKN Mep IOCYAapCTBEHHON HMOAAEP)KKN (hapMalleBTHYECKUX Op-

TaHU3alMH, padOTAIOMNX B apKTHIECKUX U CEBEPHBIX TEPPUTOPHSIX.
KaroueBble cinoBa: ApkTHKa, JIeKapcTBEHHOE oOecriedeHne, (papMareBTHUCCKHE OpTaHM3aIid, JOCTYI-
HOCTb, peHTa0eIbHOCTh, TPAHCIIOPTHAS cXeMa, HHPACTPYKTypa

Beenenune: Cucrema nokasareneil GpUHaHCOBBIX
PE3yJIbTaTOB XO3SHCTBYIOIMX CyOBEKTOB BKIIOYAET B
ce0s1 abCoOTHBIE U OTHOCUTENbHBIE MoKazaTenu. Ox-
HHM U3 BaXXHBIX PE3yJIbTATOB MPEINPHUHUMATEIHCKON
JEATEIBHOCTH SIBIISIETCS] PEHTA0CNBHOCTD JEATEIbHO-
cTh. PenTabenpHOCTS 0OeceynBaeT MoTpeOHOCTH Kak
caMOM OpraHM3alliy, TaK U TocyiapcTsa B menoM. He-
00XOJMIMBIM YCJIOBHEM KadECTBEHHOTO M JOCTYITHOTO
JIeKapCTBEHHOTO oOectiedeHus (nanee — JIO) sBnsercs
HaM4Ke HajxexHoi cuctemsl JIO B BuIe peHTaOeNb-
HBIX (hapMaleBTHUECKUX OpPTaHU3aIHi.

Cuctema JIO ceBepHBIX U apKTUYECKUX TEPPUTO-
pHii MCIIBITHIBAET Ha cebe HebIaronpusITHeIE GakTOPbI
JUId BEICHUS IPEANPHHUMATEIBCKON AEATeIIbHOCTH:
HHU3Kasl IUIOTHOCTh HACEJIEHNUS, CIIOKHAs TPAHCTIOPTHAS
CXeMa, HEeJOCTaTOYHO pa3BUTasl COIMajibHas WH(pa-
CTPYKTypa U Jp. Pe3ynbprarel (pMHAHCOBOTO aHaln3a
JeITeNIbHOCTH  (papMaleBTUUECKUX OpraHu3alui B
JAHHBIX YCIIOBUSIX, IIOKa3bIBAIOT, YTO (DUHAHCOBOE CO-
CTOSIHHE BeChMa HEYyCTOWYHBOE.

B cBsi3u ¢ 3THM, BOIIpOCHl peHTabeabHOCTH (ap-
MaleBTHYECKUX OpraHHu3aluii, paboTaroIuX B YCIO-
Busix Kpaitnero Cesepa u ApKTHKH TpeOyrOT BHHMA-
HUS ¥ TIIATEIBHOTO U3YUeHHSI.

MaTtepuaibl M MeToAbl: OOBEKTOM HCCIIETOBa-
HUS SIBUWIMCh MYHHIUINAIbHBIE alITeUHbIE OpPraHUu3aluu
U TEPPUTOPHATBHO-000COOIECHHBIE I0Jpa3/IeTICHUs
HEHTPAIBHBIX PAaHOHHBIX OONBHUII B 13 ceBepHBIX U
apkTHueckux paiioHos PecrryOmuku Caxa (SIkyrun). B
IpPOLIECCE HCCIIEAOBAaHMS HCIOJIB30BaHbl OTUYETHBIE
JIaHHBIE 110 (PMHAHCOBO-X03HCTBEHHON JEATEIILHOCTH
anTeYHBIX OpraHU3alni, CTATUCTUUECKHE JaHHbIC, 3a-
KOHOJIaTeJIbHbIE JOKYMEHThI, HOPMATHBHBIE aKThI, pe-
3yIBTAaTHl COIMOJIOTHYECKOTO Orpoca (aHKEeTHpOBa-
HUE).

Pe3yabTaThl 1 00Cy:KIeHUE:

B ocHoBax rocyaapctBeHHOU noauTuku Poccuii-
ckoil dexepannu ApKTHKa pacCMaTpHUBaeTCs Kak ce-
BepHas ¢usnko-reorpadpuyeckas odnacTb 3eMiu, pac-
MoJIOkeHHAs1 BOKpYr CeBEpHOro JIEOBUTOTO OKEaHa.
B reorpaguueckom cMbICIIE 3TO B OCHOBHOM CEBEPHAS
ToJIsIpHasl 00J1acTh, BKIIIOYAONIAs BOAHBIH ApKTHUE-
CKHi OacceiiH, OKpauHHBIE MOPSI C OCTPOBAMH U IPH-
JIETAIOMIMMU YacCTSIMHA MaTePHKOBOH CyIIH.

Brigenenue Apkruueckoit 3oub1 Poccuiickoit de-
Jepaliii B CaMOCTOSITEIbHBIM 00BEKT TOCYIapCTBEH-
HOH TOJIUTHKH OOYCIIOBIEHO OCOOBIMU HAI[MOHAJIb-
HBIMH HHTEpPECaMy B 3TOM PETHOHE U €ro SPKOi cre-
UKo,  KOTOpass  OmpejesisieT  OCOOSHHOCTH
CTPOUTENHCTBA 3/IeCh MHHOBAIIMOHHON IKOHOMUKH.[3]

OO6nanas APKUMH OCOOCHHOCTSIMH, ApKTHYECKast
30Ha OJIHOBPEMEHHO CBs3aHa C ocTanbHOM Poccueit,
SIBIIIETCS HEOTHEMJIEMOM 4YacCThl0 €€ HAlMOHAIBHOU
UAEHTUYHOCTH, JIETEHAApPHOTO MPOLUIOro HacleAnus U
Oyaymero pa3Butus. .[3]

B coorBercrBuu ¢ Ykazom I[lpesunenrta PO ot 2
Mas 2014 roga B Ne296 «O cyXOImyTHBIX TEPPHTOPHUIX
ApxTtryeckoit 30Hb Poccuiickoit @eneparm» B Apk-
TUYeCKy10 30HY Poccuiickoit denepanuun U3 TeppuTo-
pun Pecniy6muku Caxa (SIkyTus) BXoaar 5 paiioHOB
pecnyOnuku: AHabapckuii, AmanxoBkcui, bymyH-
ckuid, HmkHekoasIMckuii U Y cTh-SHCKUN paiioHbl.[4]

OnHako B KauecTBe 00BEKTa 0cobOro rocynap-
CTBEHHOTO PETYIMPOBAHUS U CTPATETUUECKOTO IIaHU-
poBaHMs ISl 00ecreyeHns] HallMOHAILHBIX HHTEPECOB
Poccuiickoit @enepanun B ApKTHKE, K HEll OTHECEHA
HECKOJIbKO Ooliee mmpokas Teppuropus Poccuiickoit
Oenepary, KOTOpas OXBaTBHIBACT €€ W KOHTHHEH-
TaJIBHYIO YacTh CYIIIH.

Pecny6mukoii Caxa (SIkyTus) ObII0 IPEATOKHO B
Ka4yecTBE KPUTEpPHUS ONpPENEeICHUS OKHOW TIpaHUIIBI
ApPKTHYECKOH 30HBI ompenenuTs JuHHI0 CeBepHOTo
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MOJIIPHOTO Kpyra 66°33' ceBepHOM IMUPOTHI C YIETOM
BKJTFOUCHUS F0)KHBIX TPAaHHI] MyHHUIIUITATbHBIX PAHOHOB
JAHHOHW 30HBI, YTO ONPEACIHUT 30HY IKOHOMHYECKOTO
BO3JICHCTBUSI TOCYJapCTBEHHOTO PETYIMPOBAHUS U
CTPAaTETNIeCcKOro IMIAHNPOBAaHUA APKTHIECKON 30HBI.

Takum 00pa3oM, K apKTUYECKUM H CEBEPHBIM
paiionam Pecrryonuku Caxa (SIxyTtus) Bxozast 13 paiio-
HOB PecnyOnuku Caxa (SIkyTust): AObiickuii, Anian-
XOBCKHMH, AHabapckuii, BymyHckuii, BepxosHckwuii,
Bepxuexonsimckuii, Kuranckuii, Momckuii, Huxne-
KonbIMcKkuid, Onenekckuil, CpeTHEKONBIMCKUHN, Y CTh-
Suckuii, OBeHo-briTaHTalickuil yiychl (paiionsr) Pec-
myommkn Caxa (Axytuns). [2]

B cocraB Teppuropuit Apkrudeckoil 30HbI Pec-
myommkn Caxa (SkyTus) B HacTosmedl KOMITIEKCHOM
IIporpaMMe OTHECEHbl TeppuTopuu 13 paiionoB Pec-
myommkn Caxa (SIkyTus).

Mo maHHBIM CITy’KOBI TOCYTApCTBEHHOH CTaTH-
ctuku 1o Pecny6nuke Caxa (SIkyTwmst), ApKruueckas
30Ha SIKyTHH sIBJIsI€TCS OJTHOM M3 HanboJiee MaloHace-
néHHelx Tepputopuit PecnmyOnuku Caxa (SxyTtus).
IInomans Teppuropun ApKTHUECKOH 30HBI Pecry0-
mukn Caxa (Skytus) 1 608,8 Teic. kB. kM (52,2% Tep-
putopun peciyOnukn). UHCIEHHOCTh IOCTOSIHHOTO
HaceneHus Ha Ha4dano 2015 romga coctaBmna 68590 ue-
noBex (7,3% Hacenenus peciryOnuku). B cpaBaeHnn ¢
2014 rogoM YHCIEHHOCTh HACEJIEHUSI YMEHBIINIIACh Ha
805 gemosek (20131 — 69395 ven). [lanHast TeppUTOPHS
MMEeT TAaK)Ke HAaNMEHBIIYIO INIOTHOCTh 3aCEIEHHOCTH.
B cpennem ona cocrapinsier 0,05 yenoBek Ha 1 KB.KM.

ITo Pecniybnuke Caxa (SIkyTHs) IIIOTHOCTH Hace-
nenus cocrapiseT 0,31 yemoBeka Ha 1 KB.KM.

ApKTHuecKas 30Ha SIBIISIETCS] OJTHOM 13 Hanbouee
CIIOKHBIX, B TPAHCIOPTHOM obecneueHuH. JlaHHas
TEPPUTOPUS XapaKTEepPU3yeTcs OTCYTCTBHEM Ha3eMHBIX
KPYTJIOTOIUYHBIX ITyTeH COOOIICHMS, YTO BBI3BIBACT
HMINPOKOE MCIOJIB30BAHUE ISl TIEPEBO30K IPY30B €CTe-
CTBEHHBIX (PEYHBIX M MOPCKHX) TPAHCIIOPTHBIX KOM-
MYHHKAIlUH, a TaKk)ke BPEMEHHBIX J0OPOT — aBTO3UM-
HHUKOB. TpaHcropTHOE 00CITy)XMBaHUE JAHHBIX paiio-
HOB  OCYIIECTBIISICTCS  HPEANPUSATHAMH  BOJHOTO,
aBTOMOOWJIBHOTO M BO3IyIIHOTO TpaHcnopTa. [Tomumo
OKCTPEMANbHBIX W W3MEHUYMBBIX METEOYCIIOBHH, He
MO3BOJIIIOIIUX O0ECTIEYUTh PEryISIpHOCTh U CTaOHMIIb-
HOCTh TIEPEBO30K, AEATEILHOCTh TPAHCIIOPTa OTPaHU-
YHMBAIOT MPOOIEMBbl HHOTO XapakTepa: He COBIa/ICHHUE
CPOKOB JIEHCTBUSI PEYHBIX M MOPCKHX HaBUTalWH,
GoJIbIIE PacCTOSTHUS IEPEBO3OK, UTUTEIBHOE TPEOBI-
BaHME TPY30B B IyTH ¢ 2—4 NepeBaJIKaMH, YBEIHMINBA-
IOLMMH pacXoibl IO 3aBO3Y I'py30B. [1]

Ho oCHOBHBIM M3 TpeX TPaHCHIOPTHBIX ITyTEH sB-
JSIeTCsI BO3YIIHBIN ITyTh, T.K. OH SBJISIETCS] €INHCTBEH-
HBIM CPEJICTBOM KPYTJIOTOJUYHOTO COOOIIEHHS IS OT-
JIalIEHHBIX PailOHOB.

Bcero na tepputopun Apkruku u Kpaitaero Ce-
Bepa pecryOianku (yHKIIMOHUPYIOT 13 opraHuzanuit
PO3HUYHOI TOPrOBIH JIEKapCTBAMH, CUHTAasl BCE MPHU-
KpeIIeHHbIe (DMIIHANbI, YTO COCTaBiseT 5,2 % oT 00-
HIEro KOJMUYeCTBa anTek. I1o MpoLeHTHOMY COOTHOILIEe-
HUIO 76,9% 3aHMMaeT TOCYJapCTBEHHBIM CETMEHT,
23,1% - yacTHBIN CETMEHT.

B nacenennbix myHkTax Apktukd U Kpaiinero
CeBepa, TIie HET aNTEYHBIX OPraHU3aNNi, JIEKapCTBEH-
HOe oOecriedeHne OCYIIECTBIIACTCS TEPPUTOPHAIBHO-
000COOJICHHBIMI  TIOZIPA3/ICICHUSAMHI  [EHTPATBHBIX
paiioHHBIX OONBHHII — YYaCTKOBBIMH OOJBHHIIAMH,
BpaueOHBIMH aMOyIaTOpUsAMHE, (DeIbaIIepCcKo-aKy-
LIEPCKUMH TYHKTaMH.

B apkTHueckux M ceBEepHBIX paiioHax YUCIIO Tep-
PHUTOPHAIBHO-000COOICHHBIX ToApaszaencHuii - 60,
4TO cocTaBisieT 18% OT Bcero KoamyecTBa Mo peciyo-
JIMKeE.

Jns mpoBeneHust ananuza (pakTOpoB, OKa3bIBAIO-
KX HanOoJIpIee BIUSHIE HA COCTOSIHUE JIEKapCTBEH-
HOW TOMOIIM B MYHHUIIMIIAJIBHEIX 0Opa3oBaHUsIX Pec-
myomuku Caxa (SIkyTtws), ObUT BRIOpaH COIMOJIOTHYE-
CKuil MeTox (aHKETHPOBAHUE), OPHUEHTHPOBAHHBIN Ha
cO0p MHEHHH CIIEITHATUCTOB ¢ (papMareBTHIECKUM 00-
pa3oBaHHEM.

Bcero B ankeTHpoBaHMM NOABEPTIIUCH 60 PyKOBO-
aureneil ¢apmarieBTiueckux opranuzauuii. [lo nan-
HBIM aHKETHPOBAHMS CPEAHUI BO3PACT PYKOBOAUTE-
neit BapbupoBai ot 45 po 55 net — 56,7% . Crax pa-
O6otel B cpemHeM coctaBmsier 25 ser. [lo
CIIEIMATBHOCTH «YNpPaBJICHNE WM 3KOHOMHKaA (apma-
m» 58% MpPOBH30OPOB MMEIOT BBICIIYIO KBAIU(HKA-
LHOHHYIO KaTETOPHIO.

Juist onleHnBaHUS (aKTOPOB OBLIH OTOOpPAHBI OC-
HOBHBIC TTOKa3aTeJH, 110 HallleMy MHEHUIO, BIHSIONINE
Ha COCTOSTHHE JICKapCTBEHHOM MOMOIIHN B PECITYOIIHKE:

- UuCceHHOCTh HaceJIeHUs :;

-ECTeCTBEHHBII IPUPOCT HACEIICHUS;

- [InoTHOCTH NMPOKMBAaHUS HACEITICHUSL;

- UKCcIeHHOCTh 9KOHOMHYECKH aKTHBHOTO Hace-
JICHUS;

-[IporieHT 3aHATOCTH OT KOJIMYECTBA YHMCICHHO-
CTH SKOHOMHWYECKH aKTUBHOTO HACEIICHHUS;

- VYaneHHOCTh OT IEHTpa (CTONHIBI) peciyo-
JIVIKH;

- Cno>xHasi TpaHCIIOPTHAs CXeMa BHYTpPH paiioHa;

- PeryasipHOCTh TpaHCIIOPTHOTO COOOIICHUS H
HaJIMYie CE30HHOCTH TPAHCIIOPTHOTO COOOIICHNS;

- UuCIIeHHOCTh Bpaue;

- YucnenHnocts KoeyHoro ¢ouma JIITY;

- dpyrue daxrops! (puHaHCOBOE cocTOsIHUE (ap-
MaleBTHYECKUX OpraHu3alnii).

dapMaleBTHUECKUM CIIEIHAINCTaM ObUIO TIpeli-
JIO)KEHO OIIEHUTh MX 3HAYMMOCTH MO JIeCSITHOAITBHON
cucreme, Ipu 3ToM Ha 10 0ayuIoB OICHUBAJICS CaMBIH
Ba)KHBIN (DaKTOP 110 MHEHHIO PECIIOHICHTOB, a (haKTop,
OKAa3bIBAIOIINI HAaNMEHbIIIEe BIMSHHUE OLEHUBAJICS Ha
1 Gam.

CaMbIMH  BaXHBIMH (paKTOpaMu, HWMEIOIINMHU
HauOobllIee BIUSHUE HA COCTOSHHE JIEKApCTBEHHOMN
oMoy B Peciyonnke Caxa (SkyTus) (10 6amnos) pe-
CIIOHJICHTBI CYUTAIOT Clieytoline (GpakTopbl:

«UUCJICHHOCTh HaceneHus» — 22,9% , «ynaieH-
HOCTh OT IIEHTpa pecmyOonukm» — 37,3%, «cliokHas
TPaAHCIIOPTHAS CXeMa BHYTPH paiioHa» - 29,5%, «pery-
JISIPHOCTH TPAHCIIOPTHOT'O COOOIIEHUSI ¥ HAIWYHE Ce-
30HHOCTH TPaHCIIOPTHOro coobmeHus» - 30,0% pe-
CIIOHJICHTOB.
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«Ipyrue pakropsl (puHAHCOBOE COCTOsTHHE (ap-
MareBTHIeCKUX opraHm3anuii) 23,3% pecrnoHIeHTOB
oueHm Ha 10 OayuIoB.

B cBs3m ¢ 3THM, TIpOBeneH aHAIH3 (PMHAHCOBBIX
pe3yIbTaTOB TOCYJApCTBCHHBIX (MYHHIIUIAIBHBIX)
(hapMaIeBTHYECKIX  OpraHW3aluii  CEBEpHBIX U
ApKTUYECKUX PalOHOB PECITyOJIHKH.

AHanmu3 (UHAHCOBOTO COCTOSHUS TOCYIapCTBEH-
HBIX (MYHHUIIUTATBHBIX) (hapMalleBTHYCCKUX OpraHu3a-
U BBISBUI WX (DUHAHCOBYIO HEYCTOHUYMBOCTH. Pe-
3yJbTaThl aHaIH3a (PUHAHCOBOM CTPYKTYpPHI KaluTaia
(hapMaIeBTHYCCKIX OpraHMU3aldil IMOKa3bIBAIOT, YTO
HanOOJIBIIIYIO TOJIF0 B CTPYKTYpE KaluTaja 3aHUMaeT
3aeMHBIN KanuTan. OH SBISETCS OCHOBHBIM HCTOYHH-
KoM (hOpMHUPOBAHNUS UMYIIECTBA, UTO BEIET K YBEIIIe-
HUIO CTENICHH (PMHAHCOBBIX PHCKOB.

HenmocraTok o01eii BEMMYNHBI OCHOBHBIX HCTOY-
HUKOB (pOpMHpOBaHMA TOBAPHBIX 3allacoB W 3aTpaT
(hapMaIeBTHYCCKIX OpraHU3aIuil B ApKTHYCCKUX U Ce-
BEpHBIX paifoHax cocrasisieT 20578,0 Thicsiu pyOei.

Koadh¢puuueHT cooTHOWIEHUST 3aeMHBIX U COO-
CTBEHHBIX CPEJICTB UMEET TeHICHIINIO K CHUXKEHHIO. B
CEBEPHBIX U APKTHUECKHX alTEYHBIX OPTaHU3AIMIX
JTAaHHBIH IIOKA3aTeNb B CPETHEM 2 pa3a HIDKE, 9eM Cpeji-
HEPECIyONMKAHCKII TOKa3aTenb. YOBITOYHBIE Opra-
HU3aIMH HE MMEIOT BO3MOXXHOCTH MPUBJIICUCHUS Kpe-
IUTHBIX pecypcoB. Ilpm HemocraTke 0OOOPOTHBIX
CPEICTB, OMOJIHEHNE YACTH 3aIIaCOB OCYIIECTBIIICTCS
3a CYET CPENCTB, 00PA3YIOIINXCS B pe3yabTaTe 3aMe/I-
JICHHS MOTaIlleHUsI KPeUTOPCKOit 3anomxeHHocTH. Oc-
HOBHYIO JIOJIIO B 3a€MHOM KamuTajie (apmaieBTuye-
CKHUX OpPTaHU3ALMN CEBEPHBIX U APKTUYECKUX PAllOHOB
COCTaBIIAET KPEAUTOPCKAs 3a/10JKEHHOCTb.

KoaddunueHT Tekymieil TUKBUAHOCTH, MOKA3bI-
BAIOIIMI TOKPBITUE KPAaTKOCPOYHOW 3aJ10KEHHOCTH
MPEINPUATHS B 8 allTeYHBIX OpPTraHU3aALHUAK, PACIIOIO-
JKCHHBIX B apKTHYECKUX W CEBEPHBIX paiiOHaX MMEET
3HaYeHue Hxke 1.

KoHmentyaapbHEIM OCHOBaHUEM ISl TIPOBEICHHUS
PETHOHANBEHOW TIONHUTHUKH B YacTH TOCYAapCTBEHHOU

MOJ/ICPKKH alITEYHBIX OPTaHU3aIMH CEBEPHBIX U apK-
TUYECKHX PAllOHOB SBISETCA HAJIMYKME TECHOW CBS3H
MEXIy HEOIaronosydHbIMH COLMAIbHO-3KOHOMHYE-
CKHMH YCJIOBHSIMH M HU3KHMH OKa3aTelsIMHU (pHUHaH-
COBOW yCTONUYHMBOCTH.

Ha ceromus omHO#l M3 QOpM TOCYZapCTBEHHOM
TIOJIJIEPIKKH SIBJISICTCSL CO3/IaHME YCTOMYMBBIX CHCTEM
JIO B ceBepHBIX U apKTUYECKUX pailoHax peciyOinKy,
KoTOopble (OpMHUPYIOT enuHyr0 HH(PACTPYKTYPY,
00ecreynBaloUIyIO JOCTYITHOCTb Ka4eCTBEHHOH JIeKap-
CTBEHHOU ITOMOIIY.

[Tpu onpeneneHuy ONTUMAILHON OTPEOHOCTH B
00OPOTHBIX CPECTBAX PACCUUTHIBACTCS CYMMa JICHEX-
HBIX CPEICTB, KOTOpas HeoOxoanma it 0e3yObITou-
HOH JIeATEILHOCTH.

Takum 00pa3oM, U OTHOTO U OecriepeOdoitHOTo
JIEKapCTBEHHOTO 00ecneueH s CyIecTByeT HeOOX 01~
MOCTh pa3padOTKH KOMIUIEKCHBIX Mep 10 (pHMHAHCO-
BOMY O37IOPOBJICHUIO COCTOSTHUSI allTeYHbIX OpraHH3a-
uii, padoraromux B ycioBusx Kpaitmero Cesepa u
ADPKTHKH.
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OTPAIKEHHE CBETA INPO3PAYHBIMH ITAEHKAMH C ITO3NLINH
KBAHTOBOHW TEOPHUH

Anekceee Hukonaii Bacunvesuu

Kano. mexn. nayx, nay. uccaeo. ynusepcumem MHUIT, Mockea

AHHOTALUS

Kazanocs 61)1, SIBJICHUA I/IHTep(l)epeHIII/II/I 1 OTPpAKCHHUA CBCTA NPO3PAYHBIMU ITJICHKAMU PACCMOTPCHBI U 005-
SICHEHBI BOJIHOBOM Teopneﬁ JOCKOHAJIbHO, OAHAKO U JJId 9THX SIBJICHUH €CTh PaCXoXKACHUA TECOPHU C SKCIEPUMCH-
TOM. B 3TOM cTarhe PAaCCMOTPEHBI 3TH CJIy4Yanu U JaHO UX 00BsICHEHHE C MO3UILIMH KBAHTOBOM TCOPUH.

ABSTRAKT

Cases of an incorrect explanation of the optic phenomena by the wave theory are considered. Explanations

from a position of the quantum theory are given.

KaroueBble ciioBa: mpo3pavHas IUICHKA, HHTEPPEPOMETP, OTPAKEHUE CBETA, TAIICHUE BOJIHBI, (DOTOH, JJIEK-

TPOH, TIOTJIOLIEHUE, U3ITydCHHUE, FPUP.

Key words: transparent film, interferometer, reflection of light, clearing of a wave, photon, electron, absorp-

tion, radiation, ether.

BosHOBast Teopusi 00bCHIET 00pa30BaHUE IPKUX
pany>KHBIX I[BETOB IIPU OTPa)XEHUHU OEJIoro CBETa OT
TOHKHX IUICHOK HECMEIIMBAIOUIUXCS C BOJOH JKUAKO-
CTeH, pa3IUTHIX Ha IOBEPXHOCTH BOJBI, Pa3HBIM HHTEP-
(hepeHIIMOHHBIM TalllecHHeM H YCHJICHHEM CBETOBBIX
BOJIH Pa3HOM JUIMHBI B PE3yJbTaTe OTPAXKEHHUS UX OT
JIByX IIOBEpXHOCTEH IIEHKHU. PagykHyt0 OKpacKy npHu-
o0OpeTaloT M JApyrue Mpo3padHble TOHKHE IUICHKH,
HanpuMep, OKCHJIbI HA MOBEPXHOCTU METAIIIOB, MbLIb-
HbI€ My3bIpU U T.N. JIyuH, OTpakeHHBIE OT BEPXHEH U
HUKHEW NMOBEPXHOCTEH MIIEHKH, CYMMUPYIOTCS U B 3a-
BUCHMOCTH OT COOTHOULIEHUs (ha3 WX BOJIH YCHJIMBA-
FOTCS MM OCNabustroTcst. JIiast ogHOM W TOM K€ TOJI-
IIMHBI IUIEHKXA OJTHU CBETOBBIE BOJHBI NIPH OTPAsKEHUH
YCWJIMBAKOTCSI, @ IPYTHe OCcNabstoTCsa. DTO U CO3JaeT
OKpacKy OTpaXeHHOT O Jiyua [4].

Bce BBIMISIIUT OYEHBb JIOTUYHO W MPABHIIBHO, HO
€CTh OJIHA 3arBO3[Ka: CBETOBbIE BOJIHBI HE MOTYT
ocnalbisiTh W racuth Opyr npyra. JlroOwsle npyrue
BOJIHBI MOTYT, a CBETOBBIE HEeT. B 3ToM Ierko yOe-
JUTBCS C TIOMOIIBI0 HHTeppepomeTpa. MOHOXpOMATH-
YECKUH JTyd CBeTa, pa3/ieJIeHHbII Ha J1Ba Jlyya OJUHA-
KOBOM MHTEHCUBHOCTH, IIOCJI€ CBEACHHUS ITHX JIydel
BMECTE HE TaCHEeT HU IIPHU KaKOH pa3sHOCTH (a3 Mexay
HuMU. IHTEerpanbHelil CBETOBOM IIOTOK HA BBIXOAE pa-
BEH CyMM€ CBETOBBIX ITOTOKOB 00OMX Jy4ed MpH JIto-
6011 pazHoCTH (pa3 MeX Ty HUMH.

Kpowme Toro, B 00BSICHEHHH MEXaHHU3Ma OTpake-
HUSL CBETa NPENIOJIaraercs, 4ro Ha IOBEPXHOCTh
IUICHKH TMaJaeT HeNpepbiBHAs MOHOXpOMAaTHYeCKas
IUIOCKast BOJIHA. B JeMCTBUTENHLHOCTH MaJarolni Ha
TUICHKY O€JIBIi CBET COCTOMT U3 OTAEIBbHBIX (DOTOHOB C
pasHBIMH JAMUHAMK BOJNH. [Ipu m3mydeHmu (GOTOHOB
(ha3pr MxX KoyleOaHN COBEPIIEHHO MPOU3BOJIBHEIE, TT0-
3TOMY, Ka3aJI0Ch ObI, HUKAKOH WHTepEepEeHIINN OT HUX
MOJIyYUTh HEBO3MOXKHO, a OHAa HabIr0MaeTcs.

DT0 MPOUCXOIUT OJaroaaps TOMy, YTO OOJIBIIUH-
CTBO (DOTOHOB JABYIKETCS B BOJTHAX dHUpa, BO30YKICH-
HBIX mepenoBbiMU (oToHaMu [1]. C TOYKM 3peHus

KBaHTOBOM TEOPUH (OTOHBI — 3TO KOJIEOIIOIIHEcs Ya-
CTHIBI, 00JIaaroNe BHYTPEHHEH SHEPTrHei, UMITYJIb-
COM M CIHHOM (MOMEHTOM MMIYJIbCa, BpalCHUEM),
JBIDKYIHECS € IPEJebHO BO3MOYKHOH CKOPOCTBIO.
Bes ux oHeprus — KMHETHYECKas, SDHEPTUus MOCTyMa-
TEJIBHOTO JBMKEHUS M 2Heprus BpamieHus. GoToHbI
KaXJOH YacTOThl KoJIeOaHWH ITOJCTPAaWBAIOTCS TOJ
3(¢HpHBIEC BOJIHBI, BEI3BAHHBIC TIEPEIOBEIMHI (POTOHAMHU
TaKOM 7K€ 9aCTOTBL. DTO CO3/1a€T HEKOTOPYIO KOT€PEHT-
HOCTb BOJIH UII KaXIOW 4acToThl KkoiebOamwmii. Ilo-
STOMY BOJHBI KaXIOH U3 IPEACTaBICHHBIX B JIyuye
JUTUH MOTYT HHTep(eprupoBaTh, HO JJTMHA KOTEPEHTHO-
ctin y HuX Mana. OOwmwuii motox (GOTOHOB co3maeT
CJIMIIKOM MHOTO pa3HBIX BOJIH, KOTOPBIE MOTYT OCIa0-
JIATh MaKCHUMYMBI M YBEJIHYHMBAaTh MHHUMYMBI JIPYT
apyra. GOTOHBI, CIEAyOMNE AAIEKO M03adu Mepeo-
BBIX, TIEPECTAIOT PEArnpoBaTh Ha ocyabieHHble 3(up-
Hble BOIHBL [ToaTOMY O€blii cBeT 1aeT Mao HHTEpde-
PEHLIMOHHBIX MAKCUMYMOB 1 MUHUMYMOB.

O ToM, 4TO IIpU OTPA’KEHUH CBETA OT TOHKHX I1JIe-
HOK HE IPOHMCXOAMUT IPOCTOr0 CyMMHPOBaHHs BOJIH,
TOBOPAT U PE3yIbTaThl H3MEPEHHUS HHTEHCUBHOCTH OT-
paXeHHBbIX Jy4yeil. PaccMOTpuUM OTpakeHUEe CBETa OT
ToHKOH tuteHKH Si02, exkaniei Ha TOBEPXHOCTH KpeM-
Hus. Ecnu GBI TamneHue y4deil nMeno MecTo, Ui He-
IIPEPLIBHON MOHOXPOMAaTHUYECKOM BOJIHBI B3aUMHO I10-
TaCUTHCSI MOTJIM OBl TOJIBKO JBE OJAMHAKOBBIE MO aM-
IUIUTYJE BOJIHBI, a 3HAYUT OJUHAKOBBIE IO
WHTEHCHBHOCTH Jy4a. KoadduuneHt orpaxeHus cae-
TOBBIX ITy4el BHAMMOIO AWama3oHa OT BEPXHEW Mo-
BEpXHOCTH TWIeHKH SiO2 NMpH BEPTUKAIHLHOM NaJeHUN
pasen 0,047. [lng rameHus 3TOro jyda Tpedyercs Ta-
KOH K€ II0 UHTEHCUBHOCTH JIy4, OTPa)XXEHHBIN OT Ipa-
HUIB! pasgena SiOz 1 KpeMHUS, TPUIIEANINH B IPOTH-
Bodasze. [Ipu HyneBoM yrie majeHusi OT KPEMHHS OT-
paxaercs 32% mnanmarormero cseta. Yepes miueHky SiO»
npoxouT 0,953 HHTEHCUBHOCTH MAAAOIIETO JTy4a, To-
aToMy OT KpemHHs oTpa3utcs 0,305 MHTEHCUBHOCTH
najiaroniero Jtyya. 4,7% ee orpasurcst o0paTHO BriryOb
IVIeHKU. VI3 TUIeHKU BBIMIET Ay4 C MHTEHCHUBHOCTHIO
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0,29. K 3T0#i HHTEHCUBHOCTH MOXET J00aBUTHCS HIIK
y0aBUTHCS B 3aBUCUMOCTH OT Pa3HOCTH a3 MAaKCUMYM
0,047 MHTEHCUBHOCTH, T.€. HHTEHCUBHOCTh OTPaKEH-
HOTO JIy4a J0JDKHA U3MEHATHCS MakcuMyM Ha 9,4% o1
MHTEHCUBHOCTH Taaatomiero iy4a, ot 0,34 mo 0,24 ero
MHTEHCUBHOCTH.

Tabmuua 1. 3aBUCHMOCTD KOA(DPHUIIMEHTA OTPAKEHHS
wuHbl SiO; IpH HYJICBOM YTJIe TTaICHUSL.

W3mepenus, mpoBeAeHHBIE C TMOMOIIBI0 (HOTO-
metpa ®oToH-1M, moKa3anu, 9YTO MPH BEPTHUKATHHOM
MajJeHN MOHOXPOMAaTHYECKUX Jyder kodddummeHt
OTpaKeHHS OT CTPYKTYPHI Si02-Si n3MeHseTcs B 3aBU-
cumoctu ot TomuuHel Si02 Ha 21% ot 0,31 mo 0,10
(cM. Tabm.1), 9TO HE COOTBETCTBYET BHIBOJAM BOJHO-
BOM TEOPHH.

MOHOXPOMATHYECKUX Jydeit ctpykTypoit SiO2-Si ot Toun-

. 51 80 129 167 220 308 354 429 510

Jly4 um 0 (Si)
HM HM HM HM HM HM HM HM HM
648 0,32 0,22 0,13 0,10 0,20 0,31 0,17 0,11 0,29 0,15
602 0,32 0,23 0,15 0,14 0,27 0,30 0,10 0,13 0,29 0,12
540 0,32 0,23 0,15 0,20 0,29 0,25 0,13 0,20 0,25 0,14

He B monp3y BOJIHOBOI TEOPUM TOBOPAT U H3Me-
peHHus KOX(QQUINEHTOB OTPaKEHHUS W IIPOITyCKAaHUS
CBETAa TOJICTBIMU IJIeHKaMU. [Ipy HaKIIOHE CTEKIITHHOMN
IUTACTUHKY TOJIIKMHON 210 MKM, YCTaHOBJIEHHOW Mep-
NEHIUKYISIPHO TMAaJafolieMy MOHOXPOMAaTHIECKOMY
3eJIeHOMY Jydy, Ha 5 IpaaycoB M3MEHEHHE Pa3sHOCTH
X0J1a JIyueil, OTPaXKCHHBIX OT 00CHX €e MOBEPXHOCTEH
cocrasiser 1,93 4. CnenoBaTenbHO, MU MeIJICHHOM
W3MEHEHUH yTJa HaKJIOHA IUIACTHHKHU K JIydy TOJDKHO
HaOJI0AaThCS KaK YCUJICHHE, TaK U OCIabiieHnue oTpa-
JKEHHUsI CBeTa IIacTUHKOM. [1ockoibKy, coriiacHo BOJI-
HOBOW TEOPHUM, UHTEHCUBHOCTb JIy4EH, OTPa’KEHHBIX
00eMMH MOBEPXHOCTSIMU TIPUMEPHO OAMHAKOBAs, KO-
3¢ UIHEeHT OTpaXkeHH (M MPOITYCKAHUA) IIPH STOM H3-
MeHsuIcs Obl mpuMmepHO Ha 9,4 %. OpHako 3TOro He
HaOmonaetcs. [Ipn n3MeHeHNH yriia maJeHus B MalbIx
npezenax Ko3(GUIMEHTHI MPOIYCKAHUSI U OTPaKEHUS
CBETA CTEKJITHHOW IUIACTUHKOH COBCEM HE W3MEHS-
I0TCSI, T.€. TALlICHUS M YCUIICHUS JTydel Ipu N3MEHEHUI
pasHocTH uX (a3 He HaOmronaeTest. KoaddumueHT mpo-
MyCKaHUS 3TOM IJIACTUHKHU B JAaHHBIX yCJIOBUSAX paBeH
0,93. [IByMsl MOBEPXHOCTSIMHU CTEKJISTHHOW MJIACTHHKH
oTpaxkaeTcs 7% Majarolero cBeTa.

Ho a7t TOHKHX MIIEHOK M3MEHEHHE MHTEHCHBHO-
CTH OTPa)KEHHBIX MOHOXPOMAaTHYECKHX JIydel ¢ u3Me-
HEHHEM TOJIIMHBI IUIeHKH HaOmoaaercs. Eciu nocre-
MIEHHO YBEJIMYMBATh TOJIIMHY IUICHKH, TO MOXHO 3a-
METHUTb, 4TO MHTEHCUBHOCTh OTpaXKeHHBIX
MOHOXPOMATHYECKHX JTydeld M3MEHSETCSl BCe MEHbIIE
Y MEHBIIIE, T.€. C POCTOM TOJIIIIUHBI INIEHKH BOJIHBI BCEX
JUIMH TIEPECTAlOT YCHIMUBAThCA U OCIA0IATHCS.

BonHoBast Teopust 0OBACHSET 3TO TEM, YTO B TOJI-
CTBIX IUIEHKaX IPOUCXOANT HHTEP(EPEHIU BEICOKOTO
NOpsJKa, T.€. IPOMCXOAUT CMelleHne nHTepdepeHIy-
OHHBIX IOJIOC HAa MHOTO nepuoaoB. Ilostomy nmmst He
U/lealIbHO KOTEPEHTHBIX JIy4el HHTep(hepeHnus nocTe-
MEHHO CTAHOBUTCS BCe MeHee 3aMeTHOM [3]. DTo 00b-
SICHEHUE HE BEpHO. B 3TOM MOXHO yOeuThes ¢ moMo-
mpto naTepdepomerpa. IlocTaBuB Ha IMyTH OJHOTO W3
€ro JIyueil TOJICTYIO MIACTUHKY, MBI HE TePsieM UHTEp-
(hepeHIIMOHHYIO KapTHHY, @ BUAMM JIMIIb HEOOIBIION
CABWT TIOJIOC, XOTSI TPH 3TOM TakXe OJDKHO IIpo-
W30MTH CMeIUIeHHe HWHTep(EePEHIIMOHHBIX II0JIOC Ha
MHOT'O TIEPHOJIOB.

C mo3umuu KBaHTOBOM TEOPHH SBICHUE OTpPake-
HUS CBETa OT IIPO3PAa4YHOM IJIEHKHU BBITIAAUT Tak. Po-

TOHBI HE UMEIOT 3apsiia U NPAaKTUYECKU He B3auMOJIeH-
CTBYIOT C 3JEKTPUYECKUMH M MAarHUTHBIMH IOJISIMH,
MI03TOMY HE MOTYT OBITh OTpaXXEHBI NMU. J{JIst oTpaxe-
HUSI HOTOH JOJDKEH OBITH ITOTIIOIICH U 3aHOBO H3ITy4eH
B HampaBlIeHUM oTpakeHHs. Ilormomenne u usmyde-
HHE (DOTOHOB ONTHYECKOTO IHMANA30HA OCYIIECTBIIS-
eTcs BHEUTHUMH JIEKTPOHAMM aTOMOB Ha I'paHUILIe pas-
nena cpen. ITpu 3ToM 31€KTpOHBI NT0JIy4atoT JOIOIHU-
TENbHYI0 OHEPTMI0 W BBIXONAT Ha  opoOwuTYy,
COOTBETCTBYIOLIYIO UX HOBO sHepruu. Haxonsics Tam,
OHHU B3aUMOJICHCTBYIOT C 3JIEKTPOHHBIMU 00OJIOYKAMHU
COCEITHUX aTOMOB, NEPEBOs U30OBITOYHYIO KHMHETHYE-
CKYI0O U TMOTCHLIHAIBHYIO SHEPTHI0 B CBOIO BHYTpPEH-
HIOIO SHEPTHI0 ¥ MPUOIIKAACH K CBOCH IpeKHEN op-
6ute. TaM OHHM M3ITYy4aIOT BCIO M30BITOYHYIO BHYTPEH-
HIOIO 9HEPTHIO B BUE (POTOHA TOUHO TAKOTO XK€, KaK 1
MOMIOILEHHBIN paHee. He moryomenHsie Ha rpaHuLEe
paszena cpen GOTOHBI OKa3bIBAIOTCS B ITPETOMIICHHOM
JIyde.

Jst mornonieHust GOTOHOB HEOOXOAUMO BBITIOIN-
HEHUE JIBYX HellpeMeHHbIX ycaoBuil. [lepBoe: Hanpas-
JICHHE CKOPOCTH 3JEKTPOHa B MOMEHT B3aUMOJECi-
CTBUS ¢ (POTOHOM JIOJDKHO COBIA/IATh C HAIPaBICHUEM
ckopoctu (oroHa. Ecinu Obl 3JIEKTPOH MOT TIOTJIIOTUTb
BCTpPEUHBII (OTOH, €ro CKOPOCTh M IOJHAS IHEPTHUS
YMEHBIIMINCh Obl, a SHEPrusl JODKHA YBEIMYNTHCS,
IIPUYEM TOYHO Ha SHEpruio (oroHa. DTO BO3MOKHO
TOJILKO IIPH MOJHOM COBIAJEHHUU HampaBleHUH. BTo-
poe: 2IEKTPOH JOJDKEH HMMETh BO3MOXHOCTH 3aHATH
opOUTY, COOTBETCTBYIOIIYIO €r0 HOBOW 3Hepruu. [Ipu
BBIXO/IE€ HA HOBYIO OPOHTY 3JIEKTPOH MEPEBOIUT U30bI-
TOYHYIO KHHETHYECKYIO PHEPTHIO B MOTEHIMAJIBHYIO.
BuyTpu nusnekTpudyeckoil Npo3pavyHoil INIEHKU TaKou
BO3MOXHOCTH Y HEero HeT. 113-3a MI0THOT0 3aI0THEHUS
3IEKTPOHHBIX 000JI0UEK COCEAHNUX ATOMOB 3JIEKTPOH C
YBEJIIMYEHHON CKOPOCTBIO TNPH B3aUMOJEHCTBUU C
9JIEKTPOHAMM COCEIHET0 aTOMa IOTePsT ObI CBOIO CKO-
pOCTb, HE YBEIWYMB CBOEH MOTEHLUAIBHOW SHEPIUH.
Ero nomnnast sHeprus yMeHbIIWIACH OBI, @ 3TO MPOTH-
BOPEUYHUT 3aKOHY COXpaHeHus »dHepruu. Iloatomy
BHYTPH MPO3PavYHON cpeibl POTOHBI HE MOTTIOMAOTCS.

®DOTOHBI APYT C APYTrOM NPAKTUIECKH HE B3aUMO-
JEHCTBYIOT M MOTYT JIMIIh HE3HAYUTEIHHO CMEIIAThCS
BOOK OT HAampaBJICHUSI CBOETO ABIKCHHSA IOJ ICH-
CTBHEM >(HUPHBIX BOJH, CO3MAHHBIX APYrUMHU (HOTO-
Hamu [1]. Tacuts apyr apyra onu He MoryT. Kaxasri
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(hOTOH HEceT CBOIO MOPIMIO SHEPTUH, KOTOPAsk HCUE3-
HyTb HE MOXeT. 1103ToOMy M3MEHEHNE HHTCHCUBHOCTH
OTPaXEHHOTO CBETa MOXET OBITH CBA33aHO TONBKO C
TEM, YTO B OOJIBIIEH WIIM MEHBIICH CTETIEHN YMEHBIIIA-
€Tcsl KOJIMUYECTBO MOTJIONICHHBIX U 3aHOBO N3TyYEHHBIX
3JeKTpOHaMH (DOTOHOB.

V3meHeHne BEpPOSTHOCTH TOTJIOIICHUST (DOTOHOB
Ha TpaHuIax pas3zena cpejl IPOUCXOJUT U3-3a TOTO, YTO
BO BpeMsI IBH)KEHHS (DOTOHOB Uepe3 IVIEHKY C HUMH I10
Mepe MOTPY)KEHUsI B Hee MPOHUCXOJAT OIpe/elICHHbIE
n3MeHeHns. Ho uto ke mpoucxogur ¢ GoToHaMu B

mieHke? DoToH, Kak r0bas MaTepuaabHas YacTHIIA,
HE MOXET MIHOBEHHO W3MEHHTH CBOIO CKOPOCThH IPH
BX0Jie B OoJiee TUTOTHYIO cpeny. DTO TPOUCXOANT TIO-
CTETIeHHO, HO He MOHOTOHHO. [Ipn W3MeHeHnn CKopo-
cTH (OTOHA MPOUCXOINT U U3MEHEHHE JUTHHBI BOJHEL,
CO37aBacMOM UM B HOBOH CpeJI€, a HENOCPEICTBEHHbBIE
M3MEPCHUS JIMH BOJIH MOHOXPOMATHYECKHX JIydeH B
wieHke SiO; mokas3aiiu, 4TO OHU H3MEHSIOTCS BOJTHOO0-
pasHo ¢ 3aryxaHueM konebanwuii [2]. [To mepe morpy-
JKCHHs (POTOHOB BINIyOb IUICHKH JJIMHBI BOJIH TO
YMEHBIIIAIOTCS, TO YBeNU4uBatoTcs (puc.l).

700
A HM
;\
600 '\\
500 \
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\ 602
400 1 540
|/
510
300 i . . .
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Puc.1 — H3menenue onun 0an MOHOXpOMAMUYECKUX TIyUell
8 3a8UCUMOCU O MOAUJUHBI NIEHKU

W3MepeHus QIUH BOJH NMPOU3BOAMINCH C IIOMO-
b0 HHTepdepomerpa JInHHMKa N0 caBury as orpa-
JKEHHBIX Jydei. [IocKoIbKy mpH 3TOM JIydd ABaXKIbI
MPOXOAWIN Yepe3 IUICHKY, cTaOMIu3anus AJIUH BOJH
(hoTOHOB IpOMCXOMIIA IPH UX HOTpykeHnH B SiO2 Ha
rryOuHy mpuoOIm3uTenpHo 1,6 MkM. [leificTBUTENBHO,
Ha4yMHAas C TaKoil TOMUKHBI eHKH Si02, OTpasKeHHBIN
OT Hee JIy4 He UMeeT OKPACKH.

IMpoxoxast yepe3 mpo3padnyioo cpeny, GpoToH co-
XpaHseT CBOIO DHEPTUI0 M MMIIYJIBC, CIE0BaTENbHO,
TaM OH HH C YeM He B3aUMOJICHCTBYET, BeJlb Pe3yIbTaT
J1000r0 B3aMMOJEWCTBHSI — 3TO W3MEHEHHE YHEPIUU
Wi uMItyabsca. CBOIO CKOPOCTh OH YMEHbIIAeT Mo-
TOMY, 4TO TIONAAACT B 00JACTh MOBBIIIEHHON IIIOTHO-
cTH 3upa, CO3AaHHYIO CKOTUICHHEM aToMOB. B a¢upe
MOBBIIIEHHOH TIOTHOCTH HpeAeNbHast CKOPOCTh IBH-
JKeHUs1 Hke. [103TOMy yCTaHOBHMBIIHMECS CKOPOCTH
BCEX (POTOHOB JOJKHBI OBITH OAMHAKOBBI HE3aBUCHMO
OT 4acTOThI UX Koyebanuii. Koneunast ckopocts (oTo-
HOB TIOCJIE UX 3aMeJIICHHUS OTPEAeIIeTCs TOIBKO TUIOT-
HOCTBIO 3(hupa B TOH cpene, B KOTOPOI OHM JABHIKYTCS,
a IpUYMHA JUCTIEPCHUU COBCEM B ApyroM [2].

[Ipu nomaganum GoTOHA B IUIOTHYIO Cpeay €ro
MOCTyNaTeNbHass CKOPOCTb CYLIECTBEHHO YyMEHbINA-
eTcsl, a HEPrHsl MPAKTUUYECKH He U3MEHSETCs (Malyro
4yacTh 3HEPrHu (OTOH MepelaeT Cpeie, yBEIHYHBas
IUIOTHOCTB 3¢upa B HEll, a P BBIXOJIE U3 HEe BO3Bpa-
maet obparHo). [losToMy npu BXOXJIEHHH (OTOHA B
IUIEHKY YHEPrusl IOCTYIATENbHOIO IBUXKEHUS IepeKa-
YHBAETCS B HEPTHUIO BpamieHus. JJOCTUTHYB CKOPOCTH,
COOTBETCTBYIOIICH YBEIMUEHHOW TIUIOTHOCTH 3upa,
(HOoTOH Kakoe-TO BpeMs IMPOAODKAeT YMEHBIIAThH ee,

TIOCKOJIBKY MaTCpUIO HEJIb3d MIHOBCHHO pa3orHaTtb U
3aTOpMO3HTh. [loTOoM HaumHaeTCss 0OpaTHBIN Hporecc,
B XO/i¢ KOTOPOT'O CKOPOCTh ()OTOHA CHOBA YBEIMYHMBA-
€TCA U OISITh NPOCKAKMBAET ONTUMAIIbHOE 3HAYCHHUE.
W3menenne ckopocTy BpameHns (GOTOHOB IPUBOAUT U
K U3MEHEHHIO YaCTOTHI MX KoJjeOaHuil. Tak Bo3HUKaeT
HepexoTHON KoJIeOaTeNbHBIA MpoIIecc.

B BakyyMe U BO3IyILIHOI Cpeie CKOPOCTH NOCTY-
MaTeJIbHOTO W BpaliaTCIbHOT'O I[BI/I)KCHI/Iﬁ Mmarepuu y
(ortoHa paBHBI ckopocTH cBeTa. [Ipu TopmoxkeHuu ho-
TOHA B TUIOTHOH cpejie BCIEACTBUE NMEPEXOAHOTO Mpo-
11ecca ero CKOpoCTh BpallleHHs! CTAHOBUTCS TO OOJIbIIIE,
TO MEHBIIE ONTHUMAIBHOHN st 3(Upa JaHHOH IUIOTHO-
CTH. OTO U SBJIAETCS] IPUYMHON TOTO, 9YTO BEPOSTHOCTD
TIOTJIOMIEH!S (POTOHOB 3JIEKTPOHAMH Ha T'PaHHMIIE pa3-
Jea cpell yMEHbIIAaeTcs. ODIEKTPOHBI XyXKe IOIJo-
A0T (POTOHBI, UMEIOIINE CKOPOCTH BPAIEHHUS, HE CO-
OTBETCTBYIOIIME [aHHOW IUIOTHOCTH 3¢upa. Yem
OoibIIIe OTJINYME, TEM MCHBIIIC BEPOATHOCTD MOIJIOIIE-
Hust (oroHoB. Ilo Mmepe morpyxkenus (GOTOHOB B
IUICHKY HM3MEHCHHC CKOPOCTH HX BpallCHUA CTaHO-
BUTCS BCE€ MCHBUIC, MTO3TOMY B TOJICTBIX IIJICHKAaX IIO-
rJIoHIeHNe (POTOHOB MEPECTAET 3aBUCETH OT TOJIIINHBI
IUIEHKU.

YMeHblIeHne HHTEHCUBHOCTH OTPa)KEHHOTO JIyda
MIPOUCXOJUT B OCHOBHOM 32 CYET yMEHBILIEHUS MOTTI0-
meHust GOTOHOB Ha HIKHEH TpaHUIE TOHKOH IUICHKH.
Tyna npuxonutr MHOTO GoJbIe (POTOHOB C pa3HBIMU
CKOpOCTSIMH BpAIlIEHUs], YeM IPUXOAUT K BEPXHEH mo-
BEPXHOCTH IVICHKHU U3 €€ FJ'Iy6I/IHBI. (DOTOHI)I, Ipuxoas-
e U3 TIyOWHBI IUIEHKH K €€ BEpXHEH MOBEPXHOCTH
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YMEHBIIAI0OT CYMMapHYI0 HHTCHCHUBHOCTb OTPa)KCH-
HOTO IUICHKOH JIyda, eciu MPUXOAT K IPaHMIE pas-
nena ¢ "mpaBHIIbHON" CKOPOCTHIO BpamieHUs. B aToM
CJTydJae OHHM JIydIlle TIOTIIOMAI0TCS JICKTPOHAMH Ha TO-
BEPXHOCTH IUICHKH W HE IOIAJAl0T B BRIXOAAMINN 13
Hee JIyd.
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TTOAHOE JOKA3ATEABCTBO BEAMKOM TEOPEMBI ®WEPMA
METOZOM JEAEHHA

Beoepuuroe Cepzeit Heanoeuu
nemcuouep.
2. Mockea

AHHOTAIIUA: Benukas Teopema @depma Joka3aHa ABaAuath JeT Hazajd. Kak moxasan C. Cunrx [1], ot

IMudaropa mo I1. depma, ot I1. Depma g0 3. Yaiinca 3HAaMCHUTOE ypaBHEHUE pa3BUBajIo MaTeMaTHKy. Kasanoch
Obl, TeMa 3aKpbiTa, HO MHOTHM, HE TOJILKO MaTeMaTHKaM, He HaéT mokos ToT (akT, uto emeé B 1637 roay Ilbep
®DepmMa 3asBUII, YTO HALIEN «yJUBHTEIBHOE)» pEIIeHHE CBOEH TEOpeMbl, HECMOTPS Ha TO, YTO MaTeMaTHYECKHe
3HaHMs TOTO BPEMEHH OBLIM JaleKu OT 3HAHWii Hallero BpeMeHu. B mpenyaraemoii pabote Ha 06a3e HIKOJIBHBIX
3HAHWH TOKa3aHa HEBO3MOXKHOCTH Pa3JIOKEHUS HA IIETOYNCICHHBIE MHOKHTEIN B YPAaBHEHUH IIpU n > 2. OT0
3HAYUT, 4TO Teopema PepmMa He MMeeT [EeTOUNCIICHHBIX peneHni. KirtoueBsle cioBa: Benmkas, Teopema, Oepma,
METO/ JICTICHNUSI.

THE PROOF OF FERMAT'S GREAT THEOREM BY THE METHOD OF DIVISION

Vedernikov Sergey Ivanovich
Retired.

ABSTRACT: Fermat's Great Theorem was proven twenty years ago. As shown by Singh [1], from Fermat
to Wiles, this famous equation developed math. It would seem that the topic is closed, but many people, not just
mathematicians, is haunted by the fact that in 1637 Pierre de Fermat stated that he found "amazing" solution to his
theorem, despite the fact that the mathematical knowledge of that time were far from the knowledge of our time.
In this paper, on the basis of school knowledge, shows the inability of the decomposition of and for integer multi-
pliers in the equation when n > 2. This means that Fermat's Great Theorem has no integer solutions. Keywords:
Fermat’s Great Theorem. Division method.

TeopeMma: 11 LEJIOro HATYPalbHOTO YKcna N > 2 htvp _
ypaBHeHue X"'+Y"= Z™ He MMeeT peLIeHHi B LIEIbIX
MOJ0KUTEIbHBIX ynciaax X, Y, Z. P

JI0Ka3aTeNnbCTBO. =Y, — Y, <18 - 8=10; orkyna: X =22 =20 g5

Nmeercs X +Y" =Z" e X, Y, Z, n - Hary- ) 2 2
palbHbIE MONOXKUTENbHBIE yucia. Z > X >Y - B3aUMHO
MPOCThIE YKca, n > 2.

Hcxons u3 Toro, uTo ypasBHeHue X2 + Y2 = 72
SBIISICTCSl YaCTHBIM CliydaeM ypaBHeHus X" +Y" =
Z™ 1 B HEM BBIAEILIIOTCS LEI0YUCIEHHbIE 3HAUEHUS X,
Z u'Y, MOXKHO yTBEPXKIATh, UTO €CIIH ypaBHeHue X" +
Y™ = Z" npu n > 2 He UMeET METOUNUCTCHHBIX MHOKH-
teneit gt X™ wi Z™, To OHO HE UMEET PENIEHHIA B Iie-
JIBIX ITOJIOKHUTECJIbHBIX YHCIIaX.

PaCCMOTpI/IM MOpsAAOK BBIACICHUA MHOJKHUTEJIEH
yucna Y™ u nenouncneHusix Z, X Ha npumepe [uda-
roposoii Tpoiiku (5; 12; 13). [2] Umeem: X2 + Y2 =
7Z? & 524122 = 132, TIpeobpasyeM BbIpaKeHHE:
Z? —X?=Y? « 132 — 52 = 122, (1) Paznoxum .
(1) Ha maON)HTEN: Z + X =Y, 13 +5=18;(2) Z— X
= Y,13 - 5 = 8. (3) Cnoxum nowieHuo ¢. (2) u ¢.

(3):2Z=Y, +Y,-18 + 8 = 26; otkyna Z =
2049 — 13, (4) Borarem nouwenno ¢. (3) uz . (2): 2-X

Uz ¢. ¢. (2) u (3), a rakxe u3z ¢. ¢. (4) u (5)
BHJIHO, YTO B Ciiydae n = 2 ypaBueHus X"+ Y" =
Z™ BO3MOYKHO BBIICIICHUE IETOYNCICHHBIX MHOMXKHTE-
neit Y™ u nenounciaeHHsix 3Hadenunii X u Z.

IIpousBeném paznokeHUEe Ha MHOKHUTENH B ypaB-
Henun X" + Y™ = Z™ npu n>2. Ectb 00mmii ciyvait u
TP YacTHBIX, KaK JONONHeHHe K obmemy. [Toceut 06-
LIUH A7 BCEX CIIy4aeB: YETHOE YUCII0, UMEIOIEe MHO-
xuteneM 2™, pu n>3, MOXKHO MPEACTaBUTH Pa3HO-
CTBIO KBAJIPATOB IBYX HEUETHBIX YUCEI.

N3BecTHO, 4TO Z B MCXOJHOM YpPaBHEHUHU IIpU
4ETHOM N HE MOXET OBITh YETHBIM YMCIOM, a X U Y
OJTHOBPEMEHHO HEYETHBIMH, TOTOMY IpuUMeM Z , X -
HEYETHBIMU YHUCIAAMH, Y - YETHBIM YHCIIOM, IOCKONBKY
NPUHLUNHUAIBLHOW pa3HULIbI Mexay X U Y B JaHHOM
ciiyudae HeT. JJoka3aTeabCcTBO HEBO3MOXKHOCTU YETHOTO
Z nipu He4€THOM N cM. Hike Corydait 3.
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PacemoTrpum «OO0mIHiA cirydaii» 1oKa3aTenbCcTBa.
Umeem: X™ + Y™ = Z", 1)
Bo3Beném neByro u mpaByto 9actu (GOPMYIIBI B
KBaJparT.

XZn +2-X".y" 4+ YZn - ZZn.

IIpeobpa3yem monydeHHYIO (OPMYITy CIEAyIO-
UM 00pa3zoMm:

Z2M XMy 42 XN YR = YR (YN 42 X1, (2)

Paznoxum ¢. (2) Ha MHOKHTEIH.

ZM+ Xt =Y"+2- X (3)

Zn-X"=Y" (4)

(Cnemyet 3aMeTHTB, 9TO (. (3) MOXKHO TOIYYHUTH,
npubaBuB 2- X™ Kk J1eBOM U MpaBoil YacTsM (GopmyIibl
(4)).

B cootBerctBui ¢ ¢. . (4) 1 (5) (Cm. Hmxe Ciry-
vait 1) maoxxurenu Y™ u (Y™ + 2: X™) dhopmyinsi (2) He
MOTYT HMETh OOLIMX MHOXXHTEJEH, KpOME OJHOIO
qucIia 2, UCXO/Is U3 YCIOBUSI O B3aUMHO NpocThiX X, Y,
Z . PaccMOTpHM BCE K€ 3TOT MOMEHT OT/AENBHO.

3ammmrem ¢. (3) u ¢. (4) crexyrommm o0pazom:

Zn+ X" =220V Y 4 X7

Zh — X" =2" YN

Ipumem ycnosro 2D - Y + X™ = Y2, rie Y
1esI0e HeuETHOE YUCIIO B CTEMEHH N.

Urak: Z" + X" =2V, (B) Z" — X" = 2" - Y[". (6)

U3 nounenHoro cioxenus ¢. (5) u ¢. (6) umeem:

227" =2-Y}+ 2"V W In=2-

v +2(- Dy -
A 2= 42070 (7)

W3 mounennoro BermrTaHus ¢. (6) w3z ¢. (5)
nMeeM:
22Xt =2-Y}=-2"-Yuwm X" =2
n_,(n-1).yn
Y, -2 Yy ; X" = an _ z(n—l) . Yln- (8)

2

U3 ¢. ¢. (7) u (8) BUOHO, YTO YCIIOBHS O B3aHM-
HOM mpoctoTe Z 1 X BBIIOJIHUMO TOJBKO IPHU OTCYT-
CTBHH 0OIIMX MHOKHTENeH B uncnax Yyt u 271 - Y,
[ToaTOMY MHOHUTENHN STUX YUCEJI JI0JDKHBI OBITH B CTE-
nenu N. (Mnu nemoe Y3 1OKHO OBITH N — O CTETIEHBI0
JIpOOHOTO YHCIa.) PaccmoT-
PHM 3TOT MOMEHT Ha IPIMEpE Pa3yIoKEeHHUsI HA MHOXKH-
tenu nudaroposoit Tpoiiku (5; 12; 13), rme Z = 13, X

=5 Y=12

Kak mokazano B Cirygae 1 (Cwm. Himke mocie ¢. ¢.
(2) u (3)) cymma u pa3HOCTh OBYX HEUETHBIX UHCET,
qucyia 4ETHBIC, HO OJHO M3 HUX MMEET MHOXHTEIIEM
TOJILKO OJTHO YHCJIO 2, @ JIPYTO€ — MUHUMYM 22, B 00-
meMm e ciaydae 2" npun > 2.

Paznoxenne popmynsr Z™ — X™ = Y™ npu uét-
HOM N BBITJISIIUT TaK:

n n n n

Zz —Xz=Y"uZz+Xz=Y" ™

Jnist pa3HOCTH KBaapaToB NMH(AropoBoil TPOWKK
(5; 12; 13) paznoxeHue Takoe.

Nmeercs: X2 +Y? =272 & 52+ 122 =132,
(1a)

IIpeobpasyem ¢. (1a).

7?2 —X*=Y? o 132 -5% =122%.(2a)

Paznoxxum Ha MHOXUTENH ¢. (2a).

Z+X=2Y? - 13+5=18; (3a)

Z-X=2@"1D.y2=2-Y? & 13 -5 =8.(4a)

Yucno 18 ¢. (3a) comepkUT TOJIBKO OJHO YUCIIO
2, a uucno 8 ¢. (4a) umeer Bux 23. CremoBaTenbHO,

BeCh YETHBI cOMHOXHUTENB uKcia 122 = 144 cocTas-
nser 2% = 2222 = 4? = 16. T. e. oxHO uucno 4 pas-
JIEJICHO TIOToJIaM MEeXIy yucioM 18 u yucnom 8.

Tonenus 18 u 8 Ha 2, umeem 9 = 32 u 4 = 22,

3TO 3HAYUT, YTO BTOPHIMU MHOKHTEJISIMH YHCEI
18 u 8, kpome umncna 2, SBISAIOTCS KBaJpaThl YUCEI.
[Ipruém 31O CBONCTBO BCeX MU (AaropoOBIX TPOEK.

Paccmorpum ¢. (5) xak ananor ¢. (3).

"4+ X" =Y"4+2-X" 32"+ X" =2-Y. (5

Hamu ycrmoBHO mpuHATO, uTO Y5 sIBIISIETCS N — O
CTENEHBIO eJI0r0 HeYETHOTO YUCIa, B IPOTUBHOM CIIy-
yae ypaBHeHHe (1) He UMeeT pereHus B [eJbIX YHCIIaX.
Ha anammze ¢. (3a) u ¢. (4a) paznoxenus nudaropo-
Boii Tpoiik (5, 12, 13) MOXKHO 3aKITIOYUTh, YTO COMHO-
JKUTENb paBoii gactu ¢. (2) 2 - Y7 uMeeT B HEKOTOPBIX
ciydasx, Kak U B ypaBHeHun X2 + Y2 = Z2, nenouuc-
JICHHBIE 3HaueHus Y,. CleoBaTesbHO, MOXKHO MTPEATo-
JIOKHUTB, 4TO ypaBHeHHe X" + Y™ = Z™ MoxeT numersb
LENTOYHCIICHHBIE PEIICHHUS.

OnHaKo NEpEeMHOXHM JIEBBIC U TIPABbIE YacTH (.
¢. (5) u (6).

Z2 X2 =2 Y Y = 2:(Y - Y™). (9)

[Mpumem u€THOE, MMeEIOIIee MHOXKHUTENEM 2™, T1e
n=> 3, gucno Y3 - Y™ xak Y3'. A mo0oe 4€THOE YHCIIO,
HUMeEIoIee MHOXKHUTENb 2™ Tpu N > 2, MOXHO MPECTa-
BUTH Pa3HOCTHIO KBAAPATOB JABYX HEUETHBIX YUCEIL.

ZamumreM ¢. (9) cneayromum obpazom: Z2" — X210
=2-Y7. (10)

[ockonbky uucia Y2™ u X2™ apnsiorcs KBajpa-
tamu yrcen Z™ u X", TO B JI€BOi YacTH UMEETCS pas-
HOCTh KBaJ[paTOB HEYETHBIX YHCEIN, a B IIPAaBOH — pe-
3yJIBTAT, KOTOPBIA JOJDKEH PACKIIAIbIBATHCS HA LEIIbIC
MHOXXUTEH B COOTBETCTBHH C JIEBOH YacThIO.

Bripazum unciio Y3' pasHOCTBIO KBaAPAaTOB YHCE
Au B.

YI =A% - B2,

®opmyna (10) mpumer BU:

Z2n X" = 2-(A%* - B%) = (2- A2 - 2- B?).

PaznoxxuM Ha MHOXHTENH €€ JICBYIO M NPaBYIO
YacTH.

(Zh —X™)(Z" + X™) = (V2-A-V2-B) V2 A+
VZ-B).(11)

Kak BumHO 13 . (11) memodnciieHHpIe 3HAYCHUS
e€ JIeBOM 4acTH HE COOTBETCTBYIOT pe3yJbTaTaM pas-
JIO)KEHHS TPaBOil 4acTH, MOCKOJBKY IPaByIO 4acTb (.
(10) HEBO3MOXKHO Pa3JIOKHUTh Ha IET0UYNCICHHBIE MHO-
xurtend. OTcroa clenyer, 4To ypaBHeHue X" + Y™ =
Z™ He UMeeT PEIICHHs B [EIIBIX YUCITAX MPH [EeT0UHC-
nenHoM Y;. (Cm. dhopmyny (10).)

CHoga paccmoTpum popmyiy (9).

ZZn_X2n=2,Y2n,yn=2,(Y2n_
Y™, roe Y3t - Y™ = YT

[Ipeanonoxum, uto Y,, a TemM caMbIM U Y3 HE sIB-
JISIFOTCS! LIEJIBIMU YHCITaMHU.

TTo ananoruu co ciydaeMm X2 + Y2 = Z2 MoxHO
OBI 3aKJIFOYHTD, YTO ypaBHeHue X" + Y™ = Z™ u Torna
HE MMEEeT pPelIeHn, HO pacCMOTPUM 3TOT MOMEHT OT-
JETBHO.

Sanumem ¢. (9) mo- mpyromy, npusse Yy' =k,
rae K - nenoe, He4ETHOE YHCITIO.

7 — X2 =2-k-Y" (9)
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ITockoapky Y™ MOXHO BBIPa3UTh Pa3HOCTHIO
KBaJIpaToB, TO 3anuIueM ero kak Y™ = (A% — B2).

Torpa ¢. (9a) npumer Bux:

@r-xMZ "+ X" =2-k-(A2-B»)=(2"
k-A%?—2-k-B?).(9b)

Pasnoxum mpasyro gacte ¢.(9b) Ha MHOKHTETH.
@Zr=xMEZ"+x™) = (V2 -Vk- A —V2-
Vi-B;)(V2-Vk- A, —V2 -k By). (9c)

U3 ¢. (9¢) caenyer, uro npasyro yacts ¢. (9a) He-
BO3MOJKHO Pa3JIOKHUTh Ha [EJIOYHCIICHHBIE MHOXHTEIN
¥ ipy 1enioM 'k, ¥ IpH MppaIMOHATbHOM, TOCKOIBKY
k — meuétHoe yncno. CrnenoBarenbHo, ypaBHeHuHe X +
Y™ =Z" u B 3TOM Cily4ae HE MMEET LENOYHUCICHHBIX
PELICHUN.

Paccmotpum ¢. (92a) B cuenyromei mo3umum.

Umeem: Z?™ — X2 =2 -k - Y™, Boipazum Y =
2" Yt mpu n = 3.

B ngannOM ciywae 2™ - Y' MOKHO BBIpa3HTh pas-
HOCTBIO KBaJIpaToB IBYX HEUETHBIX uncen. Torna pas-
noxenne §. (9a) Oymer coorBercTBoBath . (9b) 1 .
(9¢). T. e. c OTCYTCTBHEM IEIOYNCICHHBIX PEIICHUH.

ITpu n = 2 ¢. (92) OyneT BBITIAAETD TaK:

ZY—X*=2-k-22-Y2 =23k Y

Beipasum 23 - k - Y2 pa3sHOCTBIO KBaapaToB He-
YETHBIX YUCE.

23 k-YZ = (43 — B2).

Torza ¢. (9a) 6yner Takoit: Z* — X* = A3 — B2,
CrnepoBatenbHo, ypaBHeHMe X2+ Y2 =Z? moxer
MMETh PELICHUs B [EJIbIX YNCIIax.

IIpuBenéHHOE NOKA3aTENBCTBO SIBISIETCS IIPUEM-
JIEMBIM, JUI1 BCEX TPEX 4acTHBIX ciydaeB «llomHOro
JoKazaTenbcTBa Bemmkoil Teopembl Pepma MeTon0M
JETICHUS.

PaccmoTpum nepBbii caydail, koraa n > 2 4étHoe
YHCIIO.

Cnyyaii 1. Z, X - Heu€tHBIC, Y - 4€THOE, N - YET-
Hoe.

Nmeercst: X™ + Y™ = Z™.

IpeoGpasyem ucxoaHoe ypaBHeHue: Z™ — X" =
Y™ (1) Pasmoxum Ha MHOXutend ¢. (1). Z% +

n n n
Xz=y(=m (2)Zz — Xz = Y™, (3)

Xots ab3ar mocie ¢.(5) pa3pICHIET CYyTh pa3io-
xkerus Ha §.(2) u ¢. (3), mosiCHIM BCE ke 3TOT MOMEHT.
CyMMa JByX HEUETHBIX YHCEN U Pa3HOCTh ITHX XKE Y-
cell - ynciia YETHBIE, HO OJJHO M3 HUX UMEET MHOXKHUTE-
JIEM TOJILKO OJIHO YHMCIIO 2, IPYTOE - MHOXKHTENEM 22,
a B o6mem crydae 2"V, PasnokeHue Ha MHOKHUTENH
Z" — X" =Y™" nupu uyérHom n = 2K COOTBETCTBYyET
$.(2) u §.(3), HO UMeroTCs 1BA caydas: Kormya Y (™
HMeeT MHOXHTENb 2, a Y™ muoxurens 2D, u xorna
Y™™ pmeer muoxutens 27D, a Y™ tonsko oguH
MHOXWTENb 2. BapnaHTOB pa3nokKeHHs MOXeET OBITh
HECKOJIbKO, HO BCE OHH COOTHOCSITCS C 3TUMH JBYMSI
CiTy4asiMH, OTJEJIBHO JIPYT OT JIpyra pacCMOTPEHHBIMHU
B Ciryyaii 1. (Cm. ¢. (6) u ¢. (13)).

W3 nounennoro cioxenus ¢. (2) u §. (3) umeem:

n n (n-m)_ym
2-72 =y(n—m) 4 ym: 73 = ﬁ; (4) a u3 mouseH-

Horo Berumrtanust ¢. (3) w3 ¢. (2) umeem: 2-Xz =

n (n-m)_ym
y(-m) _ym. x3 :%_ (5)

3 ¢. ¢. (4) u (5) BuaHO, 9TO TIPH COOITIOACHUN
YCIIOBUSI 0 HEYETHOCTH Z W X HEOOXOJHMMO, YTOOBI
01HO U3 u8THBIX uncea Y ™™™ yymm Y™ uMeno MHOKH-
TeJleM TOJIbKO OfHO uucio 2. Torga apyroe 4ucio
nomkHO uMeTh MHOxuteneM 2V mockonmeky Y-
YUCIO YETHOEC U UMEET MHOXKHUTEIEM MHUHHMYM OJIHO
gpcno 2™, TIpu stom Y ™) i Y™ He MoryT nmets 06-
IMX MHOXHTENEH, KpOME OTOBOPEHHBIX BBIIIC Kpat-
HBIX 2, IOCKOJIbKY B IIPOTUBHOM CITy4ae TAKHE MHOKH-
TENTU TOJKHBI UMETh Takxke Z™ u X™, 4To mpoTUBOpE-
YUT YCJIOBHUIO O B3auMHOM npocrore Z, X u Y.

[ostomy Y™ i Y™ 10JI3KHBI COCTOSTH U3 Pa3-
JIMYHBIX MHOXWTENCH uncia Y™ B Toi e cremnenu, B
CTETICHH N, €CITH UCXOIUTH U3 MPEATIOI0KEHHSI, YTO HC-
XOIHOE YpaBHCHHE UMEET IIeJIOUYICICHHBIC PEIICHNUS.

ockoneky u3 ¢. (4) u ¢. (5) caexyer, 9TO OAHO
u3 uncen Y ™ yymm Y™ I0KHO HMETh MHOXKHTETIEM
TOJIBKO OJIHO YHCJIO 2, a 00a JOKHEI OBITH B CTEIICHH
n, o mpumem ¢. (2) mw ¢. (3) B BHIE:

n n n
Mecto pns opmyanl. Z2 + X2 = 2-Y, (6) Z2 —
n
Xz = 2Dy (7) umes B Budy, uto Y - unCIIO He-
4yETHOE.
n n

U3 ¢. d. (4) u (5) Beipasum 3HaueHue Z2 u Xz,

noxacrasus BMecTo Y™™ spayenue 2-Y*, a BMecTO

Y™ 3nauenne 2"~ D-Y],
L it AR A

Zz =Y+ 202y (8)
n yn_o(n-1).yn
X7 = 2Y -2 2 _ Yo — 2(n-2) . Y2 (9)

2

n
ITockonbky X2 sBISETCA CTENEHbI0 Ynucna X Npu
4€THOM N > 4, TO €ro MOXHO Pa3JIOXKHUTh HA MHOXKH-
tenu. Paznoxum BelpakeHue (9) Ha MHOXHTENH IO

¢bopmyne mis pasHoct n—x cremeHei. Xz = (V] -
n - m=2)(n-1) _
V2027, (v D+ e 42 ™=y (10)

n ~Y2
n

OueBKIHO, 4TO X2 HEBO3MOXKHO Pa3JIOKHTh HA I[EJI0-
YHCJIEHHbIE MHOXKUTEIH 10 (opMyne pa3HOCTH N - X
CTETIEHEM.

Paccmorpum . (6) u §. (7), KOTOpEBIE YIOBICTBO-
PSIIOT Pa3lioKEHUIO Ha MHOXHTEIH Pa3HOCTH KBaJpa-
TOB JIBYX 4Hcel npu u€tHom N > 3. Z™* — X" =y™ ¥y —

uérHoe. Z2 + X2 =2-Y"; (6) Y{* - neuérHoe. Z2 —

n
Xz = 20D .y (7)

HyXHO 3aMeTuTh, YTO Pa3OKEHHE Ha MHOXKH-
tenu opmynsl Z2 — X? =Y?, cooTBeTcTBYyIOIIEE
«udaropoBeIM Tpoikam», rae Y2 - 4éTHoe umcino,
JNaéT pe3ysbTaTOM OAWH MHOXHUTENb, COJAEpPKAIINN
TOJIBKO OJTHO YHCIIO 2, a JPYrodl MHOXHUTENb KpaTeH
quciy 8, MpH 3TOM YETHOE YHMCIIO ITHX TPOEK KPaTHO
UMEHHO 4Hciy 4.

Paccmotpum pasnoxenue Ha MHOxuTend ¢. (7)
TIpY ToKa3zarene N kpaTHoM 4 juist wumocTpanuu «O00-
IIEro ciydas JOKa3aTeIbCTBay.

®opmyna (7), Ha TEPBBII B3MIAA, TOXKE MOXKET
YJIOBJIETBOPSTH YCIOBHIO KPATHOCTH YHCIy 8, OJTHAKO
npeoGpasyeM eé npaByro yacTs. IIpeobpasyem 21 -
Y7 cnenyromum oGpazom:

n.yn n
n-1).yn-2"Y _Y
2 Yt = P
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Beipaszum Y3' pa3HOCTBIO KBaIPaTOB ABYX HEUCT-
HBIX YHCEJI, MOCKOIBKY YETHOE YHCIIO, HMEIOIEE MHO-
KuTeaeM 22 mpu n > 2, MOKHO XOTsl ObI OJMH pa3
MIPENCTaBUTh TAKOM Pa3sHOCTBIO, TJE€ NEPBbIA MHOXH-
TeNb Pa3oKEeHUs Pa3HOCTH KBAJIPaTOB, HIMEET TONBKO
OJIMH MHOKHTEJb 2, a BTOpoii — MHOMkmTenp 21,

Mycts: Y7* = A2 — B2,

vt _A?-B> _4* B?

Torpa: = P (11)
Paznoxum q) (l 1) Ha MHOXUTENHU:

A2

7—7 (___)(\F \/—) 12)

n A B
72— Xi= (Z4 *X“)(Z“ +X4) * (ﬁ'ﬁ)(ﬁ‘*ﬁ)y
(12a)
W3 ¢ .¢. (12) u (122) MOKHO clieNaTh BEIBO, UTO
¢. (7), a taroke ypaBHenne X" + Y™ = Z™ npu uéTHOM
N, KpaTHOM 4, HE UMEET PELICHHUS B IIEJBIX YACTAX.

onycrum: Zz + Xz = 20D .ynr: (13) Zz —
Y 4

n
Xz =2-Yl (14)

OueBuaHO, uTO (. (14) HE UMEET IETOYNCIICHHBIX
pelieHnid mpu N KpaTHBIX 4, MOCKOJBKY JieBasl 4acTb
ypaBHEHMS HMeeT MHOKUTeeM MUHUMYM 23, a paBast
TONIBKO 2 TIpu HeIETHOM Yq'.

JlokazaHo, 9TO KOpEeHb K W3 IeNoro Yucia sBis-
€TCSl palMOHATBHBIM YHCIOM TOJIBKO TOT/A, KOTrIa
YKCJIO MO KOPHEM SIBISICTCS K - 0¥ CTENEHBIO IPYroro
IEJIOTO YKCIIa, B OCTAJIbHBIX CIIy4asX TAKOH KOPEHb Up-

paronansHoe uucio. [3] Mosromy V2M=2) - uncio
UppalMOHATIBEHOE, TOCKOJBKY APYTHM, MEHbIIMM 2",
MOJKET OBITH TOJBKO 1.
CrenoBarenbHO, onupasick Ha ¢. (10), ¢. (16) u
pe3ysbTaThl pas3nokeHus mnpasbix udactedl ¢. (7) u
n

¢.(13), MOXXKHO 3aKJIIOYHTH, YTO X2 HEBO3MOXKHO pas-
JIOXKUTD HA LEIOYUCICHHBIC MHOXKUTEIH, U ypaBHECHHE
X"+ Y™ = Z™ npu 4éTHOM n > 2 He UMEET PELICHHUS B
LENBIX MTOJIOKUTENBHBIX YHCIIAX.

Ilpn 5TOM 0CO60 HYXHO OTMETHTb, YTO IS

n\/z(n_z) = 2@

peH clenylolmuid psa  HokasaTeneu:
.8 12 16 20
10’14’ 18" 227"’

. n
TP HEYETHOM — = 2k+1, xapakre-
o 2’ 6
TJie TIepBEIi [OKa3aTesh - - COOTBET-

cTBYeT ypaBHenuio X2 + Y2 = Z% npu 27 =20 =1
= 1, 9TO IenaeT BO3MOXKHBIM €T0 IEIOYUCIICHHEIC pe-
ICHHUS IPY HEBO3MOXKHOCTH TAKOBBIX JJIsl OCTAIILHOTO
psina nokasaresuei.
Crnyuaii 2. Z; X - HeuéTHbIe, Y - 4€THOE, N - He-
uérroe. Umeem: X + Y™ = Z™.
Bo3Beném neByr0 M mpaByl 4acThb HCXOJHOU
Qopmybl B kBagpar. X" 4+ 2 - XM - Y™ + Y2 = 721,
[TpeoOpasyem mnosyueHHy0 (OPMYIy CleIyto-
UM 00pazoM:
Z2N XMy L XNy = YR(YT 4 2. X7 (1)
Paznoxum ¢. (1) Ha MHOKHUTETH.
"+ Xt =YY" 42X, (2)
" —-X"=Y" (3)
Y™ - uéTHOE YMCII0, MMOITOMY BBIPa3MM €r0 Kak
2" - Y
3anmieM ¢. (2) u ¢. (3) cnenyromum oOpazom:
ZM+ X" =2-00 Y 4 X,
Zm— X" =2"-Y"

(n-2)0, 4

Ipumem Z"+X"=2-Q@D.yr +X") s
Bune Z" + X™ = 2+ Y;', npu Heu€THOM Y5, MOCKONBKY
LEJI0€ MONOKHUTEIBHOE YHCIIO MOXKHO BBIPA3UTh N - O
CTEMEHBIO IPYTOro MOIOKUTEIFHOTO YUCTIA.

Hrak, umeem:

I+ X" =2-Y}, 4)
Zn—Xt=2"-Y" (5)

( Cm. O6mmit cirygait st ¢.¢. (4) u (5).)

Crnoxum nownieHHo ¢. ¢. (4) u (5).

OTtkyna:

2:Z" =2V + 2" Y, wn

.2 Pi2(-Dyl

2 )
Zn=Ypr 42Dy, (6)

Berarem mounenHo u3 ¢. (4) ¢. (5).

2- X" =2-Y=-2"-Y"

xn = . E200

2

Xt =Y} - 20Dy (7)

U3 ¢. ¢. (6) u (7) BumgHo, uto Y;* u Y;* He Moryr
HUMETh OOLIMX MHOXKHUTENEH IPU COXPaHEHUH YCIIOBHUS
o B3auMHo# npocrote Z,X,Y; a . (6) u ¢. (7), 1. e. Z™
u X™, MOKHO Pa3liokKUTh HA MHOXKHTEIH 110 hopmyrnam
PA3II0KEHUS] HA MHOXHTEITH PA3HOCTH N-X U CYMMBI N-
X cTeneHel mpu HeuéTHOM n=2k+1.

Paznoxxim Ha MHOXKUTETH (.(6) I (1) (7)

Zn = (1 + V20D ) D — g 25 YD (g)

2
= (v, V20D -y, )(Y(" Dpg 2
Y. (9)

Urtak, X™ Henb3s pa3noxuTh Ha [ETOYHCICHHBIC
MHOXHUTENH, a 3Ha4uT ypaBHenue X" + Y™ = Z" ue
HMeEEeT PELICHHUIT B LEJIBIX TTOJI0KUTENbHBIX YUCIIaX IPH
HEYETHOM Nn>3.

Cnyuaii 3.

X>Y - HeuértHrle, Z - 46THOE, N - HEYETHOE.

Kpome wu3BecTHOro noKas3arenbcTBa, 4To Z B
ypaBHeHHH X" + Y™ = Z™ He MoxeT ObITh YETHBIM
YHUCIIOM TPU YETHOM N, 3aKITIOYAIONIEMCSI B HEPABEH-
CTBE

CYMMBI KBAJIpaTOB JBYX HEUETHBIX YHCEI U KBaJI-
parta 4€THOIO YUCIIa, BO3MOKHO €I11€ OJJHO 10Ka3aTellb-
CTBO 3TOTO ClIyYasl.

Nmeercs:
X"+Yr=27" (1)
Borutem u3 neBoil M npaBoil yacted ypaBHEHHS
(H2-ym.

Xt —Y"r=7"-2-Y" rne
m_2-yr=2neZR -2y =2 (20D,

—Y");
¢ meuétapiy (2D - Z0 —yM) = a,
Torna:
X" —Y"=2a 2)

IMockonpky n 4éTHOE MO yClOBUIO, TO X — Y™
MOXHO PaslloXHTE, Kak PasHOCTb KBaJpaToB. [ycts

Xz +Y2 =2-b, aXz —Yz = 2'c, nockonbky X u'Y
HEYETHBIC YHCIIA.

Torna:

X" —Y"=2b2-c=4bc.(3)

Cpasuum ¢. (2) u ¢. (3).

2-a=4-b-c; wim a#£2-b-c, T. K. @ - HEYETHOE YHCIIO.
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Wrak: nokaszano, 4to Z B ypaBHeHuu X" + Y™ =
Z™ He MOKET OBITh YETHBIM YHCIIOM IPU YETHOM N>4 1
LEJIOYHCIICHHBIX PELICHUSIX YPAaBHEHUSL.
PaccMoTpuM  10OKa3aTeNbCTBO HEBO3MOYKHOCTH
4y€THOI0 Z Npy HEYETHOM 1.
X >Y - HeuétHbIe, Z - 4€THOE, N - HEUETHOE.
IIpeoGpasyem ypaBuenue X" + Y™ = Z™, BoIuTs
U3 JICBOY W MpaBoi ero vacreit 2-Y™.
Nwmeem:
Xt —yr=7"—2-Y"=2-0V.z0 —y™) (4)
Ormertnm, gro (2(*~D .71 —y™) - meuértHOE
YHCIIO.
Hpumem 2D -z —yn = 72
Torna ¢.(4) npumer Bux:
Xt—-yYr=2-7Z%. (5)
IIpencraBum ypaBHenue (1) u ypaBHeHue (5) B
KauecTBe COMHOXHTENEH pasHOCTH KBajpatoB X" u
ym:
(Xn + Yn)(Xn _ Y‘rl) — X2n _ Y2n —
Z" =2-(Z,Z)". (6) ( Cm. O6mmit ciy4ait.)
[Ipoun3Beném MouwIEHHOE CII0KEHUE U BHIYUTAHUE
ypaBHeHus (1) u ypaBHeHus (5), OTKy1a IMeeM:
2X"=7"+2-Z%.
Beipazum Z™ = 2™ - Z}. Torna:

Nyo.7M (n-1).,n_,n
Xn:Z +222:2_2 Z3 Zzzz(n—l)_Zgl_l_Z%l;(?)

2 2
2:Yr"=7"-2-7Z%,
yn 222 2(n-1).z0 71
2 2

2 zp-

=202 72 — 7. (8)

Paznoxxum ¢. (7) mo hopmyite pa3noxeHus Ha
MHOXHUTEIU CyMMbI N — X CTENeHen Mpu HeYETHOM .

Xn=20-D.zn 4 70— (W'& +
2) (200200 ek Z00) @)
Paznmoxim ¢. (8) Ha MHOXHUTETH 1O (opMmyIe

Pa3MHOKEHHUS HA MHOKHTENIN Pa3HOCTH N-X CTEICHEH,
uMes B BHIY, 4T0 Y™ HeuéTHOE Ynco.

yn = 2(n—1)z§l _ Z;L — (nlz(n—l) . Z3 _

n-1)=2

zz)(z%z_g"‘” 4ot 20, (10)

U3 ¢.¢. (9) u (10) cnenyer, uto paznoxeHue X"
u Y™ Ha UeIIOYUCIICHHEIE MHOKUTEIN HEBO3MOXKHO, a
3HAYUT Z HE MOXKET OBITh YETHBIM YKCIIOM B YpaBHe-
HuH (1), TOCKOJIbKY YpaBHCHHE HE UMEET LIETIOUYHCIICH-
HBIX PELICHUN.

OOuTmii BRIBOM: U PAlMOHAJIBHOTO YHCIA N>3
ypaBHeHHe X" + Y™ = Z™ He nMeeT pelieHn B IeNbIX
MOJIOKUTENBHBIX unciax X,Y,7Z.
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CTATHCTHYECKASA T'PYTITIOBASA KAACCUMUKALIMA B CAYHAE
MHOI'OMEPHbBIX AMCKPETHbBIX PACITPEAEAEHWN

Kameneea Ceemnana Bnaoumuposna

cmapwuti npenodasamens Kageopwl svicuie mamemamuxu, [ITHUY, 2. [lepmo

AHHOTAIIUA

B naHHOI#i cTaThe npecTaBiIeHbl METObI IPYIIIIOBON M TIOTOUYEYHON KIIACCU(PHUKALIUH, TTO3BOJISIOINE HCCIIe-

J0BATb BEPOATHOCTHBIEC MOACTIN MHOT'OMEPHBIX TUCKPETHBIX pacnpeneneﬁnﬁ. HOCTpOCHLI ONITUMAJIbHBIC pelIaro-
mue rnpasujia Ajisi MHOTOMEPHOT'O paCpeaACICHUA Hoﬁa, MOJIMHOMUAJIBHOT'O pacupe€aCIiCHUd, MHOTOMEPHOTO T'r-
MEPreoMETpUICCKOTO pacripeaCICHUA. B kxauecTBe 4yacTHBIX CJIy4acB MPHUBECJACHBI PCIIAIOIINE ITPpaBUJIa MOTOYCY-
HOM KjaccuUKaMK JaHHBIX COBOKYMHOCTEH. PacCMOTpEHbI CTaTHCTHYECKHE PELIAoNINe MTPaBUIla TPYNIOBOM
KJ'IaCCI/I(I)I/IKaLII/II/I, IMOCTPOCHHBIC HAa OCHOBE OLICHOK MAaKCUMAJIBHOTO HpaB,I[OHO,I[O6I/I$I U HCCMCIICHHBIX OLCHKAX,
ompeneneHa ux 3Q(HeKTUBHOCTE.

ABSTRACT

The methods of group and pointwise classification allowing investigate probability models of multivariate
discrete distributions are presented in this article. Optimum decisive rules for a multivariate distribution of Polya,
a polynomial distribution, a multivariate hypergeometric distribution are constructed. Decisive rules of pointwise
classification of these distributions are given as special cases. The statistical decisive rules of group classification
constructed on the basis of maximum likelihood estimates and unbiassed estimators are considered. Their effec-
tiveness is defined.

KiaroueBble cjioBa: JUCKPETHBIC PACIIPEACTICHNUA, MHOTOMCPHOE paCIIpE€ACIICHNE l'[oﬁa, IMOJIMHOMHUAJIBHOC
pacupe€aciacHue, CTaTUCTUYECKAA IrpynmnoBas KHaCCI/I(l)I/IKaHI/Iﬂ, CTaTUCTHYCCKOC MOACIIUPOBAHUE.

Keywords: discrete distributions, multidimensional distribution of Polya, polynomial distribution, statistical
group classification, statistical modeling.

JIMCKpeTHBIC pacIIpeeiiCHUs CITyKaT MaTeMaTH4e-
CKHUMH MOJIEIJISIMHU TSI OTTMCAHUSI MHOTHX pealTbHBIX 33184
1 TIPOIIECCOB. B MeiKo-OH0IOTHYECKIX UCCIIeTOBAaHUAX

IIMPOKO UCIIOJIB3YIOTCS TaKKe MHOTOMEPHBIE pacrpesie-
JICHUSI, KaK MOJIMHOMHUAIIBHOE PacTpeieieHne U pactpe-
nenenue [oita. Ha ocHOBE NOJMHOMHUAILHOTO pacipeie-
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JICHUS CTPOSITCS MOJIEIH, TIO3BOJISIFOIINE OIICHUTD 3 hek-
THBHOCTb HOBBIX CHIBOPOTOK M BakIuH. Pacnpenencuue
Tloita mMpoKo UCTIONB3YETCS MPU MOJICIIMPOBAHUH ATIH-
JIEMUI 3apa3HBIX 3200JIEBaHMI, TaK KaK MOJTHOCTHIO OIIH-
CBIBACT MPOIIECC 3aPAKEHUS, IPH KOTOPOM KaXKI0€ 3a00-
JIEBaHHE YBEINYMBACT BEPOSTHOCTD JAIBHEHIIINX 3a0071e-
BaHUi [6]. MHorve W3 mpoOieM, BO3HHMKAIOUIUX IPU
no0ope M aHajM3e COOTBETCTBYIOLIEH MOJENHN pacmpe-
JIeTIeHs, ONTUCBIBAIOLIEH pealbHbIN MpoLecc, CBOJIATCS K
3a7a4aM CTaTUCTUYECKOTO OLICHUBAHUS, CTATUCTUUECKON
MPOBEPKU THUIIOTE3 M CTaTUCTHYECKOH KiacCH(UKAIMK.
IlosToMy ux pelieHHe SBISIETCS BECbMa aKTyaJbHBIM C
TEOPETUUECKOHN U MPAKTUUECKON TOUKH 3pEHUS NP pa3-
paboTke 1 00OCHOBAaHWM MAaTEeMaTHIECKHX MOJEIEH pe-
AITbHBIX 33/1a4 €CTECTBO3HAHMSI.

B nanHO#l cTaThe HcCIENOBaH CTATUCTUYECKUM
MOAXOA K aHAIN3y IUCKPETHBIX JAAHHBIX C ITOMOIIBIO
METOZOB CTaTHCTHYECKOH TPYIIOBOH Kiaccupuka-
UK. 3a/a4u TPYNIIOBOM M MMOTOYEYHOH Kiaccuduka-
I[IH PEeIIaINCh paHee B OCHOBHOM ISl COBOKYITHOCTEH,
HNMCIOMIMX HEIMPCPLIBHBIC PAaCHIpECACICHUSA. PeanbHble
3aJauM KJIacCU(PHUKALNH, KaK MPABHJIO, CBOASATCS K Be-
POATHOCTHOH MOJEIH, OCHOBAHHOW Ha IPEIIONI0XKe-
HHUH O TIPHHAUIEKHOCTH paccMaTpuBacMOil COBOKYII-
HOCTH JaHHBIX K U3BECTHBIM M HanOOJIee 4acTo BCTpe-
YaIOIIAMCS apaMeTpUIECKUM ceMeicTBaM
pacrpeseneHuii, K TAKUM KaKk MHOTOMEpPHOE HOPMaJlb-
HOE pacmpeieNicHne, MHOTOMEpPHOE pacIpelesieHne
Crpro/ieHTa, pacnpesesieHne YHUIapTa, SKCIIOHEHIIN-
aNbHOE pacIpeiesicHue.

P(X® =x®,., X® = x® |n) =

@) _ upcno wapos i -ro usera (i = 1,k)

3meck X

k .
BBIHYTHIX IPH /1 W3BJICUEHUSIX, E ) ]x(’) =n.
i=

Ha mpaktuke Gosee MHPOKO HCIIONB3YETCs mpe-
obpazoBanHoe pacnpejenenue [loita. OOo3HauUNM B

B crarbe paspaboTaHbl METOIBI TPYIIIOBOM U TIO-
TOYECYHOH KiacCHU(UKaIM, MO3BOJISAIOMINE HCCIEN0-
BaTh BEPOSITHOCTHBIE MOJAETH AWCKPETHBIX pacIpeze-
seHuil. IlocTpoeHbl onTHManbHBIE pEIIAIOIME IIpa-
BMJIA TPYIIOBON KIACCHU(HUKAIMK JUII MHOTOMEPHBIX
JUCKPETHBIX pacnpeznesieHuil. B kauecTBe 4acTHBIX
CJIy4aeB MOJIyYeHBl PEIIAolie MIPaBUiIa MOTOUEHHOM
KJIaccU(UKay paccMaTpuBaeMbIX MHOTOMEPHBIX CO-
BOKYITHOCTEH.

Jlanee npuBeneM Bce TEOPETUYECKUE BBIKIAAKH Ha
IpuMepe MHOToMepHoro pacnpenenenus Iloifa, kak
HanOoJee pacpoCTPaHEHHOTO Ha TPAKTUKE MHOTOMEp-
HOTO JICKPETHOTO PACIIPEICIICHISL.

Mopgenb SKCTiepuMeHTa, COOTBETCTBYIOIIAs pactpe-
nenennto [loifa, BuepBeie OblTa BBeAeHa B padote [5] B
KadecTBE MPUMEpPa 3aBUCHUMBIX JIPYT OT APYyTa BENHIHH, K
KOTOPBIM HEJB3 HPUMEHHTH 3aKOH OOJBIIMX YHCEIL.
MHoromepHsblil aHanor pacnpenenenus Iloda 3amaercst
crenymomeit ypaoBo# cxemoit [3]. Ilycts ypHa cogepxut
W nrapoB, Kax st n3 KOTOPBIX OKpAIIICH B O1H U3 K 11Be-

ToB, mpudem wumeercs W ® mapoB i —To mBera (
. . —_— k .

0<WO <w, i=Lk, Y W =W). Kax-

JbI BBIHYTBIN IIap BO3BPALLACTCS Ha3aJ B YpHY BMe-

crec S mapamu (S > 1) Toro ke ngera.

B 3TOM cirydyae BeposSTHOCTB pacipeeneHus 0y-
JIeT UMETh CJIeYIOIINI BUII:

n! | H:;l(vv(i))[xm;sl |
[T x
()

¢dopmyne (1) 0" = — , O = — W NOIY4YUM MHO-

@)

romepHoe pacnpenenenue [loia, st KOTOporo Bepo-

ATHOCTb TOTO, YTO BEKTOP XZ(X(I),...,X(k))'

npumMer duKcHpoBaHHOE 3HAYCHHE
x=(x",...,x*)" sanaercs Gopmynoit
(i).
R
1 1 k k ' =1
POV =x, X0 = x® )= 2 A @
[T 1
i=1
. . . k .
3necs Bepositnoctn O ynosnersopsior  yemosmam: 0< 0V <1, i=1k, ZH@(I) =1,

" —1— zj:llg(i) _

B nanpheiimem cooTHomenue (2) OyaeT UCHONIb30BaThCS KaK OCHOBHASA (hOpMyJIa, 3a/1ato1asi MHOTOMEpHOE

pacnpeznenenue [loia.

MaremaTruecKkue OKUIaHUS ¥ TUCTIEPCHS IJTs pacTipeaeneHus (2) HaxoaaTCs CIEAYIOmUM 00pa3oMm:

M, (X)=n0®, D, (X)=n0"(1-0")

M,i=1,k,
l+o

UsBectHo, uto ipu & = 0 u3 pacnpenenenus (2) cieyer noJMHOMHATLHOE pacnpe/eenue. B ciydae mo-

1 k-1 k
JIMHOMHAILHOTO pacTipeenenus BeposiTHocts Toro, uto sektop X = (X, ., X ¥V XY ppumer duxen-

1 k1) (k y
posannoe snavenne X = (X ,..., X x) sanaercs popmynoit
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k 6(1) x(i)
P, (XD =xW XD =xED X O = x® ) = n!H S 3
i x(l)!
k=1, (i ko . J—
3necs XY =n— ZHX @, Hx(’) =n; x" - yenbic HeotpuuaTenbHbic uncna (I = 1, k ); Bepost-

. . . k=1 1
noctu 0 yrosnersopsor yenosuam: 0 <0 <1, i=1k, 8% =1— zi:19m :
o _NY (@) 1k kar () 1
Taxoke u3 pacnpenenenns (2) mpu 0 =—— 0< NV < N (i =Lk), Z NY=N,a=——
N =1 N

CJICAYCT MHOT'OMEPHOC Tr'MIEPreoOMETPUICCKOC paclipeICIICHUC. Ero BEPOATHOCTHU 3a1aOTCA COOTHOIICHUEM
A
i=1 x(i)
M _ M k) _ (k) _
“_’N(k)(X =x",.., X" =x""|N,n)= N , (4)

n

P

N,

rae N (i =1, k) - narypansusre ancna, N > 1.
[TocTporM ONTUMaNbHBIE PElaloNIie MpaBuia IPYHNOBOH KiaccH(pUKALMK 11l MHOTOMEPHOTO pacipese-

nenus [oita (2). Tak kak cayqaii M > 2 K1accoB CBOAUTCS K MOCIENOBATENLHOMY PENIEHHIO 337124 KIACCH(H-
KallMy JIByX KJIacCOB, TO Jajiee OYAyT NMpUBECHBI IIPaBHia IPYNIOBOH KiIacCH(UKAIIMU TOITHOCTHIO OMCAHHBIX

JIBYX KJIacCoB 7T, U 7T, , MOAPOOHO OHM M3II0XKEHBI B paboTe [4].

IMpu orcyTcTBUM KakoW-mHMOO ampuOpHOW HMHQPOPMAIMKU O BEPOSTHOCTSAX 3aJaHHBIX paclpeieeHU
P(r 00 | T S) (s =1,2) onrumansHOe peluaroiee MPaBuUIIo TPYIIIOBO KacCH(pUKaiy, OCHOBAHHOE HA OTHO-
IeHuH (QyHKIMiA mpaBaomnoxo0us OymeT UMeTh BAJ

L(7yo | 7,)
Ty © 71y, et — 21> (5)
Ly, | 7,)
4,C(1/2)
7,C(2/1)

Ecnu e anmpuopu n3BeCTHO, YTO YCJIOBHBIE pacIpeiesieHus BepoATHOCTEH P(7Z'00 | GY) 3aBUCAT OT HEKO-

rac - 3a,I[aHHI>II>'I mopor.

TOPOTO IapameTpa QY (s=1,2), To onTHManBbHOE pelIaolIee MPaBUIIO IPYIIIOBOH KIacCU(PHUKAILIMN CTPOUTCS Kak
OTHOIIICHHE YCIIOBHBIX PACHpE/IeICHUH BEPOSTHOCTEH JOCTATOYHON CTaTUCTHKU § BHIa
P(t|6

€16 .,
P(t]6,)

IIycTh 0OBEKTHI B COBOKYIHOCTAX 7T, (s=1,2) MMeIoT MHOroMepHoe pacnpeneienue Iloia ¢ BeposTHO-

oo & 7T, €Cin

(6)

crsmu (2). [Ipu oTHECEHMH BBHIOOPKA 7T, K OJHOM M3 JIBYX COBOKYNHOCTEH 77|, /T, ONTHMAIbHOE PEIIAOIIEE

TIPaBUIIO TPYIIITOBOM KiacCcH(pHUKAImH (5), MOCTPOEHHOE Ha OCHOBE OTHOMIEHHS (QYHKIIMIA TPaBIOTIO00NS, 3aIHi-
IIETCS CIIETYIOIIUM 00pa3oM
().
l[nno;az] k (0(5) )[UOI o]
1 >

g NUD 1
el L g Y

o6o3nauenue U é’) BBEJICHHOE paHee Uist 0003HAUYEHHMS [ - KOMITOHEHTHI JOCTATOYHOM CTATUCTHKU HCIIOIb-

V. ()

oy & 7T, ecin

. n, . . _—
3yercs I 3aMEeHBI CyMMBI, Tak Kak U, él) = E K ] x(()'} i=Lk.
j=

U3 npasuna (7) npu @, = &, = 0 cnegyer onTuManbHOe pelaiolee MpaBuiIo IPyIIoBoi Kiaccu(puKaun
JJIsL COBOKyHHOCTCﬁ, HMCECHOIUX ITOJIMHOMHUAJIBHOE pacr{peneneHI/Ie (3) BHU1a
(i)
k(g Yo

Ty S 7T, , ecau H l(l.) >V. (8)
i=1 \ U,
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IIpu 95(1‘) :Ns(i)/N (iZI,_k;s:l,Z)I/I o =a, =

1

- N , TO U3 1paBuia (7) MOXKHO MOJYYHUTH ONTH-

MaJlbHO€E peliaroliee MpaBuio IPYIIMOBOi KIIAaCCU(PHUKAIUN COBOKYITHOCTEMH, UMEIOLIMX MHOTOMEPHOE THUIIEPTeO0-
MeTpUUecKoe pacnpeescHue (4), 3a1aBaeMoe COOTHOIICHHEM

oy & 7T, , eCiu H

. 1
Ny [U" ' N}

ND >V . ©

Ilpu n,, =1 w3 npasuna (7) cnemyer pemaroiee NPaBUIO MOTOYEUHOH KIacCH(BUKAIMU COBOKYIHOCTEH,

HUMCIOINX MHOTOMEPHOC pacCIipeACICHUC [loita Bua

1[’““2]

X €y, ecin

AHAJIOTHYHO METO/IaM HOCTPOCHHS IIPABHUJI IPYII-
moBoii knmaccudukarnuy, u3 npaswia (10) Moryt OBITH
HOJTy4eHbI pelIarolye IpaBuiia MOTOYEYHOH KIIaccu-
(bI/IKaHI/II/I TNOJIMHOMHAJIbHOTO 1 MHOT'OMEPHOI'O TUIICP-
TeOMETPUUYECKOTr0 pacipeaeIeHuH.

Ecnu panee pacnpelencHus NaHHBIX BHYTPU CO-

BokynHocreil 77y (S=1,M ) npeanonaramice ns-

BCCTHBIMHU, TO JaJICC 6y,£[€M CYMTaTh, YTO pacrpeaciic-
HUS JaHHBIX U3BCCTHLI JIMIIb YaCTHUIHO, T.C. COACPIKAT
HCU3BCCTHBIC NMTAPAMETPHI. B stom CJIyqac COBOKYIIHO-
CTH 3a4ar0TCA TOJIBKO KOHCYHBIMHU ITOJIMHOXECTBaMHU

cBonx mpexcraButeneil 7T, = (X, X 5,00 Xy ),
b s

Ha3bIBACMBIMH OOYYAIOIIMMU BBIOOPKAMH OOBEMOB

N, u3 copokynnocreii 77, (s =1,M).
ITycTb 06BEKTBL B COBOKYIHOCTAX /T, pacrpese-

JICHBI B COOTBCTCTBHUU C BCPOATHOCTAMU P(x | 63)'

KOTOpPBIC  3aBHUCAT OT HCU3BECTHOI'O IapaMeTpa

QS € ©. Kak u panee, /Ui POCTOTHI PACCMaTPHBA-
eTcsl ClTydail, Korjia MIMEIOTCS TOJBKO JIBE COBOKYITHO-

CTH 7T, W 7T, , 3aJaHHbIe CBOUMH OOYYAIOIIHMH BBI-
6opxamu 7Ty A 7TT,y, COOTBETCTBEHHO, U BBIOOpKa

72'00 , KOTOPYIO HYKHO OTHECTH K OI[HOI>'I H3 HUX.

B xiraccnueckoit 3aade pacrio3HaBaHusl 00pa3oB
MO0 OJHOMY OOBEKTY (ITIOTOYEYHOH KIACCU(PIKAINH)
[2], pemratompe mpaBmiia CTPOMIUCH TOIBKO MO 00yYa-

omMM BeIOOpKaM 7T, (s=1,2). D10 03Ha4ano, 4ro

CTPYKTYPHO OHM BKJIIOYAIOT TOJIKO OTHOILICHUS He3a-
BUCUMEBIX BenmuuH. [lo3xHee, B padorte [1], ObLT BBeIeH
NPUHIMITHAIGHO HOBBIM TOJIXOJ K PEIICHHWIO 3a7ad
CTaTUCTHYECKON TpyNIoBoi Kinaccudukanmu. Kimacen-

¢Gunmpyemas BBIOOpKAa T, CTajga HCIONb30BAThCH

BMECCTC C 06yqa1011mM1/1 BI)I60pKaMI/I 7[5'0 JUT TOCTPO-

EHHSI CaMHX CTaTHCTHYECKHX DPEeHIaromux (yHKINH.
IIpu Takom mojaxo/e BO3HUKAET Apyrasi CTPyKTypa pe-
IAIOIIUX MPaBWI, 3aKIIOYAIONIAsics B TOM, YTO 3TH
npaBHna OCHOBAHBI HA OTHOIIICHHUAX 3aBUCHUMBbIX C.]'Iy—
YalHBIX BEIWYMH. B JaHHOW cTaThbe, COTJIACHO BTO-

‘ﬁ(gl(i))[x(”;al] -

(]

(10)

i1 ( (i) )[X(”;az] -
2

POMY HOAXO.Y, COCTOATEIbHBIC OLICHKH U CTaTHCTHYC-
CKHe peIIaroNIe MpaBHiIa CTPOSTCS Ha OCHOBE 00b-

eIMHEHHON BBIOOpKH 7T ) \J 7T, . Kak cnencteus u3

HUX, 6y,I[yT MMPUBCACHBI CTATUCTUYCCKHUC PCHIANOMINC
paBujia, MNOCTPOCHHBIC HA OCHOBC 06yqa}01u1/1x BBIOO-

POK 7T .

HYCTL O0OBEKTHI B COBOKYITHOCTAX ﬂ’-s HUMCIOT I10-
JIMHOMHAJIbHOC PACIIPCACIICHUC (3) C HCU3BCCTHBIM I1a-

paMeTpoM HS (s=1,2). Ilpn oTHECEHMHU BBIOOPKH 1T )

K OJIHOH M3 COBOKYNHOCTEH /T,,7T, CTaTUCTUYECKOE

pemIaroniee MpaBuiIo TPYNIIOBOM KiIaccUpuKamm, oc-
HOBaHHOEC Ha OTHOLICHHHM OIIGHOK MaKCHUMalbHOTO
TIPaBAOIION00HS, TOCTPOCHHBIX 110 0OBETUHEHHO BBI-

bopxe 7T, \J 7T, (s=1,2), Oyner umMeTh BUJ
oy & 77, €CIn
' U
kA (N, + 1)U Ny,
| (N, +n)UY
Cratucrudeckoe pemraroriee mpasuio (11), ocHo-

BaHHOE HA OTHOIIECHHH OLIEHOK MaKCHMAJIbHOTO MPaB-
JIOTIOTOOMS], TIOCTPOCHHBIX IO O0ydJaroleil BEIOOpKe

>V. (11)

N,+n,

T, (s=1,2) mpumert BUA

Uo(i)
k (@)
N, -U"y,
72'00 C 7T, , ecin I I

— >V, (12)
i=1 N1 'U(l) N,

) . (1)
. N ) ) _ M2
rre UNI(z) - ZI_:‘I X, UN2 = ZFI Xy

i=Lk.

Ilpu n, =1 w3 npasun (11), (12) nomyuarorcs

CTAaTHCTUYECKUE pelIalollne TpaBWia TMOTOYECHHON
KJIaccHu(UKAIUN IS TOTHHOMHAIIBHOTO pacIpesiene-
HUS
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k () @)
N, +1){U +

XEﬂl,eCJmH (N, +1X( M A >V (13)

i | (N, + DU N, +x

NO)
(N, -UPy

X €7y, ecn H : : 2V. (14)

B oTnuume ot oLieHOK MaKCUMAaJIbHOTO MPaBAoIo-
JIOOMsI, HECMEIICHHBIC OLICHKH CYIICCTBYIOT HE IS
JOOBIX (PYHKIUI HEU3BECTHOTO MapaMeTpa 0, B yacr-
HOCTH, BO3MOXKHBI CHTYyalliW, KOTJa HECMEIICHHON
OIICHKH HE CYIIECTBYET Ja)ke IUII caMoro mapamMmeTpa

0. Onnaxo, Bo Bcex cily4asix, KOrJa HecMelleHHas
OIICHKA CYIIECTBYET IS 3aJaHHOM (PYHKIINN HEU3BECT-

Horo mapamerpa (), peKOMeHIyeTCs MONMB30BaTHCS
HUMEHHO €10, TaK KaK Ba)KHOE CBOMCTBO aCUMITOTHYE-
CKOM HCCMCIICHHOCTH OLCHKH JJIsI HCC BBINIOJHACTCA
aBTOMaTHuecku. Takxke, B Kjlacce HECMEILIEHHBIX Olle-
HOK CYIIECTBYET E€JMHCTBEHHAs OLCHKAa PaBHOMEPHO
JydIIas B 3TOM KJIacce B CMbBICIIC MHHUMYMa JIUCIIEP-
CHH 1 331a4a HAXOKACHHS 3TOH OLCHKH HMEET pellle-
HHE.

Jlajee MOCTPOMM CTaTUCTHYECKHE pEIIAIOIINE
IpaBHiIa TPYIIIOBOH M MMOTOYEYHOH KilacCH(HUKALUK B
cllydae NOoJIMHOMHUAJIBHOTO pacnpeaeieHus (3) npu He-

W3BECTHOM 3HAUCHHH ITapaMeTpa QS (s=1,2), ncnons-
3ysl €0 HECMEIIEHHBIE OLICHKH.

ITycTb 06BbEKTHI B COBOKYIHOCTAX /T, UMEOT I10-
JMHOMHAJIIbHOE pacrpeneneHue (3), rae mapaMmerp QS
HeusBecTeH (s=1,2). IIpu oTHeceHUH BBHIOOPKM 7T, K

0,I[HOI7[ u3 COBOKyHHOCTCﬁ 72'1 ) 7Z'2 CTaTUCTHUYCCKOC pe-

IIaloIee IPaBUiIo TPYIIIOBON KiaccU(UKaIim, OCHO-
BAaHHOE Ha OTHOIIEHHM HECMEUIEHHBIX OIIEHOK, IO-

CTPOEHHBIX O 00beMHEHHON BhIOOpKE 7T ) \J 7T
(s=1,2) 6ynet umeTh BUJ

oo S 7T,

(N[N, + m) 5 U, 1U D w1, !
(N [n(N, +n )i U U Dy !

€Clin

>V. (15)

VK 539.3

()
i=1 NI'U N,

Ilpu n, = 1 w3 npasuna (15) cnenyet cratucTu-
YecKoe pelIarolee MPaBHIo IIOTOYEYHOH KilaccuduKa-
LU VIS IOJIMHOMHUAJIBHOTO PACIIPENeIeHNs BUA

xXern,,
(N[N, + D)5 U U Dy, +x0)! Sy (16)
(N [n(N, + D Uy (U Dy, +xD)!

[Ipn CTaTHCTHYECKOM MOICIHPOBAHHH METOIOB
TPYIIIOBOW KiIacCHU(DUKALUH, IPUBEICHHBIX B JaHHOW
CTaThe, OBLTO YCTAaHOBJIEHO, YTO Hanboiee (P PeKTHB-
HBIMH SBJIIOTCS CTATUCTHYCCKHE PEIIAIONIHE MIPaBHIIa

IpyNIOBOM KiaccH(UKayy, NOCTPOSHHbIE HA OCHOBE
HECMEIIEHHBIX OIICHOK 10 O0BeJIMHEHHON BBHIOOpKE

T o Iy (5=1,2).
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KOAEBAHUST IBYXCAOMHBIX HEOAHOPOJHBIX CTEPHKHEH B
YIPYTOH CPEJE 10/ AEVCTBUEM TEPMOMEXAHWYECKUX HATPY3OK.

AHHOTAIUA

Mameonu Pamuns Inoman 02ot
Huoicneeapmosckuii I'ocyoapcmeennulii Ynueepcumem
doyenm kageopvr HuMITH

B cratee mccienyercs 3amada COOCTBEHHBIX KOJICOAHWI MBYXCIIOMHBIX HEOTHOPOIHBIX CTEp)KHEH mpH
HAXO0’K/ICHUHU B HEPABHOMEPHOM TEMIIEPATyPHOM ITOJIE MO [EHCTBHEM TEPMOMEXaHUUECKUX CHIT.

31ech MpeArnoNaraeTes, YTo CJIOH CTEPIKHS H3TOTOBJICHBI U3 PA3HBIX HEOJAHOPOIHBIX H30TPOITHBIX MaTepHa-
JIOB, ¥ TEMIIEpATypa ABISIETCS HENPEephIBHON (QyHKIMEH KoopanHATh TOMmHHEL. (T=T(2)).
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s yripyroro OCHOBaHUS IPUHUMAECTCS HENWHEHHBIM MOJETh W MPEAI0IaraeTcs, 4To THIIOTe3a TUIOCKIX
CEUYCHHIA CITpaBeNINBA JUISI BCEH TONIIUHBI dJIEMEHTa CTEp)KHA. B 00I11eM Buie MoJIydeHO ypaBHEHHE KojaeOaHni
paccMaTpUBaeMOro CTEPXKHS M JUII KOHKPETHOTO CiIydas HaijeHa ¢opmyna ais coOCTBEHHAs JacToTa Koieba-

HUH.

KnroueBble cioBa: HEOMHOPOAHBIN IBYXCIONHBIX CTEpP)KEHb, TEMIEPATypa, KoiaeOaHuUs, COOCTBCHHAs 4a-

CTOTa KOJIEOAHUH.

THE VIBRATION OF NONHOMOGENEOUS TWO-LAYER RODS AGAINST THE EFFECT OF
THERMO-MECHANICAL STRESSES IN AN ELASTIC FOUNDATION.

ABSTRACT

Mamedli R.E.
Nizhnevartovsk State University

We study the problem of vibration two-layered nonhomogeneous rectilinear rods on an elastic foundation
against the effect of thermo-mechanical stresses in this article.
It is assumed that the rod is in the uneven temperature field and the elasticity modules of the material layers

depend on temperature.

For the elastic foundation of nonlinear model is accepted and it is assumed that the hypothesis of plane sec-
tions is valid for the entire thickness of the element of the rod. In general, we achieve the steadiness equation of
the considered rod, and a formula is found for determining the frequency of vibration.

Keywords: nonhomogeneous two-layered rod, temperature, vibration, critical load.

BBenenue

MHOrocnoiHsle CTepKHH 4aCTO HCIOIB3YIOTCS B
Ka4yeCcTBE HECYIIUX JJIEMEHTOB BO MHOTHX CIIOKHBIX
KOHCTPYKIMSX, PabOTAIOMNX B PA3INYHBIX PEKUMAX
HarpyxeHus. Takue KOHCTPYKIUH B HEKOTOPBIX CIY-
4asX HaXOIATCS Ha HEIMHEWHO YIPYyroM OCHOBaHHUH U
B HEpaBHOMEPHOM TeMIIEpaTypHOM IIOJIE.

B paborax [1-4] uccnenoBansl KonebaHuit 0HO-
CJIOMHBIX U MHOTIOCIOMHBIX CTEpPXKHEU IIPU HOpPMaJlb-
HOM TeMIleparype U MOJA ACHCTBUEM BBICOKOM TeMIle-
patypsl.

B nanHo# pabote uccieayercs 3aada cOOCTBEH-
HBIX KOJIeOaHM JBYXCIIOMHBIX HEOAHOPOIHBIX CTEPIK-
HEH P HAXOXKJEHUU B HEPAaBHOMEPHOM TEMIIEPATYP-
HOM HOJIe OJ I€HCTBHEM TEPMOMEXAHHMUECKUX CHIL.

ITocranoBka 3agaun

PaccMoTpuM coOCTBEHHBIX KOJICOAHMI IBYXCIIOH-
HBIX HEOJHOPOAHBIX CTEPIKHEN IPU HAXO0XKJIEHUH B HE-
PaBHOMEPHOM TEMIIEpPaTypHOM IIOJ€ MOJ IeHCTBHEM
TEPMOMEXaHUYIECKHUX CHIL.

KoopaunaTtHas cucrema BbIOpaHa CIIEIYIOIINM
oopazom: ocu OY u OZ HaxosITCs B MONEPEUHOM Ce-
YeHUH CcTepxkHd, och OX — HampaBleHa IO OCH
CTEPKHS.

31ech MpeanonaaraeTcs, YTo CIOM CTEP>KHS U3ro-
TOBJIEHBI U3 Pa3HbIX HEOIHOPOAHBIX M30TPOMHBIX Ma-
TEpPHANOB, U TEMIEpAaTypa SABISETCS HENPEPBIBHOU

(hyHKIMEH KOOpMHATHI TOIIIUHEI (T.€. Ti = Ti (Z) ).

JomycTuM, MOJyJAH YNOPYroCTH MAaTepHalIOB
CJIOCB 3aBHCAT OT TEMIIEPATYPBI HIKECICAYIONIHM 00-
pazom:

Ei(z) = Eyg — B(T —Tp)
Ey(z) = Ezo — B(T —To); (T =T(2). (1)

IIpenmnoyioxkuB, 4YTO MPUHLHUMN IUIOCKUX CEUEHUU
CIIPaBEIJINB JIJISl BCEW TOJIIHUHBI CTEPKHS, COOTHOIIIE-
HUE MEXAY YBEIHUYCHHSIMH HArpy3oK U JedopMaiuit
Oyner:

Aot = [Eg — fiT(@)](e + z&e),—h, <z <0

Ac? = [Epy — B,T(2)](e + z&),0 < z < h, (2)

B >1ux opMysIax c/ienaHsl cIeayIOIIHe 3aMeHBL:
Eig = Eyo + BT

Eyo = Ey9 + BT,
Torza, yBenMUeHUs HATPY3KU ¥ MOMEHTA OIIpeie-

JIAFOTCS CNEAYIOIUMHU (hOPMyTIaMHU:
0 hy

AP = f Acbdz + f

—hy 0

Ao?bdz,
= (° 1 h2 A s2
AM = f_hl Ac'bzdz + [ * Ac®bzdz (3)
IToncrapnsas Beipaxenus (2) B (3), mosyuum s
CHJIBI U MOMEHTA!

AP = e[Eqoal — BiAS + Epoald — B, A7) +
+a[Eroat — BiAl + Exoai — BoAl], (4)

AM = e[Ejga} — By AL + Epoal — BoA%) +
+ae[Eyoa? — frA? + Ezoa? — BoAZ], (5)

B atux dopmynax caenaHsl ClieIyIONe 3aMeHBL:
0

al = bzidz,
_h'l
a; =j bz'dz,
0
L= bT(z) z'dz, (6)
—hq

JE— ha :
AL = j bT(2)z' dz, (i = 0,1,2)
0

Vcnonb3ys pasHble MOJIENH YOPYTrod Cpensl,
MOJKHO ITOJTYYHUTh YpaBHEHHE PaBHOBECHS ISl JAHHOTO
CTEpIKHS.

B o6mmem cityyae, ypaBHEHHE JBHKCHUS CTEPIKHS
B cpeie, OKa3bIBalolIel CONPOTUBIICHNE, OyIeT B cile-
JYIOLIEM BUJE:

AP =0
d?(aM) azw 0’ w

dxZ +P dxZ +KW)+m 352 =0, (7)

3mecr m — MpencTaBIsieT cOOOH 00Ny Maccy
enunuipl uinHbl crepxkHs. K(W) — cuna conpoTusie-
HUSI CPEJIBL.
IMonyyeHue ypaBHeHHUsI PABHOBECHSI.
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IToxacraBnsis BepaxkeHus (4) B iepBOe ypaBHEHUE
cucteMsl (7), TOIyYHM:
14 F L1 a1
— B1A1 + Eyoa; — BoA;
e=— — —

1
Eioaq

E—mag - [”1A2 + E_zoa(f - ﬁzA(l)
[MomcTaBuB 3TO BRIpaXKEHHE B (5), TOIyUUM:
AM =Ki=z (8) .
3neck OblIH chenanel 3aMeHsbl ¢ KI:
Ki =Ejpaf — ﬁ1A1 + Ezoa1
_ (Eroai — B1A7 + Epoaf — ﬁzA%)z ©
E19a? — 1 A9 + Ezoal — A7

Tax kak paccMaTpuBaeM COOCTBEHHBIE KOJICOaAHHS
JAaHHOTO cTepykHs, mpuauMaeMm P=0. Torna ypaBHeHHE

(7) 6ymer:
4 2

= +KW) + m——-=0,(10)

IIpumensiem meton Bunkiepa 11 faHHOH cpeJibl.
Torna cuna conpoTUBIEHUs cpenibl OyAeT B BUAE!
K(W) = K,W
[oncraBus 310 BRIpaxernue B (10), momygum ga-
CTOTY KOJICOAHHI TaHHOTO CTEPXKHS:
0w 9’ w

K1 = 11
6x4+m8 3 W =0,(11)

Korma KOHIIBI CTEpKHS 3aKpEIUICHBI MIAPHUPHO,
Tora pemienue ypasuenus (11) Gyzer:
W(x,t) = W, (x) cos wt (12)
3mech @ — COOCTBEHHass yacTtota KoleOaHWi
crepxkHa. [logcrasmsst (12) B (11), moryanm:
KW (x) — mw?W, (x) — K,W, = 0 (13)
[puHSB pelieH:e JaHHOTO YPaBHEHUH KaK:

X
Wl(x) = WO Sin?

+ K,

(14)

B2 A7

n3 (13) mody4mnm cremyronryro GopmMymny Uit coo-
CTBCHHOW 9aCTOTOH KOJIeOaHNI:
, m., Ki K
= ()t
. e m
KI onpenensercs mo popmyne (9)
[ToHATHO, 4TO IJIsl BBIYHCIICHUS COOCTBEHHOMW Ya-
CTOTHI KOJICOAHUH, HAZI0 3HATH Pacpe/ICIICHUC TeMIIe-
— paTypHOTO MOJIL.

(15)

Pemenue 3agaumn.

Jonmyctum, 4ro TemmepaTrypa SBISETCS HeIpe-
PBIBHOM (pYHKITMEH KOOpIMHATH TOJMMHKHEL Torma xa-
PAaKTEPUCTUKU JKECTKOCTU CTEPXKHS OIPEHEIAIOTCS
Kak:

0 _ 0 _
ai = bhy,a; = bh,,
hi hz
5 2’
h h3
1
afzb? afzb?(16)

al=-b—,al=b —

T} T}
A9 = bT,h, (1 —1) A9 = bT h,(1 + —1)
I. _ l
A% = bT1h1 < ?1) ,Ai = lehz ( ?1>

A? = bT,h,° (1 - Tl) ,AZ = pTyh,® ( Tl)

T;
T =—
1 T]_
1 COOCTBEHHAsI YaCcTOTa KOJIeOaHUM BHIYUCIISIETCS

Ha ocHOBe (opmysl (15).
HpI/IBeZ[eHI)I BBIYHCIICHUSA IPHU PA3HbIX 3HAYCHUAX
napaMeTpoB, U NOJYYCHHBIC PE3YJIbTAThl IIOKa3aHbI Ha

pucynke 4.11:



42 Espasutickuti Coro3 YueHbix (ECY) #8 (53), 2018
@-10
A
1
0.8
0.6 .
0.4 1 —
0.2 I —
0 0.02 0.04 0.06 0.08 0.1 (E)
e
Puc. 4.11
10%kr 10%kr 4. 3y6Guanunos B.I. O6 ynpyromiacTu4eckoim
Eyp=2- o2’ Bz =16- o2’ Eo YCTOMYMBOCTH CIOUCTBIX cTpexkHei. [Ipuknannas Me-
10%kr h, h xaHuKa, 1970, B.6, N2, ¢.127-129.
T T h, 0.4; b 0.5; 5. Yang Y.B, Lin T.J,, Len L.I. Thermal effect

B1 = 1000 - kr/cm? - rpag; f3,
= 800 kr/cm? - rpag;
T, = 300K; T} = 300K; T2 = 500K;

5=—2 X _ o001
©= n*Ey 'm2E, -
12m
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ON SPECTRAL PROPERTIES OF BI-DOPED SILICA OXIDE GLASS
SYSTEM.

Shulman I.L., Sadovnikova Y.E.
MIREA — Russian Technological University

Abstract. A new Bi-doped Mg-Al-silicate glass is suggested and investigated. The characteristic relaxation
time of 300-800 ps in combination with the high quantum yield and wide excitation spectrum makes this glass a
promising laser material. The obtained quadratic dependence of visible absorption intensity is an argument in favor
of the hypothesis that the absorption and IR luminescence in Bi doped glasses are caused by Bi, dimers.
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Introduction

Since 2001 [1] bismuth and aluminum co-doped
SiO2 glass has been known to exhibit under optical ex-
citation an unusually ultrabroadband (ranging from 1.0
to 1.6 microns) emission. The interest in this material
has been greatly increased when the first laser action
has been demonstrated in Bi and Al co-doped SiO; fi-
bers fabricated by MCVD technology [2]. Unfortu-
nately MCVD method is not suitable for bulk glass pro-
duction.

Since 2001 similar ultrabroad luminescence has
been discovered in quite various types of bismuth
doped (phosphate, borate, germanate, chalcohalide)
glasses [3-6], most of them containing aluminum.
There was a number of communications about high op-
tical on/off gain in bulk glass samples, but no lasing ef-
fect has been obtained in bulk glass till now.

Despite many investigations, the nature of the lu-
minescent centers is still a question. The role of alumi-
num in formation of these luminescent centers is im-
portant but also not clear. For example, [1] attributes
the IR luminescence to Bi**and [3, 4] — to Bi*ions. But
the opinion about Bi®* ion contradicts with the fact that
the luminescent centers are easily formed in reducing
conditions. To the contrary, the addition of a strong ox-
idizer (CeOy) in the glass prevents the formation of the
luminescent centers [7]. Alternative opinions connect
the IR luminescence with Bi?* ions or some ion clusters.
For instance, papers [8,9] attribute the visible range ab-
sorption and IR luminescence to Biy, Biy” or Biz% ion
dimers.

The goal of this paper is to make a contribution to
the above mentioned problems by:

- developing a glass composition with substan-
tially lowered (in comparison with silica glass) melting
temperature (i.e. suitable for bulk synthesis) combined
with spectral properties close to that of MCVD —pro-
duced Bi and Al co-doped SiO- fibers;

- presenting some new experimental data that
can shed some light on the origin and nature of the emit-
ting centers.

Glass composition choice, sample synthesis and
preparation.

As it was already mentioned, in principle the IR
emission can be observed in a very large variety of Bi-
doped glass compositions. But not all of them are prom-
ising laser materials. For example, now we do not con-
sider the aluminophosphate glass investigated in our

previous paper [7] as a good candidate for the bismuth
laser host. The reasons are both technological (unstable
replication of its spectral properties because of high
volatility of its components) and spectral (that would be
considered below).

SiO; glass (even with a few % Al,O3 doping) re-
quires too high (>1700°C) melting temperature. For
this reason it can’t be fabricated with high optical qual-
ity in bulk by traditional crucible melting technology.

In the present study we deal with aluminosilicate
glass with the basic composition 22.2%mol. MgO +
22.2%Al,03 + 55.6%Si0, + additional X% Bi»O3 dop-
ing (X ranging from 0.25% to 2%). This composition
can be synthesized at 1550 °C.

It is known that the luminescent properties of Bi-
doped glass are highly sensitive to the synthesis condi-
tions (temperature and reducing/oxidizing atmos-
phere). To ensure the identical thermal history of the
samples series with varying Bi concentration they were
prepared in a single run of the oven.

The samples (~50g each) were sintered starting
from reagent-grade oxide powders in alumina crucibles
in air. The synthesis at 1550 +1°C lasted for 4 h. After
the synthesis the crucibles were extracted from the oven
and cooled in air. The resulting scatter- and inclusions-
free pink-colored glass samples were annealed starting
from 700°C. 2-mm thick polished plates were fabri-
cated of the synthesized glasses. The optical quality of
the plates was moderate because of striae inevitably
present in non-stirred glass.

Experiments.
1. Absorption spectra

Fig. 1 presents the transmission spectra of the Bi-
doped Mg-Al-Si glass series in comparison with an ex-
ample of Bi-doped aluminophosphate glass spectrum.
The Mg-Al-Si glass samples demonstrate absorption
peaks at 500 and 700 nm and a shoulder at 800 nm
(same as SiOz glass doped by Al,O3 and Bi;Os [1]). The
aluminophosphate glass has different spectrum. It has
an intensive absorption peak at 450 nm and a peak at
700 nm. The difference in the absorption spectra indi-
cates that the types of color centers can vary in different
glasses. As it was shown in [10] the 450 nm absorption
peak in aluminophosphate glass is not associated with
IR luminescence.
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Fig.1. Transmission of the Mg-Al-Si glass sample series (Bi»Osz concentration indicated) in comparison with that
of aluminophosphate glass sample (dashed line).

The analysis of the absorption spectrum in the Bi
concentration series of Mg-Al-Si glasses has shown
that:

1. The Beer-Lambert law is not valid in this case.
As it is shown in Fig.2, the optical density at the peak
wavelength 500 nm is proportional to the square of Bi
content. An important conclusion can be derived of this

fact. Quadratic concentration dependence is an argu-
ment in favor of the above-mentioned hypothesis that
attributes the visible range absorption and IR lumines-
cence to optical centers associated with Bi, dimers.
Their equilibrium concentration should be proportional
to the square of Bi ions content in the glass.

10 4

K, cm

0.1 A

0.1 0.2 0.3 0.4

0.5 0.6 0.70.80.9 1 2 3

Bi,0, concentration, mol.%
Fig.2. Extinction coefficients of Mg-Al-Si glass at the peak wavelengths 500 nm versus Bi»,O3 concentration.

2. Each curve in the logarithmic plot of optical
density versus wavenumber (Fig 3) can be brought into
coincidence with another one by vertical shift (within
the measurements accuracy). In other words, the shape
of the Bi-associated spectra in the visible range (400-
600 nm) is concentration-independent. Stability of the
spectra shape means that:

- practically all the visible range absorption is
caused by Bi; dimers;
- the ratio between different types of centers associated
with Biy (if any) remains

constant in the concentration series of the samples
synthesized at the same

temperature.
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Fig.3. Extinction of Mg-Al-Si glasses versus wavenumber (Bi»Os concentration indicated).

Unfortunately the poor reproducibility of the
phosphate glass spectral properties hampered the simi-
lar analysis of its concentration series.

2. Emission spectral properties.

It is well known that the emission spectra of Bi
doped glasses are dependent on the excitation wave-
length. Fig. 4 presents three examples of the Mg-Al-Si
glass emission spectra under excitation into the differ-
ent absorption peaks.

0.8

Emission flow, a.u.

0.0

1000 1200

T t
1400 1600

Emission wavelength, nm

Fig.4. Emission spectra of Bi-O; doped Mg-Al-Si glass under various excitation wavelengths (indicated).

In order to make an overall view of the emission
properties of the investigated glasses and to distinguish
the types of emitting centers in them we have carried
out 3D plots of the luminescence photon flow versus
incident and emitted wavelengths. In these experiments
we have used a tunable OPO (SOLAR laser systems

LP603) and calibrated emission registration through the
grating monochromator. The plot (see Fig. 5) shows
that in the Bi doped Mg-Al-Si glass there are two exci-
tation peaks at 500 and 700 nm causing 1000-1300 nm
luminescence and a third peak at 800 nm causing
1200+1600 nm luminescence.
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Fig. 5. 3D plot of the luminescence photon flow versus incident and emitted wavelengths for Mg-Al-Si glass with
1%mol BizOg.

The similar plot for the aluminophospate glass
sample has the first two peaks but no third one. Thus it
can be concluded that there are at least 2 types of the

emitting centers in the Mg-Al-Si glass.

100

An important parameter of a laser medium is the
absolute value of luminescence quantum yield n. Its
measurements for the IR emission in the Bi-doped
glasses were carried out in the following way.
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Fig.6. Emission quantum yield of Mg-Al-Si glass versus Bi»Oz doping level. Excitation wavelengths 520 and 700
nm (indicated).

It is known that the response of a Ge photodiode
in 950+1550 nm spectral range is accurately propor-
tional to the number of incident photons. Thus n is pro-
portional to the time integral of the emission signal de-
tected by such a diode and reciprocal to the number of
absorbed pump photons. In order to estimate the abso-
lute value of the quantum yield of Bi-doped glass the
signal was calibrated using an etalon sample of Er
doped well dehydrated phosphate glass (Aemission ~1.5
pum, n=854+5% [11]) pumped at 520 nm. Fig. 6 shows
the results of the n measurements for the Mg-Al-Si

glass Bi concentration series excited at 520 and 700 nm.
It can be concluded that:

1. The quantumyield is different for different ex-
citation wavelengths. Pumping into ~700 nm band is
noticeably more efficient than pumping into ~500 nm
band. At present moment we have no explanation to

this fact. The absolute values of the emission quantum
yield in Bi-doped Mg-Al-Si glass can reach 65+5% un-
der 520 nm excitation and 85+5% under 700 nm exci-
tation. In contrast to Mg-Al-Si glasses the Bi doped alu-
minophosphate glass exhibits much less quantum yield
(n=5+6% under 520 nm excitation). We do not know
any literature data about the concentration dependence
of the quantum yield of bismuth IR emission in glasses.
The rather high values obtained in this experiment
make Bi-doped Mg-Al-Si glass a promising material
for bulk and fiber solid-state tunable lasers.

2. The quantum yield n in Bi doped Mg-Al-Si
glass decreases with the doping level. The mechanism
of this concentration quenching is not investigated still.
Nevertheless the presented data can be useful for rea-

sonable choice of bismuth concentration in the laser
glass.
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3. Emission decay Kinetics.

The emission decay kinetics were measured in a
wide (1000+1800 nm) spectral range covering all the
IR emission bands. We used selective excitations by
OPO and two detector types: a slow (time response ~7

us) Ge photodiode and a fast (time response ~10 ns) Ge
avalanche photodiode. The results are presented in Figs
7-9. It should be noted that the decay curves consist of
two stages: “fast” and “slow”. Both components are al-
ways present in this or that ratio at any pump and de-
tection wavelength.

Luminescence intensity

0 200 400 600 800

1000 1200 1400 1600 1800

Time, ps

Figs.7. Emission decay kinetics of Mg-Al-Si glass series. Time response 7 us. Excitation wavelengths: 520 nm.
1 - 0.25mol.% Bi,0O3; 2 - 0.5mol.% Bi»O3; 3 - 1.0mol.% Bi»Os3; 4 - 2.0mol.% Bi,03
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Figs.8. Emission decay kinetics of Mg-Al-Si glass series. Time response 7 xs. Excitation wavelengths: 700 nm.
1 - 0.25mol.% Bi;0Os; 2 - 0.5mol.% Bi2Os3; 3 - 1.0mol.% Bi»0s3; 4 - 2.0mol.% Bi,03

Figs. 7-8 show the decay curves of the Bi doped
Mg-Al-Si glasses detected by the “slow” photodiode
under 520 and 700 nm excitation respectively. It can be
concluded that:

- the decay curves are slightly different for 520 and
700 nm excitation;

- the “slow” non-exponential decay has character-
istic time 300+800 ps. The concentration quenching

brought out in the quantum yield measurements corre-
lates with the lifetime reduction.

Fig. 9 displays some examples of the initial
(“fast”) decay stage detected by the fast photodiode. In
all the cases the fast component was nearly exponential
with characteristic time of about 2us.
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Fig. 9. Initial stages of emission decay kinetics in Bi-doped Mg-Al-Si glass. Time response 10 ns. Excitation
wavelengths: 520 nm and 650 nm (indicated).

The wavelength dependence of the “fast” decay
stage has a smooth excitation maximum in the vicinity
of 650 nm, but we were not able to correlate with it any
peak in the absorption spectrum.

In any case the “fast” stage provided no more than
7-10%  of the  overall quantum  vyield.

Conclusion.

Bi-doped Mg-Al-silicate glass is developed and
investigated. This glass has spectral and luminescent
properties noticeably different from aluminophosphate
glass but close to that of Bi, Al co-doped SiO- glass
samples prepared by MCVD method. It can be fabri-
cated by moderate temperature routine technology. But
technology upgrade is needed to produce high optical
quality material. The obtained quadratic concentration
dependence of Bi-caused absorption is an argument in
favor of the hypothesis that the emitting centers can be
associated with Bi, dimers.

The characteristic relaxation time of 300-800 pus in
combination with the high quantum yield and wide ex-
citation spectrum makes the glass a promising material
for widely tunable bulk and fiber lasers with diode or
flashlamp pumping.

This investigation was supported by RFBR grant
# 08-02-01054-a and by the Russian Academy of Sci-
ences in the frames of the program ‘“Femtosecond op-
tics and novel optical materials”.
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XNMNUECKNE HAYKN

XAOPHUPOBAHHUE 2,6 —AUMETUADEHOAA B SAEKTPOXUMHUYECKOM
CHUCTEME

Mypaooe M.M., I'yceiinosa U.I., F'amamoe M.M., Azaee A.A.
Cymeaumckuii eocydapcmeenblil yHugepcumem, Asepbatioxcan

PEDEPAT

[TpoBeneHHbBIE OMBITHI TOKA3aJIH, YTO Ha XJIOPUPOBaHUE 2,6-IUMETHI(EHOIA C TOIYIEHHEM MOHOXJIOp3aMe-
IIEHHBIX MPOM3BOAHBIX Ha BBIXO MPOJYKTA BIHSIOT CIEAYIOIINE ITapaMeTphl: KOHIEHTPAIHS COJITHON KHUCIIOTHI,
TeMIlepaTypa JIEeKTPOJIUTa, INIOTHOCTh TOKA U Cpea NpoBoauMoii peakiun. TpeOyemble konueHTpanun 15-30%
XJIOPHCTOT'O BOJIOPO/a 00JIeryaroT BhIICICHHE aKTHBHOT'O XJI0pa, MPUCYTCTBHE KaTalu3aTopa 00yCcIoBIUBaeT 00-
paszoBanre SO,Cl, B Msrkux ycmoBusix, nmpucyrctsie pactsoputens CCls okassiBaeT BIMsSHME HA BBIXOJ MPO-
nykra. C nenbio n30exaHns TOOOYHBIX MIPOLYKTOB B 0053aTEIHHOM MOPSIIKE TBEPAO KOHTPOIUPYIOTCS yCIOBUS
MPOBEICHUS PEAKIMH, OCOOEHHO MPOBEJCHUE MpoLiecca B MeI04Ho# cpeae pH 7.

s maHHOTO TIpoIlecca ONTHMATIBHBIM SBIISETCS: KOHIICHTPALHUS COJITHON KUCTOTH 15-30%, Temmeparypa
peakuun 70-85 °C B mpucyTCTBMHM KaTaau3aTOpa aKTUBUPOBAHHOTrO yris, pacteopureis CCly, 6naronpusrhas
cpena pH 7, miotHocTh Toka 10-15 A/mM2 mpy 9TOM BBIXOJI MPOLYKTA COCTABIAET 0K0JI0 70%.

KaioueBble ciioBa: xjopupoBanue, 2,6-muMeTHI(GEH0, CONsHAsh KUCIIOTA, DIIEKTPOXUMHYECKHUH MpOIiecc,
XJIOPUCTBIN CYIb(YPHI, KaTaIu3aTop

CHLORINATION OF 2,6-DIMETHYLPHENOL IN THE ELECTROCHEMICAL SYSTEM
M.M.Muradov, I.H.Huseynova, M.M.Hatamov, A.A.Agayev

ABSTRACT

The experiments showed that on the chlorination of 2,6-dimethylphenol to produce monochlorinated substi-
tuted derivatives, the following parameters influence the yield of the product: the concentration of hydrochloric
acid, the temperature of the electrolyte, the current density and the reaction medium. The required concentration
of 15-30% hydrogen chloride facilitates the release of active chlorine, the presence of the catalyst causes the for-
mation of SO2CI2 under mild conditions, the presence of the solvent CCl4 has an effect on the yield of the product.
In order to avoid by-products, the conditions for carrying out the reaction must be firmly controlled, especially the

process in the alkaline medium pH 7.

For this process, the optimum is the concentration of hydrochloric acid 15-30%, the reaction temperature is
70-85° C in the presence of an activated carbon catalyst, a solvent CCI4, a favorable pH 7 medium, a current
density of 10-15 A / dmz2, the yield of the product is about 70%.

Key words: chlorination, 2,6-dimethylphenol, hydrochloric acid, electrochemical process, sulfuryl chloride,

catalyst.

ApomaTHdecKoe SIp0 METHI(PESHOIIOB COIEPKHUT
nBa tumna 3amectureneit — OH™ u — CHs rpynmsl, ou-
HAaKOBO B3aMMOJICHCTBYIOIINX C €r0 T-3JIEKTPOHHBIM
o6siakoM. BONBIIMHCTBO (U3MYECKUX M XHUMHUUYECKHX
CBOMCTB METHJI(EHOJIOB OIPENEISIOTCS CYIECTBOBA-
HHEM B3aHMOJICHCTBHS MEXy (DEHOJIBHBIM I'MPOKCHU-
JIOM 1 TT - ApOMATHIECKOHN CHCTEMOI OEH30JILHOTO Spa
[1].

B peakuusix anexTpoHIBHOTO 3aMELIeHHs THI-
POKCHIIbHAS TPYIIA 00JIeryaet BXOXKICHUE 3aMeCTUTe-
Jiel B apOMaTHYeCKOe SAp0, OPUEHTHPYS UX B OPTO- U
napa- MmoJIOKCHHS.

B3anMoeiicTBre METHIIBHBIX TPYII C apOMAaTH-
YEeCKOW CHCTEMOW TakKXe CIIOCOOCTBYET cocpelioTode-
HHIO M30BITOYHON 3JIEKTPOHHON IUIOTHOCTH B OPTO- U
napa- MoJIOKCHHUSX.

Cornacosannas opuenranust OH- u CHz — rpymm
OyneT HaOJIONAThCS TOJBKO Y YETHIPEX aHAIU3HUPYe-
MBbIX coenuHeHuW (3-meruindenon, 3,5-mumertmide-
Ho1, 2,3,5-TpumeTtmindenon u 3,4,5- TpuMeTUIPEHON)-

3aMECTUTENN HANPABILSIFOTCS B OJHH U T€ XKE MOJOKe-
HUS:

B ocranbHbIX MeTHII(EHOIaX 3aMECTUTENN HaXO0-
JISITCSL B HECOTJIACOBAHHOW OPHEHTAIMH U OTPE/IEIISIO-
iee BJIMSIHAE 3/1€Ch OKAa3bIBAaeT SPKO BhIPAXKCHHBIH
+M-adpdexkr OH" rpynisi.

B pesynbraTte 60xp1I0i npoaenaHHON paboThl, B
O0COOCHHOCTH 3a TOCHEIHWE ABA-TPU HECATKa JIeT,
OBLIO CO3aHO MHOTO CIIOCOOOB TaJlOMIUPOBAHUS Ia-
JIOMJCOEPIKALIMMH COSANHEHHUIMH U PEIII0KEHO He-
MaJI0 MHTEPECHBIX T'aJIONIUPYIONIUX areHToB. B kaue-
CTBE TAKOBBIX OBUIM MCIOJIE30BaHbl MHOTHE OpraHnye-
CKHE M  HEOPraHWYecKHUe  TalIOUACOJepiKallne
COE/IMHEHUS.

[anouaupyroIye areHThl MOXKHO MPUMEHSTh KaK
CaMOCTOSTENIbHO, TaK U B MPUCYTCTBHU KaTalUTHYe-
CKHUX /100aBOK (XJIOPHUCTOTO ANIOMHHUS, MEPEKUcel U
Ip.), oOJerdaronux oTaady rajouga. B HEKOTOpHIX
Cllydasix J0OaBKM BIMSAIOT HA XapaKTep pacIerIeHus
MOJIEKYJIBl T'aJIOMJICOJIEPIKAIOIIEero coequHeHns. Tak,
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XJIOPUCTBIHA Cynb(pypHi — OOBIYHO MCTOYHHK MOJIEKY-
JAPHOTO XJIOpa B NPHUCYTCTBHU IEPEKUCH OEH30MIa
CTQHOBHTCSI HICTOYHHKOM aTOMapHOT'O XJIopa.

XJIOpUCTHIH Cymbypuin SBISCTCS OTHUM U3
Han0oJee YacTo NPUMEHCMBIX areHTOB IS XJIOPUPO-
BaHUS apOMAaTHYECKHX, a 3a MOCIeIHee BpeMs U ajH-
(aruyeckux coeAnHeHHH. ['paHUIIBI €r0 NPHUMEHEHHUS
HEOObIUaHO IMHPOKH, TaK JKEe KaK pPa3HOOOpa3HbBI
YCIIOBHS OIBITA, B KOTOPBIX OH MOXKET OBITh HCIIOIB30-
BaH. XJIOPHPOBAHHUE XJIOPUCTHIM CYIbDYPUIOM MOKHO
BecTH 0e3 pacTBOPHUTENSI B TEMIICPATYPHBIX Mpeaenax
ot 0° o 30-45 °C (uame BCero peaknuio BeAYT IIPH
TeMIepaType KHIICHUs XJIOpUpyeMoro BemecTsa). Emre
YaIie MCHOJIB3YIOT XJIOPUCTBIN cyab(ypHi B pacTBO-
pax (4eTrIpex XIOPHUCTHIN YTIAepoI, XIopodopM, 3dup)
npu Temnepatypax ot — 20 °C 1o TemnepaTypsl Kume-
HHs pacTBOpHTens. MHOrna NPUMEHSIOT KaTaiu3a-
TOPBI: XJIOPUCTBII AITIOMUHHMM, XJOPUCTYIO Cepy H,
HaKOHell, NepeKHCh OeH30MIa — HanboJiee HHTEPECHBIN
KaTaJu3aTop, BBEICHUE KOTOPOTO B MPAKTHKY MO3BO-
JIWJIO YPE3BBIYANHO Pa3IBUHYTh I'PaHUIbI IPUMEHUMO-
CTH XJIOPUCTOTO CyIbpypuia [2].

MexaHusm XJIOpUPOBAHUA XJIOPHUCTHIM Cyﬂl)(by-
PWJIOM Pa3JIMYCH B 3aBUCUMOCTH OT yclIoBUI.B otcyT-
CTBHE KaTaJIM3aTOPOB XJIOPUCTHIN Cynb(ypui, Oaaro-
naps nerkoctu guccoranun SO,Cl; * SO, + Cl sB-
JsIeTCsl UICTOYHUKOM MOJIEKYJISIpHOTO XJsiopa. Pacman
npoTeKaeT OoJiee WM MEHEe JIETKO B 3aBUCHMOCTH OT
YCIIOBHI peakIyy, IPHPOJIBI XJIOPHPYEMOT0 BELIeCTBA
Y HaJIMYHS TeX WM UHBIX J0OaBOK, 0OJIEryaroniux ot-
Jaqy xjopa.

Hannmyne xatanu3aTtopoB (XJIOPUCTOTO allFOMH-
HHsI, XJIOPHOTO JKene3a, MATHXIOpUCTOro ¢ochopa n
np.) [3] obmerdaer Takke XJIOPHPOBAaHHE TOMOJIOTOB
6enzona. MaTepecHo, uro xnopunst Sh, Bi, Fe, Mo, Al,
Te u Se GuaronpusATCTBYIOT XJIOPUPOBAHUIO B S/IPO, B
To BpeMmsi kak xyopuiasl P,AS, Mg cnocoGcTByroT
BCTYIUICHHIO XJIopa B OOKOBYIo lienb. Hampumep, m-
KCHJIOJ XJIOPUPYETCSI XJOPUCTBIM CyJab(pypuiioM B

MIPUCYTCTBUH XJIOPUCTOTO AIFOMHUHUS 10 2-XJIOP-TI-KH-
CHJIONA, a M-KCHJION B IIPUCYTCTBUH MATHXJIOPHCTOTO
¢docdopa maet M-kcmnonxmopun [3].

Xnopuctelii  CynbQypui ABISETCA ONHUM U3
Hanbosee OOBIYHBIX PEareHTOB IS XJIOPHPOBaHUS (e-
HOJIOB W WX Mpom3BOAHBIX. [lomydeHHBIE NIpH 3TOM
MIPOXYKTHI B OOIIEM HE OTIMYAIOTCSI OT MPUTOTOBIICH-
HBIX JIECHCTBHEM 3JIEMEHTapHOTO XJIOPa, OJHAKO peaK-
LSl UJIeT MeHee OYypHO M €€ MOXKHO JIETKO KOHTPOJIU-
poBatb. deHon 00pasyeT mpH XJIOpUpOBaHUM 4- U 2-
xnopdeHonsl, a 4-6pomdpenon- 2,6- nuxnop-4-o6pom-
(enon. Peakuus ucronb3yeTcs B TEXHUKE IS ITOTy4e-
Hust 4-xsopdenona. JIerko XJIopupyrooTcst 0-, M- | II-
KpE30JIBI, KCHJICHOJIBI, TUMOI U JIp [4].

Xnopdenoinsl, ocodeHHO X C-aNKIIbHBIE TPOU3-
BOJHBIC, SIBISIFOTCS BaXXHBIMH JE€3MH(EINUPYIONIMHU
CPEACTBAMH U aHTHCEITHKAMH.

AHanu3pl MHOTOYHCIICHHBIX JIUTEPATYPHBIX U Ta-
TEHTHBIX MCTOYHUKOB IOKa3aJId, YTO MPOIECC XJIOPH-
poBaHMs ATKWI(EHOJIOB € TIOyYEeHHEM MOHO- U TU3a-
MCIICHHBIX XJIOPUPOBAHHBIX IPOAYKTOB B OEH30IbHOM
KOJIBIIE B DJICKTPOXUMHUUECKOH CHCTEMe, He TIPOBEACH
[5-6].

B npencraBnenHoii pabore BrepBble HaMU OBLI
MpOBeJIeH JaHHbIN mporecc. Llenbio nanHOM paboTHI
SIBIISIETCSI TIOJy9E€HHUE U HCCIIE0BaHNE TIPOIiecca JIeK-
TPOXUMHUYECKOTO XJIOPHUPOBAHUS apOMATHUECKHUX CO-
eIMHEHUN YTIICBOJOPOIOB, T.€. 2,6-IuMeTHI(eHoTa C
TIOMOIIBIO COJSTHOW KHCIIOTBI M CEPHHCTOTO aHTHA-
pHIa, TOIYYCHHBIX B CAMOW AIIEKTPOXUMHUYECCKOH CH-
cTeMe.

Cxema ycTaHOBKH IOKa3aHa Ha puc 1.

OKCITEPUMEHTAJIBHASI YACTD

Peakuust XJIOpHpOBaHUS OCYLIECTBIIATACH JJIEK-
TPOXMMHYECKHM CIIOCOOOM B CTEKJITHHOM IIMJIMH/PH-
YECKOM 3JIEKTPOJI3epe, CHaOXEHHBIM TEPMOCTaTOM,
WNCTOYHUKOM MHUTaHMS IIOCTOSHHOTO TOKa, I'paduro-
BBIMH 3JIEKTPOJIaMH, OOPAaTHBIM XOJIOIMILHHKOM, Me-
LIAJIKOH, TEPMOMETPOM, PA3AEIUTEILHON BOPOHKOHN U
cocynoM ¢ pactBopom KJ.

_ Bbix

s 1
(2Ll

B

Puc.1. Yemanosxa onsa xnopuposanus 2,6-oumemungenona
1 — py6amka, 2 — aHox, 3 — katoj, 4- KpaH, 5 — XOJOAWIBHUK, 6 — BOPOHKA, 7- MEIIaNKa, 8 - TepMocTaT, 9 —

KOHTaKTHBIN TepMomeTp, 10 — mocyna 1uist pacteopa KJ.
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B KkadecTBe MCXOAHBIX PEAreHTOB HCIOJIb30BATN
pacTBop Cyib(huTa HATPHSI, COMTHON KHUCIOTHI, 2,6-11-
MmetuideHona u B kagecTse pactoputens CCla, kaTa-
JIM3aTOP - AKTUBUPOBAHHBIN YTOIIb.

B nepBoil cragun peaklMOHHYIO YCTaHOBKY 3a-
rpy>Kaad pacCYUTAHHBIM KOJHMYECTBOM PACTBOPA CYIlb-
¢uta Hatpust 1 30 %-HOW COJITHOIM KHUCIOTOH B 9KBH-
MOJIIPHOM COOTHOIIIEHHH 1:2 COOTBETCTBEHHO.

PeaknmoHHYI0 cMech TEpMOCTaTUPOBAIN JI0 Tpe-
Oyemoii Temneparypsl, T.e. 40-50 ¢C, Bxmouanu me-
anky W HaOMIoJany 3a XOJ0M IPOTEKAaIoIIeH peak-
y. B nponecce cHavana npoucxoauT cieayromas pe-
akmus ¢ nonydernem SO»

Naz SOz + 2HCI * 2NaCl + SO; +H,0

[Tocne momauu Toka B pe3yabTaTe Mpolecca dJieK-
tpoiuza HCI momyyaeTcs: MONEKyISPHBIHA XJI0p, KOTO-
pBIil B IEPBYIO O4Yepesb B MPUCYTCTBUH KaTann3aTopa
AKTUBHPHUPOBAHHOTO YIJISA BCTyMHaeT B peakiuio ¢ SO
u obpasyercst SO, Clp. OnHaKo0, 0OTMETHM TO, YTO B pe-
3ynbTare AaHHo# peakunuu noiydenHsid NaCl mocre
MOJIa4YH TOKA MOABEPraeTCs AEKTPONIN3Y, BCICICTBUE
Yero cpenia CTaHOBUTCs OCHOBHBIM (pH7), 4TO 1 04YeHb
Ba)KHO JJIsI MOJJIEPIKAHHSI CPEe/ibl Mpolecca, KoTopas
Oyzner obecrieunBaTh XJIOpUpOBaHHE 2,6-mumernide-
HOJIa B MOHO3aMEIlIEHHOM HaIlpaBJICHHH.

Bo BTOpOIi cTaguu nociie moiay4yeHus B 3JIEKTPo-
xumuueckuii cucreme SOz Cly B peakiMoOHHYI0 CMeCh
nobasisiem 2,6-mumMetridenona u pactsoputens CCla.

UssectHO, uTo 3aMectuTean —CHs, obmagaromue
+J-3¢dexrom- cnabo a -OH-criIbHO aKTUBHPYIOT OeH-
30JIbHOE KOJIBLIO B 3JIEKTPOQUIBHOM rajJoreHUPOBAHUN
U OPUEHTHUPYIOT BCTYIUICHHE rajoreHa B opto-(2) u
napa — (4) monokeHuss OEH30JIHOTO KOJBIIA.

HzO-Ze“
n% )
80 |
70 T
o
60 T ©

50 T o,' /

40 +

IMonyuennsiii SO2Cl; B 271€KTPOXUMUYECKON CH-
CTEME BCTYTIAET B PEAKITUIO C 2,6-TMMETII()EHOTIOM 110
CIICAYIOIICH CXeMe C ToyydeHueM 4-xyop-2,6-maume-
Tridenomna ¢ BeIxogoM ~ 70%.

OH

| OH
N /CH3

H;C

H;C. |

3N _~CHg

SO,Cl,

—_—

PE3YJIBTATBI IIPOBEJEHHBIX
OIIBITOB

[Tporexanue peakyy 3aMelIeHus: B OCH30JIbHOM
KOJbLIE B OCHOBHOM 3aBUCHUT OT KOJHYECTBA XJIOPA,
CEpPHUCTOr0 aHTuApUaa U OT ycJIoBUH peakuuu. Uzy-
YaJy BIMSHUE KOHICHTPAIIMN COSTHON KHCIOTHI, TEM-
MepaTypsl, INIOTHOCTH TOKA, IPOJOIDKUTEILHOCTH pe-
aKIIMK, COOTHOIIICHNH peareHToB, ocoberHo ¢ SO,Cly.

B npoBoauMBbIX onbITax XJIOPUPOBaHUS 2,6-11UMe-
THII(EHONIA C UCTIOJIb30BAHUEM COJITHOM KHUCIIOTHI HU3-
KO# KOHIIGHTpAlMU YacTh TOKa pacxXoayeTcsl Ha oOpa-
30BaHHME XJOPATOB, U SABJIETCA NMPUYMHOI yMEHbIIe-
HUsL BBIXOJAa II0 TOKY XJIOPIPOW3BOJHBIX -2,6
JuMeTwidheHona. 3aBUCUMOCTh BbIXoJia o Toky (1) u
10 BeIIeCTBY (2) MPOIYKTOB XJIOPHPOBAHUSA OT KOH-
LEHTPAIMHN COJSTHOM KHCJIOTHI IPECTaBICHBI Ha pHC.2.
Kax cnenyer u3 puc.2 npu KOHLEHTpPaLUU COJSTHOM
KHCIOTBI HUXKe 15% BBIXOJ MO TOKY W MO BEILECTBY
MIPOYKTa XJIOPUPOBAHUA 2,6-TUMeTHI(GEHOIa CHIKA-
eTcsl, TaK KaK Hapsay C BBIACICHHEM XJIOPa IMPOHCXO-
JIAT TEHEPAIHs KUCIOPOa 110 CXeMe:

O, +2H*

1 1 a,
:

10 20

1
T T T

30 40 S0 C%

Puc.2. 3agucumocmo svixooa no moky (I) u no eewgecmsy (2) npodykma xnopuposanus 2,6-oumemuighenoia om
KOHYeHmpayuy consaHoll Kuciomul. Anoo-zpagum, niomunocms moka 10-15 A/Om?; memnepamypa 70-80 °C.

IIpu o4eHb HU3KKUX KOHLUEHTPALUIX COJISTHOM KHC-
JIOTHI TIpeo0IaiaeT peakius 00pa3oBaHusl KUCIOPOa,
KOTOPBII 4aCTUYHO PACXOAYeTCsl Ha OKUCJIEHUE Ipa-
¢utHOTO aHONIA

C+0;* CO;

Ha snexTpoxumuueckue NpOIECcCH XJIOPHPOBa-
HUSA 2,6-1uMeTHiI(eHONa CYIIeCTBEHHOE BIMSHAE OKa-
3bIBa€T TEMIIEpaTypa 3JeKTponnTa. BiusHue remnepa-
TYpbI Ha BBIXOJI I10 TOKY MPOJYKTa XJIOPUPOBaHHUSA 2,6-
auMeTwideHona n3ydeHo B 15-30%-Hoii constHoit Kuc-
JIOTE TIpH IWIOTHOCTH Toka 10-15 A/nm?. TToyueHHbIe
Pe3yJIBTaThI OIBITOB NPEICTABICHBI Ha pHC.3.

+S0, + HCl



52

Espasutickuti Coro3 YueHbix (ECY) #8 (53), 2018

OnTUManbHBIM TEMIIEPATYPHBIM UHTEPBAIOM JIJIsI
JaHHOTO Mpolecca XJIopupoBanus sagercsa 70-85 °C.
C uenbio onpe/eNieHnsi MaKCUMAJbHOM MPOU3BO-
JIUTEIILHOCTH 3JIEKTPOIIH3epa, ObLIO UCCIASI0BAHO BIIH-
SIHUE TUIOTHOCTH TOKa Ha BBIXOJ MO TOKY MPOIYyKTa

XJIOpUpOBaHus 2,6-muMeTwIPeHona Ha TpadhUuTOBOM
anekTpone, 2,6-aumetmiideron opaicsa B 10%-1Hom u3-
OBbITKE MPOTUB CTEXHOMETPHHU; TEMIIEpaTypa pacTBopa
66012 75 °C, a KOHIICHTPALUS COJITHON KHCIOTHI - 15-
30%.

O/O— Oo—

\

. % A
) 70 -
60 %
o)
50
o
40 4 /o/
30 1T O
/
30 40

50

60 70 TOoC

Puc.3 3asucumocms vixooa no moxy npodykma xnopupogarus 2,6- oumemuigherona om memnepamypul. AHOO-
epagum; Inomuocms moxa 10-15 A/OM?.

3aBHCHMOCTH BBIXO/IOB IO TOKY IIPOIYKTOB Peak-
UK XJIOPUPOBaHUS 2,6-auMeTnindeHosia IpencTaB-
JIeHbI Ha puc 4.

Takum 00pazoM, YCTaHOBIIEHO, YTO BBIXOJ IO
TOKY U CEJIEKTUBHOCTh PEaKIIUHU XJIOPUPOBaHUS 2,6-11-
MeTHiIdeHoma B EKTPOXUMHUUECKOH CHCTEME 3aBH-
CHUT, B OCHOBHOM OT KOHIICHTPAIUU COJITHON KUCIIOTHI,
TEMIIEPaTyphI IEKTPONINTA, TNIOTHOCTH TOKA.

%
7 100 +

N0 T

80 T

0 T

60 T

[MoHmwKeHHe TeMneparypbl MPUBOJUT K CHHXKE-
HUIO COJIepKaHus XJiopa, Becrynusiero ¢ SOz, A Taxke
CYIIECTBEHHOE 3HAYCHUE UMEET PACTBOPUMOCTD XJIOpa
u cepsl B CCls, KOTOpast CHHXKAETCS C MOBBIIIEHHEM
TEMIIePaTyphL.

10 20 30

40 50 i, Algm?

Puc.4 3asucumocmo 6bix00a no moky npooykma xaopuposanus 2,6-0umemuigenona om niomHoCcmu moxa,
Anoo-zpagpum, memnepamypa 70-85 °C, konyenmpayus HCIl 15-30%.

Takum 00pa3oM HalAEHBI YCIOBUS IUIS SJICKTPO-
XAMHYECOTO CHHTE3a MOHOXJIOPIPOHU3BOIHBIX 2,6-
KcmieHoJa ¢ BerxogoM 70 %.
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JNDODEPEHIITMAABHO-OOTOMETPHUYECKOE OIMTPEAEAEHHUE

MOAUBJAEHA B ®EPPOMOAUBJEHE B BUJE KOMITAEKCOHATA
MOAMMBZEHA (V)

Pyoomemxuna Tamvana @éoopoena

Kano. xum. nayx, accucmenm xagedpvl ananumuueckoti xumuu Xumuueckozo
¢axyremema MI'Y um. M.B.Jlomonocosa,

2.Mocksa

AHHOTAILIMSI

Junst nuddepennuaabHo-hOTOMETPHIECKOTO ONpeeIeHUs] MonbieHa B (heppoMoInbieHe, KOTOPBIH coaep-
*KUT 0T 45 10 80 % MonubaeHa, HCITOTB30BaTN KoMILIekcooOpa3oBanue moubaeHa (V) ¢ DJITA. Meron ocHOBaH
Ha OTJEJICHUH JKeJie3a, BOCCTaHOBIeHHH MonnbeHa 10 Mo(V) u 00pa3oBaHUM yCTOWYHMBOTO HKENTOTO KOMILIEK-
Horo coeqauaeHus Mo-2/ITA. OnTuyecKyro MIOTHOCTh PACTBOPOB M3MEPSUIA METOIOM U depeHIInaIbsHON (o-
tomeTpud. [IpaBUIBHOCTH OmpeneneHuss MO0 IeHa TIOATBEPIKICHA aHAII30M CTaHAapPTHOTO 00pasma cocTaBa.
MeTon OBUT HCTIOTF30BaH IS ATTECTAIIOHOTO aHaJI3a CTaHAapTHOrO o0pasna ¢peppoMonudacHa.

ABSTRACTS

The reaction of complexformation Mo(V) with EDTA was applied for differential fotometric determination
of molybdenum in ferromolybdenum containing from 45 to 80% Mo. The method is based on separation of iron,
reinstatment of molybdenum to Mo(V) and formation of stable yellow compound Mo-EDTA. Optical dencity of
solutions is measured with the technique differential fotometric method. Accuracy of determination molybdenum
is confirmed by the analysis of the sertificateds sample. Method was used for attestational analysis of standard

sample of ferromolibdenum.

KunroueBble cioBa: MOMHO/ICH, STHICHIMAMUHOTETpaAaIeTaT, GeppoMoInbd/IeH, onpene/icHHe MONHOIcHa,

muddepeHunansHas cekTpodoTomMeTpus.

Key words: molybdenum, ethylendiaminotetraacetate, ferromolybdenum, differential spectrophotometry de-

termination of molybdenum.

Vcnonp30BaHUE MOTIIOIMEHHUST KOMILICKCOHATOB
HOHOB METAJUIOB B BUAUMOW OOJIACTH CIIEKTpa MO3BO-
JISIeT pemaTh 3a7a4yd TOYHOTO U OTIEPaTUBHOTO ONpeie-
JICHHUS BBICOKHX COACP)KaHUH psAjga 3JIEMEHTOB B pa3-
JUYHBIX 00BEKTaX [5-8], UTO BIOJIHE MOXKET COCTABUTh
KOHKYPEHILIMIO KJIACCHYEeCKUM METO/AaM aHajiu3a. Bol-
COKasl CEeNEeKTUBHOCTh (POTOMETPHUYECKUX PEaKIUi C
HCIIOJIb30BaHUEM B Ka4eCTBE OPTaHMUYECKOI'O PeareHTa
O/ATA u HU3KHE MOJIIPHBIE KO3 PHUIIUSHTHI ITOTIIOIIe-
HUS O0pa3yIOIIUXCS KOMIUIEKCOB CO3JAIOT YCIOBHUS
aHalm3a, He TPeOyIoNie KaK OTICICHHS COYyTCTBYIO-
[IMX KOMITOHEHTOB, TaK 1 MHOTOKPATHBIX pa30aBIeHUH
aHATM3UPYEMOTO PacTBOpa. DTO 3HAYUTEIEHO YMEHbB-
IIaeT BpeMsl BBIMOJHECHUS aHANIN3a, JOCTHUTas ero KC-
MIPECCHOCTH U YBEJIINYMBAET TOYHOCTH. HekoTopkie mo-
MEXHU CO CTOPOHBI COMYTCTBYIOUIUX 3JIEMEHTOB YacTO
pemaroTcs BBEICHHEM MAaCKHUPYIOIIMX BEIIecTB. Ta-
KUM 00pa3oMm, ObUTH pa3paboTaHbl METOIHUKH OTpesie-
JICHUS BBICOKUX COJIEp KaHUI MEIH U HUKEJs, KaK 3Je-
MEHTOB OCHOBBHI CIIJIABOB, TaK M B NMPHUCYTCTBUHU APYT
npyra 6e3 ux pasaencHus [5,8], xxeneza u TuraHa [6] B
pyJax W KOHIIGHTpaTaX, XpoMa B XPOMOBBIX pylax,
XpoMme, cTansix [7] C MeTpOJOrMUECKUMH XapaKTepH-
CTHKaMH, HE Xy)X€ TpeOOBaHMH HOPMATHBHBIX JOKY-
MEHTOB JJIs THX ONpeeICHUH.

OnHolt u3 Hanbosee TPy IOEMKIX 3a]1a9 aHATTUTH-
YECKOW MpaKTUKH, TPeOyromeld BBICOKOW TOYHOCTH
OTIpeNieNeHus SIBIIETCS aHaiIu3 (eppoCIIaBOB Ha OC-
HOBHBIE KOMITOHEHTHI, B TOM 9HCJIE ONpEIeTIeHHEe MO-
mubneHa B ¢eppomonubnene. Ilpemmaraemplii geit-
crBytormM 'OCT 13151.1-89 [1] rpaBumeTpuueckuii
METOJl ompejeieHus] MonnbaeHa TpedyeT mocie pac-
TBOpPEHMsI HABECKU CIUIaBa OTAEICHHUS JKele3a B BUIE

THIPOKCHIA U OCAXKICHUS B IOTYICHHOM PacTBOPE MO-
muOaeHa B BUIEe MoNHOIaTa CBHHIIA, C TOBTOPHBIM TIe-
peocaxaeHueM, ero (UILTPOBAHUS U B3BCIIUBAHHS.
Jns BBeeHUs] HEOOXOAMMON TOMPAaBKU Ha COJEpKa-
HHUE B OCaJIke BoJb(paMa yKa3aHHBIH METOJ mpensa-
raeT CIUIaBJICHUE TOJyYSHHOTO 0Ca/iKa C MEPOKCHIOM
HaTpusl, PACTBOPEHHMS IIJIaBa, U OCAXKIECHHE MO0 aeHa
B BHJE Cyibhuna Moaub/ieHa ¢ MOCIEAYIOIUM OIpe-
JICICHHEM B TIOJTYYEHHOM (PUIbTpaTe MPUMECH BOJb-
¢dpama poTomeTpuuecKuM MeToI0M. Benenctue MHO-
TOYHCIICHHOCTH OTIepaIuii He BCETAa JTOCTUTACTCs Tpe-
Oyemass TOYHOCTH OIpEIeNICHUs, Kak 3TOr0 TpedyeT
I'OCT: npu coxepxanuu 45-80% Mo nomyckaembie
PacXOKACHUS  MapajUIeNbHBIX  ONpEIeNiCHHA  He
noipkHB! npesbimath 0,4 a6c.%, a aHanu3 KOHTPOJIb-
HOU TpoOBI cTaHmapTHOrO 00Opasia (peppomonudaecHa
JIOIYCKaeT PacXOKACHHE MEX/y NMOJYyYEeHHBIM CO/lep-
JKaHHEeM MOJIMOJieHa W aTTecToBaHHBEIM He Oozee 0,3
a6c.% [ 1].

O/iHaKO, MMEIOTCSl CYIIECTBEHHBbIE HEIOCTaTKH
MpeIaraéMoro MeToAa:

- IIOTePH HEKOTOPOH YaCcTH MOJUOICHA B PE3YIIb-
Tare COpOLMU IPH OTIEJICHHUH JKeNe3a B BU/IE THAPOK-
cHIa;

- MOJI3y4YECTh OCa/lka MOJINO/1aTa CBUHIIA, TPUBO-
JAnias K NoTEpsAM IPpH IMMPOMBIBAHUU €T0,

- JUIMTENILHOCTh TPOKAIMBAHUS OCajKa MOJHO-
nata ceunia mpu 600°C;

- HeOOXOIMMOCTD OIpe/IeIeHUsI BOJIb(pama B 1o-
JIy4eHHOM OCaJIke MoJn0Jarta CBUHLA JUIsi BHECCHUS
MIOTNIPABKH Ha €ro coJiepiKaHHe.
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MHOT00NepaoHHOCTh U JUINTENBHOCTD IpeiIa-
raeMoH MpOIEAYPhl YacTO HE MO3BOIAET JOCTHYb HeE-
00XOIMMOW TOYHOCTH U BOCIIPOM3BOANMOCTH PE3YJIb-
TaToB.

Kak Op110 TTOKa3aHo aBTOpamu [3,4], KOMIUIEKCO-
HaT MonnbeHa (V) KOIMYeCTBeHHO 00pa3yeTcs B MIn-
POKOM HHTEepBajie KUCIOTHOCTU pacTBopoB oT 0,5M
HCI no pH 9 npu xunsyeHuu; Ipu 3TOM HCXOIHBII
pactBop Mo(V) momken umeTh pH He 6onee 1, Tak Kak
npu Oonee Beicokux pH uaér peakius ruapoiusa. Boc-
CTaHOBICHHE MONUOAAT-HOHOB 10 Mo(V) [0mKHO
MPOUCXOUTH KOJINYECTBEHHO MPU KHUISTYCHUU PacTBO-
poB ¢ kuciaoTHOCTHIO Bhimie 0,3 M: mpu Gosee HU3KOH
KHACJIOTHOCTH 00pa3yeTcs MOIMOJeHOBas CHHb. B ka-
YeCcTBE BOCCTAHOBHUTEIS OBLT MCIONB30BaH [3] mpema-
pat COISTHOKHCIIOTO THIPa3uHa B KOJHIECTBE HE MCHEE
0,01 r Ha 40 M7 pacTBOpa, HEOOXOAUMOTO JIJISI TIOJTHOTO
BOCCTaHOBJIEHHUSA 19 Mr MonrOaaTa mpy BpeMEHHU KHIIS-
yeHHs — 2 MuH. lcronp3oBaHHME KOMIUIEKCOHATA
Mo(V) miist pOTOMETPUIECKOTO OTIPEICIICHHS BBICOKHX
CoJlepXKaHui MOJIMOeHa B HUOOMEBBIX CIUIaBax [4]
JIaJio BechMa MOJIOKUTEIbHBIE PE3YNbTaThl IIPH OIpe-
nenenun ot 10% 1o 6osee 50% monubaeHa 6e3 onepa-
MM OTAEIEHHS, MACKUPYS COITyTCTBYONINE HOHBI HU-
o0us, THTaHa, Bob(pama u Ipyrue 100aBIeHIEM BHH-
HOH KHCIOTBI M (TOopuAa HaTpusi. OJEMEHTHI,
oOpasyromye 6ecrBeTHbIE KOMIUIEKCOHATHI, (JOTOMET-
pHUYECKOMY OTIPEEICHNIO MOIHOeHa HE MEIIAfOT.

Lenbro HacTOsIIEH pabOTHI ABUIIOCH IIPOBEJCHHUE
UCCJIEJIOBAaHUI 110 ONTUMH3ALUK YCIOBUH 00pa3oBa-
HUs KoMIuiekcoHata Mo (V), pa3paboTke MeTOIUKH
JuddepeHIraIbHO-OTOMETPUIESCKOTO OMPEACTICHUS
MosubsieHa B (eppoMonnbaeHe B BUJE KOMILIEKCO-
Hata Mo(V) U M3yueHHs BO3MOXKHOCTH HCIOJIb30Ba-
HUs €€ U aTTECTAIlMOHHOTO aHau3a oopasiia Gheppo-
MOJIMOIEHA.

OKCITEPUMEHTAJIbHAA YACTb

Pacmeopwt u peazenmuvr CTaHIapTHBIN pacTBOp
MOJIM0/IeHa TOTOBMIIM N3 METAJUTMYECKOT0 MOJINO IeHa,
cojepxamero He meHee 99,95 % Mo pacTBopeHHEM
HaBecku 0,5000 r B pazbasnenHoit (1:1) a3oTHOI Kuc-
nore. K nmonydyennomy pacteopy mobasssiiu 30 mit cep-
HOM KUCIOTHI, pa36.(1:1) u ymapuBanu pacTBop J0 ma-
poB SO3, 0OOMBIBaI CTEHKH CTaKaHa M BHOBb YIapH-
Bau 10 mapoB SO3. Cosu pacTBOPsLIH € 100aBICHUEM
BOJBl M pAacTBOp MEPEHOCHIM B MEPHYIO KOOy,
&mk.500 mit. PactBop comepxan 1,00 mr/mi Mo. Pac-
tBop DJATA roToBWIM M3 IpemnapaTa KBaTU(DUKAIHH
«1.1.a.» Bce ucronb3yemble peareHTbl W KHCIOTHI
UMeNH KBaTU(UKAIMIO He HIXKE «4.7.a.». B kauecTse
BOCCTAHOBHUTEISI MCIONIB30Bal 2%-HBIH PacTBOp CO-

JISTHOKHMCJIOTO THipasuHa.. HeoOxommMmyro KHCIOT-
HOCTh CO3J[aBaJIM COJITHOM kucimotor (1:1) u Oydep-
HBIM  pacTBOpPOM, KOTOpeIA  comepxkan  50%
CH3COONa. pH xoHTpOoIHpOBaIH CTEKISIHHBIM JJICK-
TpoaoM (moteHImoMeTp «Ikcrept-01»). CriekTpsl mo-
TJIOMIEHHUS KOMITJIEKCOHATOB CHUMAJH Ha CHEKTPOo(o-
tomerpe «CD-104» (PGT 70). Onruueckyro IIOT-
HOCTb M3MEPSJIM B CTEKJISIHHBIX KIOBETaX C TOJILIMHON
cinost £ = 5,0 cm Ha poromerpe «KDK-311».

Jlnst n3yyeHnst CBOMCTB KOMILIEKCOHATa MOJIMO-
neHa (V) ¥ onTHMH3aluK YCIIOBHH ero oOpa3oBaHuUs
MOCTYyMaIu CICHyrIUM obpa3oM: k 8-10 mur Kums-
IIEr0 PacTBOPA COJISTHOKUCIIOTO THIPa3nHa, COAEpXKa-
memy 0,16-0,20 r npemapara u 0,6M mo HCI no6as-
TSI 10 KarwrsiM pactBop Monubzaena (V1), comepxka-
i 10-20 Mr Mo, moxmmep)kuBasi KHACIOTHOCTH HE
amwke 0,5 M o HCI, u xunsitromm 5 muH. PactBop momn-
JKeH OBITB KENTO-KOPUIHEBBIM. 3aTeM K rOpsiaeMy pac-
TBOpPY no06aBisiu 5 M 0,2M pactBopa D/ITA. Ananu-
3UpYyeMBIl PacTBOpP NPpUOOpPETa SHTAPHO-KENTYIO
okpacky. Uepe3 1-2 MUH. CHI)KaJIM KHCIOTHOCTh JO-
OaBieHueM 5 MJ pacTBopa aneraTHoro o0ydepa ¢ pH
5,5 st moaHOTO 0Opa3oBaHs Komiiekconata Mo(V).
[MomydeHHBIH pacTBOP OXJIaXKJaTH, IEPEBOIMIN B MEP-
HYIO KoI0y, éMKocThio 50,0 M1, IepeMenInBaiy U u3-
MEPSUIM ONTUYECKYIO IIOTHOCTH MpH 390 HM B KioBe-
Tax ¢ { = 1,0 cM OTHOCHUTENLHO BOJIEI.

[Mpu ananmze oOpa3noB (heppoMormdIeHA MOITY-
YEeHHBIE PAacTBOPHI KOMIIEKCOHATa MOJIMOAEHa Iepe-
BOJIMJIM B MEPHBIC KOJIObI EMKOCTHIO 250 MIT 1 OnITHYE-
CKYIO INIOTHOCTb U3Mepsu B KioBeTax ¢ £ = 5,0 cMm oT1-
HOCHUTEJIFHO pPacTBOpa CpaBHEHHS ( CM. METOIUKY
oTpesieNieHus).

PE3VJIbTATBI U UX OBCYXJEHUE.

Kak BugHo u3 puc. 1, kommiekconat Mo(V) nmeer
B BUIUMOH 00JACTH CIEKTPa MaKCUMYM ITOTJIONICHUS:
mpu 390 HM. B ycnoBHsAX omnpeneneHns MOJIHOACHA B
(deppomonmubacHe Keme3o OyneT HaXOTUThCS B pac-
TBOpe B Buje komiuiekconata Fe(ll). OnHako, ero mo-
riomenwue mpu 390 HM BechMa CYIIECTBEHHO ( CM. pHLC.
LITPUXOBAs JINHUSA) U ITOCIeTHUN OyJeT MelaTh onpe-
JeNeHU0. DTO MpeAroaraeT 00s3aTeNbHOe yAaJIeHNe
MOHOB JKeNe3a MpH JIFOOBIX COOTHOIICHHUSX ITHX 3ie-
MEHTOB, KOTOPO€ JAOCTHIaeTCsl OCaXJCHHEM T'MIpPOK-
cuna xene3a (I11) u3obitkoM ménoun. [pu ananuse
(dbeppomonubicHa, rie COACPIKAHUS Keie3a U MOJIHO-
JieHa OOBIYHO OJIM3KH, OIpeleNEéHHas 4acThb MOCHe/-
HEro MOXET TEPSTHCS B pe3yiIbTaTe COpOIMU 1 cooca-
XKJICHNS Ha TUIPOKCHIE XKeTe3a.
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Puc.1 Cnexmpuol noenowenus 0,005M xomnnexconama Mo(\V) (cnnownas nunus) u 0,0048M xomniexconama
Fe(ll) (wumpuxosas runus).

[TosToMy Al MOSHOTO OTHEICHUS MOJHOJCHA
HEOOXOIMMO OCaXKIICHHE THAPOKCHIA JKeIe3a C IIOCIIe-
IYIONMM €T0 PacTBOPCHHEM W mepeocaxaeHueM. U
TOIBKO TIOCTIE ATOTO B IOTyYSHHOM PacTBOpE IOCIE
ero HeWTpanusanuu U BoccTaHoBieHus 10 Mo(V)
MOJKHO OIPEAeTISATh MOJIHOACH B BUIE KOMIUIEKCOHATA.

Honsr Bomsdpama (VI1), mpucyTcTBytomue B pac-
TBOpax (eppomMonnbaeHa B HEOONBIINX KOJIMYECTBAX
(ue 6omee 1% Bonbdpama B HaBecke 00pasiia) B ycio-
BUSX ONPEACICHHS MOJIMOICHA HE BOCCTAHABJIMBAIOTCS
JI0 HU3IIUX CTCIICHEH OKUCICHHS M HE MEHIAIOT OIpe-
nenenuio [8]. JlobaBisiembrid m30bTok DJITA cBsi3bI-
BaeT B OCCI[BETHBIC KOMIUICKCHI MHOTHE COIYTCTBYIO-
IIHe AJIEMEHTHI (aTFOMHUHUH, THpKoHUH, P3D) , He Me-
IIAOIIHE OTIPEISIICHIIO, XOTS CONEPKAHUE X MOXKET
OBITh BecbMa Malio. [IpuMecHEIe coepKanns XpoMa 1
BaHAIWsA, JaKe MPU WX HAUYWH, TaKKe HE OyIoyT Me-
IIaTh OMPEACTICHHIO, KaK M3-3a BeChMa CJ1ad0ro IoTio-
MICHUS UX KOMIUICKCOHATOB, TaK U M3-3a UX IOTJIOIIe-
HUs B OoJiee NTMHHOBOJIHOBOM 00JACTH CIEKTpa — UX
KOMIUIEKCOHATHI OKPAIIEHBI B PUOIETOBLIN [4] U roTy-
001 1[BETa COOTBETCTBEHHO.

Huskuit MonsapHsIil k03(duuueHT moriaomeHns
xomiiekconata Mo(V) (3% = 119,7+2,5), nonyuen-
HBI W3 JNaHHBIX U1 TIOCTPOCHUS TPagyHPOBOYHOTO
rpaduka, mo3BoseT paboTaTh ¢ pacTBOpaMH, COIEp-
skammmu 0,04 - 0,4 Mr/mut MoarOIeHa U UCKITFOYAET I10-
TPEIIHOCTh CBS3aHHYIO C MHOTOKPAaTHBIM pa30aBie-
HUEM aHaJIM3MPYEMOTO PACTBOPA, XapaKTEPHYIO IS
YYBCTBUTEIBHBIX (POTOMETPUYECKAX METOJIOB aHa-
nu3a. [Ipsmasi TpONOPIHUOHATIBHOCTE MEXKAY OITHYEC-
CKOM TUIOTHOCTBIO M KOHIIEHTpAlMel KOMIUIEKCOHATa
mouu6era (V) BBITIOMHSAETCS B IMPOKON 001aCTH CO-
nepxanuit ot 10 mo 100 Mr B aHamM3MpyeMoM pac-
TBOpe 00BEMOM 250 mut. /ISl MOBBIMIEHUST TOYHOCTH
M3MEpEeHNil HCToNb30BIN AU depeHnranb»Ho-(GoTo-
METPUYCCKUN METOJA M3MEPEHIUs, T.C. BCC U3MEPEHUS
ONTUYECKOH IIOTHOCTH aHATH3UPYEMBIX MPOO IPOBO-
JIAITA OTHOCHUTEIIFHO PacTBOpa CPaBHEHHS, COJCpKa-
mero 50,0 Mr Mo. Pacuér conepixanuii MomubeHa u
KOHTPOJIb MPAaBWIBHOCTH PE3YJIbTATOB aHAIH3a IIPOBO-
JIAITA C UCTIOJIB30BaHUEM CTaHAAPTHBIX 00Pa3IoB CO-
craBa peppomommbaena. beimu ncnonszoBansl ['CO Ne
168 n Ne 168A. [TactiopTHOE cofepxaHue MOJTUOIeHA
B HUX cocTaBisiio: 57,01% u 60,28% coOOTBETCTBEHHO.

Memoouka onpedenenus. Hasecky deppomo-
mubaena maccoit 0,5 r pactBopstor B 20 M a30THOU
kucaoThl(1:1). [lo oKOHYaHWH pPACTBOPEHUS MPHIH-
BatoT 10 M1 cepHO# kucnoTHl (1:1) 1 ymapuBaroT 1o ma-
POB cepHO KHCIOTEL. CoJM pacTBOPSIIOT NIPH HarpeBa-
HUY ¢ J00aBICHUEM K pacTBOpPY BOABI 1 10 M1 constHON
kucaoThl (1:1), momaepxuBas oOmuit 006EM pacTBOpa
He 6onee 80-90 mi. ['opsunit pacTBOp HEUTPATHU3YIOT,
J00aBIIsIsE HEOONBIIMMHU MTOPUUAMHE 25%-HbIiH pacTBOp
THIPOKCHAA HATpUs 1O Hadaja BBINAJCHUS OCaJKa
THIPOKCH/IA JKejle3a U MPHIMBAIOT M30bITOK ero 15-20
M. PacTBop ¢ ocaakoM TMApOKCHIA »Xeje3a Harpe-
BaIOT JI0 Ha4ajia 3aKUIIaHus U TOPSYUM QUIIBTPYIOT Ye-
pe3 ckimamuaTeii QUIBTp «Oemast JeHTa», coOmpas
¢uIpTpaT B MepHYIO KOOy, émMKocThio 250 Mit, Tpo-
MBIBasi OCaJIOK HEOOJIBIINM KOJHMYECTBOM ToOpsUei
BOJIbI. PUIBTP C 0CAZKOM IOMENIAIOT B TOT )K€ CTaKaH,
TZie IPOBOJMIM OCAXKIEHUE, npuiauBaoT 10 M coms-
HOM KUCIOTHI (1:1), 25-30 MJI BOJBI U pacTBOPSIIOT OCa-
JIOK IIpY HarpeBaHuu 10 kuneHus. [lonydeHHsIN pac-
TBOp HeHTpaim3yroT 25%-HBIM PacTBOPOM THIPOK-
CHIa HaTpus JO Hayana BBINAJCHHUS THUAPOKCHIA
KeJie3a U NPHIMBAIOT TP MepEeMENIMBaHUN U30BITOK
pactBopa ménoun 15 mu. PactBop ¢ ocagkom Harpe-
BaIOT JI0 HayaJla 3aKUIaHus U CHOBA (PrIIbTPYIOT Yepe3
CKIaqJaTeiii uiabTp «Oemast jeHTa», coOupas (Qrib-
TpaT B Ty )K€ MEPHYIO K0J0y 1 IPOMBIBas OCazIOK ¢ Oy-
Ma)KHOH Maccoil Ha QuibTpe HEOONBIINME TTOPLUIMHU
ropsiueit Boawl 6-7 pa3. [lomydeHHbI pacTBOp B Mep-
HOHN KOJIOE OXJIaXK/Ial0T, pa30aBiIsIOT JO METKH BOJION
U TIepPEMEIIHBAIOT.

Jis onpeneneHus MoiauOaeHa OTOMPAIOT AJHK-
BOTHYIO YacTh MOJly4eHHOTo pacTtBopa 50,0 mi B cra-
KaH éMKocTh0 100 M1, HEUTPAIU3YIOT O YHUBEPCAIb-
HOW MHIUKATOpHOW Oymare consiHON kuciotoi (1:1)
JI0 HEHTpaNbHOW peaknuy. B koHWYEeCKyIo K00y, EM-
kocThio 250 mi BnuBaroT 10 M 2%-Horo pactBopa co-
JITHOKHMCJIOTO TH/Apa3HHa U 100aBisIoT 6 - 7 MII COJIA-
HOH KucyoTsl (1:1), pacTBOp JOBOIAT 10 KMIIEHHS U 110
KalulsiM TIPWIMBAIOT HEWTPAIBHBII pacTBOpP MOJIMO-
nera. Cmech kumATar 5-10 MuH — pactBop mproOpe-
TaeT XEINTO-KOPUUHEBYI0 Okpacky. K momyuenHomy
ropstaeMy pactBopy mobasiusior 5 mi 0,2 M pactBopa
OATA u xunaTat emé 5 MuH. PacTBop HomKeH OBITH
SHTapHO-XENTOro nsera. Ero oxnaxaaroT, IpUIMBAIOT
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10 M1 50%-HOTO ameraTta HaTPUS U TIEPEHOCAT B Mep-
HYI0 KOJIOYy €MKOCThIO 250 Mut, pa30aBisis BOAOH 1O
METKH U nepememnBad. ONTHYECKYIO TIIOTHOCTh MO-
JY9eHHOTO pacTBOpa M3MepSIOT B KioBeTe ¢ = 5,0 Cm
OTHOCHUTENIBHO pacTBopa, cogepxamero 50,0 wr
Mo(V) B Buzae KoMIUiekcoHata. [ IpUTOTOBICHHUS
pactBopa cpaBHeHus1 50,0 MII cTaHAAPTHOTO pacTBopa
MosiubneHa ¢ copepkanueM 1,0 Mr/mi HeWTpaiuzo-
BaJIM I00aBJICHHEM PACTBOPa MIENOYH 10 HEUTPAIBLHOM
peakuuy. 3aTeM MPOBOJMIM OIlEpallii BOCCTaHOBJIE-
HUS MOJO/ieHa M 00pa3oBaHUsl KOMIUIEKCOHATA, KaK
yKa3aHo BBIILIE [0 METOANKE poBeeHuUs ananu3a. Co-
JeprkaHue MOJIMO/IEHa B PACTBOPE CPaBHEHUSI COOTBET-
crBoBasio ero comepxkanmnto 50,0%. B oGpasme (Co).
Beumn ucnions3oBansl ['CO deppomommbaena Ne 168 u
Ne 168A. . [TacnopTHOE comeprkaHue MOTHOICHA B HUX
coctaBisio: 57,01% u 60,28% COOTBETCTBEHHO.

Copnepsxanne Mo ompenernsima B o0pasme Ne K.

Pacuér conepxkanusi MonuOJaeHa B aHAIN3UpYe-
Moii ipode (%) IPOBOAAT 1O hopMyIie:

C,=Co+ Fx( Ay - Ao ), tne Co— coneprxanue
Mo, (%) B 06pasie pactBopa cpaBHeHus; ( Ay - Ag ) -
ONTHYECKasi INIOTHOCTh aHAJIM3UpYyeMoro odpasua, u3-
MEpEeHHasi OTHOCHTENILHO 00pa3iia (pacTBopa) CpaBHe-
HUS;

F =(Ci—Co)/(Ai - Ao) , rie Ci u Co — comepxanue
Mo,(%) B i-om CO u B 00pasie pacTBOpa CpaBHEHHS
COOTBETCTBEHHO; ( Aj- Ao ) - ONTHYECKAs IUIOTHOCTH i-
ro CO, u3MepeHHas OTHOCHTENBHO oOpasma (pac-
TBOpa) cpaBHeHust; F - hakTop nmepecuéra u3MepeHHbIX
ONTHYECKUX TUIOTHOCTEH CTaHAapTHBIX 00pasloB B %
coJiepKaHue MOJINOICHA.

Hampumep, ans I'CO Ne 168, ¢ comepkanueM
57,01% Mo 3nauenue (Ci - Co) coctanser 7,01%, a
M3MEpEeHHass ONTHYECKas IUIOTHOCTh OTHOCHUTEIIHHO
o0pasma cpaBHeHns coctaBmia 0,175. Takum oOpasom,
F =7,01/ 0,175 = 40,06. Onrtnyeckas IIOTHOCTD aHa-
mmsupyeMoro obpasna (Ne K), oTHOCHTEnbHO 00pasma
cpaBHeHus paBHa 0,243. Coneprxanue MoIuO/IcHA B aT-
TecTyeMoM obpasie cocraBiser: C, = 50,0 + 0,243 x
40,06 = 59,73%. beinu noxydeHsl coaepxkanus Mo B
arrecryeMoM obOpasie NeK : (%) (P=0,95; n=6):

59,73; 59,87, 59,78; 59,52; 59,56, 59,68. Cpexnnee
3HaueHue oop.NeK: 59,69+0,14%.

JUids  KOHTPOJIBHOTO  CTaHAApTHOTO  oOpasia
Nel68A m3MmepeHHass omTHYEcKas IUIOTHOCTh COCTaB-
nser 0,255 u comepxanue moimOaeHa B HEM: 50,0 +

0,255%40,06 = 60,22%, 9TO BIONHE YKIaIbIBACTCS B
TpeboBanus TouHOCTH st [[CO Nel68A (macmoprHOE
conepxanue Mo: 60,28 %).

Takum 00pa3oM, MoKa3zaHa BO3MOXKHOCTH TIPHMe-
HeHus KomruiekcoHata Mo(V) mna  muddepermm-
ATbHO-()OTOMETPHYECKOTO OIIPEIEIICHISI MOJINOIeHA B
¢dbeppomonubaeHe ¢ TouHOCThIO, TpeOyemoit 'OCT u
UCIIONIb30BaHUS MpeJlaracMoi METOIMKY JIJIs aTTecTa-
LIMOHHOTO aHaliu3a 00pa3IoB heppoMoIudIcHA.

[pemnaraemas Metoauka auddepeHnuansHo-do-
TOMETPHYECKOTO OIpEAeIeHUs] MoiaudieHa B deppo-
MonubjeHe B BHAE KOoMIUlekcoHata monubaeHa (V)
HUMEET PsI/] MPEHUMYIIECTB [0 CPABHEHHIO C METOAUKOI,
pernamenTupoBanHoir OCTom:

1.0TcyTcTBHE HEOOXOIUMOCTH OMpPENCICHHS CO-
JepKaHus BoJb(pama;

2.0TcyTCTBHE HEOOXOIMMOCTH HCIOIB30BAHUS
TOKCHUYHBIX COJIEW CBHHIIA, IPUBOAALIMX K 00pa3oBa-
HUIO MOJI3y4Yero 0cajika MojudaTa CBUHIA, (GUIBTPO-
BAaHUEC KOTOPOTO MPHUBOAUT K IOTCPAM MOJ'II/I6I[eHa,
YXYALAIOMKUM METPOJIOTUYECKUE XapAKTEPUCTUKU Me-
TOJIUKHU;

3.bonee BBICOKAas OMEPATHBHOCTH BBIOJIHEHUS
aHaM3a, CBA3aHHAS C MCHBIIUM YHCIIOM OIepalnii;

4 Viconmp3oBanne au¢depeHnnantsHo-(hoTOMET-
PHUYECKOTO METO/[a MPUBOIUT K HOBBIIICHUIO TOUHOCTH
MOJY4aeMbIX PE3yJIbTATOB, YIOBIETBOPSIOIIEH Tpe6o-
BanusaMm ['OCTa.
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AHHOTALUSA

PaCCMOTpeHa KHHETHUYCCKas CXEMa Ipolecca nojinMepusannu ¢ KOHCTaHTOM CKOPOCTHU POCTAa, HBJ‘IHIOIIIeﬁ
(byHKHHeﬁ JJIMHBI OETIN paCTylICTrO MaKpopaaruKalia 0e3 UCII0Ib30BaHUS IMpyUHIUIIa CDJ'IOpI/I. JTa cXxeMa BKIIIOYaceT
crcTeMy OOJIBILIOTO YKCiIa OOBIKHOBEHHBIX U QEepPEeHIIMaIbHBIX YPABHEHHUH, COMIOCTABUMOTO CO CTETIEHBIO IOJIHU-
Mepu3aun pactyuei nenu. C 1enpio IpeogoIeHusl MaTEMaTHUECKUX TPYJHOCTEH aHATUTHUECKOTO PelIeHHs Ta-
KOM CUCTEMBI INPEAJIOKEH YHUCIEHHBIM METOJ, PEaJM30BAHHBIM B IIPOrpaMMeE B Cpelle IPOrpaMMHUPOBAHHUSA
MATLAB.

HOKaSaHO, 9TO OCHOBHOM l'IpPI‘II/IHOf/i COBIIaACHUA Tpa,I[HHHOHHOﬁ KHHETHYECKOM CXEMEBI C OKCIICPUMCHTOM
SABJIACTCA €€ MPpUHIUIINATIbHAsA HCOAHO3HAYHOCTD. HpOBe,I[eHO COIIOCTAaBJICHHUC 6]I)YTTO-KI/IH6TI/I‘IGCKI/IX 3aBUCHUMO-
CTefI, MOJYYCHHBIX KaK C MIPUMCHCHHUEM YKAa3aHHOI'O MPUHIMUIIA, KaK 0e3 ero MNPpUMCHCHUA. OTMG‘IaeTCH, 4qToO CO-
TJIAaCOBAHUEC C SKCIICPUMCHTAJIbHBIMU NaHHBIMU B Tpa,[[PILIPIOHHOﬁ KHHETHYECKOH cXeMe AOCTUTACTCA ITYTEM IIPO-
HU3BOJIBHOI'O HOZ[60pa 3HAYCHHH KHHETHYCCKUX napamMeTpoB pa3INIHbIX CTa,I[PIﬁ.

PaCCMOTpeHBI (1)1/13I/I‘I€CKI/I€ MNPpUYUHBI BOBHUKHOBCHUSA 3aBUCUMOCTU KOHCTAHTBI CKOPOCTH pPOCTA OT AJIMHBI
renu. [TokazaHo, 4TO B CHITy OCOOCHHOCTEH CTPOCHHS aKTUBUPOBAHHOTO KOMIUIEKCa MOHOMEpA C PaCTyIIUM pa-
JUKaJIOM, KOHCTaHTa CKOPOCTH pOCTa NPUHIUIINAIIBHO 3aBUCUT OT €TI0 KOH(I)OpMaHI/IOHHOFO ", COOTBCTCTBCHHO,
3HTp0HHﬁHOFO COCTOsIHUA. HOKa3aHO, qTO Q)HSI/IIIGCKoe COCTOsIHUEC paCTyuIeﬁ eI MOXKXET MOHOTOHHO MEHATHCA
HCTIOCPEACTBEHHO B XOA€ POCTA, 06yCHaBHHBaH, TEM CaMbIM, 3aBUCUMOCTb peaKHI/IOHHOﬁ CIIOCOOHOCTH Makpopa-
JuKaja OT €ro MaTepHaHLHOfI JJIUHBI. Pa3Buteie B pa60Te npeACTaBJICHUA UCTIOJIBb30BaHbI IJIA OGLSICHCHI/IH ejaoro
psAda ONBITHBIX SaKOHOMepHOCTeﬁ, HC YKJIaABIBAIOIIUX C PaAMKH IMTPUHATBIX HpeﬂCTaBﬂeHHﬁ.

ABSTRACT

A kinetic scheme of the polymerization process with a growth rate constant that is a function of the chain
length of a growing macroradical without using the Flory principle is considered. This scheme includes a system
of a large number of ordinary differential equations, comparable with the degree of polymerization of the growing
chain. In order to overcome the mathematical difficulties of the analytical solution of such a system, a numerical
method implemented in the program in the MATLAB programming environment is proposed.

It is shown that the main reason for the coincidence of the traditional kinetic scheme with experiment is its
fundamental ambiguity. A comparison of the gross-kinetic dependences obtained both with the application of this
principle is made, both without its application. It is noted that agreement with experimental data in the traditional
kinetic scheme is achieved by an arbitrary choice of the values of the kinetic parameters of various stages.

The physical reasons for the dependence of the growth rate constants on the chain length are considered. It is
shown that, due to the structural features of the activated complex of a monomer with a growing radical, the growth
rate constant is fundamentally dependent on its conformational and, respectively, entropy state. It is shown that
the physical state of a growing chain can change monotonically directly during growth, thereby determining the
dependence of the reactivity of the macroradical on its material length. The ideas developed in this work are used
to explain a number of experimental laws that do not fit the framework of accepted ideas

KiroueBble c10Ba: KWHETHUKA, palKajJbHasA MOJIUMEpU3allid, KOHCTaAHTa CKOPOCTU

Keyworlds: kinetics, radical polymerization, rate constant

Teopus nenHOW MOTMMEPHU3AINY, KaK pajuKaib-  HE3aBHCHMOCTh PEaKIMOHHOH CIIOCOOHOCTH pacTy-

HOM, TaK ¥ HOHHOM, B HACTOSIIIIEE BPEMS CUUTAETCS OJ1-
HOW 13 Hanbosiee pa3paboTaHHBIX 00JIACTEHN TTOTUMED-
HOM xumuu. Teopus Obula pa3BUTa BO BTOPOMH IOJIO-
BUHE ITPOIILIOTO BEKA B psijie pabOT N3BECTHBIX aBTOPOB
(cM., HanpumMep, [285221539 17]). B ocHOBE pa3BHTOro
B 3THUX paboTax KHHETHYECKOTO OIMUCAHUS JICKUT
Ha3bIBaeMBbIi puHIHI DIOpH, KOTOPHIHA ASKIAPUPYET

IIeTO aKTHBHOTO IEHTpPa OT MAaTepPHATbHOW JITMHBI
neny. B kuHeTHYECKOE ONMMCaHNe TPATUIIMOHHO BKITIO-
YalOTCsl CIICAYIONINE CTAANN PEAKLIUH: CTAIHIO HHULH-
MPOBaHMsI, CTAJUI0 POCTa LIEMH U HEKOTOPBIE JIPYTue,
XapaKTepU3yIOUINECs] eAMHBIM 3HAYEHUEM KOHCTAHTHI
CKOpOCTEH pocTa AJisl BceX HaOJIIOAaeMbIX CTENeHeH
MOJIMMEPH3alui  PacTyIlero Makpopaaukana. Ilpu
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3TOM MaKpOMOJICKYIIIpHAs Clenu(rKa pacTyIero pa-
JIMKaJla, KaK y9aCTHUKA PEaKIUUd C MOHOMEPOM IIPHH-
LUIHAATIBHO HE YYUTBIBACTCS.

Bwmecte ¢ TeMm, kakue-mbo ¢usmdeckue 000CHO-
BaHUs TAKOTO MOAXO0Ja OTCYTCTBYIOT. I TaBHBIM apry-
MEHTOM B IOJIb3y TPaAULHUOHHOTO KHHETHYECKOTO
OIHCAaHUS ABISAETCA HEKOE COBNAJECHUE PACCUUTAHHBIX
M0 KUHETHYECKOW CXeMe OpyTTO-KUHETHYECKUX 3aKO-
HOMepHOCTeil ¢ HabiromaeMbMU Ha ombiTe. OqHAKO
BCKOpE Hayall HaKaIIUBaThCAd 3KCIIEPUMEHTAJIbHBIC
JIaHHBIE, KOTOPBIE HE YKJIaIbIBAIOTCS B OOILETIPHHATYIO
teoputo. Tak, Hanpumep, @. Tromem [26] obOparun
BHUMAaHHE HAa TO, YTO BBEICHHE B KHHETHYECKYIO
CXEMY JONOJIHUTEIbHBIX CTAANM, CBA3aHHBIX C Pa3IHy-
HBIMHU, ITyCTh JaXe B JOCTATOYHOW CTENIEHH IMIIOTETH-
YECKUMH MEXaHW3MaMH, B YaCTHOCTH PEaKIuU 00-
pBIBA, NMPUBOAMT K YJIYYHIEHUIO COTJACHS KUHETHYe-
CKOM CXEMBI C OKCIIEPUMEHTAIbHBIMH JAHHBIMU.

HecnoxxHo porajgatbcsi, 4YTO 3TO CBSI3aHO, B
MEePBYIO OYepelb, C MPUHIMITHAIEHONW HEOJHO3HAYHO-
CTBI0 KMHETUYECKON CXEMBI H IIOXOH 00YCIIOBICHHO-
CTBbIO OOpaTHOM KMHETHYECKOW 3aja4yu (CM., Hampu-
Mep, [28,5]). MHbIMH cloBamMH, BOCCTaHOBIICHHUE
OpYTTO-KMHETHYECKUX 3aBUCHMOCTEH 110 HKCTIEPUMEH-
TalbHBIM JaHHBIM TPHHOUNNAIBHO HEOJHO3HAYHO
[26]. BmecTe ¢ TeM, KHHETHYECKas CXEMa MOJIUMEPH-
3alMU BKIIIOYAET LEJbIA P CTagui, KOHCTAHTBI CKO-
POCTH KOTOPBIX IMOJOUPAIOTCS TAKXKE U3 COOOparkeHNI
HaWIydIIero COBMAJCHMS PACCUNTAHHON OpYyTTO-KH-
HETUYECKOU KPUBOU € HKCIIEPUMEHTOM.

He o3agaumBasich nexyiapupoBaHUEM IPUHIUIIA
@iopu, craaus pocTa Ierned MoKeT OBITh 3amKcaHa
KaK CHCTeMa I10C/IeIOBAaTEeIbHBIX PeaKLnil BHA:

ks

R1+M—-R">

ka2

Ro+M—>R3............... e (D)

Rn+M—- R
kn
R'n+M— R'n+

Kaknast craaust pocTa Leny IpH 3TOM XapaKTepu-
3yercs cBoeit KoHCTaHToM ckopocTH pocta Kn(N), e N
acCOIMUPYETCs ¢ MaTepuanbHON unHOH 1enu. Cko-
POCTh HAKOIUIEHUS (M pacXoI0BaHMs) N-HOI'O MaKpopa-
J¥MKajga 3]lech ONHUCHIBaeTcs IuddepeHransHbIM
ypaBHEHHEM

d[dF:n] = (KpnalRial =k [RD-IM]. @

Takum oOpa3om, Uil ONMUCAHHS PEaKIUH POCTa
MakpopaJuKaia 0 crerneHu noaumepusanuu N tpedy-
eTcs pemuTh cucteMy u3 N pekypcuBHBIX anudepeH-
[UaTBHBIX ypaBHEHHH (2), Tae N comoctaBUMO ¢ ero
CTEIEeHbI0 ToJinMepu3aluu. Perenne Takoit cucTemsl
CTAJIKMBAETCSI TPAKTUUECKH C HEMTPEOJOTUMBIMU MaTe-
MaTHYECKHUMH CIOXHOCTAMU. COOCTBEHHO, CUTYyaITUs
3leCh W YIpOUIaeTcsl MyTeM BBEACHHS «IPHUHIIMIIA
®nopu», KOTAa MojiaraeTcsl, 4To

kp = kp']_ = ... kp'n =...= kp,N, (3)

TO €CTh KOHCTAHThI POCTa JIJIsl BCEX CTaUil paBHBI
Mexay co6oi. IMEHHO ¢ TPYAHOCTBIO MTPAKTHUECKOTO

ydera 3aBucumMoctu kp = f(N) B knHeTHUIECKOM cXeMe n
CBSI3aHO HCIIOJB30BAaHME ATOTO TPHHINIA, TaK Kak
JIPYTUX KaKUX-IMOO 3HAYMMBIX (PU3MUECKHX 0OOCHO-
BaHUI U 3TOTO MPENNONI0KEeHNs HeT. B kauecTBe oc-
HOBHOTO KPHUTEPHsS NPUMEHUMOCTH 3TOTO NPHUHINIA
OOBIYHO YKa3bIBAIOT TO OOCTOSITENBCTBO, YTO €T0 HC-
I0JIb30BaHUE MO3BOJISIET MOJIYYUTh OPYTTO-KUHETHYE-
CKHE 3aKOHOMEPHOCTH, HAWTYUIIUM 00pa3oM coracy-
IOIIMeCs C HKCIIEPUMEHTOM.

Janee, s Toro, 4ToObl M30€XKaTh MaTeMaTH4e-
CKHX TPYIHOCTEH aHaJIUTHYECKOTO PEIICHHSI CUCTEMBI,
cozepkamer ThicsuM TUddepeHHanbHBIX  ypaBHe-
HUH, OyIeM pemaTh CHCTeMY (2) YHCICHHBIMHA METO-
mamu. s storo BeckMa 3((eKTHBHO MOTYT OBITH
MIPUMEHEHBI HEKOTOPBIE CPENICTBA CPEIBI MPOTPAMMHU-
posarnst MATLAB®. 3neck, B 9aCTHOCTH, MOKHO HC-
MOJIK30BaTh BCTPOEHHBIH pemarensb 00e45, B ocHOBe
KoToporo Jexutr meron Pynre-Kyrra uerBeproro mo-
psAKa ¢ IepeMeHHBIM HIaroM. 31eck cucteMa (2) 3amm-
ceiBaeTcsi B M-(aiin cucrembl andQepeHIraIbHbIX
ypaBHCHHI B BHJC IHMKJA 10 N, rae N — yucio audde-
pEHLUAIBHBII YPAaBHEHUM, PABHOE YUCILY aKTOB POCTA.
CoBpeMeHHbIE NepCOHATIbHBIE KOMITBIOTEPHI 3aTpadu-
BAlOT Ha pEUICHHE 3TOH 3aJayM JOCTATOYHO HEOOIb-
moe BpeMs (mopsaka 1 cex). Eciu BerancnurensHbie
MOIITHOCTH KOMIBIOTEpA HEBEIHMKH, TO BpPEMs cdeTa
MOJKET OBITh 3aMETHO COKPAILCHO MyTEM BBEJCHUS I10-
HATUSL «KUHETHUYECKOTo nakera» [28]. Oto mpuem 3a-
KJIFOYaeTCsl B HCKJIIOYEHHM W3 CHCTEMBl ypaBHEHHH,
OIMMCBIBAIOIUX TC KOMIIOHCHTBI, KOHICHTpAUd KOTO-
PBIX CTAHOBHUTBCSI IPEHEOPEIKMMO MaJION UIIM KOTOPBIE
ellé He HAaKONMWIUCh B 3HAYMMOMW KOHLEeHTpauuu. [Ipu
9TOM HCXO/IHAsl IIMPHUHA» KUHETHYECKOTo MakeTa An
noJ0upaeTcsi U3 COOOpaKEHHs JOCTIKEHUSI HE00XO-
I[I/IMOﬁ TOYHOCTH PCHICHUA. Cne,uyeT OTMCTUTH, 4YTO
BeMMYrMHA AN MOXET N3MEHATHCS 110 X0y PELICHUS B
3aBUCHMOCTH OT 3aJIOKEHHOH B pacyeT 3aBHCUMOCTH
ko(n).

Cuctemy (2) pemaeM ¢ Ha4yaJIbHBIMU YCIIOBUSIMH

[RW]=0mpun>1u[R1]=[F]uput=0, (4)

rae [F] — koHIeHTpalms MCXOAHBIX PaanuKaloB,
MHULUMPYIOUIMX NojinMepu3anuio. B npouecce cran-
JIAPTHOTO pacyera BBIYHMCIAIOTCS Bee 3HaueHUs Rn(t),
YTO MO3BOJISIET JlAJIee JIETKO PacCUnUTaTh BCE HHTEPECY-
IOIIME HAC XapaKTePUCTHKHU Hpouecca. Tak BbIXO] HO-
JMepa ( BO BPEMEHHU OMNpEJeIsIeTCs IyTeM YHCIIeH-
HOT'O MHTETPUPOBAHUS

90 =1Lk, R, OBt ©)

r7ie N1 ¥ N2 — HAUMEHBINN U HanOOBIINIA HOMED
pemaemoro auddepenimansHoro ypaBHeHus. Tak,
HalpuMep, MOTYT OBITh BBIYHCIEHBI CPEIHEIHCIOBBIE
U CPETHEBECOBBIE MOJIEKYJISIPHBIE MaCChl B IIOJTHOM CO-
OTBETCTBMHU C UX OINpEJIEICHUEM

M, = (SR, S (R,1/1). 6)
M, = nR ISR @

I[anee, 3aJaJuMCsa 3aBUCUMOCTBIO KOHCTAHTHI
CKOPOCTHU POCTa OT AJIMHBI LETIN paCTyIIICfI MakpoMo-
JICKYJIbL. I[J'ISI OIPCACIICHHOCTH ITYCTb 3TO 6yﬂeT OKCIIO-
HCHIMaJIbHAasA 3aBUCUMOCTD BHUIa
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kn (n)= pr exp(—A-n), (8)  YdTCM CTajfHl [ICPESIAH LICTH K MOHOMEPY C KOHCTaH-

TO# epenadn Ky, BO3MOKHOCTD ISTIOIMMEPH3ALHI Ha
KaX/I0W CTaJIuy NMPUCOEANHEHHUS C KOHCTAHTOM CKOPO-
cti Ky ¥ Iporecc KBagpaTHIHOTO 00pbIBa ¢ KOHCTAH-
TOM CKOPOCTH Ko

rne A — mapamerp. Hwke Takoit BeIOOp Oyzmer
HaMHu JeTalbHO oOocHOBaH. B cucreme (2) Taxke

d[dF\;ﬂ] :{kp,n—l([Rn—1]+ kg[Rn]) _kp,n[Rn]_kﬂ[Rn]—kﬂ[Rn]—kM [Rn]}_ ko[Rn]2 (9)

Jns ynpouienus GU3MYECKON CUTyallMd MBI Oy- Tak, HEKOTOpBIC PE3yJbTATHl PACUCTOB IMPHUBEC-
JIEM paccMaTpHBaTh KHHETHKY B “pekuMme mocT-3¢-  meHsl Hmxke. Ha pucynke 1 (a, 6) IpuBeICHBI KPUBEIC
(bekTa”, T. €. MPOIECC UHUIMUPYIOT PATUKANBI B KOH-  PACYCTHBIX YHCICHHOTO M BECOBOTO PacIpeclicHHs B
neHtpanuu [F], uMeronuecs B CUCTeMe HA MOMEHT  XOJIC POCTa LIENei B OTCYTCTBUM UX OOpPHIBA.

Havaya HaOmonenus t = 0.
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Pucynok 1. Becosas (a) u uucnennas (6) ¢hynkyuu pacnpedenenusi sHcusblx yeneti Qopmupyiouuxcs no mepe npo-
MeKaHUus npoyecca NOTUMEPU3AYUL U HOPMUPOBAHHbBLE K NOCTOSHHOMY YUCTY pacmyuux yenei. Ha kpusvix
VKA3aHO 6e3pasmepHoe 8pemMst peakyu
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Ha pucynke 2(a, 6, ¢) IpUBEACHBI Pe3ybTaThl  YY4ETOM TPEMIOKCHHOM Bbimie 3aBucuMocTH Kn=f(N)
pacuera MOJEKYJSIPHO-MAacCOBBIX pacmpeneneuuii ¢ (8).

007 Fooeneee SEPREIE ——— e soannnees e fres o :
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007 Foeeoeee oo spesnecy PR sgnsnicy P socss s oty ?
0.06
0.05
0.04
0.03
0.02

0.0

(8)
Pucynox 2. Pacuemmuvie MONEKYyIAPHO-MACCOBbLE pacnpedenenus 0 npoyecca 6€300pbleHOU NOCMNOIUMEPU3A-
yuu ¢ 3a8ucaujeli Om OTUHbL Yenu no COOMHOuEHUIO (2) KOHCMAHMOU CKOPOCMU POCA.:
a) bes yuema npoyeccos 0enoIUMepU3ayuL U HeGbIPONCOCHHOU nepeoayu Yenu K HUSKOMONEKYIAPHOMY A2eHIY;

6) yumen npoyecc denonumepusayui co suasenuem napamempa K i Ik o [M]= 10°? ;

6) yumena nepedaua yenu Kk MOHOMEpPY CO 3HAYEHUEM OMHOCUMENbHOU Koncmanmul nepedauu yenu C, = 102,
3,‘:[60]) K€ YUTCHBI IPOLECCHI INEpe€aadn LCIU K TIO3BOJIAKOT HAM CMOACTINPOBATH KUHETUKY NMTOJIMMEPU-
HHU3KOMOJIEKYJISIPHOMY areHTy (MOHOMEPY) M BO3MOX-  3aIlMM MCXOJISl M3 PA3JIMYHbIX MEXaHH3MOB POCTa U 00-
HOHM JenojuMepu3aluy Ha KaxaoMm akTte pocta. Ha  poiBa nemeil. Kunetnka nocr-addexra ams ciyqaes cy-
BCEX PUCYHKaX TI0 OCH a0CIMCC OTIOKEHO Oe3pa3Mep-  IIECTBOBAaHMS 3aBUCHMOCTH Kp(N), HO B OTCYTCTBHE
Hoe Bpems 0 = Ky [M]-L. KBaJIpaTHYHOTO 00pbIBa 1 mpu Ky = CONSt ripu HaTH4I MK
PesynbraTl pabOTBHl NpOrpaMMBbl TPENCTaBIsA-  KB3JAPaTUYHOTO OOpHIBA Lielel NpUBEJCHA HAa PUCYH-
I0TCS BIIOJIHE KOPPEKTHBIMU M XOPOILO COTacyroresi ¢ kax 3(a,0).

HMMEIOLIMMHUCS B JIUTEpaType AaHHbIMH [Ommnbka! 3a-
KJIaJKa He omnpeneJieHa.,28]. [IpoBeneHHbIE pacyeTbl
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Pucynox 3. Moodenuposanue Kunemuxku nOCMROIUMEPUIAYUOHHO20 NPOYECCa.:
a) ons cayuas zagucumocmu Kp(n) 6 coomeememeuu ¢ coomuowenuem (8) (3nauenus napamempa A yKazamo na

KpUBbIX),

6) ons cyuas ky = CONSt npu npomexanuu k8adpamuuHo2o 06pslea ¢ KoHcmanmou obpuisa Ko (3navenuu K, yxa-

Haubosnee BaxXHBIM 31€Ch IPEJICTABIACTCA TO, UTO
MBI MOKEM CPaBHUTH KMHETHKY HNOJIMMEpHU3aLUH, IIPo-
TEKAFOILIEH 110 COBEPIICHHO Pa3INYHBIM MEXaHU3MaM —
a UIMEHHO C HCIIoIb30BaHKeM npuHIna Oaopu u 6e3
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3aHa HA KPUBLIX).

HCIOJIb30BaHus TakoBoro. Tak, kpuBas 1 Ha pucyHke 4
paccuuTaHa B MPEIIOJI0KEHUH SKCIIOHEHI[MAIBHOM 3a-
BucumoctH Kp(n) (8) ¢ mapameTpoM 3KCIOHEHTHI 4 =
2-10°%,

100 -

BezpazmepHoe epema, B

Pucynox 4. Pacuemmuvle kunemuyeckue Kpugble NOIUMepU3ayuL, noay4entsle 01 npoyecca ¢ 3asucaujeli om
onunvt yenu Ko(N) no coomnowenuto (8) co snauenuem A = 2-10° (kpusas 1) u 6 npednonodzicenuu nOCMoSHHO20
snauenus kp, HO npu HarUNUU CMAOUU KeadpamuuHo2o obpuiea co sHavenuem Ko = 0,15-10™.
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KpuBas 2 paccunTaHa B MPE/II0JI0KESHUH BbIMOI-
Henus npunnmna diopu, npudem KoHCTAHTH Ky 1 Ko
MoT0OpaHbl TAKUM 00pa3oM, YTO UMEET MECTO COBIIa-
JICHUE KPUBBIX C TOYHOCTBIO, BIIOJIHE JOCTATOUHOMN ISt
TOTO0, 4YTOOBI HE PA3THIUTH TH MEXaHH3MBbI B IKCIIEPH-
MeHTe. BapbupoBaHue U qpyrux mapameTrpoB, BXOJs-
mwx B (8) ynyumiaer coBnaaenue. Takum 00Opa3om mo-
Jy4aeTcsl, YTO MPAKTHYCCKHU I 000 MpeaoKeH-
HOit Hamu 3aBUcUMOCTH Kp(N) B paMKax TpaguiHOHHON
KUHETHYCCKON CXEMBI IOCTATOYHO MO00paTh, KAaK MHU-
HUMYM, JIBa IPaBIONOI00HBIX, HO TPOU3BOJIBHBIX Ia-
pameTtpa: 1) mocTosHHOE, T.€. HE 3aBUCSIIEE OT ATUHBI
1[eTH, 3HAUYeHNe KOHCTAHThI CKOpOCTH pocTa ky = const
U 2) KOHCTAHTy CKOPOCTH HEKOTO YCIIOBHOTO KBapa-
THYHOTO 00pBIBa Ko = CONSt TIpH KOTOPBIX CyMMapHbIe
KHHETUYECKHE KPUBBIE COBMAIAIOT.

He3aBHCHUMOCTD pEeakIMOHHON CIIOCOOHOCTH OT
JUIMHBI 1IEMH PacTyLIero MaKpopaauKaia OYeBHIHO
CJIEZIyeT CBSI3bIBATH C TEM OOCTOSATEIHCTBOM, YTO Ka-
KOTO-TH00 H3MCHECHUS (PH3UUECKOTO COCTOSHHUS 10

Mepe yBEIWYEHUsI AJIUHBI LENH HE MPOUCXOoAnT. Bme-
CT€ C TeM TPYIOHO ceOe MPEeACTaBUTh CHTYAIHIO, TIPH
KOTOpPOH TakHe M3MEHEHUs HE MPOMCXOAWIN ObI B pe-
AJIBHBIX CUCTEMaX.

Jlamee KpaTKO pPacCMOTPHM CYIIECTBYIOIINE
MIPEACTABICHUS O MEXaHN3ME JIEMEHTAPHOTO aKTa Po-
CTa MNpH MOJMMEpH3allM{, B YAaCTHOCTH, BUHHIJIOBBIX
MOHOMepoB. COriacHO ATUM MPEACTaBICHUSIM MeXa-
HU3M 3JIEMEHTapHOTO POCTa BBIMJIIIUT CIEXYHOIUM
obpazom. [lepBoii cramueii mpouecca MPUCOSTUHEHHS
MOJIEKYJIBl MOHOMEpa K pacTyIlleMy MaKpopaauKalry
SIBJISIETCST 00pa3oBaHHE aKTHBHPOBAHHOI'O KOMILIEKCA
(AK), xotopoe HaunmHaeTcs co cOMIKEHHS 2p-opOu-
TaJy KOHLIEBOT'O pajuKaia ¢ T-3JIEKTPOHHON CUCTEMOI
JBOITHON CBA3M MOHOMeEpa. VICXOOHBIM COCTOSIHUEM
JUIS BCeX TPEX ydacTBYIOMUX B oOpazoBarmnu AK aTo-
MOB YIJIEpOZa SIBISIETCS IUIOCKAsh TPUTOHAIBHAsI T€0-
METpHsi, COOTBETCTBYIOIIAS Sp°-ruOpUTU3ALUU (CM.
pucyHok 5) [28].

LNINEAANE
NN
I
R\cu%@l‘:‘g}vd Me

R

Pucynox 5. Cxema obpaszosanusa AK 6 peaxyuu pocma norumeproti yenu nHa npumepe noasumepusayuu MMA. R —
noaumepuas yens, R1 — OCOCHa, a-Me — memunvnas epynna 6 a-nonodcenuu.

Crpyktrypa AK B 3TOM mpuMmepe aHaJIOTH4YHA U
JPYTUM PEaKLUsAM PagUKaIbHOIO MPUCOSIHHEHUS 110
JIBOMHOM CBSI3W, B TOM YHCII€ U NPHUCOECIUHEHUS IO
JIBOMHOM CBSI3M HU3KOMOJIEKYJIIPHBIX paaukaioB. [1o
Mepe COKpAlLIEHUs PacCTOsHUS Mexkay atomamu Cl u
C? NpOMCXOIUT U3MEHEHHE I€OMETPUH, OOYCIIOBIIEH-
HO€ M3MEHEHHEM YTJIOB @' U (@ U BBIXOJIOM 3THX II€H-
TPOB U3 IJIOCKOH TPUTOHANBbHOW KoH(uryparmu. s
BCEX IIECTH SP -TUOPHAN3HPOBAHHBIX CBA3EH YIIBI '
U () U3MEHSIOTCSI CHHXPOHHO U ITPOIIECC Nepernopuan-
3allUU MEXY COCTOSHUSIMU MOXHO OIUCAaTh CIEeAYIo-
MM COOTHOIICHUSIMH, TOKAa3BIBAIOIINMHU H3MECHEHHUE
xapakrepa opouraneii [28]:

v, = Bly,, @ +@-B?)"?yw,,, ®].
W, = Bly,, (2 + - B2y, (2)]. a0)
Vi =Wops 3).

rie B =\/§tg¢ - mapaMeTp THOpHAHM3ALUU.

[Tpn 3TOM MHTerpan nepeKpbIBaHUs <l//l |l//2> BO3-

pacTaer ¢ yBEIIMUCHHEM HMPUMECH S-COCTOSIHUS, KOTO-
past yBeITMIUBaeTCs ¢ BO3pacTaHueM ¢. OJJTHOBpEMEHHO
nporcxoaut ocnabnenue casu C2 -C3, uro o6ycios-
JICHO YMEHbIICHHEM WHTEerpaja IepeKpbIBaHus C
YMEHBIICHUEM S-XapakTepa f2-opOUTaIl U BO3MOXKHO-
CTBIO TIOBOPOTA OTHOCHTENbHO C2-C® — HanpasneHus.
OmnwucaHHBIN MeXaHU3M 00pa30BaHUS U CTPYKTypa UH-
Tepecytoniero Hac AK moaTBepkaaroTcs HaOIIOze-
nueM H/D — u3oromHoro a¢¢dexra B peakunu pocra 1e-
neil [Ommuoka! 3aknagka He onpegesena.,28). Kune-
THYECKUH U30TOMHBIA 3 EKT 3/1eCh HOCUT 00paTHBII
XapakKTep, YTO HETIOCPEACTBEHHO YKa3bIBAET Ha TO, YTO
JMMUTHpPYIOLIEH cTagueil npouecca obpazoBanus AK
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aBaseTcs npouecc sp> — sp° nepexona. [Ipu 3ToM KOH-
CTAHTY CKOPOCTH POCTa CJIEyeT MPeNCTABUTH B BUIE

kKT O E,
kp =e———eXp| —— | =
h Q,-Q, RT
(11)
h R RT |

rae Qr 1 Qu — CTATUCTHYECKUE CYMMBI MaKpopa-
JIMKajla 1 MOHOMepa, ()7 - cTaTMCTUYecKas CyMMa aK-
THBMPOBAHHOTO KOMIDIEKCA, S* - JHTPOIUS aKTHBAIUH
u Ep — sneprus aktuBaiun. MHOXUTENb
Ta6mmma 1.

KT ’

A=e T -exp F
NpPE/CTaBIsIeT COO0O0H MpeAIKCIIOHEHIIMAIBHBIH
(axTop peakuuu pocta. AKTHBAIIMOHHBIE MapaMeTpbl
peakiuM MPUCOETUHEHUS IO IBOMHOM CBS3U Kak
HU3KO-, TaK ¥ MaKpOMOJIEKYJISIPHBIX PaJUKaloB, BXO-
Jsamue B ypaBHeHue (12), a Takxke TepMOIMHaAMHUKa
STHUX PEAKIUH, U3y4EHBI B IUTEpaType JOCTATOUHO IMO-
Ipo6HO. HekoTopble JaHHBIE 10 YKa3aHHBIM ITapaMeT-

pam mipuBeeHEI B TabmuIe 1.

(12)

HexoTtopble akTHBaMOHHbBIE M TEPMOANHAMUYECKHE MTApaMETPhl PEAKIUH IPUCOSANHEHNUS TI0 ABOMHON CBS3U U

TIOJIIMEPH3AINU B KUAKON (asze

Peakuus EE A/MOIIE ﬁ/,(MOJIL'C) ASp, 3.e. S$%, 3.e. | Mcrounuk
R* + CH,=CH(CsHs) 30,4 0,93-10° 25,0 240 | [5]

R’ + CH,=CCHy(CsHs) 204 - 248 B 3]

R" + CH,=CCH3COOCHS3 19,7 0,54-10° 24,2 29,0 [3]

R" + CH,=CCOOCH 19,7 1,45-10° - i [3]

R" + CH>=CHOOCHj3 17,5 0,92-108 26,2 27,0 [3]

R+ CH,=CHCI 155 0,33-107 - 32 | [3]

R+ CH,=CH(NC4Hs) 29,8 1,87-10° - - [3]

CHs + CH,=CH, 29,4 2,50-10° 30,0 207 | [4]

CH; + CH,=CCH,CH 25,2 1,0-10° - - 5]
ITonuMepu3arus CTHPONIA 30,4 % 9,3-105 %) 25,0 24,0 *[3],**[23]
MMA 19,77 0,54-106% | 24,2 * 200 | *[3],*[23]
MeTunakpuiar 19,7 % 1,45-106 % - - [3]
Bununanerar 175% 0,92-10% %) 26,2 **) 27,0 *[3],**[23]
Bunuixinopu 15,5 %) 3,3-105 %) - - [23]

W3 Tabnuipl BUAHO, YTO 3HAUEHUS] SHTPOIUH TO-
JUMEPU3AIHA U SHTPOIUU aKTUBALIUU I Pa3TUIHbIX
MOHOMEPOB OJM3KU. B COOTBETCTBHE C paccCMOTPEH-
HBIMH BBIIIIE TIPEJICTABJICHUSIMU OTHOCUTEIHHO CTPYK-
Typsl AK 3T0 03HavaeT, 4T0 KOHGHUryparus akTHBHPO-
BaHHOTO COCTOSHUSI B IIpOIiecce paauKaIbHOTO TPHCO-
eAWHeHWss ONM3ka K KOHEYHOMY  pe3yNbTary
npucoenunenus. CTaTucTudeckas cymma Q7 Ipu 3ToM
MOJKET OBITh 3alrcaHa CICeIYIOIIM 00pa3oM

Q7 = O7r-Q%y, (13)

re QFr u OFy — COCTABIAIONINE CTATHCTUICCKOM
cymmbl AK 1o o6oum pearentam peaknuu. [IpaBomep-
HOCTb TaKOTO TMPEJCTaBICHHsI BBITEKAET HETMOCPEN-
CTBEHHO W3 OMpEJENIeHUs] CTATUCTUYECKOW CYyMMBI
(cm., Hanpumep, [28] . 8). Takum 00pa3om, cTaTu-
CTHUYECKasl cyMMa MakpopaauKalia, BXOJSIIErO B CO-
craB AK, nomkHa ObITh Oau3Ka K QR , T.€. K CTATUCTH-
YeCKOW CyMMe TpOIyKTa mnpucoenuHeHus. CriemoBa-
TenpHO, oTHomeHne Q7r/ Qr , Gmusko x 1. Torma,
MPEIIKCIIOHCHITUABHBIN (haKTOp A OIPEAEITUTCS Clie-
JYIOIUM 00pazoM
KT Q7 kT s*

—_— =e—-exp| — |. (14)
h Q, h R

Takum 00pa3oMm, JHTPONHUS AaKTHBAIIMA POCTa
OTPEEIIIeTCS PA3HOCTbIO HHTPONUM HU3KOMOJIEKY-
JSIPHOTO KOMIIOHEHTA peakiuu (MOHOMEpPa) BKIFOYCH-
Horo B AK u ero sHTponueil B MICXOJJHOM COCTOSIHUU.

S¢ = S¢M — SM . (15)

A=e

Jlanee OTMETHM, YTO SHTPOIHS AKTHBALUK S7 CBS-
3aHa C U3MEHEHUEM SHTPOIHHU IIpoIiecca B IEJIOM Clie-
JYIOUTAM COOTHOILICHHEM

AS, =57 - Sy, (16)
rae S%7 — surponus aenonumepusanuu. Jlemnonu-
Mepu3anus, sIBISSICh 110 CBOSH MPUPOJIE MOHOMOJIEKY-
JISIPHBIM IIPOLIECCOM, IPOTEKAET ¢ PHTPONHUEH TTOJINMeE-
pusarmn, onmskoi k 0. Takum 00pa3oM, mpemdKCeIo-
HeHIUaNbHEIH GakTop Aj I0IKeH ObITh O1H30K K 1013
cl. D10 06CTOATENBCTBO MOATBEPHKIAAETCS HA OTIBITE.
Tax, B paboTte [23] npuBOIUTCS ONBITHOE 3HAYCHUE Ajy
, TOJy9YEeHHOE 110 JaHHBIM AecTpykimu [IIMMA paBHoe
0,9-10%2 ¢, yro nocTaTouHO GIM3KO K TEOpeThye-
ckoMy 3HaueHHI0. C Ipyroii CTOPOHBI, OLEHUTH 3HaUe-

HHEe A; MOXKHO MOJIb3YSCh COOTHOIICHHEM

A
AS,, =RInf — [+ RIn[M] (17)
Aﬂ

M0 M3BECTHBIM 3HAYEHHUSIM SHTPOIHHU MOJIHUMEPH-
3auu ASy M IPEPKIIOHEHTBI KOHCTAHTBI CKOPOCTH PO-
cta A. [loncranoska B (17) ykasaHHOTO 3HaUEeHUS A7 =
10" ¢! o3BossET MOTYYUTH 3HAYEHHUS SHTPOMHUIA MO-
JIMMEpU3aliy BecbMa OM3K1e K 3HaUYSHUSIM, TPUBOIH-
MBIM B Tabnuie. AHajgornuHble BenmuuuHe! (1012- 1013
cl) npemvKcnOHEHIMABHBIX (JAKTOPOB JUIs PEAKIIUH,
00paTHOH pajinKaILHOMY IPHCOEIMHEHUIO 110 JIBOM-
HOH CBSI3H, IPUBOATCS Takke B padore [5]. Takum 00-
pa3oM MOJKHO TI0JIaraThk, YTO COOTHOIIICHHE

$%;=0 (18)
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B paJWKaIbHON MONMMEPU3ALNN BBITOIHACTCS
BITOJTHE YIOBJICTBOPHUTEIBHO. Jlanee momydnm

§* = ASy, (19)

YTO 03HAYAET, YTO SHTPOIINS aKTHBAIIUH OJIN3KA K

SHTPOTIMHU MOJMMEPH3AINY aKTHBAIIMH B LEIOM. DTO

00CTOATETECTBO OUEHB BaYKHO IS TATbHEHIIIEro N30~

S 4

\

3

\

- - — — O O O NNAD DD

KEHUsI, TaK KaK [TO3BOJISICT OLICHUTD SHTPOIIHIO aKTHBA-
UM [0 JAaHHBIM SHTPONHMH PEareHTOB, MOIYYCHHBIX
HE3aBUCHUMBIMU METOAAaMH. DHTPONHMHHAA AUarpaMma
pOCTa IENH, WUIIOCTPUPYIOIIAs B3aUMOCBSI3b MEXIY
SHTPONHUEN MOJMMEPU3ALNU U SHTPOIUEN aKTUBaLUU
pocrta, IpuBeJcHa Ha PHCYHKE 6.

AK R
g o i B

Vs
207

: A *S‘ﬂ

Pucynok 6. Smmponutinas ouaspamma peaxkyuu pocma yenu.

U3 3T0i1 AHarpaMMbl BUIHO, 9YTO aKTUBHPOBAHHOE
cocTosiHUEe ONMM3K0 K KoHeuyHoMy. Ecim ¢msmdeckoe
COCTOSIHME MaKpOpaJnKaia B IPOLEcce pocTa U3MEHs-
eTCs U 3TO M3MEHEHHE COMPOBOXKIACTCS M3MEHEHHUE
SHTPOIKUH 1IETH, TO MIPOUCXOAUT 3aKOHOMEPHOE H3Me-
Henue Ky. Ecii n3MeHeHne SHTPOIMY MakpopaIuKaia
MPOUCXOUT MOHOTOHHO O MEPE POCTa, TO BOZHUKAET
3aBUCUMOCTH Kp(N).

PaccmoTpuM HEKOTOpBIE MOIETBHBIC CIIy4au, B
KOTOPBIX FHMEET MECTO W3MCHEHHE (U3NISCKUX
CBOWCTB pacTyIIEro MakpopaJrKajia B MpoIecce yBe-
JUYEHUsT €r0 MaTepHaIbHON IITUHBL. 31eCh MOXHO
MIPUBECTH MOJCIFHYIO CHUTYallHI0 pOCTa LEMH B yCIIO-
BUSX OTPAaHHYCHHOTO 00BEMA, HAIPHIMEpP, B MUKPOIIO-
JIOCTSIX, TO pa3MepaM COIOCTABUMBIX C pa3MepaMu
kiayOka [S]. CTEHKH MOJIOCTH MOTYT SIBJIATHCS BITOJTHE
peabHOM IPUYMHOM CTEPUYECKUX OrPAHUYECHUM, IPU-
BOJSIIIMX K “COKATHIO” IEMU MO Mepe YBEIUYeHUs e€
JUIMHBI ¥, COOTBETCTBEHHO, K MOHOTOHHOMY TaJICHUIO
e€ suTponuy. [1py 3TOM najeHne SHTPOITNH PacTYIIEro
MaKpopaJKajia, KaK MpoaAyKTa peakiny pocTa, 3aKo-
HOMEPHO JOJDKHO NPHUBOJIUTH K BO3PACTaHHIO SHTPO-
MM aKTa IprcoeanHeHns1. B Takoii cucteme poct niernu
OyneT mpomoinKaThes O TeX IOp, MOKa HaJeHue 3H-
TPOTIMH OKYIAETCs TEIUIOTOH MmosmMepu3anun. Takum
o6pa3om, B IOJOOHOTO THIA CUCTEMaX BO3MOXEH d(-
(hexT 0CTaHOBKH pocTa 63 XMUMHUYECKOH rnbesu pacTy-
KX [IEHTPOB M MPHU JOCTYIIe MOHOMEpA K aKTHBHBIM
nentpam [OmuOka! 3akiaagka He ompeaeseHa.].

Mo3kHO nonararb, 4TO TAKO€ NOBEACHUE, T. €. U3MEHE-
HUE SHTPOIUITHOTO COCTOSHUS PACTYLIETO MaKpOPaaH-
Kaja, XapakTepHO AJIs OONBIIOT0 YHCIa PeabHbIX CH-
creM. 3MeHEeHMs] SHTPONUNHOIO COCTOSIHUSA PacTy-
mied Uenu He IPOUCXOJUT, IOXKaIyd B OIHOM
€IMHCTBEHHOM CIIy4ae — €CJIM POCT IEMH NMPOUCXOTUT
B O-COCTOSHIH, KOTOPOE CIIy4aeTcs JOCTaTOYHO PEIKO
Jake TIpY MOIMMEpPU3alii B pa30aBICHHOM PacTBOpE
Ha HavaJbHOW cTaguu peaknuu. HanbGonee HarisgHO
3¢ QEKT BINSHNUSA M3MEHEHUS SHTPONHMIHOTO COCTOS-
HUSI Ha CKOPOCTB CTaJIny pocTa OyJeT MPOSBIATHCS B
CHCTEMaX C HU3KUM 3HAYCHHEM TEIUIOTHI TOJIMMEpPHU3a-
LIUH, a TAK)Ke MaJIbIM 3HAYEHUEM CKOPOCTEH nepenaun
K HU3KOMOJIEKYJIIPHBIM areHTaM, TAKUX KaK aKpUJIATHI,
HPOHU3BOJHBIE CTUPOJIA, AKPHIIOBBIE KUCIIOTHI T. II.
31ech, B YaCTHOCTH, CIIEAYET OTMETUTH M paHHHE
HaOJIOIeHNs, KOTOpbIe OBUIN CHENaHBl PH W3YyUYEHUH
MOJIMMEPU3ALIMY AKPUIIOBOM U METAKPUIIOBOI KMCIIOThI
B BOJHBIX Cpeaax mpu m3meHenun pH cpensr [5,22,15].
B nocratouyHo y3koM auana3one BOam3u pH = 6 obmas
CKOpPOCTh MOJIMMEPU3ALUM PE3KO BO3PACTAET, B TO
BpeMsi KaKk CKOPOCTb pOCTa Lemneid manaer. Otu a¢-
(eKThI, 32 HEMMEHHEM JIPYTUX MPEIII0JIOKEHUH, ObLIH
CBSI3aHBI C M3MEHEHHEM pEaKIMOHHOH CIIOCOOHOCTH,
00YCIIOBJICHHOH W3MEHEHHEM CTEIeHH HWOHHU3aLUH
pactymero teHTpa. OgHAaKO, HETPYIHO BHIETH, YTO
HabogaembIe 3¢ GEKTH MPOUCXOIAT UMEHHO B 00Ia-
CTH pe3KHX KOH(OPMAIMOHHBIX IEPEXO0J0B, I/Ie CTe-
IIeHb MOHM3AINH ell¢ HEeBEIHMKa, B TO BPeMs KaK caM
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MPOIIeCC MOHM3AIUH IPOUCXOANT B TOBOJBHO IIHPO-
Koii obmacTu uamenenus pH. Bo3pactanne cymmapHoit
CKOPOCTH TIOIMMEPU3AIUHN 3/IeCh PE30HHO CBS3BIBA-
€TCsI C TTaJJleHHEM CKOPOCTH KBaIPaTHIHOTO OOPHIBA.

Oco0pbIit HHTEpEC MPENCTABISIOT PadOTHI, B KOTO-
PBIX HapALy C M3yUCHHUEM SJIEMEHTApHBIX CTaJni Ipo-
Hecca MOJMMEPU3ald B PACTBOPUTENSIX PA3JIMYHOTO
KayecTBa IMPOBOJUIOCH CHCTEMaTHYECKOe H3ydeHHe
pa3Mepa MaKpOMOJIEKYJISIPHBIX KITyOKOB B 3THX )K€ pac-
TBOpax [5,22]. Tak npu U3y4eHUU MOIUMEPU3AIIUH aK-
puIaMHia B PaCTBOPUTENSX PAa3IUUHOIO KauyecTBa 00-
Hapy’keHa BIIOJIHE OIpe/IeNICHHAs B3aUMOCBS3b MEXAY
KOH(QOPMAIIMOHHBIM COCTOSHHEM IIEIH B PacTBOPE H
KOHCTaHTOH CKOPOCTHU POCTa. Y CTAHOBJIEHO, YTO U3ME-
HEHHS B YCJIIOBHSX COJBBATALlMM B BOJIE W OpTaHHYE-
CKHX PaCTBOPHUTEIIAX HE MOTYT B IIOJIHOW Mepe 0OBsC-
HUTP PE3YIbTATHI, TOTyYCHHbBIE B IPUCYTCTBHHA MAJTBIX
J00aBOK K BOJIE OPTaHMYECKUX pacTBOpUTeNei. Jlei-
CTBHUTENBHO, TPYAHO HPEANOJIONKUTH, YTO MaJyble HO0-
6aBxu (10 10%) MOTyT 3aMeTHO CHHU3HTb, HallpHUMep,
CTeNeHb TUMEPHU3aIH U CONbBATAI[MM aKpUjIaMH/a B
pacTBOpe, BMECTe C TeM, IIpH 3TOM HaOIoJaeTcs 3Ha-
yuTenbHOe majieHne Kp. DTO MO3BOMMIO MPEANoo-
JKUTh, YTO U3MEHEHHE CKOPOCTU PEaKIHu pocTa 00y-
CIIOBJIICHO H3MEHEHHEM KOH(POPMAIHOHHOTO COCTOSI-
HUS KITyOKOB B pacTBope. [Ipenmonoxenne o ToM, 9T0
YMEHBIIICHHE 00beMa KIyOKa Ipu HU3MCHEHHH Kade-
CTBa PaCTBOPHUTENS M, COOTBETCTBEHHO, YBEINYCHHE
€ro IUIOTHOCTH, IPUBOJIUT K YXYAIICHHIO JOCTYITHOCTH
AaKTUBHOT'O IICHTPA 11 MOHOMEpa, He MPECTaBIIACTCS
JIOCTaTOYHO 000CHOBaHHBIM. OOBbEMHasl 10JI 3BEHBEB
LeNU B TIOJIMMEPHOM KJIIyOKe HEBEJIMKa U COCTaBIISIET
He Oostee 1%. IIpu cxxatum kiayOka Ha mOpsaoK (U 60-
jee) IUIOTHOCTh 3BEHBEB BO3pPACTaeT, OJHAKO, BCe
paBHO ocraercst HeOOJBIION U COCTaBIsAET He Ooee 5-
10%, 4TO BpsiJ JIM MOXKET CKa3aTbCsl Ha CTEPUUECKUX
3aTPyAHEHUSX B IOCTYITHOCTH paguKaia. 3aBHCUMOCTh
Ko OT TepMOAMHAMHYECKOTO KAuecTBa PAaCTBOPUTEIIS
ObLTa TakKe OOHApYKEHA U TS TOTUMEPHU3AIIH HEKO-
TOPBIX JPYTUX MOHOMEPOB [5,22].

Haubompimme knHETHYECKHE aHOMAIUHU OBLTH 00-
Hapy>KeHbI B TeTePOTeHHBIX cucTeMax. K Takum cucre-
MaM, B YaCTHOCTH, OTHOCSITCS ITPOIECCHI MOJINMEpHU3a-
I[MM B ra30BOM (ha3e, B BRICOKOBS3KUX Cpefax, Mia3me
ANIEKTPUUYECKOTO pa3psia, Ha rpaHule pasznena ¢as,
OCaJUTEIbHON MOMUMEpHU3aIiH, HOTUMEpPH3aLud ajl-
COpOMPOBAaHHBEIX MOHOMEPOB M HEKOTOPBIX JPYTHX.
IIpu 3TOM 0THO# U3 PyHAAMEHTATBHBIX 0COOCHHOCTEH
MOJOOHOTO THMA IPOIECCOB SIBISETCS 3aTOPMOXKEH-
HOCTB KBaJIpATUIHOTO OOpPBIBA. DTO OOYCIOBIEHO TIO-
HUKEHHOHM M BO3MOXXHOM NPOCTPAHCTBEHHOM H30JIs1-
U pacTyIIUX MaKpoOpaIuKalioB. BaxkHO OTMETHTH,
YTO 3TO OOCTOATENBCTBO MPHUBOAWUT K BO3PACTAHHUIO
pONHM aNbTEPHATHBHBIX (DAaKTOPOB, HE XapaKTEPHBIX
JUTSL KITACCHYIECKOU KkuaKodazHoi monmumepusanuu. K
HUM, B YaCTHOCTH, OTHOCSTCS JINHECITHbIE MEXaHNU3MBI
OTpPaHUYEHUS POCTA IIeTIell He CBA3aHHBIE C XUMHYeE-
ckol rubenpio akTUBHBIX 1eHTpoB (ALl). Coueranue
MeTos10B JIIP-criekTpockonuu ¢ HM3MEpPEHUEM KHHE-
THKH MTO3BOJIUJIO YCTAHOBUTH, YTO HApsIy C MOJIABJICH-
HOCTBIO KBaJpaTHIHOTO 0OpHIBa MIMEET MECTO NaJICHNne
AKTHBHOCTH B PEAKLUU POCTa MPU JOCTHKEHUH Pajlu-
KaJIOM ONpPEJENIEHHON UIMHBI MaTepUalIbHOM Liemu.

AHanmu3 JUTEpaTypsl MOKa3all, HeCMOTPsl Ha TO, UTO
3TOT 3P PEKT MHUPOKO PACTIPOCTPAHEH B TETEPOTCHHBIX
cucTeMax, MPHUPOJa ero 0 HACTOSIIETO BPEMCHH HE
BEIICHEHA. PaccMOTpeHrne MHOTOUHCIICHHBIX SKCIIEPH-
MEHTAJbHBIX JaHHBIX, ITOJIydeHHBIX KaK B HAIIAX HC-
clemoBaHmX [5,22,15,3], Tak ¥ IPUBEICHHBIX B JIUTE-
paType MOKa3bIBaeT, YTO KHUHETHYECKOe IOBEJCHUE
«OKKJIIOJIMPOBAHHBIX» PAJMKAIOB B Pa3IMYHBIX reTe-
POTEHHBIX CUCTEMaX UMEeT MHOTO OOIIero u, Kak mnpa-
BUJIO, HE YKJIJIBIBAETCS B pAMKH OOILETIPHHATHIX MPe/i-
craBieHni. Hanbosee BaXHBIM 3/1€Ch NPEACTABISIETCS
TO 00CTOSATENBCTBO, UYTO 3(P(HEKT T.H. KOKKIOAUPOBA-
HUS» OKa3bIBaeTCs, KaK MPaBWIIO, HE CBSA3aH C HEIO-
crynHOocThIO ALl 1t MOHOMepa. [ToTeps peakmoHHO#
CIOCOOHOCTH MMeeT KHHETHIECKHIA XapaKTep, YTO MO-
KeT OBITh HETIPOTHBOPEYNBO OOBSICHEHO Pa3BUTHIMU B
JAHHOH paboTe MpeICTaBICHUSIMH.

B 3akimoueHne OTMETHM, 9TO IPUMEHEHHE Pa3BU-
TBIX TIPEICTABICHUN JUIsl OOBSCHEHMS! HAOJIOIaeMbIX
sBIEHUH TpeOyeT OTAenbHOTO paccMoTpeHus. Kak
ObUIO MOKa3aHO BBIIIE, PEAKIHMOHHAs CIIOCOOHOCTH
pacTymux MaKpOpaguKaJlOB HEMOCPEICTBEHHO CBs-
3aHa ¢ (PU3MYECKUM COCTOSIHUEM PAcTYIIET0 Makpopa-
nukaia. [Ipu 3ToM 3aBUCUMOCTS Kp OT [UTHHBI ETTH BO3-
HUKAET B CIIydae €CIIM U3MEHEHHUE YHTPOIHIH MPOHCXO-
IUT MOHOTOHHO TO Mepe pocta. [Ipm sToM B psame
CIIyJacB BO3MOXKHO TIPENICKA3aTh aHATMTUICCKUN B
3aBucumocTH Kp(n). Tak, HaMu OBUTO MOKA3aHO, YTO B
cllydae pocTa IIeTId B YCIOBUSAX OTPAHUICHHOTO 00B-
eMa IajieHne KOHCTaHThl CKOPOCTH POCTa MPOUCXOAUT
SKCIOHEHIHABHO ¢ N [Omubka! 3akaagka He onpe-
JelieHa.].

Jlanee oTMeTHM ellle OAMH Ba)KHBIA acmeKT Mpo-
OneMbl. B cuiy yka3zaHHBIX BbIIIE OCOOCHHOCTEH CTPO-
€HMsI aKTHMBHPOBAaHHOTO KOMIUIEKCA, PACCMOTpPEHHBIE
SHTPONMIHBIC OTrpaHWYCHHUss OyIyT HCIBITHIBATH
TOJIBKO T€ PEeaKIHH PacTyIIEro MaKpopaanKaia, KOTo-
pBIe CBSI3aHBI C YBEIMYCHHEM MAaTEPHATBHON UIHHBI
meny. B cBsI3M ¢ 3TUM, TaKkue peakinu, Kak mepeaada
ey K HU3KOMOJCKYJISPHBIM areHtam (MM MOHO-
Mepy) He JOJDKHBI UCTIBITHIBATh YKa3aHHBIX SHTPOIIHIA-
HBIX orpaHuuyeHuil. IIpu 3TOM OTHOCUTENIBHAs KOH-
CTaHTa TepeJayl LeNu CYIECTBEHHbIM 00pa3oM BO3-
pacTaet o CpaBHEHUIO C MOJIUMEPU3ALNEN B HKUIKOH
(aze Ha HavaJIbHOM cTaanu peakuuu. Tak, HapUMep,
npu noauMmepusamu MMA B opax BBICOKOAHCIIEPC-
HOTO KpeMHe3eMa OTHocuTenbHas koHcraHTa (C,) co-
craBuna 102, B To BpeMs Kak HpU HOJUMEPH3ALUM B
KHUJIKOHM (pa3e HAa HAYaIBHOHM CTAaJUH OHA COCTAaBIIACT
10 [16].

Bonpoc o mpuurHAX mageHus peaKIMOHHON CII0-
COOHOCTH PacTyIIEro MaKpOpaaruKaia Py OTCYTCTBUHI
TG PYy3MOHHBIX U MPOCTPAHCTBEHHBIX 3aTPYAHEHUI B
J0CTYII€ MOHOMEpA OYC€Hb BAXKCH JIA IIOHUMAaHUA MEC-
XaHU3MOB PaJMKAIbHON TOJUMEpH3aH U Tpedyer
JATBHEHUIIeT0 pacCMOTpPeHHsA. MOXKHO IojlaraTh, 4TO
pa3BUTHIC B HACTOSIIEH pabOTe MpeACTaBICHUS IOMO-
TyT HaM IOHATh W HEMPOTHBOPEYUBO OOBICHUTH IiE-
JIBIH St DKCIIEPUMEHTAJIBHBIX PEe3YJIbTaTOB, OIyYeH-
HBIX HE TOJBKO IIPH MOJIMMEPHU3ALNK B CIEIUAIbHBIX
(KaKk MpaBMIIO, TETEPOTeHHBIX) YCIOBUSIX, HO M MOJIY-
YEeHHBIX paHee Ul MOJMMEPU3alMi B PACTBOPUTEIAX
pa3IM4YHOrO TEPMOAMHAMHMYECKOTO KadyecTBa Ha
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HavyallbHbIX CTaJHsX, a TAKKE TITyOOKMX CTalUsIX peak-
IIH, KOTOPBIE JI0 HACTOSILIETO BPEMEHHU HE MOIYYHIN
JOJDKHOTO OOBSICHEHHUS B PaMKax TPaJAUIIMOHHON KUHE-
THKH.

Pabora BemonHeHa npu monaepxke PODU, co-
rinamenue Ne 18-03-00066118.
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