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O BK/IAZIE PH®POIEHHbIX OGPA30OBAHHH
B ®OPMHPOBAHHE TIPHPO/IHO-OC/IAB/IEHHBIX

30H B CO/IAHOH TO/IUE

T'loctpoeria Moze/sb ¢hopMHPOBAHHA OCaAOYHOIO Yex/da Had PHGDOreHHbIMH OOpa3oBa-
HuamH. TIokasaHo, YTo B CO/IAHOH To/lille HaA PHEOreHHbIMH TOCTPOFIKaMH B IpoLiecce
POPMHUPOBaHHA OCaAOYHOIO HYex/la CO34aloTCA — MPeArlOCHIIKH K OOpasOBaHHIO 30H
TpelrHoBaTOCTH. Ha ocHoBaHHH MHOrOBapHaHTHBIX YHC/ICHHbBIX SKCIIEPHMEHTOB OIlpe-
Ze/IeHbl OCHOBHbIE (DaKTOPbI, B/HAIOLIHE Ha BO3MOXHOE (DOPMHPOBAaHHE IPHPOAHO-
oc1ab/IeHHbIX 30H B CO/ITHOHM TO/IIIe Had PHGOM, U MPOBedeHa OLIeHKa HX B/HAHHA.

KrroueBble c/10Ba: pHghbl, OCaAOYHBIFT YeX0/1, HalPsXeHHO-Ae(hOpMUPOBaHHOE COCTOS-

HHe, TPeIHHbI, MeXaHHKa PacTyIIHX Te/l.

1ndoBble OOPA3OBaHUS HMEIOT

IIMPOKOE PasBUTHE B paspese
ocagoyHoro uexna Ypano-IloBomxbs
[1]. MuorouncreHHYIO U pasHOOOpas-
HYIO 1O CBOEMY CTPOEHHIO T'PYIIY CO-
CTaBAsAIOT pydbl MO3AHEACBOHCKO-PaH-
HeKaMeHOYro/IbHOro Bo3pacta. Ha Tep-
putopur  CONMMKaMCKONM  BIIAAWHBI, B
CTPOEHUM KOTOPOM TPHUHUMaET ydacTue
BepxXHelepMcKasl Ta/ioreHHass dopMa-
LM, AaHHbIe CTPYKTYPhl B BHAE OAW-
HOYHBIX PUPOB U HX MacCUBOB POPMH-
POBa/MCh B IO3AHEACBOHCKYIO 3MOXY B
YCAOBUAX TMYOOKOBOAHOTO  Iliesibda.
Ot  obpasoBaHUs OKasa/lkd  olpese-
ASIOMYI0O PO/ HAa CTPYKTYPHBINA [I/1aH
BbIllIe/IeKaliert yacTu paspes3a. OaHako
X PO/ab 3TWUM He orpaHuuuBaetcs. Pe-
3y/IbTaThl aHa/IM3a U 0O6O0OIIeHus ceric-
MOpa3sBeAOUHbIX MaTepHa/sioB Ha II/10-
maad BepxHekaMcKoro mecropoxae-
HUS CO7Ier TOKas3a/u Haludre OCMIOXK-
HEHWH BO/IHOBOUM KapTHHbI B MHTEpBa-
/le TIOAOWBLI COMAHOM Tommu [2], Ko-
TOpbIE 10 PAAY MPU3HAKOB COOTBETCT-
BYIOT 30HAaM pPa3pbIBHBEIX HapYIIEHU
[3]. OTK oc1oXHEHHs BCTpevyaloTcs, B
OCHOBHOM, Ha KPBIIbAX CTPYKTYp 06-
NeKaHWs AEBOHCKO-TYPHEMCKUX Pprdpo-

BbIX MaCCMBOB U Haa CTbIKaMU O/IOKOB
dyHIameHTa.

KocBeHHBIM MOoATBEpXKACHYEM TpU-
CYTCTBHS Pa3phIBHBIX HAPYIIEHWI B Oca-
[OYHOM 4Yex/ie Hal PHUQPOreHHBIMH 06-
Pa30OBaHUAMM SIB/ISETCA O4YaroBoe pac-
npesesnieHye BTOPUYHOro MpeobpasoBa-
HUA TIOPOA CO/SHOW TO/UIM, IIPOSB-
asioleecss B 3aMellleHHWM KaMeHHOHM Co-
nblo TpexX U 6oree MPOAYKTMBHBIX I/1a-
CTOB KanuhHow 3anexu. PaHee ans
HedhTernepCrieKTUBHBIX UHTEPBa/IOB Teo-
/IOTMYECKOrO  pa3pesa  YCTaHOB/IEHO
YMeHbllIeHre CKOPOCTer CenCMHUYeCKHX
BOMH [4] ¥ MX TOBBILIEHHOE 3aTyXaHKe
[5] mo mepudrepun prdporeHHLIX oOpa-
30BaHWI (aHOMa/IMKM "KO/IBLICBOro' TUMA).

["'eomexannueckoe 0BOCHOBaHHE
BO3MOXKHOCTH BAMSIHUS  PU(OreHHbIX
dopMaliit Ha COCTOSHUE CO/ISTHOM TO/l-
M paccMaTpyBaziock B pabore [6].
KoMr1/1eKc BBIMO/MHEHHBIX METOANUECKHX
HICC/Ie[IOBAaHWM BbISBU/ CHIXKEHHE ITPOou-
HOCTHBIX CBOWCTB CO/ISIHBIX TOPOA Has
PUdOreHHBIMU TTOCTPOMKAMU 1€BOHCKO-
TYpHecKoro Bo3pacta [7].

[TprypoYeHHOCTb  BBIABACGHHBIX  OC-
TIOXXHEHUM CTPOEHHsA CO/AHOM TO/MIIU K
PUQOreHHBIM [TOCTPOMKaM MOXKeT ObITb
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00yC/IOB/IeHa HW3MEHEHHEeM /TUTOCTaTh-
YEeCKOTO TM0/1s HalpsxkeHui mpu dop-
MHPOBaHWH MTepPEeKPhIBAIOIMX TO/IIII.

[lns OlLIeHKH [OCTOBEPHOCTH 3TOM
TUIOTE3bl  BBITIO/HAZIOCh  MaTeMaTude-
CKOe MoJeMVpoBaHWe H3MeHeHHs Ha-
MPAKEeHHO-1ePOPMUPOBAHHOTO co-
CTOSIHUSI OCAZIOYHOTO Yex/1a B Mpoliecce
ero OPMHMpPOBaHMA. JDTOT aHa/IW3
BK/IIOYA/1 MCCIeIoBaHUe pacripeaeneHus
HallpsAKeHUM B OCAZOYHOW To/lle WU
OLIeHKY BO3MOXKHOCTU OOpasoBaHUsA B
Hel 30H TMOBBIILIEHHON TPeIIMHOBAaTOCTH.
['eoMexaHnyeckre ucCcAena0BaHUs MpPo-
BOAMW/HCDH 71 pa3pabOTaHHbIX Ha OCHO-
Be pellleHdsl TpsMOM 3agayd CercMo-
pa3BesKu 0000bI1IeHHBIX dpH3mKO-
reo/IoOTMYeCcKUX MoJernell NeBOHCKUX U
MePMCKHX PU(QOreHHbIX OOpPa30BaHUM.
['lpu nocTpoeHuu Mozener mpUHUMAasCs
psa AOTVIIeHHH: TMOPOAbl OCAAOYHOTO
yex/ia 3a71eraloT COI7IacHO; pyud HMeer
OQHOPOAHOE CTpOeHMWe; HaKoIlIeHHe
OT/IOXKEHUI, I[IePeKphIBaIOIIMX  PHUd,
MMPOUCXOANIO B YCAOBHAX HEKOMITeHCH-
POBaHHOIO MPOrubGaHUs.

DopmrpoBaHUe OCaZIOUHOTO Yex/a
Haa  PUCQOTreHHBIMM  OBpa3oBaHUAMU
MOXKeT ObITb IpeAcTaB/IeHO B BHAE IPO-
llecca Ioc/e0BaTe/IbHOTO  HapallvBa-
HUS C/I0EB PA3/IMUHBIX OCAAOUHBIX [1O-
poa, Y, TaKUM 06pa3oM, IoaraaaeT o
OOIIYI0 TIOCTAaHOBKY KpaeBOM 3aaauu
[VMCKPETHOTO HapalllMBaHHsA CTapelolle-
ro Tena [6]. B nepBoM npubavikeHnu He
YUMTBHIBA/ICSI PEO/IOTHUCCKUM  XapaKTep
n1ePOPMUPOBAHUS TTIOPOAHOTO MAacCCHBa
B MpollecCe OCAAKOHAKOI/IeHHs, a H3-
MeHeHHe CBOWCTB [MPOUCKXOAWIO AKC-
KpeTHO, MO Mepe (pOpPMHPOBaHUSA HO-
Bbix cr1oeB. OnHAKO, daXKe B TaKOM I1O-
CTaHOBKE OTCYTCTBME HH(OpPMALIMK O
CU/IOBBIX BO3[EMCTBUAX Ha [1OPOAHBIN
MacCuB B Ipoliecce ero popMHpoBa-
HUs, a TakKke 06 M3MeHeHHH ero orau-
KO-M@XaHWUYEeCKHX CBOWCTB B reo/1orvue-
CKOM BpeMeHH MOXKeT CTaTh CYIIeCTBeH-
HbIM TPEMNATCTBMEeM I[Py MaTeMaTHue-
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CKOM MOJe/IMPOBaHUM TpolLlecca ocad-
KOHAKOI/ICHUS.

[edopmupoBatre mob6Oro Bbiae-
[IGHHOTO  3/IeMEeHTa TeO/IOrMYEeCKOro
paspesa B OTCYTCTBHE APYTHX CH/IOBBIX
VICTOUHUWKOB (HaripyuMep, TeKTOHHUUYECKUX
[BVKEHHH) OCYIIEeCTB/ISCTCS 10/ AeCT-
BreM COBGCTBEHHOTO Beca W Beca Bhillle-
nexamyx rnopoa. Eciv npearnonoxuTs,
YTO Ha TMOCTCEANMEHTALIMOHHOM CTaauu
dOpPMUPOBaHUS  TTPOU3BO/IBHOIO  371e-
MeHTa paspe3a He TPOMCXOAMUT 3HAUU-
Te/IbHOTO TepeMellieHrsl MaTepHrasna, TO

/h=const (y- yaensHeit Bec mopox,

h- momHocTs oTnOKeHME) Ha mo6oit
MOMEHT  TeO/IOTMUYeCKOro  BpPeMeHH.
[laHHOe [OINyIIeHWe CYIIECTBEHHO YII-
polllaeT MOCTAHOBKY 3a4a4y M CHHXKaeT
HeoIlpee/IeHHOCTh PacueTHOM MOoesu,
[IOCKO/IBKY B 3TOM C/Iyyae Ha KamkIOM
lIare pelleHUs Harpysky BhIlIe/IeKallIuX
IIOPO/I MOXKHO 3a/1aTh MCXO/d U3 COBpe-
MEHHBIX TVIOTHOCTHBIX CBOMCTB M MO
HOCTeM.

Ha vyuacTkax cyObropusoHTa/1bHOTO
3a71eraHusi [71aCTOB /sl YCAOBUI /TATO-
CTAaTMYECKOro TIoMA  HAarpsKeHWH, Ha
OCHOBE COBPEMeHHOrO eO/I0OrMUeCcKOoro
paspe3a M 3aKOHa M3MEHeHHs MOy
nedopMaLiMi, MOXKHO TOCTPOMTb HTe-
PALMOHHYIO MpoLleaypy A1 orpesersne-
HUA “MCXOAHOM  MOIIHOCTH Teo/iornye-
CKUX T/1aCTOB (YC/IOBHOM MOIIHOCTU He-
BECOMOTo ¢/105). Toraa OCHOBHOM 3ama-
yell TMapaMeTpUyeckoro obecrieyeHus
AB/ISIeTCA OLleHKa U3MeHeHHs MexaHuue-
CKHUX CBOMCTB MOpPOA B Ipoliecce ocas-
KOHAKOIV/ICHUS Y /TUTOPUKALIMH.

Anpropy MOXKHO YTBepXKaaTb, UTO B
reo/IorMyeckoe BpeMsi MPOUCXOIUT YBe-
NMYeHre MPOYHOCTHBIX M AedpopMali-
OHHBIX TOKaszatesiert nopoa. OaHako
KO/IMUECTBEHHbIE BbIparKeHHsl STUX 3a-
BUCUMOCTEH /11 Pa3/IMUHBIX [TUTO/IOTH-
YeCKMX PasHOCTel Her3BeCTHBI. MOKHO
BbIAC/IUTh TPY OCHOBHBIX 3Tarla YIpou-
Henus (puc.1): 3a cyer Haya/IbLHOrO rpa-



OHOPOAHBIX IO KOHeY-
HbIM CBOFICTBaM M 3aKOHaM
YIPOYHEHHs C/I0eB OIMHa-
KOBOM MOIIHOCTH.
[lonyueHHsle pe3ynb-
TaThl TMoOKasanu (puc. 2),

Puc. 1. HameHeHHe NPOYHOCTHBIX H AehOpPMaUHOHHBIX
CBOJCTB opoa B npouecce 0CaaAKOHaKOII/ICHHA

BUTALIMOHHOIO YI/IOTHEHWs MaTepuvasa,
BC/IeZICTBME YCTAHOB/IEHUS HOBBIX (OU-
3MKO-XUMHUUYECKHX CBf3el U Iepexoa K
COBpEMeHHbIM CBOMCTBaM. Pelnarolyio
porb 6YyneT O4YeBUAHO WrpaTb BTOPOM
3Tar, MO3TOMY /1S YMPOIIeHHs Moaenu
MUTOPUIKALIMK  arrpOKCUMUPYeM  Kpu-
BYIO KYCOUHO-/TMHEMHOM (PYHKLIMEH, C
npeobpa3oBaHueM TO/IOTHMX YJacCTKOB B
rOpU30OHTa/IbHbIe. 1Oraa A0CTAaTOYHO pac-
CMOTPEeTb /IMHEMHBIN 3aKOH YIPOYHEeHUsT U
BapbHUPOBATh TO/TBKO ero rparieHT.
UucrneHHas peanusalivis MaTeMaTu-
YeCKMX MoJeney TMpoBoAWIach C HC-
r0/1b30BaHUEM OCeCUMMEeTPHYHOM CXxe-
Mbl MeToZa KOHeuHbIX 3/1eMeHTOB |[7].
Perienrie ocyiecTBaAs/0Ch MO3TAHO B
MpHpalleHusax TepeMelleHU C Y4eToM
cOPMHPOBAHHOTO Ha  Mpeablayiiei
CTaMM Haya/IbHOT'O 10718 HallpsKeHWH.
[lonyueHHoe pacrpenenetve TmepemMe-
IIeHMA U COOTBETCTBVIONIee TI10/1e Ha-
MpsKeHUM pacCMaTPUBA/IMCh KakK Ha-
YasibHble 718 C/lelyiollero aTara pelle-
HUs. B paMKax MNpUHATOro a/nroputMa
3TO OTpazKa/Io IPOLIeCC IMOCTEeINeHHOro
nepopMUPOBaHUs  CTPYKTYPHBIX — 371e-
MEHTOB OCaAO4YHOro uexsa. [loaHbii
LMK/ MaTeMaTU4eCKOTro MO/e/TMpPOBaHUsA
MPOAOMKA/ICS A0 COOTBETCTBUS TeoMe-
XaHHUUYEeCKOM CXeMbl pacyeTa COBpPeMeH-
HOM (PH3HKO-TeO/TOTHUeCKOoM Moaen oca-
[OYHOTO 4exna. [l BbISB/ICHUS OCHOB-
HbIX 3aKOHOMEPHOCTeM W3MeHeHUs1 Ha-
MPKeHHO-/1ePOPMUPOBAHHOTO  COCTOS-
HUSA OCAZIOYHOTO Yex/a pacCMaTpUBA/ICA
reo/IOTUUeCKU  pa3pe3, COCTOAININKM U3

yTO Ha/Muuue pUQOBBIX
MOCTPOEK OTpaxKaeTcs Ha
XapakTepe paclpenene-
HUS HaNpsXKeHW B BhI-
menexaimmx Tormuax. Ha-
npyYMep, B OCAAOYHBIX OT/IOKEHHSX,
[MPHUYPOUYEHHBIX K CK/IOHOBOM YaCTH PU-
da, HabmonaeTcs YBenUUYeHHEe BepTU-
Ka/IbHOrO HarpsikeHus (puc. 2, 6). B to
ke BpeMsi Yy OCHOBaHUs pudpa uMeer
MECTO OTHOCHTe/bHasi pasrpy3ka. Pac-
rpenesieHre paavanbHeX (pyc. 2, a) u
TaHreHLIMAbHBIX (pYC. 2, B) HarpsKe-
HUM XapaKTepH3yeTcs Ha/ludueM 30H
[MOHWKEHHBIX CKHMAIOIINX HaITPAKEHHI
Haa pyudoM B CpenHer M BepxHel yac-
TAX OCAZOYHOIO uex/a. 30Ha TOBbILICH-
HBIX KacaTe/lbHbIX HarlpskeHui (pvc. 2,
), TaK e KakK 1 BePTHUKa/IbHBIX, TTPUYPO-
YyeHa K CK/IOHOBOM uacth puda. [Ipu
3TOM XapaKTep paclipesnesieHusl Harpsi-
JKEHUI VYKas3blBaeT, UTO 30HA B/MSHMS
pydha yBemMurBaeTCcs € YaasieHHeM OT ero
CBO/Ia BBEPX IO paspesy.

OnacHocTh 0Opa3oBaHMa B CO/ISHOM
TO/IIIe TPelUMH CYOBEPTUKaA/IbHON OpU-
eHTaLIMKU OLICHUBA/IACh T10 NTapaMeTpy

S=1,/0,, anekBaTHOMYy KpHUTEPHIO

Kynona-Mopa (7),, O~ KacatesnbHoe 1

HOPMa&/IbHOE HAaMpsiXKeHHe COOTBETCT-
BeHHO). OueBuaHO, uTO YeM OGo7blle
rnapamMerp S, TeM Bbllle BepOATHOCTb
o6pa3oBaHus 30H BepTUKA/ILHOM Tpe-
IIMHOBATOCTM B OCA/IOUYHOM uYex/1e Ha
CTaauu ero popMUPOBaHHS.

Ha puic. 3 npeacraBneHo xapakTepHoe
pacripesiefieHie  KpUTepPUa/IbHOIO  Tapa-
MeTpa B OCAZOYHBIX OT/IOMEHMAX Haa pu-
oM. 30Ha ero MakcMMyMa HaxOAWUTCH He-
MOCPeACTBEHHO Ha/l CK/IOHOM pudoa.
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Puc. 2. H3MeHeHHe HanpsKeHHO-Ae(POPMHPOBAHHOIO COCTOSIHHS OCaAO4YHOro 4Yex/aa

Haa pHugom

C ymaneHveM BBepX IO pa3pesy 30Ha
BMsAHMSA prdpa YBe/MUMBAETCs, a CTereHb
ero BO3ACWCTBUA YMeHblllaeTcs. Bropas
30HA TIOBBIIEHHBIX 3HAYEHUM KpPUTepHs
pacrornoXeHa B BepxHei UaCcTH OCaIOYHO-
o yex/a, ¥ MMEeHHO OHa OKa3blBaeT Herlo-
CpeaCTBeHHOe B/MsSHYME Ha BO3MOXKHOCTh
06pasoBaHKs TPeLIMH B CO/MSHOM TO/LIe.

[Insi OLIeHKY B/MSIHUS TeX WM MHBIX
akTOpOB Ha pesyabTaThl MOACNUPOBA-
HUsl W CHWKEHMs TapaMeTpUUeckoy He-
orpesieqIeHHOCTH Mozieny ObIIY MpoBese-
Hbl MHOTOBapHaHTHbIE YHC/IeHHbIe 3KCIIe-

puMeHTHL. [lo MX pesyrsTaTaM ObIIM BbI-
sIB/IeHbI C/IeAIyIolrie 3aKOHOMEPHOCTH:

- YMeHBbIIIeHVe TpajiMeHTa PoCcTa MexXa-
HMYECKUX TapaMeTpoB (KoadpduimieHTa
YIPYroCTH) BeAeT K He3HaUNTe/IbHOMY T10-
HWKEHHIO 3HAUeHWI KpUTepys (a, 3HAUMT,
M K YMEHBIIIEHUIO BEepOSITHOCTH 0Opaso-
BaHMs TPEeIIMH) B BEPXHMX C/IOAX OCAA0U-
HOTO uex/ma. B uienoM, KapTyHa pacripe-
[le/leHYsl OCTAaeTCs HeHM3MeHHOW;

- M3MeHeHMe Haya/lbHbIX CBOWCTB I10-
PO TIPaKTUYEeCKU He OKAa3blBAaeT BIMS-
HUS Ha XapakTep pacrpeaeneHus Kpu-

Tepys W Ha ero 3aBUCHMOCTb

-1000

)
9

-2000

OT I'paaveHTa;

- yBe/lMYeHUe COBpeMeH-
HbIX CpelHHX MexXaHHIeCKHUX
CBOWCTB BelleT K CHIZKEHHIO
3HaUeHUN KpuTepus B Bepx-
HUX C7I0SIX OCaZOYHOIO 4ex/1a;
TIOHIKEeHHe Ke BeleT K POCTy
KPUTEepU/TbHOTO MapaMeTpa;

- yBe/M4YeHWe KPYTH3HbI
CK/IOHa pudpa, Kak W YBeru-

T -pud

Puc. 3. Pacnpeaenenne KpHTepHaIbHOTO napaMeTpa S
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YyeHHe ero BBICOTHI IIPU I10-
CTOSIHHOY KpYTH3He, BedeT K
POCTY KpHUTepHa/IbHOTO Ta-
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paMeTpa B Avara3oHe CO/IHOM TO/IIIH;

- Ha/lMuhe B OCAZI0YHON To/lle I/1a-
CTOB C TOHMXKEHHBIMU 10 CPaBHEHHIO C
BMelIaIoUMMU [10pOoJaMH MeXaHHUeCKU-
MM CBOVICTBaMHU (XapaKTepHbI IIprUMep -
APTHHCKHM TOPH3OHT) MPUBOAUT K pac-
IMPEeHHIO 30HbI TMOBBILIEHHBIX 3HaYeHUHN
KpUTepUs B CO/ISHON TO/IlIe C OQHOBpe-
MEHHBIM CHIKEHHeM 3THX 3HaueHui. B
cydae ecry NoHWKeHHbIMU CBOMCTBaMU
obnanaioT T/acThl, HENoCpeaCTBeHHO
obneraionme prd, HabmoaaeTcs 3aMerT-
HOe TIOBbIIeHWe 3HaueHWM KpUTepus B
UHTepBa/le CO/IAHOM TO/IIIN;

- pud)oreHHble 0Opa3oBaHUs T1epPM-
CKOTO TMepHoaa, BBUAY HX HeBGOBIIMX
pasMepoB, caMu 0 cebe OKa3bIBaloT
He3HauuTelbHOe BMAHKE Ha (DOPMHpPO-
BaHMe 30H BO3MOXKHOM I[OBBILIEHHOM

TPelIMHOBAaTOCTU B CO/ISTHOM 3epKasle,
O[IHAKO TPU COOTBETCTBVIOIIEM pacIlo-
7TIOKEHUU  OTHOCHTE/IbHO  /IeBOHCKHX
pUdOB MOIYT YCW/IHWBATh B/AUSHUE TIO-
C/IeTHUX.

Kak cneayer u3 monydeHHBIX 3aKO-
HOMEpHOCTeM, A7 OLeHKW BIUAHUA
PUCOreHHBIX CTPYKTYP Ha BO3MOKHOCTD
00pasoBaHus TPeIIMH B CO/SHOM TO/IIe
WHOIla MOXKeT OKa3aTbCA AOCTaTOYHbIM
3HaHVe COBpPEeMEeHHBIX XapaKTepUCTUK
puda U ocasoUHOM TOMIIM Had HUM. B
TO Ke BpeMs YCTONMUMBOCTb Pe3y/bTaTOB
[0 Haya/lbHbIM CBOMCTBaM IOpoA U 3a-
KOHaM MX YIPOYHEeHUs [ealoT OCMbIC-
7IeHHOW 3aza4y YC/IOXKHeHWs MoJenu
rpoLecca MMTO(UKALIMU 3a CUeT yyeTa
oUBHUECKOM, XUMUYECKOH, TepMOAWHa-
MHYeCKOM U APYIHUX COCTAB/ISIONINX.
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