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1. OBILME TOJIOXEHHA

Pa3snasg npoao/kuTebHOCTh, npeGhBAHAS MaTepHana mof
HArpY3Ko#, paBHO K&K M pa3Had CEOpPOCTh NPH/OXKEHHIS Harpya—
K¥ NPOYBsioOTCH BHELIHNe B M3MEHeRHH HeCylie# CIocoOHOCTH
MaTepHana.

3aBucuMoCTE HecCyuleit cnoCoOHOCTH MaTepHana OT Bpeme=—
HE IpH 3afaHHLIX BEAHYRHAX YENLHbIX HATPY30K NPHHATD HA3BI
BaTh [JIATE/BHOHN HPOYHOCTHIO HIH AOArOBEYHOCTHIO LEHHOIO Ma~
Teprana, [Ip# OpodAX paBHLIX YC/IOBHAX MATepHal, HaXonsCh
noza NNCTOoSHHOH HArpys3Ko#d, paspyuwraeTcs reM ObICTpee, deM
Gonblile BeIRYHHA HADPPY3KH,

IIlna mmpoxoro kpyra marepnanoB /1/ 3aBECEMOCTL Bpe—
MeHH [0 pa3pywiedss U OT BeJHYMHEE OPHAOKEHHOT'D Hanpsxe-
pEa O [OCTATOYHO XOPOLIO ONHCHIBAETCH ypaBHeHHEM BHOA:

“od
T= T4 (1)
roes TUg3 O ~ EOHCTaHTH MaTepHana,

B kocopammartax Lg‘%-"-c ypasHenne (1) gaer mpamymo
THHY0, Hepecekaomyio ock & , a4 HA OCH BPEeMeHH OTCeKam-
Uy OTPe3OK, paBHL Io BenwduHe Uy , ITodTomHEas Benn—
qaga()( -l ) ABAsleTCd TAHIEHCOM yrjia HaK/ioHa NpSIMoll X
oCH .

CnpaBennuBocTs ypaBHen®s (1) 6mia moaTBeprkrieHa K-
CHepHEMeHTaM® Ha papje MeTaioB /2/, Ha KpUCTanN1ax XJIQPHC—
Torp cepebpa /3/, Ba monuMmepax /4/, Ha .ioHokpHCTannax xa-
MeHHOHl conm IpE TeMueparype 550°C ompepeneHus monaroBeuy—
HOCTH :puBerneHsl B pabore /5/. B aTofi xe pabore mccneno-
BajlaCh A OJIMOBERHDCTE HCKYCCTBEHHO NPHEIOTOB/IEHHLIX oSpasu s
KaMeRHOH ComH, ONBITH IPOBOAMAUCH NPH TEMIePaTYpax ot
400°C no 765°C, Ha puc,l, nepeCTpOeHHLIe HaMHd B Koopausa-—
ToI ‘Lg T-0 , u3obpakeHsl AHHUY AONrOBeHMHDCTH MOHOKPACTAA~
N0B KaMmeHHO# ConM npx Temiepatype 550°C (mmmms 1) m ucxyc—
CTBEHHO NPHIOTOB/GHHBIX O0pas3udB CONM Ipu. TeMIepaType 400°C
{(muang T1), Kak BuaHO 3 rpabuxos, pesyanTaTs! SHLITOB 75C—
TATOHHAO XOPOiNO OnMcsIBaloTCd ypassamueMm (1), T'lpu sToM o~
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2o Toin cTofHHA® A 014 mepBoil
} H BTOpPOH KPHEBLHIX COOTBET™
40 N . 11 crBeEHo paBHa . 1,88.1
\ 2,24.10%,
33 \ | Hapgay ¢ ousrraM® Ho
‘ \ NONrpBEeYHOCTH B JIHTEpa-
3.0 ; TYpe M3BeCTHHI HCClie[10Ba—
\ \ HEA NOoN3y49eCTH MaTepHa—
25} § \ 0B, B KOTOPLIX QHANH3 pe-—
;o ° \ 3y/AbLTATOB faeTcd C HC~
70 nonb30BAHHEM YPaBHeHHSA

0 10 20 30 40107 b KF/CM? runa (1). B paBore /6/
A3y9anack MeTOADM MEEpO~
Pre. 1. dororpadRpoBaHAS KHHETH-
K& DA3BHTHS MHKDPOTPeILLEH,
OnelTaMi YCTAHOB/EHD, 4T0O BpeMs OT Ha4aja HOPHADXKEHHd Ha—
I'PYSKH [0 TOSB/CHES NePBbHX BHAMMLIX TPEIIHH OHNpeiiefigeTcd
ypaBaeaueM (1).

B pabore /7/ OpoBOOHAMCEL HCC/eAOBaHHS NOI3Y4eCTH Me~
Taios, [1okasaHo, 4TO 3@BACHMOCTH CKOPOCTH YCTAHOBHBHIeHCH
NONISYYECTH OT BEeJHYHHEI HaIPAXXKeHMS XOPOUIO OHACHIBAGTCH ypa—
BHenmeM THma (1), ¢ Toli nHus pasHmEmedt, wro xosthdunmeHT &K
B 1oKa3aTelie IPH SKCHOHEHTE HMeeT 3HAX INIOC B OTAHYEE OT
MuHyca B ypabsenud (1), I'lpm srTom okasanoce, aTo O B ypa-
BHEHHHA OJ/19 OOArOBEIAOCTH H B ypaBHeHHHM A/ CKopocTefi ycra—
HOoBHBILelCH NON3yYecTH MMeeT mo abCO/MOTHOM BenuuYHHE OOHO
¥ TO ke 3HaucHAe, B pabore /12/ npoBOoORIMCE HCCiIe[0Basusd
TIIHHECTHIX I'RYHATOB,

B pabore /4/- omblTaM¥ HaA TBepALIX JIDTHMepAX IOKA3&HD,
970 paBeHCTBO, abGCoMOTHLIX 3HAYEeHHA o O4d O0ArOBEeYHOC™
TH B NOJISY4eCTH H B 3TOM CiIy4ae Takxke HMeeT MeCTO, AHa~
JIOrHYHEIE BLIBOO naetcd B pabore /8/, rae uccnenoBalHCh
MeTaisl IPH BEICOKHX TeMIepaTypax,

IMockonsky kosthipunuenT <4 OpH HAHTEepOpEeTAUHHE pPe3y/ib~
TaTDB SKCHEPHMEHTOB C no3MiuMx bhiAyKTyanHMoHHOHR TeOpHH, CBE3aH
C BenuYHHOH 3HePr'ud aKTHBAlu4 HPONecCa, TO OTCIAa MOXKHD
SAenaTk BuiBOA, UTO AOAroBeYHOCTh K HUA3YZeCThb — CYThb JIpO—
Oeccel, HMeEIOlLl¥e JOOHY H TY Xe PH3HIeCKy npapoay. Taxoi
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BuIBOA HejaeTcd, manpumep, B paGorte /7/, CaMeiM Ba>XHEBIM,
DLHAKD, 9BiIsSeTcs dakT paBeHCTBa a0COMOTHHIX Be/HYHEHA Koad—
¢uneerToB- A B ypaBmenmd (1) nndg OONroBeYHOCTH B B
ypasEen®Er (2) nOns cxopocTH HondydecTE §

£=8,1%° (2)

roe: &, — KOHCTAHTaA MaTepHaa,

3ranme peoiOrEYeCKHX CBOACTB Hopod Ee0oOXoaEMO Ond
pelieArd MHEOCHX TOpPHOTeXHHYECKHX 3anad, B HaTypHbiX ycio~
BHSIX Tr'OpHble TOPOALl BDEPYr BopaCoTOE H pasmEYHsbie USNHKH
yrad HaxoddTes mon Harpy3koft OnETenbHoe Bpemd, [TosToMy
HeoOxoHMO 3HATH XaxkeMm of0pa3oM anmrenbHOe npebpiBande
ropHOH Hopoal B/AR YINI9 IO HArpY3Kof CKa3pBacTCd Ha ee
MeXaHHIeCKHEX CBOfiCTBax, Takne nagHbie HeoOxomEME O pac—
Yyera HE/NHKCB yI'VIS pA3J/IEYHOIO HA3HAYGHHD, [ANS HPOrHo3a yc=
TOHAYHBOCTH I'OpHbIX BeIpaGoTok A BoiGppa E pacdeTa panHoHAJIbL—
HHIX, THOOB Epenefi Ondg EX momneprxaHud,

HasecTHO, 4TO I'OpHble yAAPH B LIAXTaX HPOHCXOAAT HA
onacTax yris EnE Hopoaax, CKICHHEIX K yOpyromy nedopMHpo—
BAHMK H XPYHOROMY paspyuleHHio, Baxx@o 3paTh Kax A3MeHSIOT—
Ccd C TevYeHAeM BpeMeHH YIpYyrollaCTHYeCKHe CBoicrBa yrng #
TOPHEIX TOPOJ, HAXOASIUHMXCH non ONpelellcHHBIMHE [/IHTENbLHO
AefCTBYIOLIEME Harpys3KaMH, H KaK MOXeT B CBE3E C 3THM H3~
MEHHTBCHE CTeneHb HX ONACHOCTH N0 IOPHEIM yapaM, 3JHaHHe
aTOro Boapoca HeoOxXxoaAHMO, ChAeloBaTeNlbHO, ODH IPOrHO3e yoa—
POOIACHOCTH INIACTOB HJIH HOPO. :

HeobxonuMo Tak>ke 3HATHL HMEIOTCH JIE ¥ YIVIS H IIOPOA,
CKJ/IOHHHIX K T'OPHBIM yZaapam, B Pe3YabTATe JATEeNLHOrO nefct—
BRY HATPY30K KaxKHe—nuEG0 xapakTepHble 0CoGeHHOCTH nedhopME—
poBaHHa nepeq pa3pylLUeHEeM H BO3MOXKHO /I HpPeIICKA3aTh. MO~
MeHT paspyuwieHsd, [1olydesse TaKHX OA&HHEIX IpeACTaBiadeT
HHTepeC nnd pa3paboTEE MeTOOOB NPOrHO3a IOpHHIX ynapos, He
MEeHBIIHZ HHTepeC K 3HaYcHHe HMEMT 3TH BOHNPOCH B npobneme
BHe3anHsx BEIOPOCOB yriid ¥ rasa,



2, METOOHMKA TTPOBEAEHHMA /IABOPATOPHBIX
VICTTHRITAHWH

Hacrodulags MeToaHKAa dpelyCMaTpPHBaeP IPOBELEHHE MHCIHBI~
TaHEfi 06pas3iloB ropHHIX OOPOLA B YCJHOBHAX OLHOOCHOI'D CXKATHS,
Bo BHMMM rakne ucnepiTaHEA OpoBOAATCHS Ha HPYKHMHHBIX CTO—
TOHHBIX Hpeccax Tana YJiH, Ha KoTopsX IIOCTOKECTBO 3a4aHHOH
HArpy3kH obeCnewwBa2TCH yUPYrol SHeprHed CxKATHX INPYXXHH,
Ha pnrc,2 npencraBicH ofwwiEft BEA 3&/18 [MIMTENbHLIX HCILITAHHN
C KoMIjleXToM mpeccoB YJ1HU,

O6pasnel ana ucnslTasEl Ha mpeccax YOAUW mmeror dopMmy
npr3M, I'lpu aToM. BhICOTA HPE3MLI O0/XKHA GbITh B [Ba pasa
Gonkllle nomepelHOro CeYeHHd,

ABcomoTHEe pasMepn ofpasmoB Boifmparorcd, Ecxood U3
CneayIOIEX CoobpaikeHHH;

1, MaxcumanbHOR Harpyskd npecca (Hanpumep 100 TomH)
[O/XHO XBaTHTL OAS TOro, 9robs paspymiaTs obpasen,

2., Cedenne ofpasna OoinXHo OBITH ZAOCTATOYHHEIM Ml TOTrO,
9rober OLITH DpeACTaBETENbHHIM AJIS AaHHOHA mopoasl, O6urdHO
aTo o6ecmeuHBaeTcd, Koraa B CeYeHHR yMellaercsl He MeHee
19 cTpyxTypHbX anemeHToB (HanpEMmep, 10 oTaenbHHIX 3epeH),

3. INpaxTRUeckas BO3MOXXHOCTHL NONYYSHHS M3 MACCHBA
ofpa3na HeoGxomEMoro pasmepa,

Kax nokasan onmeit paborat BHMIMHM, B TakEx caywasx ans
moponl CpenHell KpenocTH (mpeZesnl UPOYHOCTH HA OAHOOCHOE CX&—
tre or 100 kr/cM? mo 1000 xr/cm2) pa3Mepsl TPE3MaTHIECKHX
ofpa3noB MOryT HNpEEEMAaTL CAeAyiollHe 3HaveHud: 150x150x300Mm
u 100x100x200 mmMm,

B mponecce omeiTOB H3MePHIOTCH Be/MYHHL HANPAXKERNH H
BCe ruaBHnie nedopmandx obpasna. VMamepeHme nedopmanmii ocy—
IIeCTBIAeTCS C HOMOINLIO KOMIJIeKTA HHIAMKATOPOB 4aCOBOI'O TH—
na ¢ neno# nenenuii 0,01 MM, Ha puc,3 m3obpakern obpasen
ropHO#i NOPOAH C KOMIIEKTOM HHAHMKATOPOB M CHENHMAJILHEIX yC—
TPORCTB And HX ycraHoBkH, Obmas npomonbhea nedopmaund o6-
pa3na H3MepdeTCs C IOMOIUBLIO ABYX EHAMEATopoR 1 u 2 (mocnen-
HEfi Ha pHCYHEe He Bumem), Ilpononemas medopManus B cpenHef
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Puc. 3. Ofpasen ropHo# nopoisl, NoAroTOBASHAOR s

[INATENbHBIX ACHBITAHHANA



gactu obpasma Ha Gase 100 MM u3Mepserc® Taxike C. HOMOIUBIO
naByx mapugartopos 3 M 4 (uoCaenHuA RHA DECYHKe He BHIEH),
YXpemiieHHbIX Ha CHenRHAALHLEIX YCTpPOHCTBAX B BHAE NIAHDK, HMEe—
IOUIAX HOXKH, KOTOpHEe 3an8i0T Sa3y uaMmepeuni, [1omepexnsie
Aethopmanmud B cpenHe# wacrTm obpasma E3MepsdOTCS € HOMOLILIO
HEAMEaTOPOB B H 8, ykpemnemHmx Ha cxobax, kKoTopsle NoaBe—
IieHs! K BepXHe# MeTanIH9eCKofl AABHABHOH NMIHTEe nNAACTHHMA—-
THIMH NPYXHHHBIMY Inapaupamu, KpoMme Toro, © nejnpio XOHETPO™
A9 A3MepdIoTcd IcHepedHksle rnedopmanuy eile B HHykKHeH# 9aCcTH
obpa3na. ITH H3Mepexud HPOH3BOASTCH C HOMO Iibi0 HHMAHEATO™
poB 7 u 8, KoHCTpyknud XpenjeHHS HHOMXKATOPDB 3[eCh aHajio—
TEYHa Opeasiayluefi ¢ tolf pa3HuHeli, YTO B 3TOM Cjiydae uIpy—
JKHHHbIC LIADHEDHI 3aKpeiieHH Ha HM KHell [aBHARHOH nETe,
Takum ofpa3om H3MepeHHe xaxno# medopmanmm OyGnupyeTcs,
4TO HOBBliUAET TOYHOCTL dKCHepumentTa, OceBpe CikEMAalOiLee
yCHIHe DeperiaeTcd Ha ofpaden uYepe3 ILUAPHK, C Henbic yCrpa—
HeHUS NepexoCoB,

Q6pasen H30/HPYeTCHd OT COOGLUEHHS C BHellHel aT™octhe—
poit MHorowncnenusmaE {(no 10-20 cnoes) YepeyIOLIHMHCS O™
KPLITHSIMHE IIOBEPXHOCTH HAPA®HHEOM K PEe3HHOBLIM KjaeeM, 9TO Up—
3BONAET COXPAHATH BIAXMHOCTE ofpa3na B TeyeHHe AJHUTENBHOI'D
BpPeMeHH,

KpoMme Toro, HSONRpyIIles NOKDPHTHE 3a&lUKUI8ET MaTepHan
ofpadna OT DPOHEKROBCHHA B Herso arMoctepeofi Bnary, [1pors—
kag B Teno obpasmna, arMmocdepHas eaara coocoGecTByer ocnab~
JICHHI0 3JIEMEeHTAPHRLIX MEXATOMHbLIX CBA3eHd, B pe3dynbTATE Yerp
nponect mon3yYecTH MoXKeT mpotexarth Ooflee METencusHo /9/,
IToreps Bnaru ofpasuoM B NpolecCe MNMTENLHONO HCHLITAHHR
HNPEBOANT K YNPOSHEHH} MaTepHana o6pasna ¥ X CHHXXEHHIO -
MHTEHCHBHOCTH IIPOHECCOB IoN3yueCTH,

Bamsisne oxpyxawolued aTMochepn HMeeT NpaxTHYECKDe
3HaveHHe, 3ax/odamlieecd B TOM, YTO UPH NpoBeeHuH nabopa-—
TOPHHIX MCHBLITAHHE HA MAOAIOBeYHOCTL H MOA3YYECThL HeOOXOMH—
MO BCerna Y4YHTHBATE HEHOEHTHYHOCTR aTMOCKhEpHLIX yClioBHi,
3oecs Heo6XOMEMO OTMETHTE M BIAMAHAWEe TeMIepaTyphl Ha IoKa-
3aTe/ld NOJRYYeCTH H OONroBeIHOCTH, Benk IpH NpoBeJEeHHM
na6opaTopHoIX OULITOB TeMHepaTypHoie vC/AOBHS Ballle BCEro He
COOTBeTCTBYIOT HATYPHEIM, B TO K€ B! 2MHJ XOpoluo H3BECTHO. O
CHALHOM BIAWKAHHMH Temnepa'rypbr H& nox~a3aTeln QOHPDBpeMeHHbiX
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MCMbITaHWA. YueT yKasaHHbIX (DAKTOPOB OKa3biBaeTCsl Mopoii
3aTPYLHUTENBHBIM WS BOOGLLLE HEBO3MOXHbIM. B 3aToM cnydae
nabopaTopHbIA 3KCMEPUMEHT cneayeT AOMOMHUTbL WM AaXke 3a-
MEHUTb HaTypHbIM, MPOBOAALLMMCH HEMNOCPeACTBEHHO B LUAaxXTe
Win B pyAHUKe.

B kKa)kgom onbiTe NpU KaKoM-mbo OO4HOM YPOBHE Harpys-
KN Heo6X0AMMO MuCMbITbiBaTb He MeEHee Tpex OAMHAKOBbIX 06pas-
[0B-61M3HeL0B* B cnydae ecnm pas3bpoc 4YacTHbIX 3Ha4YeHUn ot
obpasya K o6pasuy npesbilwaet 25-30%, TO MpM UCMbITaHUM Ta-
KMX Nopog Heobxoammo OnbIT NOBTOPSATb Ha 5-6 1M 6onee obpas-
uax-6nm3HeuLax.

3. MPOBEAEHWE NABOPATOPHbIX WCCNEALOBAHUN
MON3YUECTU W OONTOBEYHOCTU

Mo onucaHHOW Bbille METOAMKE ObIMN UCMbITaHbl 06pPa3upl
CUNbBMHUTA BepxXHEKAMCKOro Ka/lMMHOro MecTOPOXKAEHUs, pe-
3yNbTaTbl KOTOPbIX, B KayecTBe MpuMepa MpPUBOASTCA HUKE.

McnblTaHnsa NpoBOAATCA NpY Harpyskax, COCTaBaABLUMX

30%, 50%, 60%, 70% un 85%0T BeNNYMHbLI paspyLlarLero Han-
pAXKeHUsA, onpefeneHHOro npuv O6bICTPOM Harpy>eHum (MpoyHo-
CTb CWIbBMHUTA MpPU ObLICTPOM Harpy>keHmm paBHa 290 Kr/cm”.
KaXkabli onbIT MOBTOPsSeTCA Ha 2-X - 3-X obpasyax-6nusHelax.
MakcrmanbHasa MnpoAo/KUTENbHOCTL OMbITOB COCTaB/IA€T OKO/Oo
NATM MecsueB. Bce onbITbl MPOBOAATCA MNPU KOMHATHOW Temne-
patype B npegenax 16-203C.

MepBUYHbIE pe3ynbTaTbl U3MEPEHU CTPOATCA Ha rpaduke
B KoopauHaTtax "pedopmauyma-spema”. lonyvyaemble B 3TUX KO-
opAvHaTax 3aBUCUM jcth O00bIYHO Ha3bIBaAlOTCA KPMBbLIMU MON3Y-
yecTw.

KpuvBble Mon3yyectn ANs1 CUIbBUMHUTA W306pakeHbl Ha
puc.4, rae MO BepPTUKaNbHOM OCU OTNOXEHbl BEIUYMHbI OTHOCU-
TefbHbIX AedopMauuii, a Mo ropnloHTaNbHOW— BpPeMsi B CyTKax.
Bo3ne KaXkgoill KpuBOW yKazaHbl W?04* HUSI Harpyskm B Kr/cm”
M B MPOLEHTaX ;T MPOYHOCTU MPU bl FPOM Harpy>XeHun, npu
KOTOPOW [JaHHas KpuBas Mojy4veHa.
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Puc.. 4, Kpasie monaywecru o6pasuos CHNLBUHATA, HCILITAH—
HBIX B 71a60pATOPHBIX YCIOBHSX,

Kpaesie monsydecTtn crpodrcs aas mponmonensix ( €,
cpenH.), nomnepedssx ( P cpenx,) u obvemuErx (© cpenm)
nedopMangil,

O6osHauenna §, cpexH., &, CpeaH, ¥ § cpenH.
OTHOCHTCH X OedopMauusaM, IONYydeHHEIM B CperHel 94acTH
obpaana, MMerHO sTH medopManuu ® ciaeaAyeT HCUO/IL3OBATEH
IPH HOCTPOSHHM KPABHIX NOA3Y4eCTH,

KpuBpie nmonayyecTd MMenOT TpY XAPAKTEpHBEIX yHacTKa:

1) HaganbHelli XKPHBONAHEHHLH YYACTOK, OTHOCKINMHECH K
o6nacTE HeyCTaHOBHBLIGHCH NONSYISCTH;

2) npaMonEHe#Hpl# y9aCTOK, HMeHyeMbli o6aacTeio ycTa=
HOBHBLUEHCH IOA3yd4eCTH, I'Ae CKOPOCThb NOA3Y4eCTHd MOCTOSH—
Ha;

3) KOHeUHHIA KPHBOMHHEHAHHIH YY4CTOXK KPHBbLIX OTHOCHTCH
K Iporpeccupyiolied Hon3y4eCTH ¥ 3a4KaHYHBASTCH pa3pylie-
ureM (Ha CH/ALBHHUTE NOCHAE[HHE YYACTKH He 6prm 3adHKCHpO—
BaHbl ¥ pa3pylieHEe NPOUCXOMAMAOD B OBNACTHA yCTaHoBHBLIejCH
MON3Y4eCTH).

Taxum obpad3om, rpadbuxu tHna dur.d To3BOAAIOT HONydaTh
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BenxdEEn AedopManEl HON3yIeCTH B 3aBHCHMOCTHE OT npmomeu-
HbIX HATPY30K, BenuYEHH CKopocTefi mondydecTs €, , £, u©
npH Da3HBIX Harpyskax, BpeMsS A0 pa3pyuieRss € n_aaancn—
MpCTH OoT Harpy3kxn . CropoCTH Honay4ecTH ( g + €

©. ) nonysanTCs Xax NpOH3BOAHLE COOTBETCTBYIOLLHX BEIHYHH
nedopManuil no BpeMmMeHH, Pe3ynbTaTsl MOT'YT ObITh HCHOIBIO-
sa#bl pasnEuHeiM 06pa3soM B SaBECHMOCTH OT HOCTAB/AGHHOHR 3a—
nasd,

4, TIPUMEP TTPAKTHMYECKOJO MCIIO/Ib30OBAHMSA
PE3Y/ILTATOB, IMOAYYEHHEIX IMTPHU H/IMTENBHBIX
MCIHITAHUSX

JaHHbie OnuTeNBHEIX HCHLITAHHA, OHpencTaBieHHble Ha HIr4
Moryr OniTh MCHOABL3OBAHHEI O1F Nenel oupeefieHHS BejIHYHHBI
OeHCTBYyOLIel HAT'DY3KH H BpeMeHH [0 pa3pylienus, B aToMm cay-
Yae pe3ynbTaThl NepecCTPAHBAITCE B K03hIHNHEHTSH 'Lg T- 6
# WE -0 , Tae G =- Bpemsa oo pas3pywieHnd, a 8, -
CKOPOCTE yCTa&HDOBHBIIEHCH MOA3Y4eCTH, 34eCh HeobXxoOHMO oTME—
THTb, UT0O BCerza HPH HOCTPOSHHH STOH 3aBHCHMOCTRE HYxHo 5paTh
3a HCXOLHO® IPOAONbHYW nedopManuio moa3ysect® €, /10/.

B ykasaHEBIX KoopAMHATAX Ha DPHC,D H306GpaskeHb! axcnepnMem'anb—
Hele pe3yiibrars OO ADAroBewHoCTH (Bepxuad gacTh rpadu-

faTen Ka) ¥ WO CKOPOCTH monayyec—
7 TH, I'pacbrk ckopocTtm monsy—-
N\ gecTH (HHXKHSA gacTs rpaduxa)
T crpourcd I0 pe3y/nbraraM H3Mepe—
5 \\ 4H# nIpoaonbHELIX nedopManui B
6? ‘ cpenpefi 3actu o6pasna. 3xcie—

zm—m—m”mg PEMeHTaNnbHbIE TOYKH IID OOITO0—

{ BEYHOCTH H IO CKOPOCTH NOoA3ydec—
-5 TH B NPHHSATLHIX KOOPAHHATAX XOpo—
1O yRTIaObIBAOTCH Ha NpAMbIe NHA—
HUWH, DMMUCHIBAEMEIE COOTESTCTBEHED
89513 ypaBaenuamu (1) = (2).TTpa arom
i 3HageHud O [O19 JOATDBEYHO—
Puc.5. PeaynpTarTs 00 [A0A~ cTH noaydwnAchk pasEsiMu 0,047,
roBeqidoCcTH (BepxHAd YaCThb ;119 CKOPOCTH NON3ydecTH Oh =
rpaduxa)® Io CKopocTH mon- 0,048, Kak Braso, aSConioTHbIe
ay4decry (HmxHAY HacTb :iavedns KoadhHONEHTOR Tpax—
rpaduKa) a9 CY4ALBAHHATA., THYECKH COBHALAIOT,

&
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M3 ycTaHOBNGHHOIO SKCHEepEMEHTOM paBeHcTBa Xoaddu—
O¥eHETOB Ok BhITEKaeT Ba)KHOe NpAKTHYECKoe ciencrtsue, efi—
CTBETe/IbHO, pacnojiarad KpPEBSIME UOA3YIECTHE H OOHHM €IHH-
CTBeHHHIM KaKHM—HG0 3HAYeHHEM M/ETeNbHof HpousocTH (Ha-
OpHMEp, NPOYHOCThIC HpHE Harpy3xe 90% oT BenHETHHH pas3pynia—
OIMer0 HANpS)KeHWd HpH OLICTPOM HATDY)KCHHH), NO/IYYSHHBIME
o HHTepecyPIleMy HAC MAaTepHaay WX IOopHOd Hopore, MOXK—
HO DHpEeNeNHTh BeNRYHHE ASACTBYIOIIAX HATPY30K H BpeMd M0
pas3pyiueHus TOro NiIH HHOr'O CHiIoBOro siemenra (E3 aroro ,
MaTepHa/ia) KOHCTPYENE#A, COOPYKCHHS H/IA LOejIAKa, CKOPOCTH
OONBY9eCTH EKOTOPHIX MOr'yT ObiTh onpelefieHs B NpoHecce HX
sKCHNyaTannd. B »ToM cinydae HOCTYNamoT TaxkEM obpasom:

INo rpaduxy 1@509 ¢} onpenenﬂe'rcs! BenagEHa Xoadbdr—

eara A . B kxoopamHarax Lg + 9epe3 eMHCTBEHHYIO
TOYKY mm'renbnoﬁ IPOYHOCTH, npoaonu-rcn JIyd NOL YT/AOM K
oce (0 , TaEresc Koroporo paBeH — &

B pesynbTaTe moiiydaeTcd rpapEk, aHanora4Hsift x3obpa-
KEHHOMY Ha pHC,B, I'Ze CTpelEaMH NoKa3aHa ollepamHs olnpe-—
[lefieHAs HAUPSKEHHS M BPEMEHH [0 PA3pPYIIeHHd, KaK OBHXKe~
HHE TOYKHA z-:1 oT ocul,gs ( smauenme 8 MOKeT GHTH H3BECT—
HEIM H3 HaGmiosieHMd HA[ HOA3YYeCThIO, nanpnmep, neiuEa B
IpoRecce ero SKCIiyaTalMHM) [0 OepecedcHHd C JIHHHEH CKOpo—
cTeli NOA3yYeCTH, 3aTeM=— [0 mepecedennds € ocklo O ( Tax
onpenendercd BenEdnHa aefiCTBYoOINEro Ha NEjNHK HANPAXEHAS

Gq ). Hanbuie Touka nBEkeTcqa oT ock (O o Hepecede—
HHA ‘C nuHEe# OONrOBEYHOCTH, 3aTeM OT /HHEH [0ArOoBeYHOCTH
A0 OepecedeHHEs C ocuo U (vax ompependgerca BpeMs L0
paspyuleHnss OejlHKa

Taxmm obGpasom, AaHEp# MeTon onpenedeHHEs OCHOBLIBA~
eTCd Ha Npe/BapPHTE/LHOM HOIOYYE€HHH KPMBHIX HOA3YIECTH H
OOHOI'D 3HA4YeHHA [JIHTeNbHOH mpousocTH, [IpE 3TOM EpHBHIE
Ho/I3y%2eCcTsd HEeOOXOAHMO IOAYYHETH MHHEMYM IpH OBYX YPOBHSX
Hanps>xenruii, MeTon He HMesn OBl HeOOCTATKOB, eCiH 6ni Seuin
BLINOINGHSHl YCHOBHSA NONHON HAEHTEYHOCTH paboThl MaTepHana
B HATYDHHIX YCNoBHAX (HampuMep He/lHE B IIAXT2) H MaTepHa-—
na obpaama B ycnoBusix naGoparopum (pasymeercs, 4To Mmare-—
pEan B oboHx cay4Yasx oAHH H TOT »xe), MoXHO HA3BATL, 0O
xpajiiefi Mepe, HeTuIPe JIPHYHHL H3-38 KOTOPHLX MOTYT GLIThH
HapyuieHs YCACBHY HIGHTHYHOCTH!:

-
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1) pasnmuHbie aTMoOCDHepHbIe H TeMIepaTypiabie YCHoBAd
B nafoparopud H B maxre;

2) paspuuse B BRO&X HANpAXKeHHOry CoCToAHMA obpasna
B jlabopaTopuH M, HanpEMep, HelHKa B 1LIaXTe;

3) Bamguse MacuiTaSHoro hakTopa, a Taxxe 0COBEHHOC-
Teli MAKPOCTPYKTYPH B HATYPHBLIX YCAOBHAX;

4) u3MeHeHHe BeJIMYHHLI HABJICHUS H BHIA HAUDIXKEHHO~
IO COCTOAHWY B HEe/IMKe B pe3y/ibTaTe BeleHEd IopHLX pabor.

Bimgsue nepBoro daxropa CHIBHO CKa3sBAeTCA HA CKO—
pocCTH nonayiectH, OpmEM 3 cmocoboB Goprbm C 3TEM BAMA—
H¥EeM MO¥xKeT OpTb 3KCIEePHMEedT B HATYPHEIX YC/IOBUIX, KOTO™
poifi HO/IHOCTHI0 Gbl MCKIIOUMN HEMAeHTHIHOCTHE aTMOCDHepHLIX
H TeMHepaTYPHLIX YC/AOBHH,

Bnmrsiune BToporo haxTopa MoxeT 0KA3aTbCd OYeHL CHIIb—
H5EIM KM H3MEeHMTHL BeNnuYuHy Koaddunmenra o B HEeCKONBKO
pas,

Yaile BCern HANPSXKEeHHpoe COCTOSHUE B UeNHEKe ObnBaeT
TOYHO He M3BeCTHHIM, TaK YTO BOCHPOM3BEEHHE OmsiTa B 18—
GopaTopHz, TakuM obpasoM, 3aTpynHeHo, B aToM ciayiae
OHHATEL K€ ONHMM H3 BBLIXDIOB MOXKET OBITh 3KCIEPUMEHT B
HIaxTHHX yCAOBHAX, ['IpE 3ToM o6pasen H3roraBiEBaETCH He—
HOCPeZICTBEHHD H3 MAacCHBA C TakKMM pacdeToM, YToOw ObliH
cofSmiopedsl ycnbBHs nonobmra dopmsr ofpasna u uenuxa, Ciona
JKe MomxkHel GbITo OTHECEHE! B YyCHOBYS Ha NOBePXHOCTH, IO
KOTOpO# ilepeaaeTcs Harpyska Ha ofpa3em ¥ Ha Uejnx, The
TaKkXXe OOMKHL GoiTh BoIMO/HEHb YCNOBHE nonobud,

Macwratiyeiii haxTop B 0CoGeHHOCTH MaKPOCTPYETYDPH
Jyduie BCero MoryT OuwTh Y9TeHbl IPH HpoBe eHHH HATYDHOI'OD
sKCHepHM2iiTa Ha obpasme, padMeps! KOTOPOrO ZOCTATOYHO
BeHEH, 4T05bl ObITH HPefiCTABHTE/LHLIM C TOYKH 3peHHd CTPyK—
Typsl MaTepuana iennxa, B sToM ciaysae obvem pGpasua Mo—
KT HCHUUC/IMTHECH HECKOALKHMH KyOH4YeCKHMH MeTpaMu MHid ja=
XK€ O2CATKAM# KYyDHYeCKHX MeTpoOB,

Yder deTBepToro PpaxTopa HPUHOHMAANBLHO OCYILUECTBHTHL
uauboize cnaosxHEo, Camx xonebaHud Harpy3xd Ha HeAHK BO
BpeMeHu BOCOPOUIBECTH HA HCHLITYEMoid B HATYPHBHIX YC/AOBHIX
cbpssuc. BI20OGTIe POBOLH, NPHHUMIMANEBRC BO3MOMHO; OCHOXKAe™
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H¥e, O[HAKD, 3aKiliodaeTcs BD BAHSHEA 3THX Konebanai =Ha
NpOTeKaH#Ce NPONEeCCOB HOAAYy4eCTH H H3MEeHeHHe [ 0/AroBedHoC—
TH, B HacTodliee BpeMf He HpeCTaBAAETCH BOSMOMKHLIM BIOA-
He oIpellelieHHO DTBETHThL HA STOT BOIPOC, TaK Kak oH Tpeby-—
eT CHenEanbHOTO H3yYeHHd,

HaunGonee ToUHH# pe3ynbTaT HO HU3AOKEHHOMY METOAY
MOXKEeT OpTh MOJYyYeH HA OCHOBAHMH 3KCHEPEVEHTA, NpBOAMMO-~
ro Ha ofpasHax B HaTYPHBIX yciaoBusx, O[HaKD HATYPHOMY 3K—
CHEepAMEeHTyY Npe/HeCTBYeT JKCHepaMeHT jabopaTopHsali, Heo6-
XOOBMEIH 78 TOro, YTo6ni YCTAHOBHTEH NPHHUHIHANBHYIO Bu:—
MOXKHOCTH HUPHMEHEHHs Npe UJIarasMoro MeTod3, 3KCHepHveH—'
TanpHOe OSOCHOBAHHE KOTOPDOI'O TOKA YTO IolYyYeHO TONbKO Aad
CofleBLIX [OPHBIX NOpPoA. J1aBopaTopHsM IKCHEPEMESHTOM [pea—
BApHTE/ILHO YCTAHABIMBAESTed NOAYHHACTCH JIM HHTEpeCyoli
HAC MaTepuall #/H ropHad ;iopona ypasHenuam (1) a (2), udo
upennaraeMpii MeToZl HIDEMEHHM TOMNAKD K MAaTepHanaai4, HoBe—
[edue KOTOPLIX PR HCCACAOBAHHM HA HOA3Y4eCTb H ADANDBEY~
HOCTH ONHCEHIBAETCH YIOMSHYTHIMY ypaBHEHHAMA, B HATYPHLIX
ycrnoBHIX nopaobHLIE 9KCHEPHMEHT Oull 361 CAHIUKOM TPYZoeM-—
KM,

Haunywuuii pe3yabTaT C HOMOIWLID NPS/I2raeMoro MeTo—
Ha MoXeT OpTh HOlyueH [T HeMuxoB, Yy KOTOPSIX NonepeyqHbie
pasmepsl Majisi (HanpmMep, BriCOTa B ABa pasda OOibLUIE€ INPH~
HEI) TI0 CPaBHEHAI0 C BolCOTOH., B aToM ciydae Hanpd>keHHoe
CoCTOAHKHE B HEeJdK2 DKa3LiBaeTcHd Hazbollee oaiOPOIHLIM, HTO
BHAMHTEeNbHO YNpoSilaeT KapTudy nedopMHpoBAHUA ¥ pa3pyuie-
HESl Marepuana mennka, Chaydafi € HeMKaMH, HM2IOLLIME Masayio
BoICOTY 4 Oonbulylo IHpHAY TpebyeT CHEUHAnLYOTD IpeiiBapu—
TenLHoOro UCCA2AOBAHHA C LeNbl0 YCTAHIBACHHT XapPaKTEePHLIX

O Hero Tokadaressit aedopMupoBaiid t paspywedud, B ax—

HbIX MeTOAMYEeCKHEX YKA3AHAAX 3TOT BOIDOC He aHamd3upyercd,

Jlnd oUeHKH BIMIHUY OKPYy XK&OWel Cpelivi Ha JdsKalaronn
AAMTeNbHEIX HCHOhITAH#A Ha pPHC.0 u3o0parkeunt p23y.aoTaTL, 11—

yYeHHble Ha AJ30JAHDPOBaN:USIX HENpOHHUaeMIIM JISKPLITHeM FLEMT: N

nax ¥ Ha HeM3DJIHMPOBAHHBLIX 00PAalNaXx,
Peayasnrarsl, H30OpaxKestivie Ha8 puc,d moavicHs! B DianiTux <
#30MEpoBAHABMA DDpa3unan4,
Kag Baan> u3 rpaduka, HakAoH AHEAT HMOeT PA3ESe 3Ha-—
deque, B cnydae noxporteix obpasuss A -2,045, B chavwae reoqa
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X xpeithix o =0,1. 3a pashuny

\ B 3paveruax of MoxeT 6uiTh

-5 N OTBETCTBEHHLIM TONbBKO B/IMA—
' \ HHe BHeuidel arTmocdeps, Tax

KaK BCe nmpouHe YCJ/IOBHH, 3a

. L HCK/II0YeHHEeM H30/IEPYIOLIEero
0100 2& 30 400 Onrjew? HOKDAITES, B ONLITAX OCTaBa~
1-r3ongpoBanEkie o6pasusl nuce Ge3 uM3MeHeHEd,
I1-~Her3onEpoBaHHsie 06pa3ukl. Haspecrro /97, 9To mo-
Puc.6. Pe3yasTaTso o0oiaroepe— BepXHOCTHO- AKTHUBHEIE Beille—
MEHHLIX HCHAITAHER H3OMAPOBAH™  (wop cpnpnp HOGMERAOT Mexa—
HbX (ARHAS 1) M HEHSOMMPOBAH™ yygeckme CBOWCTBA MATEPHAIIOB.
Hoix (nmamg I1) or BHemHelh - g [AHHOM cilySae B KageCTBe
cpenst 06pasuoB CUALBEHUTA, MOBEPXHOCTHO~ AKTHBHOI'O Be—
wecTsa Mo)keT OBITh DKpyxxaplias aTMocdepa C BHICOKOHR BlaX~— .
HoCTeO. IIpoHukas B Teno o6pa3na CHALBHHHTA, aTMoChepras
Bjlara ociabngeT sneMeHTapHble MeXKaToMHble CBY3H, B De3yib—
TaTe Yero npouecC MoON3y4YeCTH HpoTeKaeT Goliee HHTEHCHBHO,

Tagum o06pasom, npenefperaTh BIHSERHEM OKpYyXaiiueh ar—
Mocdeps! Ha CBORCTBA TOPHEIX HOPOJ NPHE LJ/HTENBHHX HCILITa—
HHAX Henk3d, Jlydine Bcero aTor daKTop MoxKeT Obith y4TEH B
ONbITAX, NPOBOAHMEIX B HATYPHLIX YCJ/AOBHAX,

5. METOLOMKA TTPOBEOEHHWSA HATYPHBIX
HCTILITAHUWU M

Haa nnactoB yras ocobpe 3Havenue npuobperaeT BoIpoC
06 yieTe CTPDYKTYPHHX SJleMEHTOB: K/HBAXKA, PA3HONPOYHOCTH
OTAEe/IbHLX nadYex yrfaa H T.O.

M exanuveckne cBoiCTBa yriasd B ofpasuax, Hmoaydaemeie
npn na6opaToOpHEIX HCHGLITAHHAX, He MOPYT HOAHOCTHLIO OTPAXKATBH
CBOACTB Maccupa, [1pE npoBeeHMH TAKHX HCHLITAHHA BIHIHHE
MAaKpoCTPYKTYpnl (xnHBaX, C/AOHCTOCTb, PA3SHONPOYHOCTHL Navex
yrisa HAR Oopoz) Ha xapaxTep nedopMHpoBaHHd IJIACTOB YIS
He MoxxeT ObiTh NONIHOCTHRIO y4TeHo, O6paanmel yrias, K&K npaBu—
o, yOaeTcd NOAYYHTH TOABKO H3 waubopllee Kpenkux H MOHO—
NATHLIX Na4eKk, B peaynbrare RoAy4aloTCs NoKal3aTeld MeXaHH™
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9eCEK¥X CBOACTB He IjiacTa B HeJ/iOM, & TOIBKO KPeNKHX H MO~
HONHTHEIX pa3HocTell yraei#, Haxoren, cam npouecc u3Bjiede-
HHEY #3 MACCHBA H H3roToBaeHud o6pa3moB O/s HCHLITAHES [0
¥3BeCTHo#l CTeneHM H3MeHSeT MexXaHHYeCKHe CBOUCTBa yrnd
HAA TOpHO# moposasl,

Linga mpoBemeHMd HCCNQaOOBaHHA CBOHCTB I'OPHBIX NOpPOX
B HATYPHBIX YCNOBHsX Oblna paspaboraHa # H3roToB/leHA anmna—
patypa, xoropasd HO3BO/iSeT NPOBOAHTL ANHTEeAbHHIE HCCIeao—
BaHHMS NpH NOCTOHHHOHN 3anaHHOf Harpy3ke, Ha puc,7 n3obpa-—
JKeHA NpEHNANMANLHAS CXeMa THAPABAXICCKOH YCTAHOBKH suIs
npoBeACHHS ANHTE/NBHBIX HCHEITAHAH I'OPHBIX OOPOA B HATYPHBIX
ycnoBHax, OCHOBHbBIME Y3/I@aMH YCTAHOBKH SB/SIOTCH KOMIIEKT
TEApABIMYECKHX AKKyMYNSATOpPOB [aBjleHHd | M KOMINIeKT Oa-—
BHILHLIX HAAEHAPOB B, Heobxoammas Benuuu#a NaBNeHHA B
CcECTeMe [AOCTHraeTCf C NOMOIULIO HaAcoca 2.

INMpenoxpanuTenbHplli Xnanag 3 CAyXHT a1 NpecedeHHs
BHITEEAHHA paGoues >KHAKOCTH U3 CHCTeMbl AKKYMY/ATOPOBR B
cilysae mnpopeiBa Maciia B CHCTeMe,

IT'appapniugecKkne aXKyMyasSTOPs OAaBleHHS IpeACTaABASIOT

23 cebf mMAEHAPH, B KOTOpsX pabGogas xuHakKocTh (Macno)
HaxoABTCH noa JAeHCTBHEM YCHJIHS COKATHX NPY>KUH., YTeuka
JXHKOCTH 3a CYeT Tewyel ¥ moAATIHBOCTE HCHHTLIBAEMOID
ofpasna BLISHIBAWT CHaJeHHE OA&BICHHS B CHCTeMe, DHEprus
CrKaTHX HPY>XHH AXKYMY/IdTOPOB KOMIOEHCHPyeT 3TO cnaja—
HEEe M TakHM 0o0pasoM [OaB/ieHHe NOALOEPXKHBAETCH IOCTOAHHDBIM,

_a, BepHee, CnazlaeT HACTOIBKDO MEIJICHHO, YTO HM NpaKTHYeC—
KH MOKHO npeHebpedn, AXKYMYJSITOPH DPAaCCYHTAHH TaKHM 06—
pasoM, 4YTO Ha OJMH [AaBHAbHHI HHIHHAP B CpeANeM yCTaHaB-—
JAXBAeTCHd OAMH AKKYMYJSTOPp OaB/eHHS,

Viamepenne nedopMauuit B BEePTHEANBLHOM H I'OPH3OHTANbL—
HOM HanpapjeHHAX AyOGIHPYeTCH H HPOM3BOANTCH C HOMOIULIO
AHOMKAQTOPOB HaCOBOI'D THNA, YCTAHABNEBASMEIX HA pelepax,
3agenaEHsix B ofpasie,

IMoaroroBka o6pa3ua kK HCHLITAHMSM, Nepefiada HATpy3—
KH H&a TOpUeBYI0 IIOBepXHOCTL TPOU3BOAKTCH IO MESTOLOHEE,
H3JI0XKEHHDH B pAbore /11/.

C unoMouLIbI0 ONMWCAaHHOfl anuaparTypst Owhid OpOBedEHEl Iep—
Bule HATYpHbhle ONLITHl N0 YKA3AHHOK Ha puc,] cxeMe Ha miacre

17



%

]

-

W

Yenobbie - oBosauenus

1 Amyrymmopy dabers s Maworemp s Vinduxamops

: Hacoc 'c manomemport & florkpamel 5 Tapessuameie Ynapul

2 3 Mpedopammencints KonaH 7 Penepui 0 Coeduwmmenstie mpydru
Kasnexmop

Prc,7, TNpuanunuansiags cxema TUAPaABAHIECKOA YCTAHOBKH
LU HCHOoTaHHA [JIETeNBbHOA WPOYHOCTH T'OPHLEIX HOPOA B
HATYPHBIX YCJ/IOBHLX,
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CHALBHHATA BepxHexaMcCxoro xalafHoro MeCTOPOXIAEHHd, a
TaK>ke Ha GypoyronbHoM maacre "BY, omacHoM NO I'OPHBEIM yaa-
pam Ha lilypabckpu Mecropoxknennu , O6pasnst GbUIE H3roTOB-
fieEnl M3 MaccEZBa d uMend QopMy NpHE3ME pa3MepoM B Inone—
pesHoM HanpapjieHds 500x500 mMm & Bricory 1000 mm,ITpouno-

CTH Taxofi WPE3MLI COJHE HPE OGLICTPOM HCULITAHHH cCocCTaBuiaa
180 xr/cm2,

Hcnuranus HA mon3ydecTh ObNIH npoBefieHsl DpH Hamps-—
xeann 107 xr/cuz. PesyaeprTaTsel 3THX 3KCOEPEMEHTOB npen—
CTaB/leHsl HA PHC,8, I'ie N0 BeDTHKANH OTAOMEHbI SHAUEHHA

OTHOCHTC/ALdO# medopMauuE, & N0 FOPH3OHTANE — BpeMs B
CyTKax,

&0’
of— - .
i I N .
. Lt R PaipyuieHue
0 A

0 2 4 6 8 10 tym

Yesaobruie obosraverus
1~ npodusise  depopmayuu cusbmuma
2- npokossme  Deqpoprowus B
3-4 nonepesrse  depopmavum mm

Pac. 8. KprBnie nmon3y4ecTH CHALBUHATA H YL
o0 [AAHHSGIM IIAXTHLEIX HCHBITaHUM,

Kpusag 1 #3o6paskaeT NPOAOILHYO (BepTHKANBEYIO) Oe—
cdopmannio, xpEBsie 3 ¥ 4 COOTBETCTBEHHO ~ [Be HONEPEYHAIX
(ropusorraneaex) nedopMauum.

Kak BuaHo #3 rpaduxoB, SABHCEMOCTA AMEIOT OOBITHEBIH
BuO KpHBRIX moii3ydYeCTH., [lIpuuedarenchsiM gBagercd To, 4TO
nonepeynnle nebopmanmmn nc abcodoTHOR BenHYHHe HpPeBOCX0™
O9T NPOACAbHBIC, AHaNOru4Hsle Pe3yinbTaril OsLIM NOIYYEeHH H
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Ha ofpa3max B nabopaTopHsIX yCHoBHEX, PaKT HpeBhIleHHS
nonepeuypx AecopManui Han HPOAOILHBIME I'OBOPHT O CHIbL™
HOM yBenAYeHHM ofbeMa Teijla 38 CHET DASBATHS B HeM TPeIlHH
paspylLueHAs # OYyCTOT. Pe3ynesTarTsl, IOAyTeHHLIe Ha Ijlacrax
yraa Illypa6ckoro MecTopoxxaeHust, u3obpakeHs: KpABOH 2,

TMepBsie onelTsl Hokasand, 49TO pa3paboransas anmapary—
pa M MeToA4Ka [IMTeNbHLEIX HCOLITAHHE B HATYDHBIX YCHADBHIX
BoopnHe cefe onpaBaana H MOXKeT HCIOIL30BATBCR’ B OanbHe#~
LIEX HCC/le AOBAHHAX,
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