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I' TABA TEXHOJOITI 4 BUI' OT OB
BJIJACTHUBOCTI TA COEKTPAJUBbBHA CE.
EMYJABCIID MICTATh MIKPOCHUCTEMHU «
AAPOI' AMOTIT'EHCPI BHA OBOJJOHKA»

IIIu p o k<MiO )XJT U B O C T 1 p1 ) " BUDPT BI® [M & M H
boTOUYyTHIUBUXIGE pPeBPApany diKaioddXx I

4 KOl TbII MOBHO BI1AMOBI1 JTawWTh CcydyacH

CTBOpEHHI KOMIOO3MI1l MHUX CHCTEM,
1 K ragtoreHncpiOHUX, Tak leiTeme g -
M1 KpPOC UTCUTIEYyM UK He C p1 O H ¢ a0p O — raj

OTPUMIHEHEMX CHUCTEM BI1JIHOCHUTDHBCSA I
a KTyalJ$ KHEIX TIET B€ P IBKYIEM bXOGJAO0M pPO3BHU
HayKH 1 HraedxBHHI 1 KCHT. b y reTepodas HU
00 TacTHepti OWHOIraypad®@EAd™O B JT I0€Yy CIMOC T BE YM
pAAly HOBUET®MAaCT MBOOKIHUBOCTECUW ITOPHU

ronorpadi ufBdro 3amucy

1.1. OTpuMaHHH eMyJdbci H, 110)) Mi
«HecCpi 0Hrea HOIpOHC pPi O HAa 000J0HKA )

[Ipu cuuHTECES3I ONPpPOMNOHOBAaHUX € My I
BUKOHAQHHSIS ABOX YMOB:

Dranoreniag cpibna B eMyabcii m
OaxaHO CYyIIlJdObHHUZX, OODMMaAV ,KKpE 308 6 ¢
ba3s3o010;

2eMynbcii, Mo MIiCTSATDH ,Be&Tecmwod
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HOBHHUMHU b ouT oxrappaadkiTUCHMVMMH B U K afnvd B U 1
CTYyNaTWTHMHUNBUTI AaJlOCHURT R N@MIDM O

3MI pHOTO Klacy.

Mo cToOocCcyeThCSs M eaMDOKiec YBMOKBIIH,Y BTOr
K WX € p , CepCIIKHIMXN )KIPD 3 MO P1 BHSIT U
POAKI B TBEpPOAOI ba3mu rajJoreHdHI1 [
MO I'MEYHCHEOp € 1 O B U IHHE T B ® H HO B O T O p O3
IS BHOCT.] cycmnmeH31 1 s aep . Tonagi 1
Tor «¢pil HDy1 a, npu I K@My THEAa HY M B B |
OJ O HOEK,C MDAl KO O ¢ Hfcap31 0. H O i

Buo6ip TaKoOT O peXKUMY 31 1OUpiac HHHIOIE
A OKOCT]I mojagaddil peareH”HT1iB SAKI1

JUBAaIWTH Ha PO3UYHUHHICTH 4,30 or g m

pPOJXEHHSH HOBOTI ba3zu HeoOX1 THO
p' epy, NMOoOB' 53 aHOP O3 ME XIy® snlEomays, 1
1 11 OB aHHH4 baszoBOT O nepexony,

BHOBAaXHOT O HKal®dHEM MEIEPTRXiHEBHE HH:S
B 3aTraijlbHQBYF3 BATMAGKECSI pi3HHUIE
TEeHIN1 anlil B I me pmo 1 1 AIpyroril
€EpPUUYEHHS» 3MEHMmMy€ETbhCSHA, 1 1IHmMe 3 M
Oy e B1 70yBaTM™Ccme pudddnyx T @ § yan
nepyoTmewapg ¢ 3 OCajgokie HHS HO B

EnepretTuunu Oap'ep 3apHREIO®KT B
pecCyuYecsHKOSB '033 a HBM pasii OPUCYTHDO
OpPOHHI X 3 MOACKHOBIC T a ;13 I3 OKYb {34 . Ta k1
HOM, S RPR XKHEMax MOHoJgJauvyl B CcCycImeHS?3
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pa 1 0H1B Cc,pmpOWwi anmeip e HMHE®IHHEH K , 107, ¢
OHTaHHOT oAghdac axpieckwE E @ hba 3 00 B PO
K H a TOVMDEBOPE HHD TaIbhMOTro0o 3pPOCTa

ToTre®mMiigilya Ha MNOBEpPXHI CTOpPOHHI X

Hn s 30€epekKE HHSA BYMTOWEWBT T PIWCITY T KI U

MMM O3 M1l WHUXC TOIPOM@EA U CATJCpPMA MOBHUHH

aCTHUBOCTE €M, 1K 1 1 CTOTHO OO M&XY ]
XKJIHUBO BUKOYHK@OBI B BITIE P . Po3r s
AaCTUBOCTE ECH

Y pa3si KOMOO3 U1 HHUX MaTeptlaumni
Oe3nNeyYymBUWM,0 @I 04 K Uelip 1 @ B &0 LCADKEWT b XC
r 1711 T OHKHX 0001T0HOK Ha OG0T O |
YOBHUHOKW KOHTPOINBOBAaHOTO CKIamnmgy.
Tepodpasz HAa cHCTeEeMa MOXE BTpPATHUTH
OTO0 WEeOoQXWMITMWMWOBATMU KOHTPOIbL HAaI/M’
Eni TaanweHa pomy Ba HHSA T ajdloreHcpi OHMH
CTHUHHKHU MO XKE€ 3 01 AC HIOB AT U Cl Sl OT(la/MH K
cCnmeH31©0 1O0H1IB cCcpilbma i rajgjor e H:
OnEeacpyo My Ba HmAi oboeABME& 11 0T (O 3)iK an
ion@ My (0O B3 HVMPOHMYEBIPE 3 YABTATI
eprnoi ¢rsopycam@poes®HaA. 1 npusegeH:
e Ma pil&a K UmpHo, T 1 K aHOAT (b O IHYaB acHTHasAx 1Tia I
ONTOHKH Ha HecpiOHE sSaIpO.

Ax BunPwrael ,3 NP IET WG AT BICITI M U
iyimmib aguUuconDi aniwrae papicdlil x Kpigwa |
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Mi BB 1 J HIOONDCYHIHKSBYM M H H CCCITOUTI YR EIPXMDO b Yy U ¢
poiIec.i
Kt =oK™ A"
(apo) i iy

Hal™ + Ag <=—» AgHal
(00oJ10HKA)

2 3

Pucl. 1. CxewMmMa X1 M1 94HHUX peasck

anomice®ec® 6 1 OHXQWE wHecpibB@e. aapo0

HemMmuuayui mno@i3ai(Pulp.cla)k @y axyTtsr H
bexkTuUuBHILOO YRk 4yuHHIPJTmo m,(y3k © § K 0
KlagawTbcsa VOO pamwBosgpae (coi BBI
L O "7 0 "D PP

L O 7 00w PE,

”

”

[Ilpye BKOHAaHMKOOYPYIB HaBEeOIEHUX CIi
nNpoOMW HapomMyBaHHS TaloreHcpioOHHUEX
O3 4YHUHEHHS IMyTSB®D®ROHHMDH O K , BE€JIbMHU
TOPOHHI MU KaTloOHaMum 1 aHIOHaaMMHU

a 30epexe HHH VH1I KaadbHOTO HaOop
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K P OC WBETCEpMINO H e— TsRQIippa@ € HC pi1 0 H a 00o0

KpoOCHUCPpPEe MasmagpialmeMcd CT A Tbh PREOORTHEHAM!

3Y4UUHHOCTI , Mo HEe 3 aJTO0OBOITHHSIIT I
1Y THh MaTH VX ac pBal KT TV €O pd Uy CT TV VHIK® O ¢ B H O
CTynawThCcCsi MI aMBAORPH @piia MH U

TaxuM YHUHOM, C M1 B B Il @KHI olmbekHl HCSIH o lo.
MO M C KoITagumo HHI[X] , s p He 00 X1 T HOTI
KOHYITDHC SIS KIMMGI@ P NA M1 WEHUX CHONONTYK.
S3anponwmMokpaBIEMN { 1. 1) 1 HapgdmPB art
€3a0py rHACTHOMTXE»H C p1 O HUKA OPOAPHOKI
TOBOJTDb HS IOT b Jemme puyr g pa@ap y I I0OK a J
THOPHUT ) .

Kpi M ,pgmioiroycni MIHOT O CHUHTE3y €M
ecpil OHrea JIOATPEOH C p 1 O, MW & 0 O MTDANKAOHPKAATHU |
AKpW C T aCIT PIMKPrey®dppo B U H s apa 1 obomno
Xr,ac TaH TMNOBePxeriTa x 3 K¥ XKYyaeC KBJ J I O B
OpramHi YyHHUX CHOINIYyK, 1K 1 MO XYT b
Tepopas3z HUX MIKpPOCHUCTEMa X .

Tacxk, HanOopuUKIasumg, GTWOPUTKPHE T AT
EMEHTAapHI U KXOMI pHIioHH KaabIill I
BUE HOTBpa By 01 uHYy ynil HllmmpdtyymiyBaTtw 0
opy nNoTpiOHO eleMeHTapHUH Ky©O
301 TMTH MNHNOIMUHAMY, Mo MNmMpPoOXOJSAT
aHeu, Ha B1 C1 M IPKIOBKHHWOXT OW@3K MIMMHK Y K
T p 1pOOH30M 1 CITOMHT U P T 0O p ¥ [ 37] Buxaxmmn
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CleMCHT PPHEDPKAY b IIOBK JII0OW®dE CcBidcel M

i oHI B uwomoppmm a 1b R u b.2,0.

AgBr

7
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577TA

o
406 A

(111}

2+ o= AgH

®— Br-

o Ad®Br ol” 3861 A . ? 406 A

Pud2Q . EnemMenT alpl@ xamMITpiKca U4 H
TBepaor o0 QO 3Q0H u y
B). Po3sTamyBaHHS 1 0H1B 1yiadmmwbeprTIH I
9) . Po3TamyBaHHSCS111 oOHpioBM1 yi1 P ipo pun
{111}.

OCKI1 nb KHIKBEE ST ain i s QI WEPUTY 1 r @
Cpi 06da eHH €30001XTIKJOr IAIT 8BH T O K , a TakKoX
THUTOI1 B X1 M1 94 H/Pp FJOOBTI 31BM'l SHKpIK ¥ T & B1 94 H U X
bnwopuTy 1 Taiaorl € HAIJAKBB ¢ T P 10 3laorMy C &
HEpUC T a T J1 3 a il 1 uIoydo ocippiH@kma OPpaO MY all0o T II |
BaXIHUBE 3 HaAaM@HMHE HHB MG O e X arppaoKIr ec

po3TamyBaHHSA 1 odinek2B8. i1 X TWOBEepXHI
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3Pud2BpunianuBace, Mo TMNMOBEpPiXHODP ¢ U
cCpi ®auartpi 3 HIKr bEHIA K aX n ®mE&dH 9o H b
po3TamyBaHHS € 0 HI BMICBKI @OSHTHA H H B 1 I
aunrwea ~6%. OT xe , N JI 85 H aopbDOOIDYJIB0a HHKH VI
BpaxyBarTuwu, mo A4 MI KPOKpPHUCSTRMIMMN B
npucyTHiu{nalolmua cai1ixag 0DiKpEppPUAMY BRAIT
g KBIl ]l MAOKBTHHY P MYy B Aa HH IO OKTa e AJpPHUUYHOI O
0 "QO0w a

Ille OJHMUM BaXJHUBIHMKMUTHpPacpoaaM € B [MaPXMY B
nepearomgpmEH@co sgsapa nmgoiobdermaHEH-CPPI30
1 oH1ITM.OOXYMII 1 HaBe€Jge HI ,BIOHIACI UIHIMK a]
[38] . TaoOonxnwuuoi4 moOyao0BaHa 3 C WICBTOBMM Q |

(Toap miumMmIlgm Ouara) [ 3

TaoOonwuus4 1. Pa
CucteMdaoQ 0O O i O O

I'ons n ook /0,113 |0,106 |0,196 |0,220 |0,133
Mo nidmdy ( (0,126 |0,099 |0,195 (0,216 |0,136

Ak BuUudsn@n @3duipangiycu KaTlOHI B p C
O6OuagBa yiopr opaMMMHAE]I KB Ha Y H®A P MTIMBEIMH 1 XK

B1 IODoOB1AHI 10HHM B OpoMinagi cpioObmxa.

Taonumumi Mmd xiue HgEMaHI Mu, Biad2Ba 9 eMD BKM]
OPUOYCTHTH, mo 3 TOYKH 3 0P YO BrUEM N
ioaMc p1l 6ma B a MyKBOAa T M @'PpeaMijiMz0o o0 p U T Y . O «

bTopua KaaAbNOoliwW € THUHOOBHUM 13 0ITATOD

B nmepeHeceHH]I 3apsanany, 1 OHBOWOWYyAYTH
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o ONHKUCaAaHUKX BJIAaCTHUBOCTE EHMH p C
MI KPOCHCTEMaMHU-—T@HIOC peiHOCHE OsHMBP 00 0 0 1 C
i X B1AMI1HHUMHA Bl ]I KIJaCHYHUX T alol
Mi KpoKpWCXOLOm ¢ m1i J IoaarTu T akKoIKX
Il pIOB J1 OB @ H H o . HooOobpe B1 agomo [ 40], 111

MIi KPOKpPUQO@®U METONT i I1POX1iI HOHOBOMY

70 MNMOSBHU B e€eMyaAbcl i HUTOK a0b0o0 «I
cpi6ma, i Ma T Kzdgroo B gzt 1 poeM yar b~ ol B x |
HUT O K MO @ cC® HI¥ H an? vrH 1 ¥ H 1 poO3 M1 pHu

0 Q0OwG ruM caMuM NDOTIpHmyBaTHd PoO3air
B N paipeociiBJ I0OBAaHHSA MO XYTDH 3 a KMpl YCUIY |
OpOABIAEHOTO M 0 QD0 & pyurcBTOApIKYIO 94 U K B ¢
cpili1 OHY yacTKY, 4 Ka T Iy C TCUTHBYD (IO 1 H
nposBaneHo Puddp.1bpcii (

N s €EeMYyJadIbCcl H 3 MI KpPOCHCTE Ma

rajtoreHcpi O6Ha o0O0OOTOHKAa» TaKRXC.UYy:”

1.3,0.

Pud3MxpodboTomwrpasas iite KpO KpUCTaTl B
O Mi KpoOcu O Mwabd o0«W1I@IROd ;

B) roMwsmipr pak pPuR0ria nu
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I Homrgm y k€ B a XJIUMBOKKRPP M8 T angO.H H I M

eEMyJIbCiH 3 MIi'RO®® M cYRBI@MEH H o 0

boTomnacTuHKax B o0Omacti Buclhkmuas

v

B
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=

MyJabcii, S Ka HaHEC enHoas BHM a 3IYMEABAIOE PH

OMTTSBM TA1a BI1J MHNOBEPXOHB € MWRBKeI

MYy I

MC€C H

OB C

alJ o

bCl HHarionxkmdpy b oMy AI8 3 M€ HIIE

J

J

p

r

a

(0

X

v

M

H

H

Enexkrt

B1 O @01 JKaXIaagkKkamu, HAQ KBTI TIM HA
ONOK P @ & Vi MiBH @ 14 . ma3pH a 4 H O C K
U 1 HT e HCHUBHI CTE5Hh CBI1 TIa,
mcTanliB, 1 IBO MIPRER R A BN AT 1
MHOT O mapy, 3acCB1 4y WOUYHU

a1 X B1 I M1 Cc I, I € CTaBC 4

1, y B1 JOTOB1 JHOCT.I I 0 I
e QO@@ ma 3 amnexaTud pPBMIML  [C O3
1 EMylIbCcl HHUX M1 KPOKPpPHUCT a
1 1y TaOHIO@MNA BUHIRPEI B

MO KP® CKOMNI 4 HI JOCIHII1 € HH S

MYyIbClWH 3 MIKpPOCHUET & MQ M@ HGGMIE@pPa O

€ETONTI1 IPOX1 HOHOBOMY MNpPOSBHUKY TIIC

1 mccypri@mEyca» 1 Ha MNDOBeEepXHI1 sAiadpma

Ba3zichbepuuHOI bopMHU HAaHOMETDPOBH.:
OCHUT B BHUCOKHUM Koedi i e HT OM p o
1 TTOB1 JaidbHUMY CX & M pmnercdidin.y Ca Mme 3

oTorpadi gHIi

mapmwu H a OCHOBI — Ml

aopriecbHHCAa OO OJNTOHKa» MNpPHU MRQAICOMIYb BBMY

OT AY H 1

rYMémquuau/langs44ni1 a1 TBepaXKe HH A
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NPpPOBEAEHUMN EKCHOHEPHUMEHT, B SA&DMIYO

[14

O -060m00H@OA mnmopi BHWBAamlacsa 3 €My

o« N0 ©w

romModasisHI M I0KQOd K WIWIOT TAPIWMIapEA T a K U X

©w (3

YyMOBAaXxX CHHTES3YiHaGMOIOonmd@pRMY B B i

EeMyadIbcCcli Ha HOCHUI HUC A H a N1 JKaxIaakK
cpi Omxa H a OJlUHUI IO mMOoOBEpPXHI 1
€ K C IIBOAaHHYH Bu sseB 11 mo npu IpoOSBI €HE

Mi KpocucTeMa@u o0& o m pwROeiod y 1120 CHAYIT a
ONTHTHA T 2% A a 3 Mi kP & QB prv i abma M
MikpodpoTorpadii o U X 3 pa3Ruk3QB,mpe
B1 AT O0OBI1 JHO

Bi ncyTH«aBYCBI B » N ple HHE@MWYHBC 1 U
Mi KpPOCHCTEMaMid — «oiQuopmoo B KD i 3 M€ H I
HMOBI pH1 CTbh 1 H (B 1K IHIHSHE ONTIPOU B SIVIPUAT 5
NOoOJdlODMmMe HHA PoO3 A1 ITbHOT 3 T1aTHOCTI
€EeKCmo3 umi u H a b oOTOTMNI a caTTUEHPKIAaXJI 1 B O

0IO0OBHICT K BBpiegocny. T H

KpimMm ToOTO, po3cioBaHHSA CBI1Taa
retTepofa xpocuUcCTECMHU. Po3 p/A x y HiIgou sl
3apoaAKoOM abo sAiMpxpoOrL@MTaREMBEATH Y KHUT
TakKa 4YacTHHKa Oyae 3HadYHO cCcaabKI I
Hi X TOMO®GREARp HEH a MIi aHAaITOlr1 YHOT O PO
moB' 93 aHa 3 THM, IIi0OM 1 BKCPEOC UL MM IM UT €

Ce P®m I K Ol e€(HITID M 3aJlo0MIE€HHSH, M €

3aJJ0MIEHHAH 3 0BHI IIHB O1 0OO0OO0OITOHKU.
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00 PMIATHYA H a J ONJ @I B Ca M€ TOMY Ma:t

€0Jd1 B MNMOpliIBHSHHI 3 mapaMu, 1110(0)
KHUMHU K C CHI MITAaOpMIEMIEPTUpYa M U . Towmy
moMy BHUKITaIII 3YNUHMNMEPSD CHEGTdMI

OG-0 0 0 1 ®HQOA .

1. 2. BurortToBJige HH eMynbci=='+f -3 W
0.110=|i1<||a>

1.2. 1. CnflithsBormmeaTmmyoezpeHOBnl
[le pmoo c¢cTangiew OJDPp HUNMACHTHSIT be MIy €1
KPOCHUCTOMIErodsnWaQQdde oTpuMaHHSH
OplO B B OMIEHI0OA T M HO B O MY Ce€pe€eJOoB HIINi
OBOJAMUBCS 3a JOTONOMOT O peaxumii#H
MHIUIODOB a cxewma Pmrxlo.i4 , 0 ompam & B W1
IHUX -K€ JBOTIWHEWO BUX P O3 YU HANXO C({yTIOUPH
i as3z00r®HEO0KAO Oy (ID)H a
AKTHUBHOC@iIiO G imkiiB 3 0idic MOOBOE B i B Il
3Mip HecPi@murpomepi ocagxeHHSH
NMOMOTOK YyHIBepcauaxbpHB/x4 110 HeOBeHKMT
CTEM, 11 0 C KIiJIOAHJICACKITEHKCTSAN B B O T O e I
opcpi OHOT O ETEKTpPOAY 0 OCpAK 8 M 5 IB I
TpartT P ukdad)r i 10

Tak ofcxpeax {p@Pad. 4) C T a HO9C(lB mar b 4 ¢
HT e 3 YyBEITR HIB ugo GBMHaxImMWBH H ,MIBTMQI K
34HMHIB MNOBHHHA 3 Had3dm o églxmc sx Bm I NI

111 O BpaxyBarTi™u, 01 6D 11cour Bp e €D 3y IE TSP IKEMp:
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aKTHUBHOCT.I 1 0OHIB B 3ajJa@HRJMBXKEDR
BUT JI A AYIN U@ @COT Py M€ H o (a KMa&meyl bB W T JT
3pO3YyMIiIIHuUM, 11 0 ni g61p J BIDBXA J K & O 1T
nogadi po3uuurid3®lsduy rm@)aH) (Ru d.4)

HaJg MNOBEpPXHEW PO3UYUHIB HABISLSE CcO0O

I mg

11 7®/ 11
I
L]
2
1
13 514 J_6 3
L
Pud. 4. [Ipay H@@xma@I®d € KCODEeEpPpUMEHTail

CUHHTE3y HecCcpTOpPpMAC HAT Q B, 2Hrp i mpSa a K T
cenekKTHBHHH—eenneekkrppoons ;be f) ERBIHEIKHIBPIO 1
M1 IIa J K a 3 ; Npueo@rRRMpPpoOMAarH HI THHUH

aBToMaTudHOT 8, (9r(kOr—pnyoByanmiuasu 1 a;501-p o 3
1 omwMi poB/442-6nokxku aBTOMaTuuHODoO T

13-k o m 1 p ¥Kelobp M.

24



HAnsa BupimeHHSA Ii1iei mpooOITeMH B ¢
epenbdbauveHO, Mo KOJIHW AaKTHUBHOCTI
aJJaHUX BMAKDHBI®EK aBTOMATHUUYHOFIO )T n
nexkTpomar HI(A Pwitl.d)wmaingsm®m @ TIYOM ¢ O T

PETHhOT O AXKMBBBMEY O KaBMEe KT PO JJHOI C

HeoO0OX1 aTHUMUH 1 HTEepBauIl. Ax Kkp 1 B P B X YV B

=

=
(@)
o
oo}
)
am
~
=i¢

qyac 1 IOWKOIAQ 8 HHE B § I[ 11510 C T
OpeKINiI s aKTHUBHOCTI1 BMIMKHATHBHA M@ MW a 0 /BE
OMEHTH CHUHTE3Yy SABISE cobow 3 MI
cce’MY 1€ pXKyBaHOTO NpoAUyRK T§ ) .mo Be H 11
KECEPECHEBNMTBODHOB@AHYITHTATI B €KCHOEDPHU!
HqJns XK BWYE HHS OIXepenan DB3rRKMXT OB R
ami J sOpuipBa JIMICH I a PoUJI BBa KIPH OO UDB P@ T Y |
KCOHepUME HTalhb HOI ITHOIMKIBAMWMAK OC X ¢ U

03 4 ®WH'i B . Hanmni , OJIWH 3 pPO3UYHUHI
C H O B.H 0T aowk adme Oy DI MBAypaei 9r H BRI O

paxyBart™u, nmo t B3 ap edyaakcT OCpPH HITOEJ3ayH O K
W i’ 0 (w10 i0 —MoansapHI KOHI € HT pIEAL
ongamwT RlcmMy™ Mo © HaOpHuwKIaJg, 11 0 C U H-I
alJdWIWKW K Bl HIaNA0€R P M ¥ € 4 Ol.B U W ® i A X U J € H
11 CTEe X1 KMEIBbXKWTH @ ¢ YWIOPBYBTHOMY P a X VY B a
CE’MP 03 4,M HINBO 7T @ IQTIHEOCBSM H H O B TOYHOC
OHI € HT O anipiyiepi@ y o B M HU B a&wmaT¥opa
KOO JOa1s8 YyYTBOPEeHHS CcycneH3I1 imoxo.:
KJIHYawThb B cebe 1 0HEHIEZ PITPHMEDE B

EVO €ULVO O 0¢ L UL 8
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3Bigcu oTpumyemMo dbopMyny aas K
B1 1TOMMUMUMIIEC PQIK C N E€ P UMEHTUMJ b BI10 ] BIBMHIE |

MBUOKOCTE®E€H:

(74 ’?’ré (74 ~,
0 (bé— 0O p Q8 o}
BukopuCTOBYIYHU 3a3HaYeHY METO,
ONpOBOOAUTMH CHHTO C3MH, KOIlIH 0J 0K a BT

PO3BEAEHUMHU PO3YUBMMEK, B afMm K BIB TKEA J

pl1 aKO. 3 HWapImosdi MTCOTUOKIMA K 3 3 aJduma €Th
OISO TpPHUMAaHHH4 onHopiGam X BcuyncamekH3Xi,
B1 JCYTHI 1 OHOCE T g KH@®® X1 JIeHIEe KT P D,

aKTHUBHSDKWNTHI®S

Jaisg BHBYE HHS KpoucoToanmiB3oacurieiit O ¢ x p
Oy ATRpoOBE€ 1€ Ha cepisas SEKEMNXYI@I1l BB,CT MH
3al€eXHOCTI cepenaHnix po3Mi@dssiin
pi3HHUX nmapaMeTDpl1l B ® 10 H T € 3, VB § I & 10 IT ¢
noagpabdDopeXuy)duHI B

B nawmomMy BuUmaagky HaWOIMKBIBIIILERE®
Ha cepenanHi#i pos3mMip 1 7rTaofDykMadd x p
HaBegeamodbpomior padi i BOGYyuxorTpywmmea m
pi 3 g IDx

Y 3 aranbp,BmXI epKEpAMCITR J1 3 a 111 1 b 1 10C
po34YMHAaX BN MOBKEHAU DUMIMMK a TH TaKHUM 9V
N@®inxg 0,7 10 MOPBHOERDBEOYHA@GHEIC K € P € I
MI KpoOKpUCTanMB HOYVpo®Pmuld©Oip B o0606=n
3 Ha g€ OBI O 1, 6 o0 1, 7™M a mTXBQ PP 0a KL IE P
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X pecToydoonpy B u d.5,B) . Cnig TaxoX 3 a3)
obma¢)TOBUHHUKaE€ o1 I Saipy s BH8HT a H OB €
M1 KPOKpP USCK IBHIpI B3, B O 1 U T b I O TOT O,

OTpPUMaAaHMUX CychmneH31MHW B1IOTOYyBaeThHCH

ni 6) , T OJIl g k om) Vrp ommeM i3HATKEl pHBuaye

Pud. SxpoMiorTorpadgii mddH HXT pCHUYMCAIHEN
pi 3 1y 1,0;8) 1,65;9) 2,0;0 3,0.

B o60macrth @3ipgiaulenws o 4,0 y MiKfy

cnocrtepiraasxpe 1k yiegalBhmd.5 9 06 , X 04a
1 1eanabHOI bopwmu (cmocTepiTratwThsbcCcC
rpaHen, a0o BUTpPaBIEHI BEpPMWMUHHU I

B3anexHicThb cepenanix OpE 3 moirtppi vBBM am

BOOIHOMY ce¢ple@prmeainRmissOn a
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CnmocTepeXyBaHUHU MaKCHUMYM Ccepein
broprEAYLEI WO MNdA@,2Z24H2, 6 MOKHA 1T OSSCH!
3 a3Ha4Ye HI AaKTHUBHOCT ] 1 OH1 B B1 IO
CUCTB8HMRBRHYHHUTH, npu OcCamaixXeHH.I B1 10
MO B € PSXKIMYXT @ K O M ylm op3ab3aiB 1 € Ha € JI € KITKpAuAY

3a3BHAYAU ETPIRE IMXWH BK.A

d . mxm d ., mxm
2,0 | 10 | 0)
4
3
/ -
1,0 B 075 I
1
0,0 : 0.0 : -
’ 1,0 2.0 3,0 4,0 1.5 2.0 25
pF pF
Pud. 6. B3anexXHI CTbh CcepeaHpool®o

B iNmO

O cuHTe3yBaHHAOMIODRpPpBENMAO®B O HIHD
pO3UYHMBMHABRHEAET puMy@®aHHX

B) CHHTEe3yBaHHSNOMIBK p1oOKypBIRBI®AH D B
KelnlaTHHOBHMX [(p@B3mumwawa xkenriaqr " Hy—1(2B a r

-0,5:3-0,2;: 4-0,01.

Axmo X MONPOBOKPHTH aAaNp®oHA-KE I a BMIB®BI
CepenoOBHUHABIITOTSHC A, IO yBBR IR Ol HHT
3MEHIMEHHS CcCepeaAHboOoro @@s3villpyy Miib)
OrpaHIBaHHS MIKpPOKpPHUCTA ATl B Ma € 0

paHi me BUBRaAWHAEDecoKi 75 K1 ¢ HO BOJH
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)K€ J1 aylTHIRH CHepp e 31Mp JpWIO PYM TByO T HO MY P O3 4YH
ne npoTtTikae cuHA&Be MPmPAOBPpUCTa aITI B

Takuwm YUHOM, HaBeJge HIMO X} Hb a
OTPpPMHU MCAyHCITT € H 3 1 i MIPRE 0 @ RKPRYICET IR YT HH K O T' O
poO3MI pHOTO KIlIacy, o MNHpeagcCTaBaIse
AKocTi sgep npu GopmMy B &iHd 6 oMIi OKHPK
0 Q&i. In s Hie€i HA IMOCIT/MB IIHU U iHTEpeEcC
M1 KPOKpPpHUCT akiawl bfUTIiOp H I § 3 O B a H1 THyapMu
50°C B-x®DaHBEcEBpEc 0B @0 % 2Xcy) a B -
060 mafg(>1li52,0 isKmogawWTFHCH 31 O03dB,8Ng x o
p o3 u i ¥yQ po3@By, BUTr OT OBIIEMABI OH
bopmynu (1. 3).

Mikp o poToTPr¥HX Mi1i KpoKpu-cPruadu/i B 1 «

a)

»
J

[ : |
™ A
gt e 0,3 MKM w.uxm

~, A b i r {

Pucl.. 7. Mi kpodboTor pa@dj od¢apm
npmi 3 M) 165B)1, 75. Pemnikum 3 YacrT

cycneHszii o6pO@ILeHi po3YHMHOM
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Ha moBepXHI HTHUX MIKPOKD Py cbTIanikias
K1JIbKI1CTH TOKMKKRBRAIP®XK TIG PIHMHYRT b C i

peaxni MmHoOI 0 31 amOriTcaTBI.HAa MO X@I OW T

ceHcuO1I 113 amii 3a3HaY€HUX Mi KD
nepeayMoOBH o7 s HA4 R P D HY B a HCHTIAa T D
rajlompicHEKRI & 1Y . [Tepenan TuUM SKBMHEP®I
KenaTHUHHOBa cycmeH31 1, mo O G,i cT
HEeHTpPUPYTryBaHHSAM 1 HNpacMUuUBAaBRBH ]
Henmp oyfBeaaBTIpHexdy O B U H . [ToTi ™M OpPOBO®IH

K€ TaTUHOBOT O P O3 Y HUIHO/I & BIRIBCPIBEIAa KT ® Ip

HapolumyBaHHS o0roabloolroeHHKCUp.1 0 H

1.2. 2. MeTozlnlca=|hﬂszﬁoomy0BHaKHnHﬂHa
F

S xkBK € 3raagyBamnocs, HauWwoO1 1Ipm BaxX
Mi KpPOKpUROGiaamB 6 cap@wMe T O JUKOK € KOTI
MBUIKOCT I momgadi po3uunQB ,i VD] na
TeMOoneparTypa, KiaTbKicTbh amMINORYBIin
1, 3 I 0 10, 0) . CawMme I 1 mapamMeT:
PO3UYHUHHI CTh I a Jyor /B @0 Hp I®PI U KB U YCHPUIXO TR 4 P
CmiBBI1 JHOTIIE HH S MBUJIKOCTEMHN POCTY
[48].

TomMy camBDpeunns 00QOmmo uakpezri 1 3 Ha
1 HTEepBalMWu 3 a3 HaduelKWMKe preacpuauMeeHTHPsT B,
rajgoredni nis cpioOna nmasBanu ® QOmoaxa

NOBEDPXHI HecCpl @@uxme g aw/PRT ATIMO HOTya H
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YyTBOpPEeHHS B 00'eMlI PpPO3UYHUHY. B pes3s
OpUNMIKU 10 CHKANCN yPIHIMKB apH H O QO @ 18 H P
0 GO.

Po3uwua@ i VOIINkoHmeHTD pPaIwmi i oo I
TeMIepaTypil 50° @e @K TOMYINBbUC I KOFOBTIIIO
XBHUIUHY . I[Ti ¢ n 4 3aK1 HY € HHH4 B BEEMI € |
OTpPUMAaHOTO WHNPOAYKTY I T07da€TFhHC 4
HeoOX1 mHa oI s OTpHUMaHHH K OJHOIMCYH T
o0& M43 %. JHa i creymiyeJHb&EICSI1 THp O MU B a4 € T b C 4
OIUCTHUNMBB®BRIE B1 1 nTo00pe PO3 YHUHHHAX
HaTpil 10)

B nanoMy BUNENEKEYUOBPEMET PDIM, 10
I K1CTHh H ia Ip a0 JII0y IB @ HIGo® a O M H K U , € y MO B
0 Q0i MWarcl.. 8 HaBeageHOKpaPpaEOPD hii
Hapomeonboo 1 0 MKQOKA K @ T p MAMIAPDHA P 1 3 HHU X I

kpucTaBDiQWAaariioBepxHui OM@DKpoxpuCTaIi

B)

Pucl.. 8 xpoMioTrTorpadii, 11 0 1 TIOCTPpPY
BapiRpauTciTBa Wi ariioBepxuHi OMERDP § MP B a
pisMONIGuusnb&ni g 1;Bf @mepd&mAiio 2 ;90 1
Bucopia 4,0 mo 7, 0)
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3ayB axupmMoos, 4 mHEQOQE 71 0 "Q D0 | vlo p T

Pennixumu 3 wacTuHKaMu TBepaoi d¢a
a)’0" ;B)'O"Y ;90 Y0 .

Il Pud. 8 BuUOgHO, o MNpHU HAaapOIyBaH
Ta cepeaHsb od Qipdodsoumonnikoac TMa € ORaeuy
1.8,@8B) . Y pa3i1i BHUCOKOI YyPPEAMHEHMDE T H
0e3 o3Hakx 0uxo kPouBchSi 9). carGpey KT iy p MM UK p C
«KAngP — 0601 R M i BHUKODPDHCTOBYEB a.

HJOCJIT1 O0X€E HBb .

13. CnekTpaabHa ceHCcHuOI adi 3 ami =

M i Kpocn«nmpfmhu—oﬁonoqlknak

EbexTusmHue BUKOPIUC(CHB pmapsiun  OBauppBi HIIE
3aBJaHHS, NOoOB' i3aHOTO 3 P O3 MUP
YyTAIHUBOCT.I eMyadAbcCcl i, 1 0 M1 CTSHT
OJ aHHH Hu3 Hlipu npmad BaMILEe H U X K (

BHHKAa, BI1 g0yBadibaasp ey 18]sr)ume oMy

o)
o
T M

TKY MOXeE B3 HHUXYyBAaAaTHCSI CHOEKTDPa.
1 B U WMpaa M O J1 ®OCI eH x30aa1piBiH HaK3ya M O BAIRE3HA € M O 1 1

pi3BOYNXe HHR3 @& xpnoipeMi 60 a p B HU K a , p e

€ He TeHepamisas Hepil HI®EKA ¥MEY)BBIHMD C
OapBHHUKa B MO DO mucTWOMIMHE e ¢ Il € H IT |
Buxonmnowm 13 CUTYyaIMmii Heehpe KT UBHOTI
MO X € Oy Tmu OPpPOCTOPpOBE pO3 11 Jd€HHS

pi3HUX arperatrHux GopmM OapBHHUKA .

CuTyanoail kaamMogece HEIBMIHMIKAEI 1 1
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BUKOpPHUCTa aHHI o1 s pO3MmMUPEHHSH 00 I
ragtorepi @ya agBOX 1 O1 7npme THUHIOI1 B
CB1THIO B PI3HHUX oOoO0OITacTsaAX CHOHEKTDPY
J «C @ MO J1®OCi eHicH AIPIB HUKI1 B .

Bupi me HHUICe HM&E3 HIAp o O 1 e M C I e KTpPpa.l
MO XKJ UB O npu 34aCTOCYBasEHI ME MP a6 U
«HeEecCcpl O-#Hrea nsjoarpeoH c pi1 O Ha O0O0OOMTOHK a».

[lpe nMeEl® M U P O3B J AHAOEMWQ CPTOO3CIYl€ENT1]
T¢e X HOIf MK &A 03 BOISIAE agcopbyBaTu HOap
Hepcl O HAOATPOA O MYy BEH P MO T a o OWAaAPIHKD 10,
Ha 3 O0BHI MHI A MOBEepPXHI O0OOOMTOHKIH.

IR TOoOCHi g1XKeHSB Oyau 00 pOal® i— ™
0 6 0 1 oOH @Oal, Tak SK 3a CBOIMHU OCHDO
B OHIKP a€IllU MU , NOpI1 BHMEBMAM 1 X pDEeHEPOHa

MicTsasTs B Wmi®adédilY4F59-62p . Oqns cmomek

ceHcub1li 11 3ami i o U X MI KPOCHUCTE EM
CKIajgoM MM TapeMoBapBHUKIU, npenxcTt
Taobnunmsa 2. Bukopuwu
baps HalimMenysamn/3apsmb . , (B) | Oy (B)
C TaH

[lipyauHer a b -1-43
cyns doidp o #bd,

b p anioHn -—-1,1 +0,62
5
1i 6eH30mdm®mik@m® g
HATp1l €®ninahb33-1-y-

B]i cynb boilp-ame-nu aHl OH -1, ¢ +0,63

5511 kapOoeT oK (
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KaphaoHmi HO6 e T al H

1,1'n 1 e-xme2,2"-

b pl KaTio -1,1 +1,1

mMa H1 HH O 01 X

3’3'_Il 1 e—ﬁ,lﬂ_ﬂ B’ Bl_
b Ji STHJI THM €UN €)H _|KaTio — _

TiaTeTpiaHRAPDO

ChekTpanahbHa CCHTMOMAHBRA ]I £ MY J
BUKOpPHUCTAaHHAM 3a3HauvYeHUX OapBHIUEK
10°Bs dp B dr'é, s ka 3 a OyersBHOCPECYHBHAAY & b C |
bopmM arbperepm®@iarper58.ri B |

O 4 CEKCNEpPUMEHTA XSG HEIXT@T OB 1€ H I
eMynbci W, (,¥,yM)pssBkHIip ¢ A1 c TaBIOeHI B Tabo

F'oToB1 3 pa3K¥u CB1TJIOTYHIAI U B KX
nitactTXHX uc datTuMe Tpi B.

JJocni gxeHH 4 CmHeKTpIl1 B B1 10UTT :
npoBOAUAUCSS TmTEmwWNnepar ypi tHaa CDa H I

MCTOODHUKO IO.

TaoOonwuumsa 3. Tunou mgocai

EMyne| SAmpo bapBHUEK ObonoiybapBHUK Ha
o 0 G® b p - _
0 ® b - -
8 @ - 500 T
. 0 6O - 6 "Q06 i B
0 (O - 0 Qo6 i b i
J 6 6O b b 508 | :
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B1 Apasy

cpi o6mxa, KenTaTHuHYy 1 OpowMm

CINEe MTOMEIBHIKKO CI1 T XK€ Hb € K C

THUHOK CBI1 TIOM oo B xu #1100 madin »

O 1 Uyl erncessk T p oc € H clu@Bb M e3tap

[ 5

CTa®HaI/I
nu k.o 10
ME@HEMBK C T 0O HOBAaHIHIX EeMyJadIbCclH
pxiHemBmMmWO u HH K WA0.npooB sic Bp IX VHKS WB 1 [BI H IE K
RTHI reTepodas HB S KMAIXE PO P HC TIP MK (
aKe HHSs 3 HAaXOAATHhCA0 @ab 6o awmKk
MHHUMN JumipecomBaAaTE TEpPodas HB I MH X P
300paxeHHsS 3

a xH11 0 a9 @apean ¢ |

r yaTmeod 1o HOBAaQHHX

pu H

i € 0 Q0A0’0 0T O HKH

OPpPUXOBAaHOTO
p OB a HH i
opui MHa KICPH#DR B I H P R I 1 e HT p1 B

a KIEpHOHBRIO A U Mikpcoih onTao M®4 p Taxkxuwm u

OMOHOB aHI1 J & HIOC30BOOUT SMKPTObS BH @ M 1T |
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T1IATBhKHU 3a MHNMOITOXKEHHSM IEHTPI1B TMpHUL
00' eMy Taomio0C @ HCPHK D H KOMMOO3 HI1 HHOI
KOHIODEHTpaImNni e€éw IIeHTDPI1Bs OPUXOBAaHOT
J OBJXHWHMI X BIWJEOIC B30 arciBa .

JioMHe cHe HTHI @OMyINbagKAHBMP o B/K 1 Hauwu
yCTaHOGBMICIT oif wikk@aam.,u e ®m HY] S PeecTtpani
TIOM1 He c Il e HI[l 1 reTepodas HUX M1 KD
peXHuMaXx :

«T aIl1 O HAaP HMHIMI He C I e HII1 4 BHUMI D K
npoTsroM dadpmp@i e sra espobypimse cHMY

«po ¢ b o p e citm e-H3TOHYMT K €l HIHOST 1 O H WMMIWy JT1 b C a
TpHB3H“i1@4TfI§) MHKHEM CJI1 AV E€ «T € MHOB
TpI/IBaJ'IiC_3TfQHp~01”[0$IFOM 4 KOT O B1 40y
JIIOMiHecueHuiiA‘frppb—I'Tﬂ:MﬂMuBtbﬁo I UK I

gyacTtToTHPYy 800

1313angeXHi cTh CcCHEeKTpPAaAbHOI CeH

«ﬂnp{q —060.110=h|1c||a> Bi g po3Mipy saapa.

Y Hamumux eKcODepuwme HT a X B i jOHio me
OW npu c¢cuaHTO0e@®(nme.e ppos3 gian 1.2. 1)
mo6 cepenHi#d po3mMiipTsams T WLidk p c
Q  mifm uiS .

HaPu d9,0OnpencraBmane HI CnekKTpu@d,Bi J

mo Mi cphk s 1Cee pB g H i i O pibesT™ai Hp&BMIBPURS .03

Bunguo, Mo B CHNEKTpPax 3BM@A@PMTHESN B D,
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MO I e KWanr pie bapt MmB Kk cuMmymMu ¢ MBordBQ@ a3
CTp1l1aAKaMu) .
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40

20

Pud9.0 CnexTpu BIi ag606uf,rTsamoe MAYST b M
bpl ( 1) ; e My unoMi ¢ whpln(s2 , 3) 1o (2)
OO0OpoOMdIKUCTHUDPTOM.

B) CmexTp TpoOMmYyC KOAOHpHOA® MCym vb pc TiPyi 1T
TaMlcTuTb bpl

HaPu d9mpe n1cTaB e H-MKPEOJICEKKOTIPI O4HHHI O (P

BUKODHCTaHn&®Q vniv ugS)dg p

I[Ti ¢cnax OIpPOMUBAaHHIH COUPTOM Takoc
3ab0bapBIOeHHSTS 1, 4K TMOKaj3YyWTbH J€0 C I
3a0apBINeHHSN MPIVNMNGyYIbplmM@AMa KC UMY M
0pomnyc,kBalHiHngoeniio m ¢ kK ybpl anma P u ¢c1.9B B xk a® a H
cTpiakoiw) . ydiiperk Tifppior @By 1 b C 1 1 nicis
cnup PuMd.9Qkxp usa 3 )1 keamy nasepa jne kK Bph, a m

3 HH K a € .
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HaPu d.100npe ncTtaBine HO U TEIMEYKIThPC Ui QJiB 1T

gk bpdl Tak i 0.¢ 3C enpbeonrusol 1 Opl® T ™M i pros® W

Q1 uzC .3

100 -

0)

T%

H Bp )

o

10 \/\
B M T(Bpl)f J 5F S G
0 1 | | | | | 1| | | | { I | | | 0 | | | | | | L | | | 1| | |

400 500 600 700 400 500 600 700
A HM A HM

P %

Pndl0® ConexTtTpwum BIi gOufprmoa ®EMyMbC
Bpl ( 1) ; idimMumynd,picom i ¢ T BplT(p2 |, 3) o (3 2)
00 p oiddKmMU P T O M.

B) CmexTp TpOoOMmYyC KOAOHpHOA® MCym vb pc TiPyi 1T
T a1 crmbpl.

Ha Pud. 10 ONpenacTaBIJ eMlkp O C KeoJmel K

borTorpadii BuUEKOPUM{E arimuBHE Mu 5 1 e

gk BuniaRmalddOQ3kxp u B a 2, B B 1 CIAIOEUKT TI
OpUCYTHS KBid MYTaOMBTEIEE MO J1 € K yUa a p ,a sbpla x
(MakxcumMymMu cMPrdHPaeaspHikawmn) . O 1
ONPOMUBAHHSA €eMYyJIbCili OUDTHPEOIMTIHIB K L
CMYyB&RBi fmHaocm 0 e K ppl,a MC MyxX ap akk T € WH a

arpebd,Bi ac PuddOQ( xpuma 3).
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B cmexrTpi OPpPONYyCKAaHHH4 COHHUDPTY
CNHNOCTE®EpPI1TratmwTh>hsCKB1 MAIFOKBHBEY M WM ,H a EMHIOB 1
iOarpe bp(riPan &10BBOoOHHUM BEKajzaHI CTpi JOF

3 aHanii3y excnepumMeHTansBm&9 1 a
iPudlOBunnusacec, mo 6 eowy avicci@i@iTeu ns
cepeanHiM o TRulZE o3G a p B H IKKI TN @€ T b C 3
HoBepXWMMEMeIP@BR KMOITEKYIIPHOMY CT:
Tumy mo MicG@Mir seEpeaHiQu THDoBSME p o
AT P@B@A HO MY HI .

Ha Puc. 111 npenxncTaBIleHI ]
CHIEeKTMOGCMBEHTBEBYMIPOOYBaAaHSEB eMy ml.ci W
Cepepnuiii pbi®mi pi sppeucrtwmilouks.au o
SdxntoXoBHU TR HHUX, npePmcdrld@ nemmmxayHEa 1
OekxkcnoHoBaHOI JeMbpbhcmicorumny oo x
nposBubkmk@&MQ( xpuBa 1) 3pocTae B
rycTuHOW Heekcno@obmddlQ exvpymsbac i 3
XapaKTepMa §y € MBIy MB obmacrTi BJlacH.
0 0 0 1 0OHRO B 450dz03, Mo 1 e K plamp 630dzdz 0 b
arper oB aplH @xr680 dAZ( H R u cl. 11O B 0o H H B K a

CTPpPIi1 Jd.KaMHU)
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Puclll O 3ame XH1 CTHh ODEKCTCH®IHOF J

mapiB eMyaducliiiZ)unmo MplcTBsTH K o-E
X B U I 1 €E KCIHIOHYIWYOT O c B1 tTeneaM y  i(clm, 4
rTUOUHHOMY (2"') NpoOsSBHHUKA AKX . It p
ONTHYHA TYOHREKXKCHBYP&@EODBAHNRXIIe¢ MMIMbyC
OpOSBIE HHUX €IBKMYB ITOABKE PIX HC J1 U OM HH O MY
B)Y 3anexHiIicmrypc OMTDIadidTI0HOBAaHMHX
eMynIbc UG 1dudy 2ung' ), plypoi oM i ICOTBIRUH ¥
€EKCOOHYKYOT O CBI1TIa niesmy npogs
ri7f7uOUMHHOMY 96 2ukax.,
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9) dparMe HT KpPHUBOI 3anme fH Oc T i
CKCIHNOHOBA a®ERMY JHE& pIiBIT)H miy (Tld 0y, 1K 1
b pll, B1 I I OBXWHMHU X B HUII €EKCINOHYI
noBeepsxMay (1) 1 rnmnumwobObumuuwHoOoMy (1'") mp

¢ 3anexHI crTygc OMTWIe@®E TO0OHOBAaHIUX
eMynbciid moenwbipean s By T phipMimmd 13 o mH 1 |
HNoBepXHI O0OFMBIMOIH KMO B XMHMU XBHUII €K

nicunsga nposBiaiedMy @Bl ToBEepPXKMO UHHOM:

JJns excmnoHnoBaHGdTBDBpelMmyanHpacm oir i TUHHIERY
onTuUuoTwoeiT@mw B iemmEamOacom oc Tepiraert
oO0OpobOku i1 Tiabku THhwmdAUWQwpmsanpd'
[Ii cang oOpoOEBMITpaosmE PKMIM a3ep oM IT @
nume B oO6macTi BixacHOrQ0Ewo4500z)E a o
B o6macTtsax ke 1uor aulbph@wsa630dziEn ik y
aT pe b (A 690 dz03, HaBIMakKi™¥, cmocTEeE?pPpli
onTunuE yoT@mon Bi nHO We(Rrmdoll,Dap ua 2) .

[Tpu 1 oeBBEMpPYX HINIPCOHE@HRI C MO HO Ba HOi 18 My.
bponTuvumyEa@T TRl H3aa 1 € XH O C T 1 B1 O Od9@BKDH
cCBiTmHoa Ma € MaKCHMYM B 0 6 10a"Q0rii
(Bmax 450 dz03, cienm WK u U MaKCHMYM B ®©0 1 a
arTpebp@ns/00dz0dP u .11, kxp uBa 2 ) .

[Ipmw r©n1ubwWHHA® NEYM yWIPhociIURT st ®1 miy 1o 71 5
T U nly )1 ) OTTIYTCUTYRHHOMI J O B )KU H U XUBOUIJIOI
CBl1Tna cmnocTtTepiraertrsbrcsa 11 301 JIb I

0001 O0H®ROM i o6macrTi NOTrTUHAaPDmEE M
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Cuani n 343 HAaYUTMU TaxkKkox, J], Mok ommsa
KpinonneHnuid Ha BHYTDPI @QOQE 30pooBceTpa

THYHOT OnycBUHHO I HMAC TNOP i I a €T b

BITOXBHIBOB1IH oOmTactTi1 C O elg T pKao,JI 1
pPBHUK 3 HaAaXOOUTGHC I H a 3 0© KX IIH |
anpuxnabpaxsgeddPinoddllB( mopi BHS H K
) , bepapka 3mio dzBPIMOL.11O( mopi BHSA W KOp H.
MUMHU CIOBAaMMU, nopir cnekTtTpaiaBH
p1 BHSHHI 3 elMy A3bMIIIEYIE T B EHY B )
1acTh.

Ha #6061 1p m S CKpaBo orbajgkacc T p O 3CUTHEP K
TIUBOCTI el MIyo1 BBCIEHHHOOIM I § € M Y JBb C i
HXKHIO 1 HPpauepd e Ka@apgyCT HEP IDIAE T
yabci i, bihlb(Pmd.Xlg(asmobpi BHA W XK pHBI
[lo XK CcCTOCyeTbcsal, ¢ myod b B m ¢lilligou n
3uTuBHAaO pQ avAw I sMi cIIe HOicasAg €KCTI
3 ob0mnacrtTipl, morrajp¥W,Hia B B a1 B Jbst ouu 0
KCHMYMHU HaAa JAOBXUHAaX QiBdmrmp,er 3 aj
pM OapBHHUKI B.

Pani me B 3l po®dymra 1nHdxkaszaHa MNpPpHUH

pomyBaHHsS OapBHUKAa, OsicOpOooOom@a

0 Q0bes yTouHeHHS a0 PERBHIATRDATIOO CrC

I p
pe

ome c 1 CmHeKTpana AbHOI ceHcubO61 I113 a

3 yabTaTilB OIMDB HAaMG@MBI U BLIO B D H
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060n10®WKWmWO psaa 3 aMiUlacTKpyelrda 1piB BHsMKKia
arcopOoBaniOdda Ommmik, MOXIHUBIWETHESH
arpemoampBEURBAC 0p 60 B adul®,>0 60 B & 0 W KA b
icToTHO 3al€ KHT b Bi I c miOBd® ii QUH O w
arperatiB OapBHHUKAa

Axkmo pos3mMipu sa(Ra MuwiEXir s mopiuEr
3 posMappNBwapBmuUurRagcopR®OBaAaHI Ha I
0 GD,3 aopmy 0 TOROCOIT 0 B KQO. io

HNi icuopuxomuPuclllQ e HTYpH npu
300paxeHHS A yyp® MBiae ei1li cBriutiilyo M 3
norntuWadpelapRBMBMK®B I1K0OThHCSA TIilgHKI
EeMyJnIbcili riuobuHHUM I po s B H WIKEOHVH 1
I OBCPBXMH N POSBHHUEKOM. Ji, 8 KeOMaymIpbecriaii
OapBHUPD®3TAaMOBYWTHLCS Ha 3 0 BOHQOmH i
HEeEHTpPMU MNPUXOBAHOT O] IYOBPHKEBHEHIT IQ
3 o6macTi UtaoIT predi®ian & MBUUKSAB JI S IOT b C o
I p OJSICBH HII0O B €CEPBXMH N P O I B H U K O M, TJA€KH H 1
rTMOMHHUM OpPpOMNBEPE OMIPIBRMGIPE 3 T a WO |
Ha BHYTpPI mHiI i 1m ®@BQOMBX HI p 000 0Ci O HCKIHE
ceHcuO1 M1 3ami i Bigpisns@eeED@P HB UK
agcopO@aBa@BHHmMHEI H mo@PixHI 06010

mo-me puc@ P Cc T e piraerTbshC 4 ¢ € & M T KUITHP;
rycTOHaMy a1bciil, TamonmnoHOBAaHOI C B i
HOT IUuHRBAMEpP e TGaaTPi BBHIK K @ p O 1 B JI € H 0€i® M §

OPOSBHUKY, BHUSABISNSETDYG T TByRABIme HI X
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D pPyrpagHGMIE K T POAJyPTHICUIB MY 1 b C 1 1 3 M1

TOBIroOXBUINIBLOBY oO0o0OmnacTbh Uyarpepias

CapBpmmea poboBaHnHi Ha 30BHI WROG u aor

1.110iPu dl1llB(mo pi mpumeidi ))1. ille2 'Moxe B1i A
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VHBKIJOKpPEeMHE&POAHY B aOHQOkd 06 0 J1 0 HK C
ekynsasmprpra obapprepnka BHYyTDPI mHyi
TOHRME a THMWMa@apEHVWET PSR HCNWA HI,
CEKYJIDHDpPpPRBHEBUUKT 1 C HSA €T b C 4 H a 3 0B

ToMRMI IIpocTopoBe po3 ai0laepHBHHIA K

yBae 1 ®ONODPERaA@OYMKE HHK € , no BC1 |

M3 BOAUITO 1/H@ I IpHcHKaciviée ¢ 11 € H I 1 1 M O

o

=

o~

v

BHUTKAO T & aM® J € C € HY 1 O0ilarti H@mimo
b HH X HOCI1 1B 3apsany BY TE QP ®H
XOBAaHOTIO 300paxewHHSH. Taxkum Ui

KT @CBRMDTEL£ CeEeHX 1 01 I1 3 ai1ill

Ponpsr 06O QR0HH KTue T €iip 0o pia B P &, C MICOTMEMM C

OB «BeaTUKHUXY», CPKIBaMI ap€el Bb C 5 H €
CTOPOBUMWMEHARYy TSpEQPET OBAPO E B K
MOXE€ MNMpPUBOITHUTHU 1 TO0O YTBOPpEHH
ep@dbdadi K pocHUCTEMI , I K 1 GmMDUsA 0
1 1B 3apanay. [Tonxgin He pl BHOBa
e pd pvai3KHpOO C U C T € M H 1 3abes3zmneuy
OCBI1 THIE€HHS» Bl (Bmylili,@Qixp u BTam n 2

CTepexXyBaHe®e «TpPOCBI TIEHHS: D C
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HelWTpanbHUX KOLame piom Hd puiHd da m o B €
O Q0siMmemmyeThcsa B pPe3ylIbTaTi peacxil
0Q N0 0"Q 0% 0"Q 0 "8 P&
IMosBoxfNl ( Ha 30BHI mWHI1 Wi on® Re ip x
O 0Oy MOABHJAECHT Y M P ®1 @ U H O 10 . [Ipaur cpyetibpilrci THBA
BHYTpPI mHI # HmoBCQPOIFIIpoBOMEKY KT b C 4
6 0 TIOR8 S 0 T T8 pd
Peaxi9 a moxe OyTH CTHMYIbhOBAaHaAa
nornumamrpse bphi Bk O6yno B3 T o emwid B e
CHHT AeTHHUD appaebdbaba 1¢ xutThsh HUXUYE
BaneHTHOI O Q@mumw @PEB3I)ynrssrarti wor o,

B p, u enpuemxsB 30 "QO. i
R | el
noTJdiMpykBa3Mi r pfly3eo B Hi mw B @ i 0 0 i1 00H @Ovi
3abesmpeoayiepeaea KA i
JlogaTKOBHUM CB1 I4YeHHSIM Me XaHil 3
A KMUIPO3TIsIaTaeETHCH Ha MU, eT="HHuK b

TIOMI1I He cCIHe HTHI1 SmDOJIpHPBEMH M. s TP a

(Q mMouBC)Z3 B mopi BHs HURIr pe rmad wi papn

3 a Ha MU MU YyWsmpewma™mMm, 0apBHHUKAa a
HnoBepxHIOWMImp p 30epexKe HHI ONTHUY
MONTEKYISAPHHUM OapBHUKOM. Cawme T O

cmocTepir aéOraprcpse r(@.m paR:HA0 dzdz i Haio
iHTencuBHa c¢cMyIar p b B, M0
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Pudl2QkpuBa 1), skKka edeKTHUuBHO 3 0°
cBibhpmRu dl128,xpuBa 1').

Y boc bopoemym e KH M1 peecTpamnmi:i (
30y 1 xvecdHd PI0-630dz08T a Wa 1 p e b P (BB6E-690
dZgc me Kk Tp XapakKTepHU3YETHCS HAas€BHI
aAaHOMallbHDO cnmoBi nbH@HwMNp e PRy (apue ¢ 1
~700-710 dzgz i bochopecue HIbIip({Emum8O0tEK v n
dz0gP u 4.12B,kp uBi .2 "' )

I[Ii cns Hapomyd 40 96 anpaB HIUAKpoa® Q@ 16 o .
TOOTO CTBOpeHH:MN, eMyRBME@KIT paX oy M
cmocTepiraemMo, 1ImMO B «CTalOioHAapPHDO
iHTencuBHi cThrVarTpreirdead Be bipB H a9 H H i
TIOMI Hecnme HODi i om6 ¥EBKdpls ODp Epe DO ¥ a HO
(= 5 2540dzqP n 4.129p, xpwmBa 1) .

v «pochbopecuHeHTHOMY » peXuMmi
30y AXKe HHI , fACKBEI T JIIOOM J1 M H @ 6 0 nao @ K0, |
cmocTepliraetsc s aHOMAaIlIbHDO y I

MOTeKYysp Eo6200640 kizgs i Tiasku B UHE

arper d@E~BFaWdgRBP ndl29, kxpusa 39@Ke mDPp
30y D1XeHHH CB1TI WHGOBI AHB®OMBONID HOODI
Moae kKyas plawircor u b p O UMHS KMBK @HMY M,

Hor 1uuafHdiw QQ®mdI2gu xpusa 1' ).
[Ilpu 30ynnxeHHI 3 obnmnacrTi ol ®r av
CmeKTDpI CB1T1 HHSH cnmocTepiraert:
MoJdekyaslp@0-820dd0g, cnekTpu 30y mgKEe ]
AK CMyTy Xamak e poaQ0maom o ax420-44Q
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dz03, T amo nu mmaHie K y 1 1 lplaE é 00@)FPbupd.126
Kpusa 2').

I thoc > BITH. of. pewM 11
I erans BUIH. OJ. peskum I
I toc > BITH. o,  perm 1

Icrau BIIH. Of. pexuM [

A % A v

Pu d.12.0 Cu enktampina ¢ c(ule=Kuy/i ie My 1 bd¢ 1 i
A K1 BHUMIpoOBaaucsas B «cTaui oa sy H(03M)
pexumMax mnpwum 30ynagxewmH>*(AZBILI-T3IBHO A 10
500; 3—- 690,

Bicme K Tpu 3 0wmikaaa fleAAK)I e my 1 ope 1 1
1K 1 BUMI porammo g4 p oy dopecocy€2y T H
3'") pexwumwmMaX JOHIBIU I 00BVOH MHEKB (Gz8Br m 880;
2—-720; 3820,

9 cinekTpu cBiI/fKupue MmYMsEL 1 1B urmm npys
«cTanmiounapuomMy» (1 owm®)( 31, «4do cpbeo xk
3 0y a1 okeeBHIHTI I 0 M 1 b as(dglg I 337 ;821 450; 3—430;

4 - 600,
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GcnieKTpPHU 30y aXeHHSH cCBI1TIi HHET 1€&T
BUPMIOB a JI U C 4 B «hbowy bOpecueHTDH pe xH
X B HUIB 1 T anau(azdgl —620; 2'— 800.

Ot xe , Halmli UCAMEKWTRIO p@ KT EPUCTHUEK U
B1 1OUMUT THIOMI HecCcIle HO1 1 CBI1 AYaTHA If
Mi kpodu X env uks)d obonO0MMPanpocTOpO
B1KP® MJIKWE MOJIEKYITSApPpHHUU 1 arperosBa
3HaXOOSITHCH4 B ONHKWHO MY K ERKT QKT
NHOoB' A& @&mio 1ROCI THECIOD @ P B HU K1 B .

Temepp nmepeunamge Mo I O po3Transany F
(Q mmuwi3C)E MoxuHa mopi BHGBArrUp e30 a[y@3HM K]
Ak O6yno ckKai3zaHO paHIlIme, BKp 11[Tb JD MKy H
Ha aA00d@®iBi quyBarwTb O aMp BI M IK K dIOUT K € , I |
OYi KyBaTHHp MYIB®@ WBmpo H& QGinp us Be 1e
BUTI1I CHEHHS Ha 3 aBMOUEEKEH PG G o KEHKY
Mi c e y , BOARMKYYTOMY Q sTHouES,in au

per@apmHuk/hi icHO, 1 K BUIIUUB A €

o
!

ocunil nPwmeddd @Ha nhpurnaamiMme TakKkuUU 0O

pMa pBHUKBAl 1 Oy B a €eaXIHY BlasHIHpip , 3 & p 1T

o X
o

vaxg c o p 6 coBaapHBMEIM € MYy JI b @,i010 011w HOKQW, b

M
=~

TOOYDBOpPEeHHS elMyapbpcii TwuUNy
B eMyuabcdi(Q mmusC)Z Mi x Mo elk vy i
Aarper ®RPEMEBBUKIAO YBAaETHC sacCB AP O©M® DK,

boc popeectavomie Ky 18 p p 8 B aagxbgl 8,800 dzd3
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Pudl2Qkpusa 1) npwuw 30ynaxeHHI 11 C
arpeBapsif ubaladn,s 6 0P u d.13B,kp u H')

g >

; ’ 2

o 40 2
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5 1

9 20

S

|| 19
0 ] || | |
400 500 600 & 600 700 800

= }\/,HM
Pud. 13. Cne&XKnpumoCHoDP®D comGyyHAI XK d H I

docdhopecBie g miyiQp @it ~ { Mi bplise ™MB I b C 1
Tu@-—11¢c my nm rehii2, 2"

O CnexkTtTpu nanwwmi Kpoctupewamiai g1 ( ilp=u7 7
MOHOXDpPamaBH T B{@29313 690; 2— 450,

B CmexTtTpu 30ynxeHHSaK)ragpdzfge € e
800; 2'- 700.

I[Ip u HapomyBaHHIO Q0o 6doosncodrokpre ¢ 11 €
MONDEeKYy I@pmpme mpria 3 0 yiIoOKO@MHp e I a T ar a3 H

BHHHUKAa€E JTIOMI He¢ @GuixerdzdP n A.430Qxs ®Spds a

30y 1XeE€HH S S K O 1 311 WCHKWETSHC A C E
Hor JuHaHHSI0 Qi(Byp~d50dze u 4.12B, xkpusa 2

BigoMo [ 54] Taxkxa NTHOMI HEe @ HIIJI BIH & ]
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b1y ope c nleanrupi ecré@aTpiBBE U I C O P O 0O B a H U X
Mi KpoKpmRaGiani B

OT kxe, XK IBBHB UIE CKa3 aHOT O, Ha mi
Ta HI1 moKaszsama Tm, I O ragtoredacpi OHa
OM@M-000n1®dOHQOAd 3 n1arTHa npoctTlapPEC® OB a
MOCGIK Y J 8 p HY 0 adpaB3HmiKoa MO3 UTHUBHO B I
pO3 MUpPEHHH obmacrTi CIHeKTpaiilhbHO.I
3 H1 Ma € «ceadMeokiTe c e Ho @ p BraHa BRard i OO0 o 11 «
3axuvumae ©OapBHUK BIJ BOIUBY 3 0BI
MO3 UTHUBHDO MO3 HAa4YUTHUC A H a 30¢ep
CHUCTYIMW O MY .

Kpiwm IbOT O, Ha mi EKCOEepHUMEHT
NO3MUMTUBHY BI1IANOBI1 Ib AaHHOTRMT PH I H A
B reTepodaisz HI U MI KPOCHUCTE€MI 3 101
pi3HUX 3 abapBEHAEGO®UOI1I 11 3 aTopipki. I
bplV (P ucl.1lp moOKasaHOo, 11 0 r a Tor € F
reTepodai3z HI U MiI KpocHuCTE®EeMI1 J3ca®els
PI3HUX 3 OapREERaE&M O]l 113 aToOpi B, CI
S KMP U3BOITUTHL JTO Jge€ecCceHcubi1iaTiizamii

OnHack, 3adUWIa T b C 4 B II/KKIKPE H H M H

B1 10yBaeThHCH4 Mo a1 1 O0OOMTOHKOW arp

OapBHUKa, a0o pi3HHUX OapBHUKI B

3aKp1 OIT0ETHC A H a BHYTpPI1 WHI1 # IO E

MiI KpPOCHCT® EMU, 1 S9K e 3alBMEKUTDH B
OngHe 3 HOSICHEHDLG MEe XaHl13MYy C

rerTepodas HHX Mi Kp o0, c T &« @ 1 u3  Osan
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agcopOoOBaHMUMNU HAa BHYTpPI1 mMHI ® OB E

npuBegTeHEe y pooOOoOTI [ 55], 1 1

(0

H a noBepxXx WD FHawpe IOSCHEHH S

€CKCcmepwuwMme HTJal IppKHYSH € T eMpo XK € OyTmnu

BHIDIAaJmJOoK COmHeKTpanabHOTI ceHCHnO1,71 3

A 0P& WM®A IOTbh 1 HIMYy CTPYKTYPpPYy TOBEDP:

Ha Ham ©OTOoOT JIs4595a, B1 IIMOBI1 a1

H

B

II

a

'

H

C

NpU OBPHAEC HHI MOpI1 BHSIHHS CImMEe KT

MI KpOoOCHCTEM 3 P13HHUMHU sSOApaM¥u.

An s NOoOp1l1BHSJABHOTO JAOCIII1 OJX€HHH
Ha MHU Oynurea@paomiasmac ucTe®mME® —« a1

0001 00M®R®BI riomModpasHI Mk " p@®cQ0 Or-e M

006 01 ®HQOA .

1323 anekHi cThb cHmeKTPaJMHHBOPIO ¢ cuecH

«AaPpProajgor e Hc pi O HREi 10 OCOTPOyHKK )P U

Cuunres eMynabci i, mo MiOcQ0O——5

11

\Y

060o0no0oB8K®» mpoBOAUIHN €eHBBbOMBAMYMYIHHU

METOJJIOM, oM®ucaunum B [ 5

[Moxawga o a8 & KIN)ppmoasnuw 0B, i Cy M
DOHL WA HHony) 3101 KWcHIOBaAI a3z 79
npu T e Mu6e°pCanroy§.i 6 . B pesynsTarti
I I A MiI KPOCHUCT €M 14 0P a npeugcT
MkpepucT DIMWDO pos3miPodgé.ddilor i M H a
agcopmwy®apBHUKIUI, BBOISYHU 1 X TIHOHU
H € agcopO6oBaHI H a mMmoBEDPXHI S
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nedHTpudpyryBiaamsa M. b 0T 0 0M®RAD 3 np
ancopboBaunumMm OapBHHUKOM 311 UCHIO
0 Q61 du = 3amo0ir amHB €y M YB IO HEOPIETN H

MEKp ®p H ¢ T O 100, B ke a peapyoOB U OIODOIIO HK U

4 01pax 3 OapBHUKAaMU, TeMIOmeparTyp
0 50°C, a mB U g Ki cor'Q0 i1 0 @ wOuyin a p
3 Me Hme Ha 3uzé fHd Q4a 1 uma B ¢ = He 3 MiH
3y MOBIEHO THM, Q[QOBp O3MUXU HYHM OCBTabX I

OpH CHUHTES3 I a0 QQPH iig 6oycBaanc M ebHCHIA T i
0 Q0.

OIns cnonekKTpaaAhbHoMi KQeowadmori@nod 3 a 1y |
000mn1 OHQOdA i ©IQOPo-06 0 1 00OHQOdH a Mmu 6y .
BUKODPpuwucphrhaph(im BTa 6 1 m mro 2 )

CnexTpanapbHa ceHcUuO1 IT13a1m1 4
OpOBOAHMIIAC S, sk 1 PO uRsmkp B d&'Qékio =
HaHa KOHIIE HT paii 4 OapB,HKE KM ®MOpe
OapBHBKNAO 3 a 0 ey3TIBeoYp eeHHOH SIX bopwm a
OapBHUKAa: CTIi HKUX HOpr pmom@KIyB 10 a
CYKYODHOCTI MO FBakryprie rOaaTpiBBH.U K 1 B

J s CEKCNEepUMEHTAaNIbHHAX JO0CIHI IXK
T U my i) Oylmmr ortoumgen eTHpin T W 1(HM OCBMAYOT b

(f),npenxncraBuneHi B Taobanumni 4.
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Taonunog 4. Tunou mocai

Tun ewmy Anp o bBapsuuxk 1 O60xo0H
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: 5 Q60 Bpl -
HaPucll4donpengcTtaBiaeHI pe3yaprpTarTH

TIOM1I HE CIIE HTHHUX JAOCIL TXE HDB € MY JdI5bC
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Pudld O 3ane XkHI CTYCD@ERHEHAHMAD B X
X B U I I € K @ ME@BHIYTIV a ma py €M VIJ K QIS
NpOIIEBH B I NoR@BMYH X 1 1 ruiuoy )My
I pOHAMBK a3a YacoM OKHUCIECREREHXN Mo HE:
OpHUXOBaHHOT 00(BpP26 @, 35kde H H 5

It puxoBow 4D Niemo 3 @auveHDO pil B
rycrtTuHu Be@KAdIIOHOBA aHOI[ 1e MIYPIOBICBITic
S K B TICOBBMCYIPYX(H T a K 1 mrpiaousOBHUHEMYHKOAMXY (

B) CIHEeKTDPpPH (T=77 K) J 10 M[1, H €5CKIIa
BUMI poBalTacsag B «cTallloHapHOMY»
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3) pexumMax peecTpamnmii CBI1TI1 HHH
x B maxdizdz 1 — 430; 2— 430; 3— 690,

9) CnexkxTpu 30y 1K€ HHs T MI[HE€ C
BUMI P HI B «bocpPpopecmHe HTHOMY » |
X B U1 MaKCHMAalJJdhb HIGOIM1 H B T &R (CZ¥BE 'l o c 1

600; 2'- 750.

KB UXO0BUTIKMHHUX, np ePiucdrld@ n «pm®B 1 H
Bpa3i T INDHOUHHOTLO TpPOSXLABI ejHIHXI I13¢ HOTK
ONTHYHA T yYCTHH[@3 peOMCyDIabeC 1 H ITWIIyB H A
rycrTuHomw HekcnoHo Panrchl4,Q e mkypimubBcai 1 5
BUSBISAE MaKCHUMY MHU B obmacrTi B I .
cpi @omaa~4 3 @450 dzds, MO 1 e K yph (Bnp 630 dz03 bi
ar pe rph(Ema~69dziz

I[Ipu moessempyx HIO p o sPrundlel&,@ 1 x(plp B a 6 0 ™
riumOuMHHOMY , ONMTHWYIHa I BpOILHA € ¢ M VI
ob6macrti n0rimvmmapremwsalr i w6 abape T i K B
NOT JIHWHAaaHHHA r agénd 504 nA)Zc moD O x e pi(r ¢
3HUXEHHS T yYCTHUHHU T O4YO pruyicHtessHalfe . B
CBIi AYMUTHL Npo Te, mo nop®Oima psol UyymMsi ad
eMynabcil, 0T pERNUEK BUTI1I CHSAETSHC A H a
0 6 0o 1 MAEQO.M

YV cnmexTpax INTHOMI HEC[IR HAC T a 1¢IMy HI &
peXKHUuMI p cPecdilpBaxp uB a ( B)O ympkieiH HC B 1 T 7
ob0nampgmacHOTr o 10 QRM{e=430 dzdzsr a xk 0 X g K

eMynbcil (Pudid2pyp uB acnlo)ctepiraertTscC s
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O ar perhir (@@m=540-550 dzi3 cBiTiHHA0 QO D o .
(ama=600:-620 dzl3 a T KWOKp € C Ilie H IMAIHBIO M a T
CHOBIiI NpmgBPecHe HII 9 630650 dzdspi o r
arperoBhpo(@megE=720:750 dzd3. OctaHHI I
TW0MI He csalk H 1 ieBM ypnap3ciil i(P urdulBoykp u B i 3
Ha WOl JKpanB ofl CB U P aXe H1 @M pheoxc uhMip € T alee ¢
CBI1TI1 HHSH onpeB i3TONyoqMKe H H 00O 1acTi B II
0 "Q0 (=430 dzi3 a AaHOMAQBLHEDHE HaA ¢ Oy o p
ar pe bapoh#540:550dz08 npwuw nmbomMPudidgcyr
kpuBala2kax AaAs8 eM¥ yAbB81 IMTHHNY BI1 1
l BigmcyTH = boc popecucbhppmipsum 8 ® Iyl rK
CBIiI TJIoM B3I aocommoarcar i Hae=6G0@dzd

Cning 3ayBaxH“urtTHH, mo H 3 a&,&D040-15b01
dzd§ «cTanmni oHAapPHOMY» pONXMMNKICHPE B T J
0 6 1 aBcaraic Hor o MWOQOERABAZNFuD® Ke B HOCHUT I
TIoMI HecmeHIMiI 9 map HOOxi Hwaw@RIO Qe v T
a1 pPaQo D3 (emax~560dz030 1 1 a x , B icmBCi yr o KBHECAT b
~560dz03B « & 0 ¢ ¢ 0 P MYEPIE SKHITMHI npu 30y aKe
ob6macrti BIlacHo®rQo (add80rdzady n atmu s a ju o
CB1 I4YHUTDHD npo T €, I O Hanwo1Tp muMu I
T U I B (BnmaeD40:550d203 s ocuTsr cawme ‘@anrypoepreact
b p.

Hnsa eMynpel Ko aihy@ayple eKHPMHE C T p a
TIOM1 He c Il e HI[1 1 npu 30y nxeHHs U BI

arTpeba(0h,8090:700dz23 wa Bi gMiuHyYy BjJi gBe
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CnHeKTpIl HAWMIHeEeCIHEeHNNl1I1 cnmocTepilra
0 Q0dO0onoHKkHM iynomamMasHEBE@ G(UAY Qe @Ir

b p (8na=600:620dzds 7d2d®) B i n o Pmidld4Bo ) K P uB a

CnekTpu 30y dKEHHSH a1 K a HT WCQA0d K ¢
oO0O0ONTOHKMHU, Taxk |1 AaHOMaJlIbH®MaCM®OBA T
b b, npu M b«odMOoyC ¢ O p € C Il @ EE DTKHAIGEMEYENC T P a
TIOM1 He c Il e HI[l 1 OMNUCY T bSCKB 1 /Il BIADRT b 1

00T 11 H®B Q0@9430-490 dzdz i 0 O I UlaurHpa eHIHOKB a 1
bpl (81a0690-700d23P u d.14p, xpusi 1 i 2' ., B

Bi 13 HamaMoOa, HT HC T OKC OB a 3 ¢ ¥ glap a
0 Q0 D(@nax 560dz3n pu 3 Oy g xke HHI CBIi TIOM
arperbasi BuboMYy BHODAaIAKy BIiXCYyTHSH.
TaKoOX BIiacyTHIcTbh ¢Goc hbpe BOuB00mi i
dz03 npu 360ynaxeHHiI ¢ BIi TWwaorm e3b pordinBa c

Cnin 3ayBaxXuTwH, 11 0 B pas3si (
KOHT axkx™@6yD i Bp npwu 30y a1KeHH.I CBIi T
nor iuHWampegbpricBnocTepiraersbcsa 3
TwMi He ¢ I e H U0 Q0D sa(amgra60 dzdz i CTOKZC
bochopecume HILlI 1 bnp ¢ag,e800/dzdg[p5u7o]r.o T a
npu Oes3snocepenabphpaauynos@REKBiwHI p u
30y 3KeHHI CBI1ITHIOM 3 001 a0c QMO A 1
(430 dz03B « boc popecHUPHKHOMY © T ECPi T &
cBi1Ti(mmaEa00d@)Z3 a awvHOMAaITBbHO CODOBI I5b

OCarpebprpm HbOMY MHTOBHICTIW Biacy
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S Oy ao B XK € CKajs3aHo, C Il
BUNONpPpoOYBaHHS I k Myswikbac i ai i icTavsbHy$ il 1 B .
Ta O Mm@ ) , mMokKasaim Tu, 111 O B IIbOMY
3apomyBaHHsas O0apBsB HUEKEBO JAcCOBH KDO® M ¢ T
1.11B) . ITp o Il € IMe p e KJIAaHHIIN B O O € W i Hp !
CKCNOHOBaHOI Jleymypyps @HU HEUIDE Kk MY .
g ami1 ermb pl.

[TopiBHISAbHAa XapakrTtTepuruamkmu I Ky

4 ) 3 e My I blc(i euoka.ormmiyro 3 ) , Hpb, M
mokKka3sadalaa, [0  CITYe CKTITHPGH M BOI IJITHHO YIIHE OHT H 10
0z0O0 evmynaswcii[ 3thinymoc Twmpicma B T U
CmHeKTpalbHHUX CcMyTrax, Jlmo Ha ®ipam3

eMynbciil nmmmye My a1 b p iHie TCHITDYC T € P 1
O3 MUDPEHHH obmactTi cne Kk bpan b H

OBTOXBUITBOBY WPadiddyQmyo pci mparisip y 1 (

w N o

), oBrpbk e p u HapomMyXduman i s 0 Q0O

™

UMTi cCHACcTHLCS Ha 3 0BHIOMOW moBeEDPKX
vy Cme KTpax TJIOMI He c Il e HIOl 1 3 e
il HpaxpaMmMbpupaH «cTaunui oHAapHOMY » p
CBI1 T1 HHH onpu 30y 1XeHH.I CB1TIHIOM
0 "QO(Bnax=430dz03, cmocTepi I @a & HNHAGPAH HU3XE JIHEOH
me HT POBI 1me H OPIOBR a1 1 ® aQ0 D (8rnmax =560 dzd3

00 01 0OH@ROKBY,E 6 1085 Oa 1 p e 1B Pl (8i,8=700:-750 dz(i3

OB 1 OCTaHHI CMYTH CBI1TI1 HHS KBH TCTIIE

57
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Pudl55. Q3 ane xHI cTFRYyom@H@ BO T Jg0B X
X B HUII CUO T ® BH ¥ H a mapi B [(e3vB/ph mc T s
nponsiecBHB S noe@piy Hi( lnnnuob6ul o Mmyp  s2B H u
OoKHCcCIne HHA Uhror e@xp2ib 3-20,

B) CnekTpmnu nfofFd @ ®yamici [i 3 brpymy
BUMI psHI B « Cp@a®m @ P B3 pOHyOIMKYE » H 1 C
a0 B xuH O B(dadzE 1 480; 2— 900.

YV «cTamni opHeapuEHMWIMYypPEe € C T p a 11 i CIme
eMynbcifi mpumy306yaxenuni i1 ¢BIiOT I
arper dPi Hemy900 dzd3 3 apeecTpoBaHaa a
nwoMi He ¢ e H I iIAgBr (o=®@0:620wz03n Qa r p e thaplr i B
(3=700-750 dz) AHTH C T® R EOMB HE C I @ P IH KX i o
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nenr PDBsI He HOPODHE a1 1 ®aQo D (amx=560dz3
npu umUbomMy He PmddSBappui Braa €2r)b.c a1 (
TakuM YWHHOM, BHXOJASYH ,/BJI ST KMM YHIE
THIOMyE e BI1g0yBaeThbhcsa 3apeaNysnHOONH
ar poaogriondpaxpomampyamcopOoBaHOT O

0 Q6D

Ax mari TBOAUTMHU , THO J M NMKHI cCcKa3jszarT
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S Op o rajgtjoreHdHcpi O0HOIW CIHOIY KO I,
BUTI1 CHSETSHC A H a 30BHI1 IIHW ©HTOBGEDP
M1 CTUTDL JK@HAIDODEBEHHYY BY, 4K Yy BHWUI
He €6 TaaxtoreHcpioOHoOTI CIMOJTY K BH U K
3adMdmla€eThcss Nipg TaixoreHcpioOoHOTIW

0 3 ap o3lHyaBw HNCHIKP O IOM allee B 1 J HIooll e H

=i
o
=

arpebpTi B

Ha niagcTasBi IbOTIoO MOJXHAa 3 po0Oun
CKlIagoBa sAapa Bniarpe bpxr i samgp 3
s apa,y OMIOAAaJbIO MY X 0 I 1 CHHTEC?3Y
3 apomyWaarspeesr a Ti B Oap Ak a o006 o0 g0 H

[Ii tTBepAX@QEK®OHE MUNOY IS HH A MO XY T
JIOMI He c e HT H 1 nocunigxReRmddadle@B) e M
TumpyYP n d.169,6,Ba x tbpa 1 cop OoBaHHUNU HaA :
KaTI1MHEHA a, 100eM Hoaganx ahIIOT O 3apouy
0 Q0. i

Hnsa eMyns®i iKk popwmhy p e IgeKHT™MH O N) e E (
JIOM1 He cIe HIl1 1 CmocTepiramwThbhcs Tal
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B 3 apsga@Ki BKasrage p, 1 O u 3 a0c¢
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FTTABATEPMQA ®OTOXI MI Y HB OHIEREST
B MOHOJI THUX XJOBMsEK.J

BcrTaunoBnaneHO, AU® K 1A I Bs YK 3y BIOKT b X 1 HT
TeMOepaTyp,.iIKHNXPE&KXKHABHI CT b boToi H
ONTUYHUX KOHCTAHT XalbKOTEHI IHUKX
( XCH) MaKCHUMaldbHa. Ha #1061 apm xgo0cC
OPpPOTI1 KaIThb nypa/K ) s usemmap a(Typaxiy
obmacrTi TeMOoneparTy?p MO XJIHUB O 301 |
ONTMHWUYHUX 1 TIOMI HE CII € HT HHU X BJIacT
CUTHAQMNYKTpPOHHOT O mapamEIPBIEGHEO]r.0 |
TOCHI1 AJXYyBaHHKX Ha MU MOHOIASSB AN UM
OONTMWUYHOI i HbopMami i HaWoO1 Jap e
T0CTaTHSBHO BHUCOKHZX TeMIOepaTypax,
po3 M’ g K my B a ary g67-6Ma]T.e p illp n U X T «
boTonwMi HecueHnni scurdpemoEBEHRY yo X&
TOMY @aBTOPpPHU pOOIOIMBEIKOUCATA C b J O CJ 1 JXe€ H

IOoOrJjiJdHuHAHHH4A T a II0Ka3 HHIK a 3 a1 OMI IOEF

[70-7 5] . Taxkoi i HbopwMaImi i He JOoCTaTrt
boToOoOX1 MIi YHUX TOepeTBOpPEeHDb I TOMY
B1 Q1T patwThb noBMmWi1I BRRESKHESP U3 MU X T a

BaiacTtTuBocteun XCH B mpoue dm-7% o tlbex

3 YMOBI € HO T UM, 1110(0) 0 +814p |1 cnTOoBB * fa:
boToO1 HOAYKOBAa aHI 3M1I HU ONTHUUYHHUX TIIa
3acCenTeHOoOCT.I TOKanl poB& BHH X G DMMBIL I
T aKOoO X, 11 O T akKi CTaHMU BHU3 HaJYaIWTFE

Ba1acTtusoc+88. XCH [ 84
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OIPUBOIHUIO o0 TOT O, 11 0 OdHI 51 T |
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boTO1l HAYKOBAaHHMUX 3 MI HX OIMTHPa B A E J € K
BI1acCTHUBOCTE ECH XCH, a TaAaKOX Impo I

OJHAaKOBHUX I@mTO3HUII1 H. Po3srnany nwux

po3 a1 a.

21Me xaHi3M mepeHOCY HOCIAS® 3 ap

HasBHictpsr y XCH O6inpsrmoi 1flP&Turt
106] (P m c2.1), po3 T amo B a HHKX 1 K nob6awusy
«XBOCTHU» TYCTHUHHU CTaHIB, 1K 1 B U H
nop s lGyl107, 108) , Takx | CTaH1IB B T JIH
(3Bxxki BUHUKAaKWTBbh YEepei3 MNOoOpyIMmeHH:
o0O1 pBaHl1I YW HEe3BHUYaWUHI KOHGPITYDpa
1 Hme , MO 3 HAXOIIATDHCH BO , i BCh 84, 3 :
109-111)) OPpPUBOJAHUT b I 0 TOT O, III O B I
ME XaH13MHU TNEpPEeHOCY HOCI1IIiIB 3apsaay:
CTaHaMHU 3O0HHU TNPERI KmpawxitTe pB3 W) g
Hanonl BOPBB] AHWMPIOBI THICTH CTI®HAaIM KR O (
KpaagioB3 BoadeHOI 30HUNO  ABYXUOOKRPMBI @K
ctaa@MO 10O (Puc2. 1). HApyrui ium TP

ONpoBI AHOCTI, 3 YMOBBRBREC BI OIMEGEP X0 JAIOONM
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Ax BugaoOOnwyuHkL3 p kKkoTeMOnepartypsHi H

3alleXKHuT
C 1 PUKYWE TH €& 31 H
obOmnacrTi 3 m i

npoi“Ymomeop e

Y me 3pocTtanunsg c¢ kOR2ajala ell pmapisiarm 3
Tangy CMOCTG YPI1 rKapearid ¢ 8 J a3Cc HO T @ i
kKa3ye, mo mmpuuoa 33 Takjolk 3poc
Ot xe , pi BHOB aQXHa KOHIIE HT paii

OB1 OHI

CTDbB

B oO0OmacrTi1

TeMOeparTy?p

pMOIUMHAaAaMI Y4HOKW PI1BHOBAaTrOKW BaleH
BHU3 HAaYae€eThHC A Kilp 1pBoHzeTMa mddeBpandio, 1m o O
eHepriimu.

OnHoyacHDO 31 3 pOoCTaHHS IM eHeEeprT
I B UIE HHSA M CKIangy Ci1pEKH CImoCc

penecx

e 1 g1 € HT

, Nt .

3 M1 HH

pldBe neni
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y CcTAeSHYAKWIaIxM MO K C1 pKHU y MNOp1l BHSH
TagJO0OM HE MNOpPUBOAHUTELH, JOO3 MBEW J KZ;
14]. JIns Hamukuopmp@nrmi Bods degise m a
3aJ € 3XHO B1 1 CKIanungy. Daxwymo BwineH

1 HO W 1 P,0,B i3JHHAOUYCETHIH I S R O M umasB S &getr
Ha 3 anexHOCTI J M HZZMIBIIHIO 1 T €M TOEB I
4 NMuUX MaTepilianiB TaRm&. 2noparp
TOXEeHHS SKOTFo 3allleXuThb HE TI1Ib
3 padMRA X, YyaCTOTHUU BUMIpHOBAaIH H®IA IL
OTO0OXEe HHS 3J0MYy 031 MIbINy €EBTUBCCOSIK OVi  OT1
UTYyJdA A0 TeMOmepaTypHu. PO3 M’ sKIIe H
B HussrkoTemMnmepartrypHIW oOmacTi,

1 a 1 Ma € €CEKCNOHEHIN]I adlbHYy 3 alexX

TuBQ Ui imMouj J]( Hes3 ame xHO B1 O T KIOa

nNpyru BHBIM 1 pPMOBHIHO 1 , Hi1 X aGmumi sic T
CTOTHa 3aJ€XH1 CTHh IUHAaMI 4HO I
MnepaTyp,,XMmé(PH/II@r.JB;DIL [Ipu TeMOe ]
oMYy, OTUWHAaMI 94Ha OpOB1 AHI CTHhb (1
pKH) HE 3 M1 HIWETHBLCS NTOpPpHU 3 M] HI |

TakKy X 3anxnexHicTbh BIig TRm&EZpa:

nuBa 4)
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Pu23YacrtroTHa 3aidexXHicTb OAWHAEMI

U1=d SC°6,=9 0 ° usd ;4 @ °

Onwucamsa B U II€ 3 M1 H a eHepri1i

(HasgsBHICTH®H 3J10(‘]f(‘/f2yp=H{aPH3Qa2)n,e>KsHIomcriro

B3araamai, MOXe OyTu BHUKIHUKaHAa aobo
de pwMmi1 , a0o0o 3MIHOKW MEXaH!13My T0pOB
OcTtaHHE Mae€ M1 cIe, HamOopuKIas/sma,

TeMOepaTypax MHPOBI THICTDBbB— 30THEIRO K O
115. B c¢cBoOow wuywepry, MOJOXEHHH4 pi1 BH
HanpukKkmnanmg, 3a HACTYNDHUMU NpPHUYUHA

1. [Ilpy HUBBKHUX TEMIEPOPTFPRERX» I
HOCI i 3apany HaponaxXyIWTHCH4 3 a p
piBEeHB — 3 0HAa-)B,J aac HIap W BBI WICBOHKI U XH O C 1

PaxXyHOK MI X3 O0HHUX MOepexoagisB).
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11 aKTHuUBaATII1 1 OINpoOB1 THOCTI B U
nx anedekTiB moagi OHO TOMY, '
Ha4HUMO, mo B NHWUX BHUDAaJITIKax,
THOCTI BUKDIKER&EHA pPUMBHGIO O p M
B, CpC MT@BKE@INAHENH N1 HHMUWU MHOXHIU
CyTTe€BO 3MiHHUTHUCSHE. Jlnmy BJalik
P8 10

MO XH a moobOawagbmuuad, 3 3 Haue
KCOOHG®GHDNDIHHETZXK B ¥ U 30b0KIHMAXC T 1 E
paTyp PpPi3HATbCSIS NTNpuOITM3HO H
HH1 CTh H a Ham HOTOTIISMLA/ CB1 I4Y
TSISX HHU3bBKHUX P GBYTDEKBX [ MHI
b OyTmHMEe POXOCHEMI1I BInJ NPPEB( SAKHTO]
01

I 3a3Ha4YuUTMU, mo 3 M1 HAa €HepTr
KaHa CTBOPEHHS MII BPITHC,H UK O M} (
B J THaca KIyo B M H H a CYTTE€EBOIP3yMICH
TeMnepartypha'V,zamgopmuyk a(agmi, g 1A T

ae€ nlpOu06°m@@)3 m® ¢ TaTHsA a0 (1 urea x

Po3 n22py KpiwmM ToOTO, 3arapTyBaHHSES 3

TeMOneparTypH p O3 M WIKHIIE HHWR a € TP ® A

YyTBOPEHHSH nedeKTI1 BX,a p aHKET € [P M TTHCRMEIA

3a7d€XKHOCTI TE MHOBO I OpoBI ATHOCTI ,

NJ A1 KUEMNDOCTE®EpI1Traefiechic K TKHBAT a CIH® B 1 [

76



p a

a K

nep

)=!
~

i
e

B 1

0 I

XYHOK TepMiuyHOTI revHepaitniti KarTi
icHO 1 Hmow [ 118, 1 19].

Ot xe , 3 Ha 4YHa 3 M1 HIA 1 € HIEpPOTBIil iJ H
€CEIeKCHNOHEHII HOTO MHOXHHUEKAa T1TOB
CTaBHUHOIW, o N pPpHUaIMMBED KMIXC I[[Te € MCHI
OB1 THI1CTH®b m o piBHSIM riumobocKuX
MOepaTypax T@nOpoB1aIHICTSB 371 WCBH I0
cTaHaM, po3TamoBaHnuwm On(® a.i)s vy
He prii aKTHUBaATIMI1 1 OpoOBI THOCTG®E€H,
JO0OKa ATIiaB MWBaAJHII3 0B a H 1 CTaHU, oo p «
J€HTHOI 30HU, CYyTTGE€BO H € p
OITBEPIOAXKYy€ETHCS TakKoxX I THUM, 11 0
CTOTH OPpPUKITAJCHDI CHMEAPYT3U IO J
MOE€epaTylpiagBWIHYMEYT b C 4 , a 3RAE KEI1
HaMI YHOI OpoOB1 THOCT I HI/ﬂ}KFﬁI.ermoq
MIIEe paTBIPOE KT O0UYKH 3I10MY, gyacT
HaMiI Y4HOIOCTHPOBC MOBCTEC I IMPABTHCGC T . -
YyacHHUM TeoperTwu 88 udl2, $13]pcite pambIrmo
OBI THICTHB 3PpPOCTa e ﬁ3(@0p1m2.4{),szmmﬁ
C 4K 3 O0HHAa CIMMTOBBIIAI H4 & CThQ T U3 aIRO0 -
peHnma Bo2.12a)c,TiTaisacTOT HaMIOT O B
3ad€e XHUTHh

Cnig 3ayBaxurtu,, [lae0summi AFi 6T B
JI B 1 JOC O3TMKIOCBTOYr C 1 P K U ,3 MaiMy, T HILO Ty C
H3bKHX OO0 CTEX1O0OMETpPHUUYHHUIX, CyT
TO0OKaadi30BaHMUM CcCTaHaM NTNO0O0ITHU3Y
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3 pa3KaxXx 31 3 HAa UHMMNNY KXNTJAMRAMKE O MPpH

pTt pT BB nepernoc mioncyl 1 B 4 13dacpH 10 €
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T0KaJdl 30BaHMUM CTaHaM .

3 NpHUBEJECHU X pe3ynabTarti B B U ]I
OB1 1T HOCT.I y BHCOKOTEMOEparTypHI
JCTaHHI B1 1 piBHSH e pwMmi I 0 I
1 T b1y €ETHC A 31 3 p O,CTTOA0OHTHOI M 3 aB M ip
1 npme HHS wmWupuuHu 33.
EnepdxTtTuBamii OTMUHAaMI 4HO-I 1 C
3 pbKOTeMOepaTypHiI#H oOmacti JpoJius
cnonlBIOmIangaiowTohb 3 BliJCTaHHIO B1 A P
a3yBalocChb BIMIKST,UBM@AA1 £ HE&P ICiysM—o 10
EpreTuwuyHOI B1 aICTa® Il B1 1 psl EBIH A
nOyBawWTbhCcsda MNEpecKOKHU HOCIIB 3 a
HOTO IHmMEeHTpa Ha 1 HIUHKA. O n H20k ,
€ parkiTsav B a 1 1 iJ1 ecKTTppwoOHKAa 3€ O J HOT O [ €
TuKa | cTHhgdurtloo MFL 7B HamMUX Yy
THUBAaIii TP o BB CIIH OBC TOl C HBOMB3 HHOAMIYA.€IT € [
3rigHo Cwepaeammail [1 8 SMo,r Tmi BeHBb De p
cepenauHI i xk O pii eBHHTIEMKUB , B OCHOBH
HYWOTbH Yy CKII B PpP1BHOBAaXHOMY C
B H i de pwmi BHU3 HAa4Yae€ThHC 4 pir:
OITBEPIOXKYyETbCSA THUM, MIoY,y sS0kO JMaOCKT
ne mobGauwuTwuw Jgani, BE HAOGYB XOHEEC®

acHUX naedpekxkTi B, EHeprisga TE€MHOSB
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€3 yIbTar y 3 THONIAYXKIyeeHMmBsTcME a 31 NPT P11 T:
2 1] npo TE€¢€, mo peakxKii s
¢cboo © CH

POXOIMWMMTE N8 HBAM, caepli BHOBAaXKHQ K
enTlpiYB ane kuTh BIJg TeMOnepaTypum I

v W R

v Y qunﬁ,\P C
Y- edekTHBHAa KopensmniiHAa eHePpPT.I

HuszpkoTeMnepaTypHa MNOpPpoOBI AHI CTHh
epexoagamvMu ©Ounueekurrppddun mei 3p y O anbeoH T3p a

00 menTtpy. B 000X BHUMODam;gKax a K

IpoOB1 THOCT.I NOBUHHMO CKJIRMOTNAMM@BI aH

aHUMHU a1 ae€e YB AXijuluHueH3ya 1 € X H O B 1 I B

KTagy Ccipkm y 3pasz¥wuxpe BWmE ma Hi

(2. 6) B1 10yBaeThcCcsa 3 a Xp as3XxB/ HD3KK 1B

1

II

€3 alleXeHil carmbe PNl d1 BEW Y KIIPAYKAX I
B pIi3HHX CKIIaJmgax IDPp ucpaomraa 1a e@ie k)

CHTpI/I) € aTOoOMaMHUu ClpKI/I 3 HC 3 BHU

[122].

y

Mi xkpockoniyHa CTpPYKTyYypa TakKdUX

poo6oTi Kacit udeppiad3licAr 1 a p & pPanRelH a
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9

AHTHU3 B  a3YyBamadTbHI CTaAaHU 3 M1 me H1

bJ

nap CHIJIbHI E, Hi X 3B’  s3YyBawmb HIO M
HacTynHa KOHPiomeipamamp {U aToM, |
1 HIIM MIMKX YHAa AaHTMUWU3 B sS3yBalbHIHU #opo
enNeKTpPOH) GheY, e ma@aKMIMIO U HOM @®H3 pT
O cknmaMaea Tak sk e ®e3Prdimiaaridpen

Y ”

YY), To 3po3ywMiiao, MO OCHOBGHHM EG
O (o06ipBaunui CB’ 130K o MoTTy v
JhAri mnaHU M.

3 HeraTHBHO 3ap@a®emiKenyl ecpHOEKpPrTi
Ma€e KOHOGO rPypmwouimpeagcraBiasgse ¢co00o0Imw0
YOTHUpPMa e€eIEKTpPOHAaMHU y CTaHI HEIIO
O Y, e~ kopensaniiiHa BARBQIIi Hec BB
H a oz(Ho.MyHesp/eam(imo{.‘;(eTYLc;I

Koundirybpasui g aepo6Q ecr0o e IMHUM IO -
3apsasaxeHuM ngedexrTOM 1 Ma € M1 H1 M
1 HmmuMHU nag€e PpeKTamMu.

TaxuM YHHOM, a1 K HIOXOIHUTH 3 B
kKoHdpirypani amMmu nedextiBON ipisuo

peaxib)yr mo3 HaueHHSX KacTHepa wMae

¢cO 6 O 8 g
[ pyHT ymo4YHCH H a Mo e ni3l3[Kme Ru & |
3a0PONOHYBATH 1B a MeXaHi3MHu C

XapaKTepHU3YWTbhCSI HAaCTYyYyHODHUMU PE€Eac

6 6 ©° & 6 N N
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Mu B Badaixae€MO, T o B Halllo MYy B HUII a
MOBIJC€HAa GHCMCHTapHI/IMI/IQ,aKTTaaM(H

eMe HTapHNWNU norwmp ¢ 0% €1 (B iHE HAIKIT IMHB aa U]
My MmO BI1H CyHOpPOBOAXAXYETHCSI Tmepe
Byaak y TohdapamecHKk(AQ. Qipaoxo@E.
i Hu xoopanwmHanii (uywmcnapilxi Mi yHH
CnpaBnai , @ K T(® P HEWJIME Ma K TE 1 @ E P P O K |

be kT a H a nedexT noTpeoye Maio

€ pTHBMHUBAIMI I OIpOB+t M HOICUTIb K §J T EBMIICE
nacTaXi™ nmasag pi3HUINSA C ¥ h H ONBOMBTHUBH
AKTHUYHO 30irartrumcsas 3 EHEPTECITWM Y I

BrmeHTpa OT0 mopor@, puixiaiHmB ®@CTBE P
MUMU Ppe3dyaimboraramMmmMp UMY HU X3 BAHMI B1 i
Cnig 3ayBaxXuTHWU, MO HaMmMiI pe3yab

NoOJSApPHUMN MeXaH13M TOPOBIAHOCTI

0 O 0 o y aZTocunigxyBamHiil
B1 11T pae CYTTEBPH]I TREKDIM.Y Miie
MOBIRBREBPMMOIABOX ¢I0RKTEHTPYBIAZMTPpY
bi I1 € 10 CBI1TIa B1 IIMOBI1 JHOTI i
HIoe HOpnaemitap i B, a koQimeHTpani g oa
1 0 Ou M1 C I € 3 M€ HIIE HH A CTpPpHUOKDO

raTuBHOIT ¢io.T o@dPpPHOBK,]J HBO CHAa MU X Yy M

cmocTeplramnmocehb
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OT xe , HU3bKOTEMOEparTypHa mp
nepeckokamMu HoOciiB 3a pRaAyNOIWOME
BUCOKMHX T of M@ p anp)yops 1 1T H1 C T b 3y MOB
HoCi1 1B 3 [IIBCHHOTBPAaiXBH M3Xa P a Xy HOK P e a

0 006 Q8 C® p

Y cTrT@piMOmxTUMHAaMI Y4HO I PBEHOBYBHT
BUMOTHU JOT€TaialbHOTO OamaHCy MI X TE®¢
OumenrpiB y B3 1 Oxesmapaniyec mODMW

K1 HETHUUYHE Pl BHSHHSH:

w0 1 U8 P g
Tyw O[] Qwnl— - wacToTa TepMIi 4HDO
30 nenrpiB y BalleHTHYyC T3MOHHAY , C T @ H

PyYyXaIuBOCT.I y [B aJ eKHOTEeH(I 1M 1 3¢ OHHI1 ,3 a X O
O meHnrtrp.

BpaxoBywuu TewmMmepartyp ¥ ¥2.7)31 a jrre okl
baxrT, 1 0 y B1 AICYTHOCT.I T e MH €4 H (
3anexutTb Bi g0 1edMumse ppiry@&1 s us3 Hau

3aleXKHOEBOMGHTpamii giplo¥X: Biag Tewmm

oy s Y GO
nWanW P o
1, oTxXe, Bl1agcTaHb a0 piBHA dDepwmi
Y ¢O
TEB CPH 1

s BenwuwmHAa gempBp BG HINBHMOIDE UK
3 pooOuUTHH BHUCHOBOKI, HIIOM U ]I O N GOPKIB &
OpOBi N|EUAY b
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Hu mu

pe3yabTaTaMHua y

HJOCJIT1 O X€E HI
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IpoOBI1 I
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M
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B

XCH cxAsSmu 1 ¢ oMo C i , T a paHIil e
BUBYECHHS boToOeneKTpPHUIHUHX BT acTH.I
N1 JCyMKUH.

IIpoBeneHIl Ha MHU JO0CIHII1 AX€HHS
€CITEeKTpPONPOBI THOCT I 1 03 B O IS5 OASS
HasgBHI1ICTHhb K1 JbKOX HOCI1 1B
cmocTepiraerTnrcs CcTpHUOKOBa
nepexogamMud HOCI1II1B 3 OITHOTO
«30HHa» MNpPOB1AHICTHB MNO HEITOKAIIl 3
nob6bmnmoepypora pyPwmisPunri. 2() . Enepris
CTPpPHUOKOBOI NpoWQWAoe< THe K1 1b K a
eHeprii axrtubani,j ODOQwHoSE. nhomy ,1H
CcCTpubOKOBa 'pyKaluaBn aTT®d Me Emap T3 B3 B O )
paxyHOEK pisuHuni (@ u® pry iTh) gj Y.t u B p 1
HU3bKHUX TEeMIEpaTyp a X ecprepBUBONKYORBYa.

Enepri s aKTwuBamMmii CTpUOKOBOTI
npuoOITU3HO AOpPp1lBHWE BIACTaHI BI1 ]I
1 KMA B1 10yBawWThbhCs MNEpPecCKOKH HOCI
Ax mo il HTepnpeTyBarTH orpumManiO pe
neHTp®, —Tlo, Xe eHepreTuHduHa BiIiQcrTa

i

KOpelJdsuli HAal] —eeHHEpPrri 154,

a KTHUBATIMI 1

0O

me nHw fPuc2l), TooOTO

e ek THUBHa

30 H® o0 1
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BaJleHTHOI 30HHU) JcJr amomin Tma g He-al ,
piBGmenOpalO 0Oi cTaHnoQplmmbasSHi, 60j,]8
anoi Y [78].

KopekTHI1 CTHh TakKoil 1l HTepnperTail
N1 ATBEpPIAXKYETSHC 4 T UM, 110(0) rjiubutna
TeMOnepaTypHOTI BA@aHE8 KHOTLTI)POTOHMOB
Posgin 2.2.2), T a ¥ bBk 3cakmicaxHaoec T A , 6
Bi a1 M1 TumMo, III O Hes3ane kKHicTb YsBeljiu «
CKaIlapagy MHmOKas3ye, mo mnpuponmga nxgedecx

[IpuBeprae g0 cebe yBary TwWHSAS ¢
CKIajny Cl pKHOMPITHMAEKES C T3epXa 3 K a XASS c u
mep € 1 € K C N O He€e HI[1 idHMYIT TMHBoOXK(E3UpEa @ 11a € 5
[fe o3 Hawyae, mo y TaxXKuX 3 paj3z3kKax O
epPe K TUBHI CTh PYXITHUBOCTI BIMpPE@ATTFAaCI
Takxe N1 aBUIE HHPY XAPELBKOTCMTBIH,0 CAd H a IL
NOSCHHUTHU 3 MI HOKW OINIHUXHBOTO MODPS ]
yTBOpeHa 3a paRoypira 1edip (iCEMWTIT I € H
xanb kK 1Pl 5. TomMy 3 OHHE MTmepeHEecCEeHHH -
miIsgxoM 11 TYHEIWBAaHHi 3 OOHI €1 H
CKIany 3 pai3KiB y 01 K 3 poOCT aAEH s

3Me HmMYy €ThCA,SSaposoanBd e3 k 1B OIpHUBO T

B1 JICTa®HESb M@ PBKU MHUC MO AP @ M U XaldTIbKOTE€
HMOBI pHI CTbh TYHENWBAaHHSNS JO1pKH 3
3 pocCTace, mo 1 MNHNPHUBOAUTHL aJT0 301 Ib

Ha wHamy ngywmkKky, 301 Jb1II€ HHH e e

Mi pOKW T1ABHUIE HHSA0O3BOUICIEY NOIMEHMM,T U
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poO3 a1 1B HOI 31aTHOCASSO pMda T3€eapmi MACIYl BT
y BHUODaagKy Takoro Biaxaheunplaiteng,
nokaszaa®giyaiP 3, 3anuc ASDUIDITIpIaME T
Bl IbHUMU HoOCI ayMmuAal i #84d 13 axa DY SPmEO
oO0OepHIPWAI O pIIi WHAa JTOBXHHI anudbys3i HuE
0 S ne — Koedimi e Hs kilu 1 mdoyBs’ isg13,:
cmi BBl agHOMEe HHIM—EH#HH me A KA UBHOW P

‘ht - wgac KUTT A A1 pOK ayucecaneHDH
nepionoM pHEUIM D3KaE MO DK@ HB a , TakKk 4K
KOHIE HT paii 4 HOCI1T1B y OCBI1 TJIEHH
OpakKTHYY HO OJTHaKOBa, 111 0 € KB1 BaJc¢
O0y4KOM) .

Ik M@X mooOaag@muunas T, 3 a M1 p oI
ClpKHU e e xTuUBHA PYXITHUBI1 CTH5H I1 p
nopsSsaAKU TNpU ABSEPBSHI,T11a Bp Q3 11 1Ib HaAa
TaAaKOMY TMNOpYIHeHH.I CTeX1oMeTpil i o a

mmoy 3T 00 XKYy €TU5b C 4 3 3an0pomTOHOBAaQHHUM 1]

22. ®oToe e KTpPHUYUHI TOCUJIiI D%Ke HH A
me petTBo0YCEIk x amiAgsy

Y IbOMY po3 a1 ai HaBOASATSH C 4
TeMOepaTypHRMXMIOCIDPHMIOKCXapaKTeEepHUCT
boTonmnpoB1 1THOCTTI , a TaKOoOX TMNpoIec

BMHUKAaHH S 1 BUMMUKAaAaHH 4 B30 1y an ukyy Boa JD
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A :
MUTTERBRDT 0 GandyfyppRewiyia K

3aJe€eXHI1CTHhb
TeMOnepaTypuwu, 1 HTEHCHUBHOCT I 30y I
pemnaxCainii

3 METOKW BHUIYUYEHHH4 BIJUBY npu
3Ha4YHI U MI1Ipli BH3 Ha4YaIwWTH boToOmp o1
3aTPYIAHSIS KT, 1 HTMe&pAPE Ba iyl 100 1 p[ddAnyo ¢
127-1 29 1], camMe TOMY, BUMI pPIOBaHHSH
HaMM Ha 3 MIHHOMY CTpYyMI YYyoGBpaca:
cynsb di oy MU 1KY, JOCIHI1 XYy BaiudHu-c
nNI1acTHH T OB Bty ®c B1 T e HHSA Bi 10
nonmnoMorHeNe masepa @olfddd B HampsaM
nNepneHITMUKYITSISPHOMY HaAaONpPpPAMKY €I€KT
IbOMY HampsaMKY 1 030i éee3rolBmmienn ¢ WOH H
360y AXKYIW0OYO0Tr o eccBeuyrenB06an g Gueop, sk 1m0 K
y po3 2B 1He 10CTaTHSbO g a KT MUE
bOoOTOCTPYKTYpPHUEX nepeTBOpPECHD Ta
30y1XywOUYoro CBIiTna aTO0O3BOJISNE OAOCI
pekoMOl Hanui "HMUX TOTpomeciB Ta BOIHU
3 macToOoKAsB[B8a@.ucrtewmi

221. MexaHi3M TeHepamni.i He pi BHO
¢ K Ja aAS.

3 MeTOwWw BUABIEHHSNS MeXaH13MIB T
npu ocB1l1Tne haiNe n1apapamMB HaMHu I 0 C
CcCnmekKTpaalbHa 1 TeMODepaTypHa 3 alex
AsS3 pi3HHUM BMICTOM C1pKHIMHU, a TakKo
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boTonmpoB1 THOCTI (3amnTeXH1CTH5h Bi1 I
moJsa) . Kpusi C MOECKTTIp amM b THJD W H a3HAaHIAC >KIH

PuebPul.b.

(X,c.u'l
A
| 4540 AsySg9
107 |
1
10 1 -
1,6 1,8 2,0 2,2 24 26
‘ hv, eB
Puc25.CnexkxTpanabHa 3alleXH1ICTHh K

| Q mnsa 3 pa3 KASS83 CpHiCc3THCUMMA B M1 C T OM C i
/g((x, oM '1)
A

1,6

14 |

1: 1 1 1 -
3,1 2,7 23 10°
T.K

Pue. 6. TemMmnepaTypHa 3 alleXHI1CTHFHE
noBXMHI xBHAi BiNEp o3 rE@aaziza s EHe p

axTuBamnii Ha niHi BROBMY yuwacTkKky ¢

3 pPpUCYHKI1 B MO XJHUB O nobauvyurtmu
36yanxytouor ¢leNe ma 3 r fa phigj ) o1 ASS;
B1 IMOBI1 aac€ K 0o ¢ ¢i|l 1l ipefa T, K IIBOM €1 HIIH ya €H TH]
3 i 36i npmeunnsM Bigdogrdyi Yei pRakino
Koedi i e HTHU NHNOTITHUHAaHHSH cB1 1 @QarThs

pﬁh)(pJJBiz[6yBa}0TLCHauﬂpnmm)ﬂ;n'[,'1' B UKW

88



raimbOOKHUX IIEeHTDPI1 B (c1 1amwThb Ha T I
T1TepaTypHUMHU TaHUMU onpu reusHepa
cTaHax, ONTHY® & 1 A em @t esll10, 130].

Y XCH w™MoxawusBi ONTHYHI nmepexo]
HAOKAaAIITI1 3 0B HMHECEC JI OTKAAKI 1 B 0 B a H 1 CTaHMU
nob6na1u3y mnmopora PpyXIJIHUBOCTI. Ax mo
30y TZXeHHH boToHOCI H NepexXoaguThH
MOXIHUBHUU CMPUMDHEOBM IFNKEUPI®E HIOKL ¢ H B U A I
y 4Y4acTOTHI MW 3ade€eXHOCTI1 CcTauoioHap

Ha mi BUMI proBaHHS mnokas3zanadhO0mac

14

200000 ycyrangi osapuaa GoTOIMYDPBPAREBEHEHO®

3aleXHuIIa B 1 I gyacTtToTtTu. Drpewejl ni
HapoaXywWTbhcCcsa HOCI1Ii y oaTenmokKamdgl 3 0B
mMOoOKa?s3yeE, Mo T eHepaIlnis HEepP1BHOBA aIXK
nepexoagl B3O0OHPD BE HD H € 3 a p aXx y H
T0KaJll30BaHMMHU CTaHaAaMHUH NOONTHU3Yy T
B y MO B a X HaImoT O CEKCIOHepHUuUMEeHTY

Bl 10yBaeTbcsda B pe3yabTarTi p ePaukcn i

2.7.

0 MO Qh ¢ L
6 MoOd6 Q8 P @
Ty®Q iQ - enexTpoH I nipxka yQHE!:

KBaHT CB1TIa
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Pu@7.EHeprerundH.Ii piBHI y 3(®), XC
epMi(EP)ix pe xoM6 {f fraenpi eixaonxi B . Hanop

Ka3ye€e MmepeMImMeHHSI €IeKTpPpOoOHI B.

Bi nmMi TuMO, 111 0 redgeparnit s B1IbH
TaHaxXx MOXe B1agOyBaTtTwmwcsb I B HQ ¢ 7 i
CHTPpPAa:

6 MOos6 Qh P X
0 "Moo Q8 ¢PH W
OnHak MU BCTaHOBHUIHU, mo Tmepex

EHTpPY HE€e B1 A1 TpawTb CYTTEBOI Ppo
i ic HO, 4K B1aAMIdYyaaglochb y mHmoOmep
OHIDE HOpuacipitelp 'Yc u a1 b HO 3 ane X XuUTb ( €1
He priew ~a0drju)B amrii 4 TeMmeparTypHu.

eMOnepaTypHOTI 3anmexHoOoCTIiI Pwme2®)pi 1

oKas3amdgHu, 11 O B 0 6°X a"¥ Tonip m T e3mproecpr

eMOnepaTypHu Koe diluHa HO O RO HITHNE X H 1
az3epa 3pocTae 3 eHepjJleDomgrxyrusa

Aamoro €eKCHOHDEeEpUu™MeHrtTy, OCHOBHY poOIJ
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(215 1 (216) Hoc i i B 3 3apAaaAXKEeHUX SKAKNT

ONpakKTMHWIHDO H C 3 a1l € XHUTDb Bi,[[ T CCMIICDP

222. TemMmnepaTypHiaMIe pHIIOKCX apakKT
cTani oHapHOI doTompoBi aHOAISE 1 K
HaPu@8npencTaB AaeMHIIe pJHWK CX a pa KT € P |
cTaimli oHapHOTI boTOoOnmpoBI THOCT I T p
BUOHDO, Mo NpPHU HHU3bBKHUX TeMIODEpaTyp

nphs59C a 31 301 I pMEeHHAM TeMOepart

no 0, 5.

Q
g 40 307
g 2
'5‘.2,5 25 ;
S =,
; g
g %0 20 &
[

80
L5 20

| ] | 1’5
0 1,0 2,0
L 124 ], BIOH. 0O.
Puc28 Jliokacmmome p HI xapaw¥ne piuc BA KR

t -« (1-4), 9 x a BH3HavaeTsh 2419, ma g9 pop My .

ya®y Tip' Bi g i HTe Hc ulBelNoacarsie pedsi TYarmpsar
¥=290] ¥y pi1i 3 Hux Te MmnePla:try¥pax 55; 2 -
4,4- 165.

Ha w01 apm CHUIDBHDO 3 M€ HIIEC HH 4 Ha X

TeMmnepatTypa(x3aummpen ol 0i HT e HC UBHI C 1
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002 JI8dy JTAXe 6Ginbm cKkIagHHUN XxXapa
HaXUIOM OIH3BKHUM IO 1 abdbo 1605 C,

3° 9B 1 sgud m1H 4k Ha X u Jmwemp, ¢ Buyony ySe~ 0 , 6 .

3pocTaHHUIAKRIXB@W TbH C g, NOYHUHAaKYHU
npawWITeMHOBAa MNONpPoOBI1I AHICTHBH 1 boTomp
Pl BHUMU. [Ilpyuy mnmomganpmoMy 3 pOCTaH.:

NIpoBCITIRHEIp ¢ BHpmyreoo n poB1 1 H1I cTbhb (TOOT
Konlu GoTOBI1IATmMOBI Ab CcTae€e clIabKoOIW)
HaOOIHMXYyWOYHUCHh JO0 OJHUHIHIII

Ha Puc 2.9 npeacTaBlIEeHI T € MI €
crangionapHoi GoTonpoO¥HauHODNITHYEO MW
npu P13 HUX 1 HT € HCHUBHOCT S X 30y 1
BUXOAUTH , 11 O npu HU3 b KHX TEe MIE |
HHOnocTaTHBOOBOTIHEPYM MHTpPakKTHYHO
TemMmnepaTtTypu. Pl p8BH®KESZ OB, Tamo 1 B H
JIJAX OnNwu3BbBKUHU OO0 OOdUHUIIL . [Ipu 1nwin
TeMmneparTypHa aKTHUBaMNIil 4 boTomnpoBIi
i HTencu {@OhOreixe pri = aKTuBaIMmii b «
npu6mu3, e300 )] £ 03 Kuimg 3 Ha e HEHWaIlgiHie p
J0C i oYy B aHuxe peppadiikyh¢x3 anyeB a KU MO , O
3 3 pOCTAaHHS IM BMI1I CTY ClpKH y
borTonmpoBi gHOCTI 3 pocTaec: narigY ¢
HaWwoOiapm Tuni gy N lae BHSA Yy paxaKIi B
BMioMT c OpRugopisunwge . PBER. 9 BUHUIHO,
MalTHuX 1 HTe @EOAHG@o cmypedB0®° Cc e pri g ax
cTanmi oHapHuHoi ¢®irYocuokproasaianen ofdrygi & nyu 3 b
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50 100 150 200 T ‘C

T T T T L

34 32 30 28 26 24 22 20 j0°

I K

Puc29. TemMmmeparTypHa 3 ane@®u1)cir b
ctani o HBpHEHPdTOODpPpOBOKY oc Tq WI), 1K a
BUMI poBalacehb npu pi13HUX 1 HT € HC I
(O 0O O © O 0O 0.

Taxkxum YUHOM, npu B1 IIMOBI1 OHHUKX
30y D1XKYyKOYO0OT O CBI1 THnaTa&lHiepHa plH 0d K TIH
3 pocTae npud6anuizIHO Yy naBa paiszu (BIi
S KHIlE Mae MI1cCIe, cunga B XKamar 3J AXO T«
0,5).

IIp u NoJamdhb o MY ni aBume B8 1 Tmemm
0i"Y cmocrepiraerscs aMIayKpCHHOMI Y M 3 aTJIC
cTami oHapHOI boTompoB1I THOCTI . )
TeMOepaTypa MaKCHMYMY 3alleXUATDH F
cBiTnmna: SK y BHUODaAaJITKy CHIBHOI, Ta
MaKCHMYyM TeMIOEpaTypHOTIT 03TaolmepKOHBOICAT

Mae€e MI1cIme mnOpHwH OXTHIHNU 1 T1 W Xe TeMm
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[Topi BHS HHS TeMOepaTypHH X 3 a
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2.6 i 2.9) moOKaj3y®WwTs»s, 11 0 y o0
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boTonpoBi NbSorcod6h Bii gxasgs cnmnaagy ¢orT
0, 65 noBOap¥fiumemMy XK 1 HTEpPpBamITi TE€
B 10151 ©,4.

[Ilpy BHUKOPHUCTAaHHUX 1|1 HTE®EHCTHBHDCT:
3aJ€XUTh BIJA TeMmMOnepaTypHu, a TmWpoI
Cknaguuid xapakxtep. IIpucl i EOKNK T
T« mpaKTHYHO HE 3aJeXHTh BAKCHAMWMM
npuv=180°&L, npwmu MOJgamdb MO MY 301 165

3 Me Hmy (@ m R2.¢19.

0,
40 60 80 100120140 160 180 T+ €

20

Ig(AG , . 6i0H. 00.)

Pu’llTevmnepartTypHsd, stprsdit ¢ mpo
BUM3HadacTbhcda 3a GopMyIBopra 0(bX.a X O i
nepen KOXHHUM BuMI pioBavel8Gi € w1 mp o m
15292 — 30piaYsmok ocBi Tniwe HeuNea a g 8 p a 1 ¢
v=140°C nmpa®yr CMTr)).5

3 PUCYHKI1 B 2.9 " 2. 11 noMi T
3 alle XKHOCT]I gyacy pfeemakcangmrami oH
boTomnpoBYAauoiridc o, IpH HHU3BYRHX

TakT-1-3am1ekxarTh Biag T e dulOPpaCoomuyn,B i
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BEIHMYUHHU 3 POCTAamOWTh Ta AV CYT aalOTIb |
nNoagalbmMOMY N1 IBHUINEHHI TeMOeparTyp
I cayE T a K O X Ie K a Kope};’,,;{"@iiﬂ
f--Takxk, HAXY&,@("O)i mnoka3HUHKTTOryme
HawoO6ianpm cunabHO UIUWI K wpnr s o myljly u

° @i noxkJAAX¥mE3 b ki grét Omip)
KpimMm ToOT O, 3 pe3ylnlbTaTiB HAaIlHX
mo Yy aAocniagxyBaH1IW Hawmu oO0nHAXI

] 1lmo ka3 HOMIKMA3 b KA OO OJOJHWUHUTII

223Cnenudgi ka npoueCBi=EF||.peK0MﬁiH:

Psn omucaHMX BHUIME 3 aKOHOMI pPHOGC
OpHU Nl IBUIE HHU X TeMIOepaTypax y B
(tTonat K OJH b o T O mp OmBEl pICHBI HICTITYLH H OCBY
OpoBI1I AHI CTG5H ) , Ni JBUINE HHA HaXUITY
Biag cuanbHoOPpo M®BICHMMOKIONI , B3ad¢ Mo I
* T O OITUMHHUII , a TaK?Oo X, aKTHUB aIll
GOTONPOBI THOCTI-MD XKYTMOIOYT MY IO C H
B1 1TOMUMH 3 di 3 uk n[l31#1B4]}. i3BaATKPoHBO iMA B U
mojagi OHOT O ponay cnmocTepiliramnsuchb

BUCOKOOMHUNZX Ha[l3b-k4d]pOonrHiaKH U KIIKB O I U C

[,

CHYy€ psaIa XapaKTepHHUX OCOOITHMUBOCT

y MaTepl alAss CIUKCIT €BMIUA p1 3 HS IOT B b Il B
pany 1 HIIU X XCH. B Imepiumy yepry
ocoOanxuBOCTEHNH BI1IAHOCSHTSHCSH:
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1. 3ame XH1 CTbh eHepTrii a KT HB a I
11 1 HT e HCHUBHOCTI 30y 1KYy WOUY0T O
O1 1 b 1I€ HHI 1 HTEHCHUBHOCT I CHBal prHIOAl
TOOPOBI1I THOCTI 3 MEHIY€E€ETHCSAI BOBI
2. CBoepi aHI1ICTH®Hh npomecy 1 0BT
oTonpoBi gHOCTIT @®c Tpacem axa a Mi P O
eMOepaTypu. e u bakrTt CB1 JI4YHUTH
e KOoOMO1 Hami i 3 0 1yIpBW,l[€ HI® I MP a H & MII
ani BONpPOBI JHUKAaX HE cIHmHocTepiliradiaa
OBTOYacCHMUX penakKkcamnmiida mNOpoBi1i THOC
Me HIF H'BsAR MIi poio 301 IbpMmMEeHHSIS TE€MIEe
3. YV Bunagky cuna®xoX -boborBoam
KTUBAaNiI HHO 3 pocTae 3 TewMOmnepartTyp
omxeunt, y BUNDanagky c¢cana0bKOI boTOBI
OTOCTpPYMY 3 TeMOneparTypolrto. Cnin

B U IIa , TaK SK HAaBI1Tb y TORPUZRNKIKX C

AsSe y oO0OnmacrTi cna0OkKoOIi boTOB1 A0O0B

r

acliHHS GOTONpPOBI THOCT.I

4 . TemMmneparypa MakKCHUMYMY CTail
aJleXUTHh BI1 A 1 HTEHCHUBHOCTII 30y 1K
ciia OkoToOoOB1 I NOBEPRTYyUPIAa TACO P1 B H IO
03 M’ s Kme HH Y. MmaMiaecpgiMay/My T € MII € pa Ty
Tali OHAapPHOTI boTonmnpoB1 THOCTI , I C
eMny T eHepailmili pl1 BHOB aQaXHMX HOC

OHKYpPEHI1 €W mnNpomeciHBaIrieis,e pa ki i
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penbdbavyaeThbCcC s, 1 Ha Ham OOTISHgA/n,
nmncucTtemMi ckma [ 86]

CnouarTky pO3TraAsaHEMO TpH I
TOENEKTpPHUUYHHUASSERERAOVYMBO ADO&Iia 3 aHO
B’ s3aHI T1iJIbKH 3 p ONHPHOlIie ¢ ammi uja ¢
roBOpPEeHHS Oyage NONpPOBOIAHUTHUCSA 3 3
KHIXe pengb6bavyaeThbcCsda, 11 0 OCHOB DU MU

HT p U . Mo @ 8 mppoyB 0 1 1 yCcImi HmHO B U K

nNpUuUKIaa/mg, I A mHoscHEHHSTASSe(mwe K T |

Po3 n2ilja TakKoOX €JNCEKTPHUYHHUX I borTo

c ¢C

b o

« 3

neHI 1y[8M&u’ a1 kxy
B I UTOBAaHIMUX TEOoOpEeTHWUYHHX p o
TOOPOBI1I THI1ICTG®H XOHewmTpa My a xie M@ I
O3H@H H O 1 » reuvepaini.i H € p 1a BX H OHBaaImKOH
CnHepuMEeHTY, 1k (@ y.Poo3 n2idik),a 8 a @8 p a g
piBHOBAaXHUX HOCI1iIB BI1aA0YyBaEe-ThC
Ha)». Towmy, I IMOSI CHEHH A 3 a
TOONPOBI1I THOCTI , MU Oyae MO BRUIX O]
ITbHUX HOCI11B (a1pokK) B1agO6yBaert
O MO0 08 & p
biaspsm NpUCKI IJWMBEKMIMBY Ipeo 3 MIPSOMB,E I
CTYOHOMY po3 i ai, noKasye, 11
PIBHOBXKXKPpPBX1®8I® pe3ylIbTaTil pea
O MOo°0 Qh

H € BHOCMUTH 3 M1 H B 3aKOHO-MI1 p

aMOepHHUX XapaKTepHUCTHUK CcTaimioHap

99



oe}

=z X O

Po3z3rnsuemMo 3apa3 MOXIHUBI KaHail

oc (Piup2.7).Ilpu pi B H OB aQrme HCTHCI TBE M3aH a X (

C

C

51

H O

HT

Ky

B

HoMyOyiOgrTamy xa1i pka, mo @ups
y, Oyane s3OxneammopaTda@asxi Ha a X
caMu pekKowmMO1l Hami i, OCKI OIbKH

newmge HTpani g OHEg @ mW PR IBPHMCXT a
OHAapHE 3 Ha Y€ HHH4 boTonmpoBi1 11
KONTH B pe3yanbTatTi Opmre«mmMpii
Y UTHhCA 3pocTOHHHe p XB@ @maixpim
b PpyeBKAOTMIO IBH pe€3 yJaAbTaTl HacCTYyD
¢O © 0 ©Oh & ¢
O Q © 038 C& o

Peaxumia (2. 22) 311 HCHKWETHBCSI TY

HOrme HTpa A0 1 HIPZXI)O , TRPOPE A KM, °

PO3TIAHYTOTO 0 p OIIE[CSlyM OIT €OH € 3p a XI

pPKWH.

3apas OMNUII MO T € MATIMENpeapTHYyp H3y a Ji€ >
aagKy, KO U B CTamed &R JEyanee J byH
KoMO1 Hami g . [Ilpy HU3BPKHUX TEMIE ]
po&kunmenrTpiB B B3 HecyTTEBHIN, o

CTYynNHI €eNeKTpPOHHI MNeEepeXxoadu:

0O MO0 Qh & T
O Q © Oh c& U
¢O 00 ©0©3s8 C& ¢
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MuMm mepexoxawmM BIANDOBI1 AalOTh HaC

onucyarasHO BI1 gHKHMEH TIp ipB K 1

—a

—6OU| n o h C& X

!
10 L e
T o m v O0g w h & Y
ndl-mnepepis3 pefarkunikioe(di.mile)n,t 3 axo
O meuH®Wpgkoe hi mi e HT Mi KMLEeHTPOBOI Ty
cnabko 3anexuTsHBRBiI 1 TeMmeparTyphu
O s BHU3HAaY€HHSH CTalmi oHapHOI
HeoOX1 THO BpaxyBaTHU YMOBY €I€KTDpP
¢ 0 n 0h & w
IE€ —KOHIEHTpPpaAaIlisa BIi bKHOMIKI CCHITCPKATIPI OSIH
I1 p oK.
Ockiarkunm y XCHO k© mirgeeammpp aifUiBse 1 u
0 pmm pm' ),ro i mpwu ¢olro§,dy anbKe HI

OTX€ YyMOBAa €JIEKTpPOHEMUTpPaaTbHOCT.I

0 0 8 CH 1T
TomMmy 3a cTaunuioHapHHUX yYMOB 3 pi
n el & p
[
Taxkxwum YHUHOM, npu HHU3bKHX T € M|
BUKHUA A1 pOK THNPHUTHIYEHHUH, KOHIIE HT

Big TeMnepaTNAd JUBGOKMIAH MO OJUHIUI
pi BHSHH)IBE e(n2u.u2¥/H-am o B UM H H a cn1abxo 3

1 HTEHCHUBHOCTI 30y AXKYyKOYIO0T O CBI1 T
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KCOEpHUMEHT ama b HO. Bi nmMi TuMO, I

TPpUMY KOT b C 4 IIpu HHW3 b KH X TCEcMIOCparT

B3 MaJlui) 1 B Il b DMKy O MBOMI MHAQAINKI Y,  3KIO:

P

1

e3ynbpTaTti nmpamMor 0O B@KOpMMW.c HH A 11
OnHack npu BHUCOKHX TeMOmeparty
OTOMPOBI THOCT.I CYTTE€EBHUMS I MUK HM I
CeKOMOME PR BQA Xk@ERpasBIIl, He Xai TEeM
MCOKa, 1110(0) BCTAaHOBIEHa KBa3s31lpiB
epMi uanum BuMKemoOmMI B xga B3:
O QP O8 CH C

B b OMY BHUIMNAa/JKYK O KITEGHIT pPPadHIpipsH a
ONUCYy€ETHbCSA PIlIBHSISHHSIM

w0 "Y.
n-y 5 h C® O

ew O QWA — —-yvacrtrora TepMiuaunadx B

eHTpiBO y-eBpEkTusHa r ys T uBH3a HcaT al
yxnueloeeHgpPTri 4 a KTHUBaATII1 1 I I o T €
KIenToOpHODONEPTPH A Yy B3. (Cawme
npaBeaAdTHBO, S KIMO TeMIOeparTypa Ha
epi s c QY ).

B ToMy BuUDaRpPELBaXKPAGAIb H a peKo
OHIDE HOpuacgiTdp iYB us HavyaeTbcsa 3 pi B

o)  0f C® T

cmnmabo 3al€e XKUTHh B1 1 TeMOepart.

boToOnmpoOBI THHMETI CHMOBRUAWIGAEH B a K II €
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piB@saae HTDPpa, a mokxaszHuUk JAX, 1 K

(2.34)f Tv.Konmme pe B aipaieMma peKOMOIi Ha i s

OumeuntlpiYBusHavyaeTbcs 3 PpiBHSHEHSH

m 0 Of h Cd U

né¢ —-xoedini edT 3axOmMmeReBT PH i1 pOK I

Sk mo moMHOXH(@RBI)i2iI3B),a s pumae MO :

()]
‘ O8N Qwn == Q)
N N nCQYS 0
3 pi1BHSAHHIH (2.36) BUIHDO, o ,
0 K a 3JHAIX T[ﬁl),ane CHEepPTrid4 a KTHUUB aIill

ABI1 Y4l MeHmMa HI1I X OpPpHU TYyYHEIAbHI W P

[IpsmMma pexkoM@iepamBiaska@WmTe HE T b HO I

MnajagkKky, KONTH BHUKOHYETBHBCS HeplBH
o a8 & X

PiBHSASHHIHA (2.33) BUKOHYSERIIKIERQSH aH

EKOMONM@P &AB A KREMY , npu MHWOro BHUEKEC

2. 37) MOXHAa 3amnucaThu Yy BUTITSAII1 ;

0w E—&ﬁs & P

Konneun®Opreunalp BMe HIIy e ThCcs B MI [
HTE HCHUMBHOCT.I 30y D1XKYyWOYOT O CB1 T

OXOIUTGH, 110(0) npu O1 1bImM HU3DbKIUX

Oy e M1 XIIe HT p OB a TYHE€IbHa peKC

HT €HC UBIHposicMrasg Xp € Ko MO1 Ha 1 A
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YUHOM,KaRMIY pekxkomMOi1 HaIi

HCHUBHOCT.I 30y AXKYyWOYO0T O CBI1T

me HHAM €Heprii aKTHuUBaAaIMi i C T a

CTI

TepiTr

Takxka 3MiHaAa eHeEepTriIii aKTHUBal

Te MilIEEIiparypu JIKX ka1angae 0,

alJlacCb Ha MH CKCIONCPpHUMCHTa

I[TokaxewMmo Temep, 11 0 3 M1 H a K 3
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rarTto
Towmy
CIIOHE

€ Tb C 4

ter 0 T

TOMY

UX penaxKkcanidax boToOmp oFrF
or o d-a e3y TpeemimackpcaaTityi pi[87p .
a3aHo, 11 O qac BCTaHDOHE
1@ upeinpropkr Hraa BOU R @ | D M1 H X |
MEeHMUNH XxXxapakTepHDOmeHHBRAL
3aJ 4K OB a KOHIIeE HT paii
HHEOYHOMIP® B8 E W H OICOTCIN,1 J XKy B a I
BUpPaAa3O0M:

v 114

w0 O

no ———8 C® w

[ U O

npul OHoOM®, TO MHUTTEBHUMK Tac

3 aagaBaTHuCiA BHUPpa3O0M:

Tn 10 G ° g m

To T¢

kKoedi ui e T pekoMO1 Hami i

BHUIIaAaaAKYy, K Ol Hu 0BT OT P I

(JPH})3HagawTbCcs TyHEIBIHOGWTIaboa KIrd

B1 I

TeMOeparTypH. B TaxomMy BuUuDaa/ ek
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3axonnedunHuHasMO mepopm HAEOKA A3 aH §142)y p

"Q 5 ~Qwn — i 34 PpPaxXyHOX SBE&JIICWHH
(eXKCcCmOHEHII1axlbHO) ARAIYPMUT b T aKidm
TeMIOepaTypHa 3ade KHfCT B U 3 HBacYIaded”

TeMomnepaTypHUMHA 3 andeéQk®oBTscmm 1B © HE
yMoBax, HAK BuaguHo 3 @lopmyba ¢ 28k
TEe MIOEepaT ylpeup, € BIakxMapee 1 b Ha pe Ko MO1 Ha

Komw peBapgaaa pekoMOiI Hani #1(2.358 k B #

- o9 ... 0O .
0 Y mx Qwrw,w cq& p
s Hadyd®HNpEgi3K0o0 3MeHmMYy€EThCcd 3 IMNi ABH
3 dopmMynu (2.41) 1 "@epmmERol,c HHX
cTaimli oHapHa Pomere Hp PR INiid IPBTDNQ
OB1 THOCT]I O3 HAaMI YQOr M KM 03[ H #M MO M

o1 MUTTEBMUMH qyac penmaxcaini i M a i

—
S © o

O ,H UIBYMET b C 1 3 11 3 pocCcTaHHSI HIM. Ak
OCHOBHHUM KaHaloM pekKoMOlIHami I 0
3a3HaAa4Ya€TbhCcsId TYHEINIbBHOW pekKoMOil Ha
MOXeE€ 3pocTaTum 31 3pPOCTaAaHHSAM TEe€MIN
te--0 @ Y h c8 ¢
Ie Bencwm®dd 3aneXKHTbh BiYipiremaepn
31 3MeHIme HHA Mt ug2did)).e paTtypmu
[ToxaxemMo Teme?p, mo y mnOpoimec.i
3 M1 H a K aoHMOTiyH a pre& & . CnpaBnai, 3 a

MHUHYJIOT O nicis BHUMEKHEHHH4 30y 1K)
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1 1 b HHUX HOCI1 1 B Oy e 3ME HIIYyBAaTMHC
ceHT@®@i®—- 3pocTae 3a PpaxyHOK MNOpsAM
OXIuUBO moO6awuwmtriu (32 .H3e8p)i,B H30p o &NT a H
puUBEIE I 0 TOT O, 11 0 mic a4 3 a K1

CHOBHMUM KaHalaToM pekKoMOIHanii cT

(26):cO 00 ©O.

M

[ HmmuMuU caoBamMu, 3pOCTaHHs¢ BIOOiB H
il mmWalnorivHO 1 HT € HC UBHOCT 1 30y a3
MOBaXx, OCKI1 IbKHU 3 MEHIIE HHSA KOHIIE
0 TOT O, 111 0 KOHIIEHT paiumi 4 HEe U TT
YVHEJIbHOIW peakxil e, a HE€e mnpsaMHUM
Taxkxa 1 HTe p nupecHrdasr rYs3 3pO0IiCITEO M T € M
i ITBEepPIOAXKY€ETHBCSA T o wh -0 bYccTmaosBcurueopid ,r 2
T1 W xe 00 ma (Pmic2.. Tlel ™ WieHp@aMruy pB U S B
aadleXHI1CTH5H eHeprii aKTuBaMmii C 1
HT e HCHUBHOCTIiI nBaPwWm@RRA)y wmaoro cBIiT

Taxkum YHUHOM, me p i I B 1 oco0
TacTuuBSEC Tae icawme , 3ad€XH1CTBbB €HE:

OTONONPOBI THOCTI B1 O 1 HTEHCHUBHOCT

yacy pehamwcarmeiMine paTypow HOSICHIIW

o

S = i

o]

e KoMO1 Hanmi i : ONpU MalUX 1 HTEHCH.]
p u BEIMUKOMY gyaci pemakcamnmii, K
ama, OCHOBHHUM KaHaloM peKoOMOI1H

1 Jb IIHU X 1 HT € HC, U BKHOOJCHI 1 K O HKCIBEl HTipaa II 1

€JuKa, OCHOBHHMUM KaHaloM peKoOMOI
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Tpsoio XapakKTepHOKW (OTOOTMUABT [T
TacTHUBOCT CAESey ackurcutBeaMmili W HE€ 3 P O C T ¢
eMmnepaTypow y BUTAIKY cMimm 0 £ @ k 0
OB’ A3 YyY€MO 3 Ti1 €10 o0OcTaBHUHDOIW,

ECKOMOAsIBT miad K O 3alleXUTHh Bi I T e M
okaszano [85 143]y0 osrmmxa 1 Kky caabOkKoi ¢
€1 HKY K 0 H Qemwerpramiii BKIC 0 Cc HOB HHU M K
ekoMOIiI Hami i '@ eupeinBrapoiBa xmH U X CH 06y ]
epe¢Oi QO O Mik HepiBHOBAaXHUMB® i

T p@Briiumpomo [ 13 1], ¢ ouroo Bmpaum osa ana K

¢
=

OBDHHOI pekxkomMOi1i Hami i HEe p1iTBBH O B a
1 BHOBAQXHMUMHMU €JE€KTpPOHAaMU, 1 0C K
ociiB 3pOCTaec 3 TeMOepaTyeQimy g
OTONPOBI1I THOCTIH hpmoBicmmOKI 11 ) .
epi BHO®apemmwxp i B 3 Me HIMY € ThbCsS 3 T«

O1i 1B AIe HK O HII € HT pa i O TIPeiHBTHPOIBBAa X H H K

MHOM:
Yo Y —OXQth 8 o
cw Y cQY
€O-— mBUAKIi CTH (Yo-T OCTHEEHpErpiasm i i K T U B ¢

€EKOMO1 HAHKI Ee HEPIr6G N, ak TUBAaNETPITTH
HIIU A . Cning B1aA3HAQaUYUTHMU, mrGp 0o B@H PQ@
3aeMoOQuUIeiHTpaa X T YyYHEIbHHH THmepexinm
YVOPOBOAXKYETHCS 3MI1IHOK y sSaepHIi M

i1 1cucTeMmMi MO XY T by HEBLIbH®Y B A3ThUKEMEX
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TeMonepaTtypax ,1 IRPpKW UBRANBHMO HUX T E€

320, 323].
PoTOoOnpoBI AHI CTGH, 110(0) 3 YMOBIIE]
Hepli BHO@Gaixmmp i B, 3adT€XKUTbh BI I TE€
Y, x ¥ © yﬁ,, AP 'chr‘«.lY CTT .,C'O 8 81
U cQ"Y

b o
T €
T p
Be

Y TpucenedHinY C(OuMmuim’ arxoymy onpu
TOBI1 OImoOBI1 1 boTOoOnmpoBI TH1 CTHh
MOnepaTypum 3a paxyHOK @[@6)J34].¥Yuoi
nceixeH1 ai MU 1KY cni B YiOruame H

ATUMUYYHAI0O BHU3HAaYeHa HAaAaMH HAaAa OCHDO

(po3 A&dl)okxaalOna7e A3 8a uyOH,HAT Ke Yy BHIOAJI

b o
TYy

TOBI1 IIOTOBI1 I1 JOpI1 BHIE eHeprii

HEe 1bHI1 U PREE®M®I H OO U11b 1€ osei e
KoMOi maun06] linaikYmraan gldn & ASeSso. TowMmy
TOONPOBI THI1ICT®b MO X € T € p MI1 4 HIAO

ToBinmo@Qd niY, s K mo

Taka Hepl BHI CTHh BUKOHYETSHC y
ki Q@ kY v Ty j J a B ¢ pcuxkwmafmaale5j+10 , 1
J1 b II TOYHE | BCIKIMAIWEOH HSAIO0C K1 JIb KH

TacTi TeMOoeparTyp UY( Be mMmiummm o
3moagl @QuHEHBMI B WO eHEeprisgaM Tako
EKTPOHOBOIABTY ) .

Cnenudi & cimMpo pekomMO1 Hamil i 3y

o0OaTHMBOCT.I boToenexTpuuyAsE 3 B H HIO
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CTOpPpOHU, MaKCHUMYM TeMOepaTypHDO
boTonmpoB1 1THOCTTI , IMOJOXEHH 4 S KOT
pO3 M’ g4 KIE HHSH b1 Q) O 3 pai3 KH B8 Ba me Kr
1 HT € HC UBHOC TOl Cc3BOlyrmpomy, 0o4roar M O R & J 6 X 7T
301 J1b1II€ HHSIM KOHIIE HT paimii BJ acHH
TeMnepaTtypi po3wmM’  skmeHHsS. Ha xop
301 NIbMmMeHHSA €HEPTrTI1 I AaKTHURONINUHXIDRE

(v

i ob6macTi TeMOneparTy?p.

JHJocni agaxywuyu TeMOepaTypHY 3 a
boTonmnpoB1I 1THOCTI, MO XHa BU3HAaUYHUT
ne e Wryi Bc u cABS M1 iic HoO, npu CciaaobBKi #
oO0OnacrTi TeMOoneparTy?p, KOJIMW TE€DPpMI UE
3 HEXTYBAarTM™H, boToOnmpoB1I IHI CTh 3 PpoOC

Y, "¥* Qon Q\p & v

ne BU3HauvuaeTbhbcsas GGopmynow (2.44).

KOJTHU PpPi1BHOBA IXHa K O BI) @ H B P33 T PhOC CAIT €C
TeMune p@RQwpr To, gk Bdda RHA4), by §243)

He 00 X1 THO BpaxyBarTH, m® OB, HB MDY

boTOoOnmpoB1I 1HICTHh CcHagae NTO 3aKOHY:

o W
y,, TYX 'Q(bﬁ"z—,S cficp
QY
3B1 a0cu BHUOIHDO, I O CEHEepTris«g ne ¢e

I B O X EKCOEepUMEHTaAbhHO 1 ®u WWH A YE S U >
O -eHeprisgs TepMiYHOT O T aiciiJHABHANAID P 1

Benuu@Q@mumapubnusz aHo 0x dp-iQsJfwemey Tip
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mp j ] mo npubITHW3a Bara 1 a € 3 CHEDpTI
HDOTrJHUHAaHH S y BHCOKOTEeEMOEpaTypHI

BelHndY@QHa OoT XK€W ycKiaagHeHO, oYc KYi 11 b

=
Qo
—

epi adn BTpaduyae CBOI OpyXHI

poOBE€E € Ha Ha MU OG iHHAK @ O CBHEOIBHMiY U A ©
OTOENEeKTDPHUTHHX 1 ONTMHYHHX B UM
TH1 X a1 e@PeKTUBHOBOM T&®dMD
1 X HEenp A Mi OIl1 HKH H a - FolkPu o Bii

OTOIJIIWMI HecImeHO1 1, 1 K 1 CIHOCTG® €Dp]

= o8 = RO H
o
(@]
-
Qo

H3bKHUX TeMOnepaTypax (TeMnepartyr

Cnin 3ayBaxXuTHHu, 11 O npu TEe MI e
poO3 M’ s KIEHHSH, ndenpomkie HHEI 3PMIBHHKE T b
O3 Hawae, JIOK 11 CyQreBKQMHIOCOD M € I T p a MU , T

piBHUX K1 JIbKOCTH X CTBODIWKTSHC 4 o (

LEeEHTDPpPHU, MISK UXICRAEBMEMUT O C € pe€ I U HI , 1
de pwmi . YV npoTune XxXBEOEBY pamumia 1 myg §a
OAHOTO B3HaKYy, CYyTTEBO 3 MI1 HIWBAaIac
€EdTeKTpONONpPOBI THOCTI . OmnpreH, T pd Be pyT 1

AsSc x 1 aOm,a6e+]j0l, 9

224 CtpuokoBa doTonpoBi aHiIAIIBH Yy

HaJlJJdHuHINIKOM CipKI/I

Aqx HDOoOKas3ailaHu pe3ylnIbTarTH Hamu X I
cTexlioMeTpil i COHONYyKH y 01 K H ¢
boTonmpoB1I AHI CTh 3 MEHINYETHCSI I y

80°G 061 1pmMye€ETS®HC 4 PO3XOJgXKEeHHS B
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BUMI pPIOBa®HH.I H a nocTi H@wMIL2L3 a3z M
Iie€eabdma1acTIo boTOoOnNpoBI MHPOWL NIBPBHE
TeMIOepaTypu 3 ¢ He, p3r+jO0kpidt 3aakaTemmBHAOLCT
B1 1COTKOBOTO CKIIapngy IBTPKHA 9e ]
BUCOKOTEeEMOEepaTypHUIH MaKCHUMY

BUCOKOTEMOEpPAaTyYypPHOTO MaKCHMYMY

po3M’ gaxme HHSA(YMB T e3pMiiaimyye T b € 5 y
TeMOeparTyp npu 3 poOocCTaHHI Ham i
TpuUucyanb i gy MU oKY, e u M ¢

TCPpPOMOCTHUMYIbOBAaHHUM CTBOpPCHHAM

20 60 100 140 T °C

— T T T T -
Tz L0,
S
S
S
O
<
N
20
o
10°
L.K
Puc212. TemMmnepaTypHa 3aide XKHI1ICT
CTaTUOWEBYII1l Th HAa KpUUBa) 1 T UHaMI
( vmm):1-0i%Y;2701i Y;3-01 Y.
[Ilpu nmocuaninxgxeHHI boToOoOnmpoBi1I AHI (

HeNenaszepapolfgydzds 3 i HTeHCHBHI cT 10,
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edexkTuBHOro mnportikaunHunsg 1ddFoxKme

II O

3 a

r THHAAHHAH CBI1TIHIa nHiei YnoYBxua#AGO

TeXUTHh BI1 A TBeeMImeupuanray pim@ r a) (Pvmcr.a

2.5).

B 1

(a

M o4 = m
o = < o

TomMy Bmm xae Mioo ni g a1 deNearmnsepa
n0yBaeThsHC A ONTHUHUYHHUNA mepexina 3
uBo3 nin 2.1) . HaMm HcaTuayH a Wy oMK 9V K,
Hcyansbi gy MU §KY, Bi1 g OarRiHT P 10
HIIe HS prEAniaio o 3 aJlle XUTHhH B1 &I TE€ MII €
HepaImi i y 3Ppan & @ixB B S BHIC O FIKMICATJICOX!
PKH, , TMAOOXYUT b 1 H IIU U . OcK1 IbKU y
OopoHeHOTI 30HHU O011abme, (HH KO YU K JK

DiYNOxchpj ), emeprii CBIiTma 1ma3sep

pexoay HOCI11B 3 rT7MO00KHMUX IHMeHTYP
'y Iy MKY, mi1 I I1 € 10 CBE&@&@IMAT bHCESA]
Kaaxlili3o0BaHI cTaHu XBo€C2Z1 #530H
D 1Q —-B1 abpHI HE Pl BEKBROTXKBRIK HOBBO.
1 3aXO0MN4aIWIPTIbBCHII Hr 1 M0 O0KHUKACIIA HIT
y 1X€HHSH, nepexongsTh y I € J0Kadim:
PMOONTMWYHI npomnecu CASSBTOPITMA
1 o §1dB]x

[Ipo HagdaBHICTB TMNEpPEeHECEHHS HOCI
1 TYUTDH JyacTOTHa 3ad€XHI1CTHh CT
A MU CIO0OBaMu, a1 K MOoOKaszalmamu H a I

TONMPOHBENE B@®My T (Puwnyl?).
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Ak BU RPm@1B3p1 3 HHUI A M1 X AUHAaAaMI1I 9

boTOnNpPOB1I THOCTSIMHU Ha“oO1abpm SCKDP

HU3 bKHUX TE€ MIWApeapT™yl p4,H UBA B U K U J H O C

Hanpuxmnang, o714 MaQie i apus HEXH

TeMOepaTypax pil3HUISHA M1 X C

boTonmpoBi(TH®APIMMI A T a € NPUOITHU3 HO

IpU BUCOKHUX TeMIOmeparTypax BOHAa
s I10OACHEHHH4 I pAUYUH T akKoTl

TUuHaAaMI YBOTONPOBI ITPO®BODITUHAAQ@BMHE T

3arapTyBaHHS 3 pa3i3KI1lB. 3 pas3kKku

pO3 M’ 4KIEHHH4 1 B UJKO O X O0JO 1>
TeMOneparTypHu. Taka TepMoOoOOpoOKa
KOHIEHTpainmii nede xkT1 B y 3 pai3kKy,

OpPOBO® QAT I 1 3 HU )K€ HH I CTall oHapHO

nocni gxyBaunowMmMy 1 HTRp&.ahi) Trmrogiecdp

4K IIe Mae MIcume 3a MI1Ipow 3 0Rmae .
2.12) . ITp o T €, 1 0 T a K a 3 M1 H a
KOHIIEe HT paiii ne perTi B, dl24].m v a T b
301 I pmMe HHS KOHIEHTp PaImi i ne pe kT
60Ky, 3MEHIMEe HHSI 9Yacy XHUTTSA HeEepilE
O0o0KYy, BB®A JIKIO b K,1 CH & UMM IXKCY IT b TYHE)
HOCI1 1, a oOTXe, CTpPUOKOBOI npoBI,;
BBajxXae€ewMo, 11 0 3 M€ HIIEe HHI, a T a K
OTUHaAaMI 4HO 1 1 CTAaTHHAHOIB aAaD™MI @ 0pPoo B3]
BigcoTkoBoOT o (Pmwmi.clr2y) , ¢ iTpakkum i m i

Pul3)moB’ s3aHO0 31 301 aAbpme HHSA K
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]g (O, Ol c.w'I)

Puc2l13. 3axdexXHO0CT.]I NpoOB1 ATHOCTI
boTonmpoBi gHOCT.I (mr puxomwd)Y, BEkiif
BUMI psHI H a nocTiligoMeggs cmeIyaMpa

TeMOnepaTypHoOiIiofGpobrmayps2 3 BaE€EHT B

Taxkxkum YHUHOM, y JO0CIII1 JXYyBawHI1/
MaTepladmxgax AsSIc HEeNMHm € X1 OMETpP1 Y4HO
boTonmnpoB1I THI CT b BU3HAaAa4Ya€ETHC A 1 K
(moOaTU3y mMOYPOHTBOCTI1 ), Tak 1 CTDPI
piBHDIIME HT p1 B . B mromy BUODAIKY B
HagtaeThbcsa GopMYyIOI:

Y, Q Y0 Q ¥nh 8 X
TYT —CTpuBbaK oOp Yy X I MBKC TP HHBDK BAINK KU T
KoHI ¢ HOpuemitipi B Y0 83 paGiklyps me HHSI K
O meHTDPI B mi n ‘z[i—efopycxminmmacgﬁlﬁb— i g

mHeHTpania GoToal poK.
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OpHUIOYyCKaeMOo, 11 O nmepeHECCECECH

1 n0yBaeTrTprcsas Tak caMB3 pisank 21. 1p1

OoHHa GoToOoONpPoOBI THI CTH BHU3IHAaUYAETH

TpubOIBc@ABapaXyHOK HACTynmnHOI peacxii

C
n
H
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Te
M II
3 b
¢cp
I B

MC€ H

6 6 ©° & 6 8 8
MOmepaTypHa 3aile X XHI1I CTb 3 0HHOI
EpaTypHOI 3ad1€XKHOCT.I CTpuO:
KUX TeMmnepaTypax cTpubrxoBa 0@
ri e o akKTuBAaIMmi i, g K a K x(a2p. a4x8T1) €. p
M Ie HHI TeMOoeparTypHu CTpuOKO

my BaTMHUCBH BHaciIl 10K TEe€epMIi 4HO

He pil B HO® aCHAUTXP 1 B . B wHamoMy BuUDaninm

O menwnrpiBB BIigOyBaeThCSHd, MabOyT®s,

Q O o0, T a 11 TepM™Mi 4Ha aKTHUBAaATI]I

K

K

(O

(O

H I
H IO
TH
H T
M II

n

R ST

CHTDpPaAaTIMmi i Bi,ybEHRAAKPORGRUITHpwmi
CHTDpPaAaAIMIi 4 B1JbHHUZX I1p oK, a,

Bamni HHOIB3 pyocTe®my HB8HTa K YyQ K
p1B 3 M€ HIIY €T b C 4 3 ni JB U IE
EepaTypHI 3aJ€XKHOCT.I CTpHUuUOKO
H H 1 M K HIiD K@ B pPmo2.141 a

PUCYHKY BHUIHDO, oo y SsITRI BIH €0c 00K
30HHOTO 1 CTBUOROBOHE OC YyME G
IU3 HO NopuEROABA, MMEKEKHMBE MY T

KXHOCTI CcTaunul oHapHOI @GoTomnposB
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Puc2l14. TemnmepaTypHa 3aid€XKHI1ICT®h

kKaniszoBpuG¥oia mo He o k(a3noibHlaB a I

a

T

A

n

HaM. [IyHKTUPHPEC3 KIPHMIBYY a 3

(O

B

B

NpoB1 AHOCTI1 HBImIIOg MmMewmMmepgaxXET W HH.

3 p a3 K iA8S 3¢ HKATJeIMMMIIK O M Cl1pKH i

n

a

T

41

M

)41

)

MYyM TeMOepaTypHOI 3aadTeXHOCT.I
moBawo iy np@®akmchld,c yni 1 H.a K
e, Mo MmMoOsSsBa IIbhOTO MakKCHMYyMa
X MeXaHl13MIB mepeHocy GoOoOTOH
IO N1 ABUIE HHSA Y a cC TI0KT UH ancpiul K1
ne H H A CTpPpUOKOBOI CKIam goBOTI

OIUTDH 10 TOT O, o Ha TeMOoepa

Mi cTbhb MakcuMywma(Pumes Bli2sg € MBYCHAK T «@irpJ

3apas, nmepiume Hi X nmepeunwrtTHu I O

TOX1 MiEpR®TBOpPEHBASSINiCHET R MM X M1 ]

[ITpoBege HI HaMHU JOCII1 1€ HHH4 T

ami oHAapHOTI boTonpoBil ASBO P H1 PV 31

TEHCHUBHOCTS SX 30yaZXywuyoro CBI1TH1’Q

aml oHapHOI boTonpoBi1I THOCTI cmi
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B@sameHnTpa, S K 110 1 HTEHCHUBHI CTbh
HOBHHMM KaHaloM pekoMbpDd mmBplici Twalf
XKIMeHTpoBa peaxnisas (2.6) [ 86]

S x mo 1 HT € HCHUHBHI CTHhb 30y 1KY Y .

KoOMO1 Hami 5 HOc p ¢ B H@IBRA )XHMU X1 PO K

3 yaIbTaT.i peaximii (2.23), T OJ
TOOPOBI1I ATHOCT.I BABE MG nTw@mHDAOO0 T I
HTp1 B [ 8717 . Taxka 3 M1 H a € HE D

OCTCpiFaHaCB Ha MH CKCOCpumMe HT a

Y ob6nxacrTi TEMIBEHEPTY pI, aEKTHUBAaII
TONPOBI1I THOCT.I 3 aleXKUTHhH B1 I 1 H-
M U cmocTeplranocshb M1 OB WIIOEHH S

oBIl Jfrofcamam) 1t Bume HH A M TPemmAld)p a t
MU NTOKaAaQa3aHoOo, mo T & W &fs-a T or M a JD BKH
S CHIETHCSA 3 MI HOIW KaHaldly peKOMHI
alnlli OHAapPHUX YyYMOBAaX OCHOBHHUM Kari
X ONOJ € HHSH He pl BHOBA XHMUX HOC1 1B

HCJIOJb HO IO pCaKI_Ii€IO.

Bi nMm1 Tumo, mo 1 CHYIOTbH pil13HI T O
H. Po3zpobmnemni TeopeTHhd HI MO JE€E I
1 ni AT pynu. Ho onHiei 3 HHUX BI

ASBH1 CTIW y CEKIXomoal OHHUX HaTQ IBIIPIO
71iB, SAKi TOpoBOASATH mnpocTtopbld e |
71 . Hpyra rpyunma BKIJ Y ae o0 |

BrouyacHI penmacxcaiii 3aXO0MNJE€HH.
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HacCTYODHOW TYyHeab A2, p42,kldAB i Hoabmoix
BUORAaXx cnanxg GoTonpoBigHOCTO . 6y me
J1 ) g NIOSNCHEHH H IpPUYUH P II mp
3acCHOBaHa Ha agociaf IYke mKAX B3 apJi 3EAH
3 H42]. BukopucrTaHHIH4 T & Y OMH 1 BMICCT,p I
NOMHUIKHU CKCNOpPHMP WDOT B OmpwuUMaHHS
pe3yanbTartTi B, T a K a1 K METOJHUKa ¢
Ipyroi mMOoOX1TXTHOTI 3 a YyacoOM B1 I 3 a
UM HAaAaMHU TONOPONOHYETHBCSA METOJITHUKa,
TeMmnepartypHOIi- 3(anmeepREOOIiC TH O X i T H O 1
3adUMMmMKOBOI [BPloBi ntHOCTI )
HacnonpasBnagi, y MO, THI® NDOPpIiImeiymw
HaSBHTEKTIOI3BaHHUEKX peKoOoOMOlI Hami WHUX
TeMOnepaTypu MUTTEBUHN Yac penlacxec
OCKI1 b KU BbICISI] B il M|y BT e ppHMi1 CATHEO T O mepe
yepes pekomMOiIi Hanit uuuu ©Oap’ e€p. B
g kmo JPII 3y MO0 BaJKenHeon T QPHOOH Op € K 0 M 0 1
CTami oOHAapHUXB dOMATP M al @ ETKOD M 6Y MHaaerr i
3 pocTartiH.
TakxkuM YEmHE@PMMEKETaldIbHO 00K ®AISa HO
JO BT OYacoBI P €HIOACKTCia II 3 ¥ M ONBPJIOGBHI 11 M a

M1 XKmeHTpPoBOi TyHRr®H]I, pmparkdm0i8ya

[ToxaszaHoO T aKOoOX, 1 0 TeMOomeparTyp

(v

boTomp o B IAGSHIQMT iMaBl 1 ¥ ¢ O T3 Oy BMIBAITMY BH 14111

Koedinienr M1 X1l € HT@ ocBaoaib o p e3KaoinMe O ¥
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TeMnepatrypu. Jlocni gxXeHHS TeMIEpasr
npu Maaihw GoToBI ADYBY O3 BIOIMS € € BIM
Benunu@uy Tmg T j | 11 {0) cmiBMI pHaAa 3
Beaunu@duai U, I K 1 B XK€ B1 1O0MI , a
TeMOonepaTypHoOoTI YaXg&xu®weTsae NPW3 Ha U

nedpexkrtToyTBOpeHMB,96 ~J0lk&Maciaken a31m & 94 ¢ H |

yTBOpPEHHS S BIJac HHUIXT KYeBPacHKOTM yB Hya MIHO

H a T €, 11 O Il U MU nedpekKTaMu € ma
O, ,a =nHE, HaOopukKkim ajg, o0ipBamni 3
i #icHO, EHEepTri1 s YyTBOpPpEHHSH I B

HecHnapeHHUMHU ¢ AcKeProiHaOvnE Ae® K y1 K49 a

T aKHX nedekTIi B Oy n,,o OH ¢ ®BTaiB UK 18 ,,
MOX€ BI1I AHOBHUTMUCSA 3 HOBY: CT1 HKUM
001 pBaHI 3B I3 KMH a 0o K1 HII I a H IO
MaIT b HEeTraTwWm®smHy aBOK 1€ KTpPOHHY

nepexonl TI®RKHPOMHY3 B A3 KYy Ha 1 HIN
YToMy nan1s YyYTBOpPEeHHS HABOX pi3HOTH
3aB’ 43 KI1B noTpil OHa ce@ec pYri = € el ¢
yTBOpEHHSH oalHOTO nedperkTy THODY <
—— Enepri g Y3¥(Osx gy [148],aY mx tip |
TomMmy eHepris yTBoODpPEHHA45 J hukoo r3on amgye
O1 1pme BU3HAaYEHOI HaAaMHU €eHEepTI1i
Bi nmMmi Tumwmo, 110(0) ASIBO p M b AIC 3 8 HEP K I
Y Y[ 148]. TowMmy nedbexTH, 11 O yTBO

3B’ AKX Tya KO X HE MOXYyTb OYyTH BI1 JHE
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KT1 B y XTI OHBRIMMXKE MaTeEplamnaaxXx.
ITMHOBAHI aTOMH MHUII SKYBXKEAIKDH:>
M nagedekrKTIiI HUY HOEMHI MRERYEPI1 aIa
peHHS aQToagaTkKoBOro 3B sa13ky (
X1 1Ha O1adbIla €eHEespPRA ACRKIDpae] v
TB PO O/ Hb OT

niTepaTtypi pos3rnansgauayhilOnark )
ASSB X acakoM Cc 1 pKHM He MeHIDIVY)T ex
ne e xTu B1 Ap13HSIWTSHCH B1 1 ]
THUKOK YTBODPEHHH, a HEe M1 KJP O«
pManpbpHlI U KoHGGIrypamii MU I~ o ]
u . TomMy mnpu yTBOpEHHI BaKaH
Hig 3 8B @ 1iip K uB pes3ynbTari Ty
pPIIT b C 4 sap@uabk@ i Cmaf@kpu 3 a.
YOMBHi MI Te MmepartTypu o¢d fabsad,
YyBa€ThcCcsAa HpHU TP o X o001 kK@ ulud u uivuo
a MM, ICPIOOXYOAJTMKTYb € J1 € KT PO HHHIHA,
OyanoBYyWOTBCsa O Xi0m,immon ii  31BO° SA5C3 HKIHE

XH1 CcTbhb eHeprii axtusBanii (2.

23 PoToXiMiuHi lBF]"“?.TBOP(EHHH

3
XCH,

yChOTO PpPI1i3HOMAaHITTSI MeXaHI1 3 N

S Ki TPHUBOAATKI MO YHMKHE 8%k T ¢

73, 81, 156161, Ha W 6i n p My yBary TpPHUBEPT

(oco

O 1HMBO oI s MO BWIOKMTXE K 8 X (X C B ) H 1

Nepep @HIHOIB ~ 53 Yy IOT b 3 3aX00JT€HHSAM
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Hepi BHOBaXHEa®e BmOTNMH BY 3 ap84nltb® n u:
161]. 3 M1 Ha 3apaaI0BOT O CTaHy T a K HU X
CYNPOBOJIXYETSHC 4 CTPYKTYPHOI 3 M1 |
mo 1 MNpPpUBOAMUTSH X03MOlEOoIl HayKkoBaHM

Ak Oyno moxa3aHoPoysaZidptnaegpee ¢ieH ks TO 1
BU3HavYyawWThbh 1 GOTOENEKTpPUUIYHI BIac

ToMy y nmauHoMy po3ai ai Ha MU C IO

mo BINJIHWUBY bOTOCTPYKTYPpPHUEX neper
ASS; H a ix boToOeneKTpPHUYTHI BJ1acTHUI
OTpHUMAaHHUKX pe3yabTartTiB, o0OroBoOpD
bOTOCTPYKTYPOBAaAaHUHEX mepeTBOpPEHDBb

qIXKepeula BUIONpPOMI HIOBAaHHS, 1K € B |
HnepeTBOPRIEAYY Mu y B 1 KooBpyuBcHeMe 1 aazbeop
KCE€ HOHOBY TaMOy. ExcmoHyBaHHH

TeMnepartypax Bi1210 °kKCi.MHaTHOI 10

231 BnauB ONTHMYHOTIO BHUNPOMIi HIOB :

poTompoBi 1THI ¢cTBHB I KiHe=rVﬂKy hpoT o

EKCHGpI/IMeHT HIPOBYITHBM I 4 1 HO M

nme B0 MYy ONTHUYIYHOMY i TeMOepaTypHO
€E KCNOHYBAaHH A 3 pa3skKa, DOTI1 M B I
3ad€XKHI1CTHh CTami oHapHOI boTompo
boTonmnpoBi1I THOCT.I 1 COHeKTpaabHAa

1 O I' JIHKWHHAA
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1. 3pa3oxk HarpiltBaBECH4 Inlb0 ° € e w™
onpoMi HOBaBc HeNec BuimmB®Mw a BE€JHUKOTI
(0, 07kI6M& 5 nporsarowm 15 XBHIHUH,
oOoXonoagxXxyBaBCS A0 KIMHATHOI Te€&MIE

Bu MwwBpa H H 4 mMoOKajz3alMWu, TIHX O IB PER!
o0poOkmu cTamioHapHa ¢orT o (Ppuoeli)a H i
I{e 3pOCTaHHIH cmocTepirairocs,y OO
0, 08 + () &i TeMOneparTy?pi 110+120°C,
BUCOKIH TeMmneparTypi T a OmpIimemMm1 H
OCTaHHH CTami oHapHOI boTompo
X1 THOro CTaHy 3pai3kKa 3 asIKIKUHEDH

€EThCscxe HRSK € N pPWEpPK1 MHAT HI

w
T o 2 O
(@)
o
-
!
o

OTSISTroOM THUXHSIS HE€e TNOpPpHUBOIWPFLKRa AP UI

b]

TeMOneparTypi poOo3 M’ Sk IMecEHHAH MZA T G iJ
CcCTall oOHaAapHOKW MNPOBI1 ITHICTI 3 HURBEAE
OTpHUMATH pe3yabTar npu HHU3 b KI1H
3 pa3z3ok cnia niagagatu B -n2atfyd @apruo
1 5+2®unwuu.

[Ii tBMme HHSA CcTaumloHAaAapHOI boTomp
3 pa3kKa CYODPOBOJIXYBalocCb 3 MEHIIE HHE
Puc2.15). 3Mi Ha Ki HETHKH penmacx
CTalmi oHapHOI boTonpoB1 THOCT.I b1 O
ONPOMI HEHOTO y PpP13HUX TepMmMoBmec ud
2.16. BumMi poBauuasga mnpobBoSpuCniucsa 1p

BuMi poBaHHSH O I TPUl YBH U X p aIBaKpl aBM € T O

ONMpPOMI HE HH Bl JmaadleHMUX 3 pai3KilB (
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M€ H Ima ONTMHUYHOI WU DPUHHU 33 npu ]
HacTey I HIB U J K € O X O0JO/JXEIHOH I T OIMTPOU, B O ]
€CKCIHOHOBAaHOMY 3 pai3Ky Kpatm by H
3 M1 ILYCEIT §V KOPOTKOXBUIABbOBUUN 061 k (1
Bl JgmaleHOT O HEONpPOMI HEHOT O 3pa
boTonmnpocBiTneBRud. Madrepllpoy 3 Me Hme
3aJ10MIJE€HHS MaTASSBAa JIpye 3 Y W & T @ M H T a

oO0poOKkuMITamoO®@d smoT a Ak y poboOTI

0 1,0 2,0
lgl, 6ion. 00.
Pul153amne x¥,i krppule2)it-- - {(x p ulz’2,’8)i x
1 HTE€HCHUBHOCT I 3 0y 4 #y3rgud0o3roOK  CBBI 1TIJIAA
1 80 M@ ot ak58 & 2, eXcmeHOBaaHDO B HII P
_ @ohpdzag p 5 0% €o 1 dFrogM € wIT,u=55° C.
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A Buuk. Bumux.

| f

¢ i1

AC, 6i0H. 00.

4 12 20 28 l, c

: aal

Pul6KimeTuka oOdYmpuyhy§ °@=290
1 Y 1 3 pas3okx, Bi a1 &0 enproiir 1 kxbg a2 -
ekKkcnoHoBaHuU BeNepame pd6B°H@GEOTAY oM
xB(O mpu ’j* '); e3kcmoHOBAaHUIN BXEIIPNMIMU

npu0 “m@ortssrommeTtyxuaic*5300l1a Mmou

o, cv!
A
10° |

101 }-

L8 1,9 20 2d jy B

Pul7Kpaii BanacHOTOI  Moiramsambgun:
180ft & Buwmi p § find un perk ¢ m:o Hly Nembis e p 0
160°C;-N2ma3 eHe OrfpCuXen a mm a2 On°pGi.

2. 3pa3 0K oOoOnpoMi HIOBaBCS TpHU K

KCEeHOHOBOI adamvnou 500lnl® v okmT € H ¢Ou B
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CBI1Txaa)

cTailml oHapHa

Buxi nuaui

OPpPOTHAT OM

borT

CcTaimi oHAapHOI

CTa

cTamni oHapHOW GoTonpoBI1 IHI

J € HH 4

BuMi poBaHHSH

OnpoMI H

HT € HC H

OTOHI1 B

pai

B I

OT OImMIOoOT

€C HH 1

B HHM

OINIT MUY HHHX

nopsaAAKY

acCcHOT O

€C MHC HH 41

IIoOrJuHAaH HH A y

M

T

BUX1 ITHOTO

npubdITU3 HO
cTamnmli oHapHOTI

yacy

3Bpl aA3MKalJIBE€ H UIX U

HE pPO3 KJaaeHHUM

1

aTe pYoatinyp[77] (P u 2.17).

ITe pme

H 1

e Mp s B 1

CTaHy

Temnoepa-

B K a

cnl BoaPaa g 2.281 ¢
IToxasamHoO

boTomnpc

i1 pemnaxc aPumci.

U P UHHU

BION QEKD®BHMEGE

nmapamMmeT?p
K1 MHAT

CBI1THIH
3a00poOHE

A0 BT O

31 a ]

Hi1 X TNpPOAaAaM®@HIUIB ypax Wl O PM,

HJOCIIT1 O Xe€e HHS4H

nel8 nmpexcrTtaBae HI

OTONPOBI ATHOCT.I

KCIMNOHYBaAaHHH
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B a 1)

"@Xacﬁ)aj ] M@ K e W My & B

n@NT T u@aHE®mIT 3 ayBaxXuTHu,

MaKCHUMYyMOM

npu O1 a1b WU

, 0O B HAUBPERBDWdEewmax pc[k8BdblMOi Ha

[Iicnsga ompomMi HEeHHS 3

KCUMYM CIOHEKTpailbHOI

Hmu X 3041 a yae HObI C 1T o

MOneparTypi

170°C

BiagmoBi aduaQ (P3umdlB)y
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ITp

nBepTae g0 cebOe yBary moBeai

CnHeKTpalbHOI 3 aleXHOCT.I boTomnmpoB

Ba1acHuM (RBIBiYMoromMy BuHUmangky 3 a

MicIome HE€e HmMoa,or a4k AY J 8 Hdea K &Iy or Ragleos K

O mopMm1 HreoH® B 1 T Jld elNe Tajzepaxepimagil
boTonmnpoBi1I THOCTI . Ile CcCB1 AYHUTBRBIXDPO
pekxoMOiI Hanmim wvwepes:s CHUIDbHE I OXT€J M 1
TaMOou TNobONTHU3Yy NoBepXxXxXHiIieadilagkek aa
MOXEe OYyTHO 3 YBORAC M HAHMHMEKERMMHHSIA M F
HIeEeHTpPHU PpekKomMO1lI HaImil i abo doToXx1iMI
Ham TMmOTIJSHAJI, OIpHU HHU3BKHX TeMIeEepa:
ponlbr Bl Aaglirpae 3 amNOBHEHHS IEHTDPI1B
(moO0na1uU3y TPOUMHREMDAERMPEHEAHBMARN1 M1 4 HI p e
OMpPpOMI HE HH 1 3pA3KE BT IOMO TKG § HOHO
mOBEDPXH I 3 pai3Ki B CTae MaTOoOBOI,
OTOCTHMYIHhOBAHIB]). okumcaeHHIM
[Tepeunnge Mo o0 aHall 3y IpHUYUW
boTonmpocBI TAEHHSA 1 boTonmnoT AsssHBe H H
TaHUKU Yac y niTepaTypi o0Or osopi
boToOmoOTE MHE HH 1 . Onwun 3 H U X I
301 b 1II€HHSIM O onHeIHETHPTIpBA T B #a C 11 T O K
€EKCHUTOHI B [-NMoOB] a3y pwir omoTe MHEH
ri1um0boKU X HeHTDpIl1lB mi g o1 €10 CB1 1
EKChOnepuUMEe HT 1 B m o TEpMI HY4HO MY B 1 1
J O3 BOJSIWTDbH EBBITAyD arpdy rmemMmpyM yme x@m p a B

b

I0TCE MHC CHH A II OB 43 a HO 3 me p c 3
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an

HHUKHEH@HTPI B B pe3ynsOra@imexnaypa
TeEeKTpOHIB 1 aO1poOK, TO BI1IHOBIECH
OTHYHOTO 3amnuCYy )l ANOpyNB amw AMIC B 1, B 1B 00
axyHok Qg ©Oune®,y 1T ai ek T3py HIB U I Me
il 1@ywma s BUKHUA A1 pkpo3 HIIK 2I02K.T
Hepris axKTuUBaIMmii TaAaKoOTro mnONpomecy
ITHOMHOK akKime OTDPHYET AIOp il B WYy I10 0T
KIiCC pUMME HT a b HO (Blelmpuwma 3 g 6 ¢ O

TUOMHOIW akKI e OTIOePHATOPrioB pyl BHHASM U X 3 [

TepMi uHa AaHITI1IAaO1 4 ne e xrTi
BTOJNTOKA @II1 3 amii €EKCIl1 T TOHI B, I OB W
KTHUUBAIIOIHHO IO KTIPp Ol E€CY. nKopciamMi 1 K © |

POBOAUIUCHL MNOpPHU TOCTAaTHBO BHUCOKH
€ pMI YHU U P O3 Baimn €EKC1l1TOHI B, onp
OTOJNWMI HEeE CIleHIl g, 1 K a 3 yMoB@e H:
e HMlBA},ynamumx ymMoBax Oymaa BIiaACYTH
OBHI CTK 3arameHna BXe NOpH TeMIOIeDp
a KOpHUCTBH TOTO, Mo NpPpHU HHU3DbKHKX
YyMOBIEHO aBTONOKG HG,3aaeai @0 Ha KIWU KX T
€ XaH1 3 Me MIDETHDHISO T1 H WU U ) .

B ymMoBax HaummwermT ye Kfcorreq T O T € MH €
AaMOBHEHHS IM r 1m0o0KIMH KX e =P H BH HD |
3 a€ MoO0ACI3€Mm® C € pe THDB O CBI1 IYHUT b KTUOXH
e pMIiI Y4Ha r TuobwuHa 3anlsSTaHHSAN] ] C X
1 I II ObBHIIJZ a ¥ a ONONTMHUYHI nepexonwu 3

opiBuHKe 1BedmSuka Bi aAMiHHICTB TE€DP.
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ne e xkTi B 01 JTBEpPpOadKYE rimore3sy

COOTBOPEHH pemi TKHMH (mepeO6dyago0B.
nepe3a@QuamT pi Bu d HouBt MM U, ABS B @ K&TD €
ONpOBECTH pO3MeEXYyBaHHS* M1 X onp o
boToOoOX1 MI YHHUMHU PpeacxKiisgaMu, T a KO B H
HeHTpH, Oyane 3MiHmOBaTuCcCsg QkiOn® K1 ¢
0 V moganbmoMy MU, AAA BU3HEKHEH
HE 3MI HKWETHBCSIS KI1IIAbBKICTBH naedeKTI1 B
NpomecHu, SBKHBXMIOHBWOKLCSAI KI1 JdIbKI1 CT b
boTOX1 MI YHHUMHU PpPeaxKidl I MHU.

Ha wam mormsdan, ¢ o TOOymTpuo CHBO1 BT Jsi€3HAH
3 doTOX1 MIUYHHUMHU PeacxKHi MU, a HE
CHIbHOK <hDGAOHMPOHB B3 a€MOOAI1 € 10.

Bi 1tHOCHO HEe o gaBHDO Oy aa 3 a7
anqiabdbaT®WwdIHUZX [(Bh T @ ®m B 1 a JIIiOBI C H I0€
bOTOMOTEMHCHHS POXO HAMHEAMIB T0eC HO B H
MeTacTaObO1l IbHUUHU, a npouEEpcH®M®M
MeTacTabiadIbHOT O CTaHy a0 OCHOBH
A4 KIMO MNpPUOYCTHUTHU, mo o1 A O1 €0 CBIl
a B1 10yBawWT®5HC 4 T1 IOb KH o BKate H T
nomepeatHbOMY Ppo3 a1 ai HaMu HeNr o
Taz3epamabyBaeThcss TeHEepalnmis HOCITIB
OCBI TI€EHHS, KOHNe HTOp A @ HIY pIME T MO XK@
3 pocTarTtHu OT xe , beHOMEHONTOT 1 YHa
MO®e HI1l aidl B € Ha OAT O CImpoIueHOW I
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Ski1i cHO mojagi 6HI KDpPHBI penaxcai
BUMI pOBaHH.I H a NOCTI1 HHOMY CTDY
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141



boTomoremMHe HHA 3y ®@oBQ1€ Woi Qp e RPui s
0. Bi tHOBI€e HHIH BUX1 IHOTO CTaHH
boToOmoTeMHE HH 4, 1 K € B 11iTeparty
boToBpOac[@)gs MOy 1e 301 WHCHIOBAaTHUC A
COO0 0O i0OO00 Q.PearxmPO Que BI g1 1
cyrTTeBoi poni, ToMy Qiarec#im@yi [®HICOQ
MeHma WMOBI1I pHOCPOB nBmk 2ayl )aipku (

BusBsneno edpexTtT poToOmpocBITIAECHH
Puc7.0) , BUKIHWUKAaHUMU 3 ME HIIE HH I M q v
OiHapHOI peaxumii, OpoOo MO CBI1 AYHUT

M1 OB MWIOE HHI 1 HTE€ HC UBHOCT]I CB1TIa

w
o
=
o

K HMIUCTTTBE B O T O gyacy pemaxkcaimii

NS Ctrupaunusgs unbroro edpexrtTy BingC

(@) I
=
~
W

PKHUX 10 TeMOnepaTypu Ppo3 M’ £KI
nokxka3Romoniyni 2. 2, ebex TUBHO WHWaAgE I
BJlacHUKT AR .peeOPyasHol mm o k a 3 a H O, o B I
(OmueHTpPya MmO C NIi JXKYBaHHUX HAa MABSEM anTaeppr
31 3MiHHOTWO [I3,H &H TCHBIK@GPKY 3 Ha X0 XA T 5
0 i0.ToMy HaMH HOPOHNOHYETHECSH Hac
Me€ XaHl3M boToXx1 M1 YHOI peaxmi i,
boTOmMpPOCBI THAEHH

[Iin niew Bumnheomsre epyH L TH® pOIOT b C
y pe3ynbTaTi ne p3oxwaim B( AT OMMIIYII KKOpBl €B

6 Qo6 Qh

5 o8 08 @Y

142
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O XKJITHUBO, y JNTOKaaxlili3O0BaHOMY CTaHi
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aI0Th 3MOTHU CTBOPHUTHU T JH GWIKY K TIYe aHI
OBXHMHHU X1 MIUYHHUX 3 HBMH3KTLCEZRBODPIWKA
OKaall30BaH1I CTaHU.

Towmy eHepris4 aKTuBamMmii T a Ko
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nmnmoBuX Bumalpyg dBo3cgu ma Rae), sgkKa O
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TBOPWIWTB JApil OHI TO0OKamni3 0BaHI CT

punyckKartTH¥", IO 3 M€ HIMEe HHSA KO HI € HT

€3y aAbTaTrti MOCJI1 TOBHOCT.II peaxii#

[Te pe b6y noBa X1 MH@®WOIMOKE BOBi' 5 IR P

aTeptl ani ONPpPUBOIAHUT b I 0 «3alnll KYyB
,

epebOynoBMu 3B’ A3KIB Ta BI1JIAMODOBI OH
A

noB iPmu2o. 2ula 1 P2u. &@.22 2 H3ao0 6 paxe HI

)
—

€EHI1 agu, 1 K 1 O M MECHYEKPTThl IO M OCTHECH’
ajJleXHOCT]I Bi g po3TamyBGQOHBIIL M QREIp,
epmuiu angiadbatTwuuyHUKN moTeHnnianxn (1
edTpanbHKEX BN @gHOPAWRAKNE agiabarTmuu.
2), mapi sapOaxe BHE X OOGBHAREI B perT
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(3). [Tepexin 31 CTaHIMK B2 7 m o B3
«3andll KyBaHHIWO» nedbekTi B, T a ob0ep
yTBOpeHHIO aAedeKkKTIi B. [Tepexin 31

p e a Ka ©i0 0

E |

Puc. 222 Kondiryxowipimmae a T Ha

GOTOCTPYKTYPOBAaHUX TNepeTHBSEpPEeHDb Y

Y 3a0NpoONOHOBAaHI H Ha MH MO e
nepeTrBOpPECHB, BpaxoBaHO, Mo BHUCOT
y ¢cTaH |1 wMewnwnma, HI1IX BUcoOTa O0ap’ e
CaMe TOMY, nig n1i1iew c¢c kG mmWa,O0 ,9Ke
KOHI & HT p ne e kTi B Oy e 3 M€ HIIY B a
nepexiag 22—l He Oynae KOMIEHCOBAaH(
Pucd. 22, Oap’ep annans mepexoay 1 —3

Cnig ocoOmNTHUBO Ni1AKpPEeCITUTH, 11 0

H € 3 yMOBI E neesprneoxcienp e w»d 00 T a K s
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ONMUCYETEHC A onTuudo® P ax i0i,eno
pe3ynbTaTti SKOTFoO HE BHUHHUKAaAaE BI1 Ib
yPo3 122imi1in nag1e€ew CBI1TIIa B1 100yBaerThs
3a yuacTiio 3apA28TmK0 rmpe W MAIilyB I e P ¢
HEe 300paxeHI Ha HamMoOMyY PpPHUCYHKY,
ygyacToO T1 1@ me voranpayo mRam c2.. 2 2 3000D
aagl albaTmWUMA A JHO ¥ & 1 B1 IODOB1 TaITGhH II
OQueHTpiB

[Tepexonmu TUOY ( 20.065p8a)3 U ™ 01 K J USBKO!

PUCYHKYYPRMHDI1 abaTuuHIi MOTG®E€HI I

cTaH®@ MO Q 10 o] Q . OnHack MOJO XKE€
aglabdaTuUuUYHHUKX MOTEHINOI1 all B, y m
BH3HadYe  HUMUH, TOMY I O K1 HETHUUYHI

3HaXoAgAsdThcCcsA Yy JOde€eNOKalli3 OBaHUX CT
3 Hauyeuthwie. PA&. 22 Mae ceHC POMIHASHM
nepexiag Mix pis3sHuam T9PEBHEBUMOYN 3P H
ydyacTl BI1IBHHUX HOCI1TIB

OcTaHHI M YyacoM HaOyJIuWu ©OOMUPEH

B S KHUXa JOMOMOT O IO KOWPUIMHR T HIMIKH
OCHOBHOTO 1 MeTacTabl dIbHOT O CT
poO3TransmagatThb 1 K TepMiI 94HI , T a K 1
Cmi BCTAaBIEHHSH 3 1aHUMHU CEKCIepHum
Oap’epu ™M1 x pi 3 HUMH .c TTaaskaumin mnf[1 7n0x

IKax, KOJXTHW BI1aA0yBaeThHCSH JIOK a
6e3 ywacTi B1iABbBHHUX HOC1IiIB (BHYTDPpP

bOoOTOCTpPYKTYpPOBAaHUKX mepeTBOAPSE HBI
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1 H1 11 OIOT b C A Bi,1 b @ T BIOG P CHHOUCMI I MBI H a C .
« p 1 B3COHHbA » , TaKMuH m1 OX1 1 € Maliao
B1igo0paxae CcyTi1 5 BHUIA

I[Ii nxpecaumo, mo HAaBI1TH y T O M)
MaWT b npubOITU3 HO OTHAaKOBY EeHEepT I
BHU3 HAaIE HI I OBIIONKI IHX] s1a Bil g1GIa@OT U Y H U X
BMU3 HAaY€HHSH KOHIOEHTp PpaImi i HOCI1 1B
HeoO0OX1 ITHO PpPO3TIAHYTHU cuUCTeMy ©O0aumn
Po3 g1 11 2 miei pobO6oTwu, a H € K1 H
pob6orTax [ 70, a8 ] 3 H & M p1oKkeAKIM BHHUOKCal €H
pe3ynbTari OONTHUYHOT O nepO©xe my p i3
3axo0onnmeTh OA ew.a pi HIMHU I

Y monepeanHbBOMY po3 ai ai Oyna
3aJd€ KHOCT.I HeCcCTalli OHAapPpHOI boTomp
1 HT € @ T Bl K 30y D1XKYyWOYO0OT O CBI1TIa 1
mMoKa3s3aHo, 11 O M1 Cc 4 B MU KIal HIHFISHIK & 0 W
boTonmpoB1 THOCTI 3M1 HIOETBCS ydyacTtT
1 HT € HCHUBHOCTI 1 1 0B XHUHI X B HII 3 0
Yy MO B, WIJPWCBEKO | O A HOYACHI BUMI P OB @

aHHSI CBI1TIIa. Bu g Bamkemiiio J m au® 1 |

=
o
—
=
=~
a

y cnaany @GoToOoCTpPyMYy, CIHMOCT

<
N
o
(@)
!
=

3 & K WWBial CIOIM,B 1 J a € ydiyacTKYy 0

=
©
~
<

1 Q(wsrenppeaeBKITIECH HIUMU C

w
<
T
3
™
—
o
o

3ad1€XH1CTbh MI X GOTOCTpPYMOM 1 M OT
Tpucyiab di gy MuliéNg wiya 3 cBY T ®BMW e pl I a
nepexiagHUNU mwmepioag 3 poOCTadHH:H borT
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3Ha4YeHHS. Takxka HMacdBBRI GHTIYE XKHO T T b

mMoTr osgpma, CB1 AYHUTH HOWpPO TE, o MmporL
H € € oO0OepHEHUMU. Bi a1 Mmi Tumo, I O
boToOMETpPHUUYHHX BIaCTHUBOCTG EH I O K
boTonpocBiITAIECHHSH, TakK 11 MIpPIOHTK UB
HOCI1 1

[Iicng BUMKHEHHS 30yJIXymW4YoTro ¢
3anucy, 1K a mnoB' 143 a®Ha 3 b osTIOUIID T
npubdITU3 HO JO0OpP1 BHIIE 3aJ1MUIMK O0BI1 H |
Bl 1ImoBI1 Jgace 3 a NPOCBITIOIEHHSA,C 310 ¢
NMOBHI CTW CTHUPAETSHCH I PO  TTEEeMMIMNEeppaa

2

po3 M’ g K MemHaHTsie p 1 a JIAyW| B imgpOMy B a € T b C
TepMi Y4HE CTBOpPEHHS BIaacHUX xae ek

Enepri s a KTHUBSAKIWBIl 1T M@ R®WIUIE&E , 3 a
boTonmoTeMHEe HH 4, Ip AKMIWHHEH® 0C TRIKHIIE
piBHGO meHTg Y, 647)0 , T8O My M U BBaxXae
boTonmoTeMHEHHS 3yMo®OmNEeHODpINE pE€BHAP
OumenrTpiB miag agiew c¢cBiTna® .meMmwpi
OPHUBOIHUIO o0 boTomoTeMHE HH A,
nornuuHaHKI Cmpls k e 3 ymMmoBaeHno Omep
neHTi BQROO QMNO MO0 Q meepsp myos a I
nepepi3 nor numa@HIAQ me ymp OmadO
O QnNo Mo 0O

Tacxke CnHiBBI1 JHOTIIE HH A nepepia3s

IrpyHTy©wOuUuuCch Ha pEARyHdmsmr amamT pPpioHd oT
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€cJIc

KIAh@ ¢1 1 H H O 0 B3a€MOII1 € 10 Kpat h

ceHeprisaga GawWIHYW,OYBRPHTSHC S 1 OCrKIJIMaAH/QaH

cCyMy TepMidgHOIQ[TnwOwmm ppuafda@aoax . 3

2.2
IMOoT
me p
Bl I
MaT
I 0 K

onep

3) . IIpuy eHeipepa@mT WY HO MA H b HE K 3
JUHAaHHSAI Oy e Bl 1g0OyBaTuCcCAH I, a
€eaaBaTHUCHA 1 HIIO MY €CEJTEKTPOHY. :

eHeprii Oyae BHU3HadvaTHUCSI 3 ali
PUUYHOT O elleMEeHTY (WMOB1 pHI1 CT.
a3aHo y poRerxexrkpldRi]g MaIkICc U My

e Xoay Oy e MaTH M1 C I € npu € H

e pdelBylEa " Me Hme 3 HadYeHHS (Takuim Ma

1 I
me p

CII a

BUIEC HH I M eHepri1:i rycTHH.I CTa
EKPUTT 4 M1 XK T0Kamnll3 O0OBaHUMH
nace) .

Pu230nTwmdyHI mTepexoIMHAMMOYyaA «PU B

HEeEHTpPY B CHOHHEMOMHOI B3 a€MOIIl €10.
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Towmy y obmacTi "®u @lw@jilin e phoqrio
norauHaHHS Ounae Hy@pmacir op 03 TRaADO0 Bva H U H
mp tp mv Ty pip ph j) Oyame e mgyBaTHu o e
noraTuHaHHsA 3a yODuaewumdp 8pIp xS HEHKO
60 w ph ph m Wy pw ¢pj ). Mnu BBAaxXacMO,
coupaBeaaHBE OpUIOY e HH S MoTTa op
NOTrJUHAaHHSA B MaAsSHIl RAM@RKI] JCaulIChTHIM U
«p1 B-8 BHaD.

IIin #Ag1ew cB1TARaB1 y1 Oy Ha ©OE M@ XN [
boTomoTeMHE HHS , 3 yMOBIEHOTO M1 JIE
bortTony upwu OcureBHoTpp@HBHQ 311 e HT pi B 3 a
nepeszapsaaKH, 1 boTonmpocCBI1I THNEHH.
KoHUOLeHTpanii mede xDi%COB u dl®Miya o1 K

3MI Ha Koe i ol eHTYy MNOTJIHUHAaHHSI Mae

r r r

yoon —1 5 1 DR @1
q q
nel — mepepi3 onTtTuuuno® mpeaRinBi- 3 a

nepepiismu peax@id mseanT Yl 8¢ T3KM e H me |
KOHIE HOmpaumip@gi B BHacTi T10KCKHS® €lh.Xxi MI
Aax BUTHO 3 (2.64) p Mmy3mamam € KH O C T i B
3aN0BHEHHS MNM&QPEBRNXMDIKEG 00 1 HIIHUX
npu revepainitii B1 JbHHUX HOC3ama»:
OmMpoOMI HE HH I HE pO3KIageHHUM CB1 T
3amT0BHEHHSH MmacT,0KB 3H@AHMERH OMCSTHIIIE B 1

yacy ONpPOMMIKNGE@BHBMIABIATU.CAI O0O0OHUTBa
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OnunHaxkx edexT boTomoTeMHEe HHSA CT:
IpuM MEeHImMHUX TeMOnepaTypax 3a paxyH
O mentEipr kT boTonmpocBI1I THAEHHH, 3
Y HUCIIa nedbexTi B, CTUPAETSHC A npu
30epilracgayn@ I 1 GHIIE , H1 Xk e dexrT ¢ o
CaMuM, 3 VM®[BCOIHOEH U | 3amuc OMNTHUUY I
MaTepAs&En ax

3ayBaxXHuMO, O © @de ®rwmies mTpoxXoaAH

T
)

0 nwuxuwu MAI[ e TP paiMBH, o 1 CHY®OTDbH Yy
€e3ynIbTardi A PQme WiHpPIi B .3 yQ@TrpHu Ma H i
aT b MOJXJIHBOCTE®T B 1 JOIJAHTOUM Y T €3p

e XaHlj3MI1 B . IIp o u® BEOAKROMeMc e BE W
TOONOPOCBI TIAECHH A CIKOI a Im @ #olr Jb 1 30H1 011 5 C

OJd1€ew HaWoOIWmXKYIWUX mnap, 3a3HavYeHU

2 = 58 B R ©
o

€ XaH13MI1IB BUODPOMI HIOBAalbHOI PpPekKDO
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YACTUHA 3. BUKBO® NCPATOXI MI UH
NMEPETBOPEHbL Y HUMTEPDC « ARHO -
OBOJOHEKA |[»» XCH T JTKIOLRA®DPI YHOT
3ANMACY 3D TP ONWX KAHUGHP AKI[T HHMOKP E |

3. 1. PopmMyBanHa 3D mpomyckKkamwym
Ha OCHOBI MiKpFGhC—HCOF@(IV]F'«lHﬂXﬂapO

OcHOBHa 1 1e 4 BUKOpPHUCTa aHHH e 1
Mi KpocHuCTe WallddH &G@adPO@»k agasas JTBOCT :
3 anucy 3D mponyckamwmwdHuX audpaxii
nponyckawuux 3D romxorpam) mnmpwu Ki
HNE peani3yeTbcashbomraorpnrapiruiHoki aidipec

OAMH 3 BapiaHnmioB nPproic T PaxBd bA.1in H a

63
BrSc 2% 1
RETRLE I
4 6 6
~ 3 . 3 .
ZWA‘iZ - 2 EL
0) ==y ==y
Pud. 1. [Ipoumecmwu, mo B1 a10yBaiwWT?5HC.

©O 1 HeocCcBI TIABHMWMX J(ABHK3KA X,1 epMEH T a p
HaPud. 1 nmpuHATO HAaCTyNODHI MNTO3HAaHU
Il - 3B’ a3ywue cepeagoBume ( xKenmar
2 - wMmppocucTtemMu (B HaAaMWMOMYy BHU:
6 ®cepennnim Qp ot 15 ik M
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3 - 060iW@ExKas muua Qo Gl madgl By

4 - OapBHHUK, a 1 c o pibHo,B aTHaukd 1 KH aH
NOBEPXMHOIIXO HKHU TanxolreHlay cpiobma (

5 H €THp | OpUXOBAaHOTO 300paxeHH:
BUHUKAaIWTbh Yy TanaoreHcpi OHI U o00o0mTOH

6 - YaAaCTHUHKHU TONPOABIEHOTO cpiloOIa

ITi cons € K cCc I o H YIB aIHIHAAB aeaMayclisib CTl a1 K U M

Taomxuuosd
[lepmuiét BapiaHT O0OpoOKHU eMylaIbci:i
« 31 p©GaF—-AgBro 6 o 10 HK a»

Hocni noHaiimeny| Pesynyg Xiwmiul UYac
obpoby omepan o6po6|mo3 HAY OODPOHC
npu 2
(=9
A nposB y AgBr p O3 BET 30
oO0OONTOH|IpPOSBH
nios K a 19
NOT JTHH
CBI1TIHIO
BHUHUEKa
4acCTHH
cpi Omxa
B b1 kcyB{gB1 160y B|NaSO; 60
PO3YHUH|T1 OCYIX
oObonxToOH|/HaAaTDpPI 10
AgBr
C po3d9uH(PO3IUH|250AICI; 30
a1 fLak
D Bi 101 aipo3uuu|KJFe(CN) | 0, 5=
cpil1 6xa |4guacTiAg|+KI
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Taomxumosd

HApyru# BapiaHT o0o0poOKHU mi1cCciasd
« 1 1@ab,—AgBro 6 o 10 HK a»
[fTocnino HaiimMmeny| Pes3synos XiMiugul Yac
00poOT ome pai OO0poOK MO3HAY|[06po
npu
T € MII
TYDPpPI
20°(
(=9

A nposB y AgBr pO3BET 30
OoO0OONTOHIpPOSABH
mor auH|19
CB1TIHIO
BUHUEKAa
9acCTHH
cpi O6mxa

H po3d4uH{PO3 YU H|25%AICI; 30
a1 fak,

] b1 kcyBgBi1 16y B|NaSO; 60
PO3YMUH|TI OCYIX
oOoOONMTOHHAaTDPI 1O
AgBr

D Bi 101 axHpos3umu|KJFe(CNS | 0, 5

cpi1 6nxa |uacrTuH|+KI
A
Ax moOKajsaim T npoBegEC HI

niagit 6OpartTu

MIi KPOKpPAG® THBCTHHKA aMHU

O o6e 3

cpi 60ma.

NI OBHI CU HOH WPTOIB

NOTpPamuwido

Pud. 1,

B)p,sa 1 i

T a K 1

4ya CTKOBO
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B1 IMI1 Ha
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3aCBI1 Y€ HUX MI1 CAIKINXY) U HQT HII0 B® P XPHMCH. K
3.1,0;,psan

KpiMm Toro MO XJUBIUIMUlI @ n ninwsimu M) BGa
rojJlorpanm [ 597, npu GdopMoy3 4 M H X P O
meepe XKHO B OCBI TAIEHHUX MICOAX T OITOT
HEOCBI1 TIEHH X. [Ilpuy wmprpoMy <cTangiw
lygdcoOXiI THO HPOBOAUTHU BIi aApaisy 0
e Myabc,laix [6K |B HE€OCBITIEHHUX MI CIJ
OpoHUKHEC HHW 1pdiou wiayp a 1 A 0pa HE
OCBI1 TIE€HHX K e M1 c 14X nic a4 nmp o 4
YyTBOpPEeHHUXI BIacTHWHOK cpioOomna.,pledp:
OPOHHUKAE TAO 3AMEBIECUIY E fla m o © o3
cTananii lo®posdHmkui B mep oo My MBya pciTaaHl
IpyroMmy B a@daFaunarciT ksopppa 3 0 e pi1 T a I0T b |

M1 CcIIsIXxX 1 B1 ICyTHI B OCBITIEHHUX M

EMyascis 3 rerepodas Hu MBI Mi KT
o 0 o a o AgB®» 3a0poONOHOBAaHa i 3 a
NpPONYyCKAaIWYHUKX 3D roaxlxorpanm T a

BJTaWIWH MU :

1. CBi THNOUYYyTIAIUBI CTh 3a3HAa4Y€HOTI
rajljoreHncpit OHux oToMaTeplanis

2. EMyabpci s MO XK€ OyTmu CeHCcuoi a;
cme KTDpa

3. IHE €eJ1eMEeHTapHHuX NpoOoOnNycCEKaIwWyYHu

6 5 %, T a CB1 IUYHUTH mpo 3 HAaYHY 3 a

156



3 a

3 a

3 B

« B

peecTpoBaHIW ronorpami, s Ka 3Y
ToMMOEGH 13 B’ 93 yIOYOT O

4. 1 E 3amIucaHuXx r oJOT paM Yl OCBTUOHTHI
A3 yIIOUOT OK p e Ma, 5 K MBEM KXOCPIMACTTHOHBYY, € 1
HT €31, OCKI IBbKHU P13 HI COPTH XK
TOMIEHHAXKUI(CTOTHO 3 alleXKUTH B1 I
naTuHI .0MoOkcaks Wb KKk MO @ HBsle T U T MM Al a ,

iéHHaaBKOJ'II/IBHHEH)]FSDBKH‘IHOI/IFB036 H a BCIOHUUY

r o, I E MO X € BapiliwWBaTMHUC A B 3
13 YyROOI D MIYyH 1 OprasHiYyHuUX JOJTaHEK
1 TIa
Taxkxuwm YHUHOM, B OTpHUMAaHMUX I a
1UryITOdI M B1 C T b raagtoreHncpioOoHUX ma p
ONUC TOINTOTpPamMu. AOCONTWOTHO 3po03Yy
ni 16opy PE4YOBUHU 14 0p a r €T €
A3 yHWYOTro eMynbclHUHOTO IMapy MO
OIUCaHIMUX @O J OBTUPKAOM,M C T @ H H A pi3i
HCcuUuOI1 1+ A @TONpPiifIBB U M€ H H A YyTIOIHUBOGC
TacTenm CHeKTDpPY.

KpiMm mporo, mpomoOHOBaHAa €eMYIbC
yca»Po@mus. 1) 1 nposBiaieHe cpiO
CTHUHOK MaJdor o po3 M1 py. I[Ip ux
1 0OHO3EpPHHUCTOTI €eMyadIbcCcili 3 rerT
yalbcii, 1K 1 OTpuUMAaHI M€ XaHilu
ToreHcpit 6HOI CycmeoH3 1CiK JI alJg a €CTY]

Kpokp@,r amo B a 3Paundi b5, 60y 61].
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Puc.3. 2, Mi kpodpoTorpadii o p
npi O0HO3 epHHUCOUXx e¢XMYRPOIMH 3 HO IC HCCUTCC T
OTpUMAaHa Me XaHlYHHUM 3 M1 MyBaHHSIM

¢y ¢ m eHQQdd .

Taka B1 AMI1 HH1 CTh y bopwmax 9 a
3 M€ HIIY € 1 Hbe K1 UHE NpoSsSBIECHHSH 1'
OOTHOpPI1I THE Opos BIEHHS €EMYJIbCl HHQC

MI KpPOCHUCTEeMaMHd Ha 3 Ha4YHY TOBIUHY
BUHINAaJgKy ToJlorpamMu BHUSABISWTBbBCSHI T I
3pob6neH1 BUCHOBKMH T PYHTYWOTSBHCH
yac 3amucy €eJleMEeEHTapHOIl InpoIm
BunpomMi HwBa HWanmva 3 e p a norty@dise o
3BHUYAaMNHOKW CXEMOKW B OydYKax pilBHOTI
KYTOIO\J JIE oTpumMaHUX TOAOTrpammM y 1O
65 %, a NiBIIUDP UHA KYTOBOI CemneKT

na1acTuUuHOB HDIEIES. 39 ,BmIIycKatwWT5HC A
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0 Loty A2 NN
16 -8 0 8 16

W, epao.

Pud. 3. KytroBa cenexktusBHI1IcT3D en
onorpamv, H3 aTI[HOI 2x [IDPI4;, 3—-e My a b ci s

erTepodaszsaumMu Mi KP@econ 0 o @A, « 9 1

[le c¢cB1 A4YyuUTh NPO 3HauvuHO O1 XIbmWYy

K a 3apeecTpoOBAaHa H a NPpPOMOHORBAaE
1l KpocucTeMaMHu. ax nNokKaszaluw BHUM
olorpasmu, 060umuc e Ha—3 a I epO @ BAK U D

B U I i 39 M TBBF@RT bWEFmiagmup uuHa K
enekTuBmd.c 3] tpuBa 3dgS,d3 ampoi BMHAIGIE XK
opasanox ©O1ab e, H1 X y MaTeplamngax
TakxkuM YWHHOM, BUKOpPHUCTAaAaHHSI 3 amnp

€ T1IbKUPaO®OHBEHMUKBHT pAacT 3 aluCca
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K

% ~ oo] w

([@H

apTUHU, a 5 301 b THUATH T OB IUHY

HadyeHHd a8 peantiszanii 11 3D B
[ Hmow BaXATHUBOKW HAKICTIWO AO0CIHI1 IXY
Mi Ha TOBMUHU Toanor pamul 08%)rmemaOlmHe ¢ |
€ moB' si3aHO 31 CcTabl a1 3K aM K 0ol IHD i
aJdUuIUJIHUC S B ma ma X o p offike ¢ B 1 JITIOOMCOT, €
OpoGaom,muua wHPi1 B vMdB®Iiy & T sua splds Il
pocTae. Towmy, npu 3anucy ppoOwa
HIOpoOMIiI HIOBaAaHHS MY enpazoeHpu M ,-0 3ay scaadloR I ¢
nn s -0[THDT, KOJII1l1p 300paxeHHSH T, B1 I H
OBTHUM. Koaxip xe B1AHOBIEHOTO 30
apeecTpPOBaAaHUX EeMYJIbCIlE€EW 3 T ETE®EPp
@ — 0001 01 RMWI, B1 IMmMOBI1 Oace KOJNIbBOJP
azepa, BUKOPHUCTAaHOTO mi g eusarca
POMONOHOBA aHOI eMynbcili, OCKI1 JIbKMHU
OpUTryBamaThbHI nonpaBku (MacmT abHI
OBIAMYEIHbCI I

EMyascii 3 retTepodas MU Mi k7
6onHQOA MOXHAa BHUKOPHUCTOBYBAaTH H
ponyckKkawuux aAudparxumgl HHUX CTPYKT
OJOTpaMHUKX onTudYHPOX3 ne me Me)H T 1 BK
ami JToOoCNHIi aAXeHHS5, T0CATHYTOI TOB
A8 Toro, mMoO 3amucyBaTHU NpPpoONnycHKk
y 94K ax, III O CX0oagdATHhHCHA, n®umcd.xdmi ,
1 THOBJITWBAaTMU 1 X B 01 d0MBYy pcaB3iiT IR
OJXT 0T pam, OTpUMAaHUX MeToanowm JleHmnu
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Pugd. 4. CxemMa 3anmnwucy 3D nmypyokmayxc, K

Oira@rekxke@Ma ®BauKey a BI THOBIECHHH

Buasunocs, o MnNpHU OODPOMI HE HHI

1 THOBJIEHOTO 300paxeHHH OOJHOpPI1 I
nocTepiraeTrTbrcss HaKIageHHS 300pa
NeKTpohHBEBREY € U, 4K 1Ue ™Mae MI1cIe

ore, BHOOyYyBaeThcCcsada 3MIHHU KOIAbBOPY
VT a 30pYy (BUma ok pauigyxHOTI r
M1 HIETBH C 4 T1JAbKHUW SIKMBMA 3 MO H O T PKay M’
1 THOBI KWIY € 01 1¢ CB1TIJIO. Onwuc
yMOBIJIOKE BTIH i I QIpeipB H S HH I 3 B110wuB
K Bl K IBEM D a T K a X BHYTDPI1 IIH € OCB1 T I

OBHI NIHBb OT O
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Bi 13 HayYyuMO TakxoxX, Mo oOoOnonucadwgil T

Oi MU XapakKTepHUCTHUKAMHU O JOUT3PbUKM & H
aHoBUM KN BpoO1 THMKAaMHU Ha T aido.
1], 111 O NiggaBaluUuCh cmenmiamnsbHI
3Ha4dYeHOTIl o0poobOKU, 3 EMYyJIhbCl:
T0TeHiay cepBiru ac pii O mMe T a /m BUHH ]
KPOMODPOIXHEUI 3 a0 &kDHEaPRE AT UT O0da
moMy XK BHUODaJITKy 301 0b1IeHHSE b a3
S BHI1CTWO sSI€Pp reTepodas HUX M1 K
HTpacTt NPpPU3BOIUTH 0 301 Jb 1€
pexoBwUIa. Ak mokKkajlzaluhd €KCIHIEDP B
TepwMia 3 M1 KpoCHUCTEMaMHU, Il € I 0 3 R
" e3MIll M CHUTHU 3 aIIuCc YOTHUDPDH O X 3D

nyomMy JE KOXHO1T 3 HHUX CTAaHOBHUT

Taxkxkuwm YU HOM, BUKOPpHUHCTaadaHHAA € B

KpocHUCTE e MaA@u odosompailEirx 114 3am0u

0)

NycCKaildHnX rolorpam 103 BOTSAE
€ 10BMHIE , no , 3 OIHOT O Oo0KYy
oreHcpt OHOTI e—MByasiobec3imnie,uy y& 3pa B B HI
KTHBHY TOBIMUHY , 1K a T0CaW|T MM
orpam 3 BUcCokow JHE Ta cmexkTpa
K a X, Mo CXOJAATHC A . JomaTkoBIi )
Y HWHEHHS4 pedYO0OBUHH I 0D a reTep ol
H1 IMH1 X yMOBaXx, MO KXY THh IpUuUBECT
orpawm
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3. 2. l'onorpadiunumuim 3amumc 3D nj

e mMmi T O K B MOHOUJUI THHX XCH i J

TeMnmepaTypax.
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OcHOBHOI0O npoodITe MO I bopMyBaHH
ponmnycKatwyoil nudppaxmi M HOI p e mi -
€epeaoBHIax H p opueeacyiyi 3 A ailll B C Y 1 ¢ i
OTO1 HAYKOBAaHUKX 3 M1 H, 1K 1 bop

EenepepBHOMY TEXHOJIOI1lI YHOMY T poOI
1 16yBamTocCh NIIeIMKIoeMp a T MP HB T O p e XKl
amue3yi MTy B aHHH4 3D nudparmai prwarm T
POBOAUBCSIS BUNPOMI HEHHAM JNaj3epy

YUTyBaHHA — MNOpPpHU KIMHAaTHI WA TewMn
OpMYBaHH.I pemiTEKH mOBMUHH.I mp 1
OTOCTUMYJIbOBAaHI TOHNepeTBOpPEeHHTI, 4
Helpir a KT HUB a Il 1 TaKHUX MOpomectdB T
1 MHAQTHI # TeMOnepaTypl boTOCTHUMY
3aMOpOX@OEBIZM € ¥y B3aal u audpa KBkl KOU X H
B1 TIOBUX MNMOTOKIB (BKITMWYAaWYHU 1 1

PUBOIAATHYBODHHSIS. Py HH

3amuc pemiTORK npu M1 OB W IMOE HU >
Og1aTEKOBHMX 3aX0a1 B o 1 o yCyHEH.I
aKToHWa B CT1HKI CTGh i HTepbepeHI1 U
emi TKYy 'y m@mpoimec:H ii €E KCIONOHYBAH
amnuc NPOBODKYBNMIBI, yHAaaBMHU JO0mXTaTZKORB

HcTeMa OpocCcCTOpoBOiI c¢cTabimxiizaimidi
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3.2.1. Cucrema HIPOCTOPOBOI cCT
KapTHHH.

[IlpyasnunoBa cxeMa YCTaHOBEKMUW I
OpOMNyCcCKaIwWdoIi nudpaxmi MmHOI pemi T

ctTabitni3anii 1HTephpepeRmd8Iinoi Ka
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) / L Bx. x 15
% 11 Bux.y
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%
5 1 |16
18 17
e P2
Pud. 5. [IlpuyanunmoBa cxewMma -2 2,a H
(3), (6) 4— —nzxepram»apPaAil JWBa?uy,; 5 -
H a mn’ €e30KpuUCTamn il ;-Tdp Mo c3rpaars, 0 KB;C T&
HOBOpPOTHOMI2)@cma mwin;o nSD,n 110, ¢1k)u(E3), @4) O
— doTonagiongmwu,; 15 - ocnmnunorpad:; 1 6
—1 HTE€erpartToZp,; 18 — BHCOKOBOIBTHHU
DdoToOonmgionm (11), (14) € BX1 OH

OpPOCTOpPOBOI cTab1m13aImi i 1 HT e p

164



M HIOWIHOEMI a T U B HOT O 3BOpO3I‘aH6)ﬁ“3OHGI

MO e HCaIll o ba3 0BHUAIO HENFBKEDMTIKE I
TepbepeHNI HHUX Iy4dYkKax BHAaCII1 I
TOKI1 B. I[Ip u 3 anucy anudpaxmi i HI

cTeMu cTabiaxl3amii 3pUBU 1 HTED
nucy T€ K1 JaThbKOKX HEe3aleXHUX maop

MoaUudmEMa Kk N1 B,Ha4YHI U M1 pil Doripiy

pemi TOK, IO 3 aNHUCYVyKOTHCH

Curmuanmn 3 boTonaxiongi s (11), (14
ncunwBau (16), 3 SKOTO IO1aACHITE
TerparTop. 3 il HTEerparTcTopa UMW T H

COKOBOINBTHMUM mniacunwBauaem (18)

epkanowm (5), I K € 3 M1 HIOE€ ONTHY
Oeszmeduye cuHpasz HI CTh 3amMuCywd
OKY c¢cT1Tab6inxiizanitil 1 nudepeHUl AI
0 ol?5]. |

Curuaarn B1 I boTonani o miaea (olcOn)u,m o
0Oe3 BemMUHBaAM 1 4 H Y B13yanabHY 1 HoO
pakTepUuUCTHUKHA I NE pomBmoic,e p an
ome c 1 peecTpani iinama MemMpPaAHATHO

HCaHRYNYHOGEMY Ppo3 a1l ai
BnactuBocrTti MaTeplanti B, 1K 1

OIUuCYy ( XCH 1 JI K) o100peE BHUBUYEC I

edi m1 e HTI1 B ONTUYHOT O OOT JI MU H A
ocTepirawtTsecs, T a OmucaH Hi y
TOI1 HJ YIKPOOBIREHCI U , I K 1 Ma T b M1 C
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pbepeHNnlI HHOMY moJai npu r OoJ O
CTaTHSBO. Ax mo , o1 s aHaITl3y
OJUUYHOMYHUHMMYEY phoepe HIIIBUKOPHULH
MaHI IpHU OJHMEMIIBEMY K3aa C Briod yI
KTHHM, T a K 1 K npu b OMY 3 01

31 1 HOC11B 1 TOYKOBHUX ag¢dexr

HOBHO IO OIpUYHUHOI 3a3Ha4Y€HUX
OB1 IHHUZX METOOMUEK BUMA [pIOB R & M H C
OCepeaAHbo y npoiec.i 3 aCTMUMCHY
pec npeacTaBIlieE 3am0poOTmOH (
MOJIXIYJAbOBAHDOI ronorpadceii, S K a
poOBaTH™ MO YIS IM1 1 Koedi i € HT
MIeHHSYAWBWMII bas3 oBYy KOMIOHE®E

BOro 3CYBY BI1JAHOCHO 3 aNHCYy Y
y po3nainai Hama MeTOJHKa 3acT

rpadi Y4HOTr O 3amucy y MaTepiladml

2. 2. Me To a1 m BHU3 HAaYE pOHY COKAAPKA
i PFyag3HooB 01 g uMppaxKkumi MNHOT Ppemi TK
OaraTouyuciaeHHH X po0Oi1 T I pHCE
h) ] H a 3D nudpaxkuntli82m]x, pram 0
OBCIJIXEHHSH oOoTpuMadI:lIa Teopi 4

iroM Kor e Heegiaurkao m3 a[nlp8o2n]jo.H 0 B a H C

rae B TOMY, mo B1H JO03BOTSE
MHH X pemiTOoOK, OTpPpUMATH 1 K
AbTAaT™u, INpHU 3 acCTOCYyBaHHI i x

166



b

eopii 3B’ sd3aHHUX XBHUIH

(morTwHAaQIOWYUX 1 H® RO A3 KY a 0Y HIXH)M.,
ME€TO/JHUuEKH BHU3HAaAaY€HHSH nmapawmerT?DpTr B
bazomwdpaxui WHOTI pemiTEKMH, MU T a
T

Hn s 37 d4CyBaHHSH M€ XaHil3MYy r oao

METOIMU BUMI pHOBROHESLN, MG@Ke HDY Iyoao0rT

HTO3BOINISIIH BCTaHOBIWBATHMHU 3 MY HH K
MOKAa3HHUKa 3Y8 51( oaMMIIIENIHI HTSy T H O 1 1 b a3
rolxlorpammu) , a Takox Gas3zoBUUDY3ICYyB

YeBi nHOCHO 3anucymDpdi Kiapmampde pe H I

Pauni m 3aNpoOmNOHOBAaHI ME€TOa AH,
chbopMynabroBaHI B U I € 3amgadgi , MO XKY "~
ba3z oBOMY 3anmnucy [ 1 84, 1 8 5dJa.3 0¥ u:

pemi TOK Ppo3 a1 JbHE BUMI pIOBaHHS a
BJJae BHGEMCHUTMHU JHUIE OIJ1s8 KOTEepeH HrtT
neskKoi c¢cTamnoi BEITMUWUYHUHHU 3a YMOBUH,
3MI HU CE€pPEeaTHBbOTO MNMOKAal3HMUKAa 3 aloM
[186-1 8 8 ] . BaxnuBo Taxox 0Oi1aIKpecaTn:

HEe ITMBOKHMUBOCT.I 301 McHUTHU cunedkmpa

¢ B pemiTomi , a T a K 0 XK BCTaHOBH:?
1 HTepdepeHII,sHKAa ikKiapTcAaBI® P UI A . T
3’4 CcCyBartT™u, yu B1aAO0OyBaeThbhcCcss Yy Mack
01 ABUIODEe HHS HHAeOHOH 1 i3 e ( a 6 0 i HakKme ,

BUKOPHUCTOBYBAaTHU MNPUUHATY-WH (O TDT
pemiTKH HerarTuBHUM ao0o O0O3 UT UBHHU
npoimeciB y Me€ XaH1l3MI roaxorpadadi
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ba3zoMOOTynThoOBaAaHOI r omoinopw & G 1 11 e B
NOTpPeOyWTHh BUKOPHCTAaHHS HJTOPOT O]
Ha mu Oy B 3a0pONOHOBAaHUI Cop
ba3zoMOaOynTboBaHOTI ronorpadodii pIg)
aMmniai Ty adHOI 1 ba3zoBOIi MO XY JSImi i
aMnyia apoa 3 0 B O 1 nudpaxmi MHOI pe i
nocunigxeHHS cndrirYpsnmpremd THM] H A K i

3a3Ha4YeHHUX BHUMEe HeagoxnikisB [ 96, 1

3.2.2.1. Me 1T 0 1 Po3 Ai AaBHOT O
NOr JMHAaHHA, aMnJai TyaxHoi i baszosBo
npu 3anmucy 3D mponyckawuyoi audcepa

I[Ip u peanxii3zamnmii IbOT O ME€TOJ/Ja
B1 10yBaeThHCH4 3 a0 MUCe HTCHIM MUK U I Y4B KO aMM
mo 301 TrawmwTBhCSI, 3T aJa 0l BHKTMEHHOCKM BXHBI UCJTI1 IO,
‘O (Pu c 3.6)y pleoerci T, p y 094 0 MYB  CPEep3CyIIObE

i HT e p peipueregicin, H1OO T Mi BEWETHASA 3 a 3
... O ~ . G

neéQ-nepiong i1iHTephepeHNI HHOT KapTH

Boaxus CBI1TIHa 3 OIPOCTOpPOBHUM p
(3. 1) NPpPUBOAUT b I 0 3 M1 HH KI® & (o 13 TH
3aT0MIEPEESL TPYWOYO0Tro cepegosHina, I

ASKWXUCYETHhCA GOoOpMYITIOI:

Y ~

|(b|_y|AIé5Yth o’
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Puc36. lpuyuouumnosa cCXewma yCTaHOB
aMOO1l Ty aAHOT i ba3zoBO@ MMDITAHYE FmMEB D
nubparkmi WHOTI pewmwliTKHUH
1 mazxepkBi+ TnomnmoF (Ar—i®Biagud u B a 1049 ¢ B3 e
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OydYykKiB CBI1iTImaa, 1K 1 npo®mOu aipei,3
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3Pud. 8 BHUOIHO, mo BH oipUimmacxrd 6 k3an

3 HaYye HHS IMHeepHeaBOuauryaar 0K y OpsaMHUKX I
-a, fe TiphchB s x
XOOAHUT b 3 @3 .11803. 1(93). 18BamMumaKk a ]

o 3 HaueHP, | UKE i

ATMKa 1 11 B3HadYeHHSN 3 BUMI pPWOBaH

3.2.2. 2. MeTOax BH3HAYEeHHSHA CIoe.
rJayvmHaHHSEHA, AaMOJI TYJZHOINPO njyac3KoaBKn
bpaxkuni MHOT pewi TKHU.

1) g po3po0OKH ME€TO/MIY PO3d1 Ib H(
rovdodaHavMoal Tiygdgaod Mo eriy n g i i B
Wi 3 BOJIS€ BHU3ZHAaYHUTHU Il mapaMeT ]
ama3 o0HI 0e 3 BUKGO® U CCTBAIHTHISIA , K OCTJie
T ¢ H ¢ WO O(Pcutdi. 6 ) , Tonail , KOJXTHU Ha
Iac€ OOIMH CBITIHOBUHUD( MIyMOKKI #HT,e H

epkamnoM 3). DBecmao MyHBGGEWa AGK Iy iIIKOT

audparyBamnao @-ac BpieTmmar, I iIj®, an Bad WimD ®

adl 82, 190], BOHHM 3agawTbhcCsS BUPAD?
% 0 Qo Aq_,li@ w | 0¢ i'QOh  o& T
% O Qwn % wéf  (QQ a) JI'ZQ "R "Qk
é)i Ve iQQh o] p
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p1 BHSHHEHH4 (3.21) C Jisl KIWYE ,J1 a @O I

mi,BKYXMUIMUTHCSA HJa, IT&COPODMNMI Hb K Y
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TaAaHOBMUTHMHU COEKTpamabHY 3 alleXHI

mi T K U
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"0 _h—hi nyd4kKa, m 0O _j+#, ip air yoBCaBBi T I € H H
MOHOXpPOMAaTHYHHUM CBI1 TIOM oni g KY"
HeOperrisc OkKDr,o K MypYoKiammonsi, pi 3 H U X

X BHJBI KIw, 3—Halymy camMum 3 ypaxyBa

y o y

,OTpPUMAa€EMO mMyKAaHYy CIE€EKT

Y iY¢ [239, 251
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HacTtTynHuMu agyxe BaxiauidDmamixmaipm

i1 e de x T uslHKAy TTOOBBA[MIH ac M€ KT pa db HA C

3.2.2.3. MaazaguuaBuedpe KTUBHOI
COHeKTpPaJadbHOI CeJeKTHUMBHOCT.I 3-D
paszoBoi ngudpaxkupi HHOI pe mi TKH.

Ky ToBa CeInTeKTHUHBHICTH BHU3 Haae
pemi TKUM cOoHagae OO0 HYyISA HOpPpHU BI1IXHU
(Pwuc3. 3). i YHCJIO0BE 3HAa4Y€e HHS M C
BEIIUYNHEDOPOU S KO MY NJE pemi Tku M1 HI
NI Ppemwml T KM, MIOBKPIAUMBEOT P 0 I b O MY 3 H a
TaKoX 1 e(PeKTHBHY TOBIMUHY peIuirTK

[le## mapaMeTp Mae HOBOOCKBAHEKEKE
T OBIUH a pemiTEKHMH H e 3aBXIHU B 1 I II ¢

MaTeplany, B 1 KOMY I s pemi Tk a
HeoO0OXx1iagHO0 BHUKODPYIET aprermi 3rakm@ MAMTEO T b

B1Jag JKyF+a— -A€KYT,sd KIKME1 TJIO TMmMajjgae

— — KYyT bperra. OcBi1 THneHHH B1 10y
TOBXHHOMEKAa 3 aTo0BIi TJb_HSe—y MloeR e p b p ¢

pemiTEKM . Bi nmoB1 1 HO [ 182, 190,

Bupaszom (3.20),

\ Y C| 6 r \ r ™
- Qw -, — [ Qe ("QQh
d Al-O
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3 IS KOT O cninye,Oﬁiﬁ] 3 ITa §dlo B u",, K © ]
1 E qJOCSdIT ac M1 H1 MaJadbHOTO 3 Ha 9Ye H]
nepeTBOPEHDb OTpPHMAaEMO:

¢ OBk T
i = o® TT
v v oe+ 8

AGo mpum BHUKOpPHUCTRHHI+,MaMu™MBOU bpe

. Q .
U T“ 1 [ | ’h Gﬁp
n&Q-nepioag .pemwi TKH
Bceci mapaMeTDpPH, 11 O ctTosaT K33y, n

nNignawWTbhcCcsg HEe3aleXHOMY BUMI pWOBaH
Hn s OmM1l HKH COHeKTpalnbHOI ceael
BUKOpPpHUCTAaTMHU HAaCTYINHI M1 pKYyBaHHH.

XBHUIEIW QB XKM@MO3IAJTLOBOIIL HH € T)3,a KTOOHIYI

cniaye 3 (3.20), pemiTKa Mae Ma§k
aen I (o o s
AT-0
He x a # I OB XHHa X B H I I CBI1TIa, I

I 0p1 BHKE éJE[—I;p.MaKcHMaJI,HII{an AEocrTep

npwu OCBI1 TIe€eHHI B )K€ —Hac il T HKOy BT IDM
— — ] . dxkmo wmu, 1K 1 paHI1l me, Oyn
nig BuUXI1 ag#HUM Ky oM JE 3 MeHmMYy€TSHC S
KYF+B1aAMI HHUU B1ag—oOpealHB Kpmaen o K

cene kT uPBmB.c3r)i dumMeTpU,d HT a KB 1 MEH,0 C SHK
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1, M @ X EMM O BHU3HAaUYUTHU 3 M€ HIIEe H H|L I

Be nuyluMioy>kJ1 M B O B U 3 H/M UBHUBTIUB IUMME pye 33 a K (
HOB.I 6perriBcs ku_ nhpc @WeEelpm
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BBama,}oqfﬁﬂ'T 1 iA1O P,OTpPHUMAaEMO
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)l —0 &B— 0D C

Ak OymTo B Xe 3a3Haude o] ,slcEn mmamwn
s Ka JOBOIJI OPOCTO BH3HAaAaYaE€ETHCH
Pud3)Jdxkmo ni aflcy@.32pmwrmuxoguM0 JO0 Ha

CHiBBiI[HOH_IeHHH O J1 A CHGKTpaHBHOI

y .
— ‘] J00 §— o O

O|4

Ty Bi):[XIX’=JIBeiHIu{n$[0BHiaILa€ 3 Me HIIEe H H IO
HY T4 .

B 3 aBe HmEOHKAIA T HO IHoM Yy®a@DPK,JY M BIKIQEM
I B OMa NITO0CKHUMU XBHUISIMHU 3 a0 U ERE T
pemiTKa, HE 3 aBXIHU € IO HIOVIHIM ML y(aT
ba3o0BI 3MI HU Yy MaTeplaini A1 H1 WHO
OPUBOAHUT b o0 TOT O, Igoni m g a @ iHkep €3
cuHycoi 197 198]dlm o me MOXIHUBO CYAHUT
HassBHI CTW JaAJuUPparkmi THUX MaKCHUMYMI
nijag KYyTOoOM, KpaTHUM OperriBCbhKOMY
NOoOTJIHWHAaHHSA I NOKAaj3 HHUKA PpPa3i3OMag e m
Oy p’ € 3 a kb oumBYcAMATITIOG I ¢ ®
B At AT1© 4w MO B ®IKBHT H O i cB PPN
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elTeMEeHTapHUX Ppeml TOK 3 KpPpaTHHMKE
BUCOKI W KYyTOBI MW Ce€eIT€eKTHUBHOCT.I p e
d-H 01 rapP\MoiMd§ x m B3 a€ MHUM BIOIHUBOM I
3HE XT.yBarTH

Taxuwm Y UHOM, 3 I P MBBKEOJJICUHTOBT, O  IIPC
napaMeTpHud Ppemi TKHU N1 A1 BODKEHIC I1 PDEK
B1 10MI boToXx1 M1 g9HI OIpoaec3uMmi HY K
mapapMeBT B ,pE€me T IHIOI BI@GR X A1 P I MO B a H O

npoumec 3amnucy Y peecCTpPYywWUOMY Ce€p

323 Noaorpadiawimec y MoHOJAI TASBXx X

Ak BUMNDIJMUBA AE 3 nNonepenHbOT O p o
OONTHUYHUX KOHCTaHT Yy XK@EHueyammmei1ygH
Hu3 b Bux0)(Ci BHUCOKHUX TeMOnepaTy?p. /1
npomecy XapakKTepHO sBume GoTomor
BJI1CTHHUX Jage¢dPekrTiB BHacai[alo6tk2 ,a BITY%
3M1 HHU A BB®AP CTaHYy S0 MG SH €3pa X8 MHIDJB
Hoc1 i1 B [3labp3sajny VYV obmacrTi K BHUCO
boToOmMOTE MHEHH A cmocTepiracef/l@dry T

200], 1 x e BUKIMUKA aHDO Npomec oM «3aimi

(peax(26l)gp u@2l)KpiMm ToOoro, mnpud Hi IBHI

B pe3ynabTaTri HE OJOTHOPI1I THOTO boToO
rodorpadi yHOMY 3anmucy, MO XJHB I
Hepl BHOBAaXHHMUX A1 poK 1 €T €eKTpPOHI B

MOBWHHDO OPUBOAUTH MDHHU CyMWMEE 8 H
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BUCOKOTEMMOEpPaTypHOT O 1 HU3 bKOTE
3anucayu BpDa xk i1 "uoi pemi Tku y XCH.

Ax nokKaszanmu npoBE A€ HI Ha MU I
BUCOKOTEMOEpPaTypHOT O roanlorpad@i gl
boTonmnpoBi 1HOASSIIC H/Y €C UICOTBEHMal a Ha JI O T |
B1Jg TeMnepaTypu e€eKcOnos3zwuumii, T € MO
AsSronorpadiyauid 3anuc nomMiGEad®C.o
N1 ABUIME HHAM TeMnepartypu audppacxii
npu<l 70°C ( mo BMiOIeHpoaBTiyJpai€ pToe3 M~ s K I
"Y) nocsarae PmEcOAMyMyusga 1) [ 6 7 ]
TeMmeparTyp cmocTepiliraetscHs 1 M a
MmaTep (Pwmnc9). Enepri s aKTHBAII I ¢ o

TeMIOepaTypYa XH aH UaKidieli ® Ho My y uba®, T Ky

Pue. 12, kpuBa Jll) cenamagad, 4 ¢ H:

nubpaxkmi WHOTI YyTIMUBOCTI . 3 mopydan
HaJailduIuKYy ClpKH NOJ OXEHHH4 BUCOK .
3 M1 Iy € TH C 4 yOBKUXOITMe&MIIEe PAET Y P 1

TeMnepaTypow pos3m ¥ @man ula2 )wma tBeipai
B1 10yBaeThCH4 3 M1 I[€ HHSH MaKCHUMY M
Pud. 9, kpwusma 2)

Ha anudbpaxumli HHY YYyTIOIHUBI1 CTHh H €
HaAJIMWMMKOM C1 pKINK, 1a HRRaATI0oDO MM®]J € KTDPp
CYTTEBUIH B I JUB Hamaae nomnepengHH4
Bl aAmany 3pai3kKa M@Opu TewmMmneparTypil p
nubparkmi WHOT YYTHIHUBOCTI1I 3 MI1 Iy €ETGH

Pud. 9, KpuBa 3p)C g1 TMCPIHO CTTEEMPII €rPaacTTy P
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B1 JOOBI1 Jae€ TEeEAMEIMP@T VMPTIJIJEC OIPHKCHUMY

boTonmnpoBigaHoOocTi BPommrkITcCcRZoOoZAykax (

n % \
60 -

40

() = X) ] ] >

20 60 100 140 180 7 0(w

Pud9.3anexuictsr HAE enemMeHTapHU
npu oOoOxAHIHWU 1 T1 W Xe eHEepPTrI1i, 1K a
niaacTtTiASS 2)APsS5s1 0 T e p Mi 94 H O TASsS B i aciuass
TepMmMi auHOT 0o UBliSiOm*aCt yu anpiig oT 131 15

AMOI1 Ty IHE 3 Haye HHSI numdbpaximi H
MaKCHUMYMY 3pOCTaec 3 poOCTOM CKIa
NOJNTOXEHHSN MaKCHUHMyMy TOpaKTHUYHO HE
y M e K ARSI 106555 [78].

Taxka Kopeasmnmi s 3allexHOo@aMWip aproIr
YyTIHUBOCT.I M O K a 3XyleM 1 4YIHOI  CHOTe ppARKT TB Yy PP H
B1 IMOBI1 gaITFhH 3 a BUCOKOTEMIOEDpParT.

31 H1 Uil O B8 POBAaHUMHU CB1TIOM B1 15
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3apsagaagamMu, a H ¢ €CEKCHUTOHAaMHU, 1 K
TemMmnepartrypax [ 162, 199].

Posrnsasuae Mo Temep BUCOKOT®EMIEp
Bl 10yBaTuc ASSy KCOWICHT e(MA T OCTPYKTYDpO
MOXYTHWM ®YMI1uOiihoBaHI T1aIbKH B1 J1b
HEOITHOpPI THOCTI deoyr o By A K& H ST, 0 JI D

3anmMcy 3MIHKWETHBLCSA 3a 3axKkoHoOM (3.

O ~ . QW
"Ow Ep Al%h
néQ-mepionan iHTepdhPemeHN]I HHOT KapTH
Onuc I bOT O npomecy 0y nmao aeeDimi O y
HeHTpP1B 3 ypaxyBaHASSeM H®OITIOB O PIRPOB 1C
TUODy 1 TowMy MirTpyB a(mu Pom3omR)yblri bn  Taii Je
cBi1 HeMe mas3zepy 11 pxkQir me HIppiiBBHEe He pe
BaleHTHY 3O0HY B pe3yabTaTi peacxi
0O OO0 108 oD 1
Binrpaa QpBpPpERDOITOETHCH IHCAHTPIi B H |
mNepeTBOPIETSH C D HYF U TepyacKRs THPREHIE THP 1,
TeMnepatTypa aoxmrm TdrAeIu@EMM eTCe , 11 p
MOJXXe BHKHUIATMUEOS e3H TypTi BBO paeoH ulx3 :
OP O Q8 o® U
KpimMm ToOTO, A1 pku MOXKXQY T HT PR O T
CTBODPHKR &€ HTTpSUP M1 Y H M Wl KBAWKIK (M YHJIOH3€ T a K
pi BGime HT pu pO3TamoBaH HI 1y me H B i
(P u 2.4):
O QP O8 oD @
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B c¢cTamnioHnapHHX y(3434)B-dX36) m e p E @ B [,

cucrtemwmMa PpilBHSIHDEB

~

Own w U nw 0 h od X
w 0 N U 8 o |
Ty 0 Qwn — i 0 Qwnp —— -

TeMNO T ¢ peMiikumHIoyr d@A ii P orke H3T p i, B i ywn B,B i &
Pu7,0 -rycTuHa CcTaHIB Ha Kpalw,Tpy
r, 7 — kKkoedi i € HT 3ax0fi1c @HHK e HATIPPHUC
Bl JODOBi-FK®OMIEe  HTpaimnmisga A1 polfk-—Iye peeapiic
p ¢ a K3u34dl)i

3ayBaxXumwmo, 111 0) y OpUHIHUII Tpe
cnapwowBaHHI (COBPIACI pOH3IB CTBOPEHHSIM
(O)i HerdO)mBamwoi K¢ HUX HNoInsAspoHIB (
poO6Oo&7i moka3amHoO, mo , I K 110 1 CHYE
3axonanedHHsa (335, rwrKkumymn BpaXxyBaHH.
CHapowBaHHS NOPHUBOIXMUTHL MNPOCTO [XIO0 I
y piB@BB8HKimogyaTrTKkKy 3 HEXTYEMO audy
a1ipokmnaeHTpPIi B. Toni 3 yYypaxyBaHHSHENW
enexmeirTpanbHnoc Wi WMae, BMTIpHHEAHSLIHD

(3.38) oTpuMaEeMO

C own 0w oW .
n w - h 0D W

r0wnR W
T

38 o8 Tt
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[IpocToOoOpoOBa He oa HODPpIiQ@ auiecHrTH3.408 o 3

3 yMoBIwWeE GopMyBaHHS HEe3 MI1 (e HO I 1
i HT e HCe 3Bl o cnmin a M1 94 H O 1 NoOnNspOHOT |
K1 MHAaTHI1 H TeMonepaTyptl, micJasd ]
pe3yabTlRIGD OO a® (pumrPo3 nd)aarTupacth
Bupa33)i B40)npWw TmomepeTHBIrGEEE Yy pi I
(213) i (27), Bu3 HaYawT?5H OTHOpPI THE p o
TepMi 4HOT piBHOBaXHOIMeRaAaPUME@HTD P ail

R M w
: o o]
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¢

[Iicnd NPUODUHEHHAIMGBHRIPBOMI Ol OB A M H
Talol oHaAapHY) pemi TKY, 4 KO TMpH
omec «3anikyBaHHS» ngedekrTi B, C
3 yabTaTl peaximili
O O D QYO QPO 08 08 p
Ty® Bi nmoBi gaateo MCiTBa H3y H O p Ma J b H O ¥
s 3 K1 B . JJmns BUB3HaAaUYeHHSNS TMNPOCTOP
be WM, B 1 Kka BHKIWHKaHAaa KKOMIP HAPTaK
Hb1i rTy-ReapliHnaaTHO a1 ar pa moPiwi,c .
22 T a npoaPaamni z2.83a.840. yB cTanmi
pexonawm (3.41) BiagnoBi1Igae CHUCT
w U ® 0 w 0Oh 08 ¢
6 0 0 0nh o8 o
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ned W i0korne u®@Pp i(Oi O)menTpi B, ;Bi)
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HMOBI1I pHIiI CTI TEeNnmngaoBMUZX 0@ P Ox 0@ B

cO©Oc¢c0Oi0O 0O °cO,Bi xmo.Bi gHO
dx mo nmi x d342)8(343m) 3y ( 30.4p0w)m a € M 0

" W
Vw U 8 08 1
W W W W [ Con o
T

3B440)c i, y®m0 THOpPOCTOPOBY POONB AP
ne bpexkmrumwaukana (Pl4d)axpid £aog U T b b1 o)
«npedeKTHOT » pemi T K'UB 1 AIHKOAC H ® M 1PIDE3HI
1 HTEHCHUBHOCT I 3 a3ulp © WrOJiorsomec Byl T Bl W
mpoIec 11 CTBONPEKHEBEHb CAEYNPDUDPpAHH

pemi TKH.

|0 B OO 0w

=

ITi ¢ n 4 NPpPUNOUHEHHSA « 10 HPRMHSAP HH J
AaTHPAaETSHC I B pe3ynbTari TEepM.
0 0 W U P w 0, skmMa 10T b 1 0B OCGIH € prR €l
KT u BW@ 11 107 Tip j 1 i TOMY Bi 170yBarwThH
MCOKHUX TeMOnepaTypax. Ibpl2C® € 1 3 » K B
eakxnl g pmiudb) HEE CTUMYITWETSHC A,
OMYCKae He 1eCTpY,KSTKBHCEB1 BMO®MY B3a
po3opocTIl, T a K 1 3 atomaccyTiold U MB JI @
OTJTUWHAaHHIS.

PosransuaewmMo Temnep, 1 K 1 3 M1 HHU 3
HKIUKaT#u Mi OpmacuHiTsap i Bi. p ollkp oic T o p 0 B ¢
o3moai ae (3893 yaMi OpBOIKIO € ix nudysiio,
OpYy e HHHA TOKama b HOTI €ENEKTpPOHECH
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enTeKTpUuYHOTO mnonsg, Owmaliopyekpai xtami
I1poK OpUOUHSIETSHC A, KOIJHu audy 3
npeindoBUM
QO Q3 H(owDwns o8 v
Koedpi ui enrt anuiy 3iixi payi'xpioa® B & I B a
CHiBBI1 IHOTIINE HHSI M —Egﬁ.HEHHTeeKﬁT}Ipqu}ide) mo

b

3’ ABIAETHCMIYEe C@3ayHINOBIPI b I OCBI TIE

cTa®iyB Me HII OCBI THOneHI . TomMy ©p1 BH
QQv-0 Q0 O 8 o8 ¢
Pi me H H 4 Il U X piBHSHDB36IpY 1 oxYs u k 0
0 O oTpuMaHDO
o~e %t QA ~ e Ca v oA LX :
. - AlsQw 'O Al-Qw OBkwWw p Cw
Y0 k! k! % 808 X

¢CQ CwnR  cw

Be numuXuaea 6i monsponn {283] ip,e mit Kk ocon i

(3.47), BOo H a H € 3 M1 1€ H a B1 THOCHDO p «
pemi {3ly 11 0 i i bopwmMye. I[Ti c a4 mp
BE€JIHUYHUHa eHepri:i aKTHUBaAaTIMI 1 3aT

TEepMi dHUM B UKQ@aumoevH Tppii o kO 3c-ck 1 ama e

oni HxamMu XCH pis3suaux c¢jlma o ijslQmwsep.i
Pos3 an2)n. He nRia p y3KUTUUT y B @ H H A 01 m o J
MO XEIKBI1TIOM, S K€ He TNpPHBOIHUTSH I

3 YMOBIEHOTO HEpPIlIBHOBAaXHUMHU A1 pKa
M1 pi 3ag0B@iIblHY €0 Gcmal o 1@ LCTUI)eCKBTI PTYI O
X 3 o0OmacrTi BJaIa(c H@U'™ , PmoZrll8)e w @ ® 1 S0

bGOTOC TAPKYUNILD U B O T U T b I 0 HNopiBHSIHDO
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ob6macrti Bigb6yBaerbcsa 3 Miadlpeaoda,]
po3mo i leH®sa HiecoPOEXKITAIHBE QO S Hi AT p
O meHTDpPIi B O Ha K 00BOO ie M ¥ BPpBHDODMY, I
HE OJAHOpPI1 THOCT.I @OnIr eMETHPOii B ,T € MHOC P JIA HIIBI (
askxkmo y Gopwmyny (3.40) nipgclr.a,B mTkm

BCTaHOBINWETHLCSA BOpi@eHY)PHBAaTI ITHPY

. T ® _8 .
0 o U‘,r o h 5 og Y

Posmongi ne HH 4 (3.48), TakK Xe,
peimi TKY 3 M1 B¢ W ¥ O CHHAO (3. 1) 1 mnp
CYynpoBOJXYETFHC 4 CTHUDPaHHSIM mo I
TeMnepaosipaodx C, K OJH peaxuni sHe
CTUMYITKETSHC A, I s pemiTKa, I K 1
Bi npi1 3Hg©0OTBCSA 11 pemi TKM T1 JbZKH

[IpocTOopoBaAa HE OAHOpPI1 TH1CTHh y p
(3.44), (3.47) 1 (3.48) IpHUBO,
MOT TUWHAHHHOK A3 HU K a £ 3|7&_.JﬁoaMnKepHaH17H B I
NOT THWMHya HEHM C A®SMBaixi1 Mo B i maanb Hi1 (3m35)p e
«p i B8 8o @ @.Po 3 14.21).0T1T xe , aMOI1l Ty ABH U |
obnacri Kpaw BJIacHOTIWMW3 M OITPIOMCHTAOHPH
po3moni neHHAM ONMEMEIPH BIOIME MO Iy T4
3MI HU KoediNnNi eHTY MNHNOTJTUHAaHHSI H, 1

po3noaianenuns (,MaB. Bpaszaiax 2. 3. 4)
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Ty® - TepwMmiuno piBHOBRIDKHEAT PKGH I
MOXKIHBO BHBARmEMmMW uymo®d T g-mepepi
3axonneHHBuegdwrTrpeay y 3apsasIT0BOMY
HUXKHI M 1(f o1 ¢k clo)m

a3 o0oBHUHU KOMOGBD HE HX HU U 31 3 M1
NIieneKTpHYHOTF, I3pYMOIBKIHeoRorii (O dln & p u
V)no3urtT@BHOHEeT 4O )BBAKMPOI 4 KES HUX TOJSADP
cenNeKTpUUYHO HeHuTDPpP@®)p BATIAI OIBA JISHPOQ H Y

o . , O 0 ., 0 0 .,

Y- w u ———  LVw ——UVw U

C C
0 0 0 0 @ o T

HonsipaHs OB b HNWBIKMIpIOHaGE [0 CaRDET H
He T1 a1b KOy ecHATMpOYr,0 ar © HA D OGII BXHEOT O
S KCHAaCBRII TOK 3Mi HU QGROHETIPB 0F &3 Kaa
[84, 160, 161],a K i OPpPUBOIASITH o0 3 M1 HH |
opi eHTanii 3B  a3KI1B M1 HUMaHOTLJ I
oI aHO-i obOmnacrTi . TowMmy bas3oBa K O MO
T1aIbKHU 3 AucHoepciikihRLoi ueppeedp a E O 1
Kp a meKppcoan i 1t a , B 130 M OMBOIT JTaOHTR CEHNITYD 1 B ,
O3 HaJYawThm aMIOII TYyIHY KOMHOOHEHTY
Kpaw BIAaCHOTO MNOTIWHAaHHSIAI, an®© i
Il € HTSPR UYHUT B O p 10€ nouansgaponllea6ap Wr apur

TOT O, o , Opu WTOPI1BHSIHDO Manai#u a
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o6mnacTi MOXe mJOcCST arT W ig s mofli54]ie e x
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M BI1 AMOBI1 AHO aMODial Ty QHOI 1 b
CyKwYo0Il 1 HTephepeHnnult "Hol@ 3 xaP)r

CyB g’f(ba3yf Mi ¥ ®iYe oMo xe IOoOpi BH

.OC K1 aIBpKMU BUKOHAaaHH NMaMHIbBEMIIEP

OBTrOXBHUIBOBOI oOoOO0OmTacTi CcODEKTDP
71 06Hac§1i(bc3y6n'pwblzmoem>myﬂeTb)zéﬁd),sp(
¥ .

IbOMY BI/IHaI[-)Uﬁ_gM M¥e¢e i ¥umE | 1 a OT b
pPIOBaAaHH 3a MeTOoOJaHuKow[1911204dr a3 a
a Ha Bl2ldassimi meTOa 3acCHOBYETH
e ci 3amMHuUCYy pemi TKH I BOMa 3 0
HCU@aBE&ITL3YETHCSH 3 aJeXHY TK ibB

1a, mo NTpoudmdDuOspiiep € BIT YpwHIO T K
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ba3zo0oBOT O HEC3P3TBUIXKEC MY M K1 B CBI1TIIa
pemi TKY, T a 3 yMOBIEHOT O KOPOTEK O 1
3anucy pemi TKU) 3 M1HOW Gaszum oOJgHDO
3 a TO0OMOMOTOK O3 €epKauaa, 3aKp1 IJc
3araanrnbHuUuM ¢dpasz oBHUU 3CyB peimiTKHTA B
C KJasftake,a BeaHOBHMUI A IOT b C I BHUPpaAai3aM

0 Man - & e AT® K- OEOEF
Ko ,

~—

0 Mol I— & e Aid A OBOEF K. |
1éd —n' @ —

Sk mo TRONDTP1I HWOETBbCSA CBilag cMr man
boTonmpuinmMadul B, 1K 1 pPEQICAG MY MA KOT H (
Bl JOTOBI1I ITHO (Wal «» X00CHIWi I &T pa vy, T O
ocuumiatorpadgy oBudié) Bermi peoB aHHS B
ni BBik edd» « a c BME@MKIYHEBPTro eaimcy
TOou®uO T™ai o3 BOTSAE oo UM BEBHPSMHIHI,]
aMnianuayTym a3 eBpyynsamni o, a T akKoX
kKoebinienTyY Yyopa WIHT HES

3M1 Me3H,MD PeECTPYETHLCSA PemiTEKDOHK
OIpPOCTOPOBO ctTabd1ladpbpHOI i HTEepdep
BU3HAa4YUTHU y MOMEHT, KOJNH IWTYy4YHDO

Bi1iyicH B¢ 10 . B b OMY BUNODAaLKYy amnp
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3Ha X0 W DIKAOED ufi agnep u, ¥ 1 a u3e m i (Pany3.7)),
KOODPDIHMHAIWM® KyT » OYyTH BHpPpAaXxyBaH,i
o MCoQan 22— e Als0,
6 Q6N 2— OKl O .
3B1 AcCH
I
3y Wl wa(;Q(I)S od p

3@B35)cni,mpe y T®mdidsf My T 8ni“8

BucokxortemMnepaTypASHIi 1 oM#MHEAE T bYC A
TeMmMne parTly)pl)i°xCa pak Tepus3syeTbhbcsas HacT

QSHa‘IS’IHHSvﬁTBpOCTa€ y n(@ad.e0ct; 3 an

BIIpPOTSATOM YyCbOATM® YKaAC JH a3 aIKIP @ i
BI ITBOpPIWE NMOITOXE PMHO XHAAXOCOIBEKTSD P
1Pud7),i 3HavyuTh pemiTka, mMo GopmMy
po3monai TeHHSAS 1 HTEeHCHUBHCTY, 3 amduec

99 TpHBaAadTicTh 3aTuHUpaHHS peml+Ru
~n9a npu KI1IMHAaTHI WX TeMOoneparTy?pil p
TO0OCTAaTHBO JTET KO 3aTHUpPaETHCH y B
oOn1acTi BAACHOTO MNOTITHUHAaHHSNS MaTeE

GHUXHS T pPaHUISA 1 HT ¢ PIBRAITIOYY UTHCAMENTE
3anpude 00 BCHODoOB1I nadli HE&MMIECHPHETYDPpI B
TepMmMoaguunaMmMi unoi (3pE@EH)BEHAEAMBaru peaximi

H eHepris a k T umoapuii BiGi3bE®0b Yy d ymo

CTAaHOBHUTH, y moBHI W B@EBAO op u [ H @ 8 1
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Puc310.Ki nertuk ) {yiMu@ onpu 3 B8Ruc,;
pemi TASS B ynpomi HeNem a mmeg o ( C): Q 100, B)
150. Y ATYONY mhA T Y0 P8

CnouaTkKy, 1 K i p a Oi mmee,H T pyHr,B O
Bl JmMmoB1 1awWTbh 3a 301 ITbIMEeHHSI Ce€PpeE.;
NOoOJASHOOH pemiTKH, H € 3 M1 III€ HO I
1 HTEHCHUBHOCT.I 3 ,a( MTHOCUYKKAY OH a0 e KB ar HIla
mo BigoOpaxaekmo(p y3kEAMOJT BT b C S Yy
a Kumipe nctTaBPawrdo. 79 a [ToTi M pemiTK
3aTUpPaeThbCsa 1 BUMHHUKAaE pemiTEKa, a
3MimeH“iﬁ(1HcaqKa H a e KpaHi OCIHUIOT
mnpoiIme c i 3anucy a6 momo:xRmaa 7 Q) .(
3 M1 1€ HO I pe mi Tk w<ImpOu® Crt e( Mpreeapkauri yip i
TEepMI1I 4HO H € CTUMYIJIKIOTDBHCSHA) COmHoCT
onmnTHWYHAa CTI1 WK1 C T ,1 aH o/tdimDyeHOoCH siedpea 3 0O

XapaxTep.

I[Ip mn bopMyBaHIpic IIBME HIE BOipe3yab:
mounsmp ovie(l 208 C)y (Pud10B). HaBenmewma |
BUKOHYETSHC 4 Tiab ku Oy II eBHUTIPAlBK. Y 30

BU3HAa4YHMUM MEeXaHI13MOM YTBOpPEeHHSI 3
O meunrtpi B. 1) B IO0OAaTKOBOTO mi AT B
3BEpPHYTH YyBary Ha HacCTYyIHIHOI: PACKII O
B1 10pE®BI J0O0BIIOPEBA@KIII I (3.41), T O
BUKOHYBaTIMCc 1Y y,MoaB a3 Me HIIe HH S a MI J
Koe ¢i mioermmyda KBTI p OB O XKy € T b cM, 3INGE |
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HEe cmocTepiraertrbcsas Ha agocCcai gl . s
EKChnepuUuMe HT 1 B, I p U HO 13 a TpUEPIAYHTHKH T
3Me HMmMY € Tbhcsa N, 3 micHmedameicas (P m 3. A0sBR 9 H 0

HailBl N pP@ABHOMY py ¥ HY BoaiH Hp ¢ IfiYi oTAKMMIp 0 H

KOHIOEHT paimnis © eupeiHBTHPOIBBA, K HHMKI /M j 1 1
JOCHAT ace JO0OCHUTHD 3 HAa YHOI BE€JIMUYHHI
Pl BHOBA XHOIO KOHIEHTpPpaIlni € 10 o U X
MNOJSHP ® H p e M1 T KM O3PHKAECUYTHHOC SII PIUPCUK 3 M € H
pemiTKUH, I Kal 3M0O UCRKDBKC IC B1 JYHUTHbH
M€ XaH13M yYyTBOpPEHHS 3 MI1meHOT pe i
Taxuwm Y HUHOM, y noBHIH B1 A1MOB
Me€ XaHl3MaM¥u, H a P13 HHUKX eTamnmax F
ASS;, HaM@®MC T P11 T anuecs y Cc 1 THUHHKHUXP

onucy©T b c 1(3.49 (3.50,@ Mmuu ad et @ i YO @
—bop My (340),1{3.47) (3.48).

Omucamni B U III e pe3ynTbTarH¥u Ma T I
cTex1oMeTpiASHu/Kkt 13 p3apARSHKBICE € X1 O M€ T
CcCKITangy 3 HaIIHWHMKOM C1pPKH MO XE€ C
4 KOT O B1 Ap13HSET,WAMCBHMAX MPAXHHIIG

3amuc B1aA0yBaeThsHw c AASST pBuil T e aMTRE B 1a XT y

[y

XapaKTepH3y€eEThCI HAaCTYOHHUMHA BII
a)B npomneci 3aMumcypyorEamarmyMHa
O)aMoniai Ty aAHa 1 ba3o0Ba KOMIOH E€

B1I JHOCHO PpPO3MNOJAJ1JdT€EHHS 1 HTEHCHBHDO
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B pemiTKa, mo QGopMyeTbhbCSs TpPpHU 3 ¢
ONTHYHOW CT1 MKICTCIOBIITPIWD M3 B U TOyOBJRAaHC
NOrJTHMHAaHHSL MaTepilany

r e 1€CTPYKTHUBHE 34YHUTYBAaAaHHSI MO:
npu TeMOmnepaTypi 3anumcy, a J mnmpwu

aIrxrepwmMi uHne 3aTupanunsg pwhl ;@ mno

€)1 CHYE€ 91 T K a B ¢ mIXAIC s Y~ rPppaUH H 1T
Il CEPB LI € H H 4 14K O 1 H a H (3 Y @uupHMyB O B @ T H
CTpUOKONDNOA1 OHOT O ;IpPUNONMUHEHHS 3 alHu
XK)3 HadyeHhHmBap oOCTae OIpHU 3pPOCTaHHI

3 pasiskKax

I[IpuBeneHI pe3yabTaTH T 03 BOIHA
PO3TIAHYTHX 3 pai3Kax ONTHWUYHHUHU 3 a
MiI KpPOCKOMNI 4HUX BKIJ KY€ HB bas3mu c 1
aubyQ meg HT pi B, I K 1 € Ha IJHWUIOKOBMWUMU

cTam.illpue mpatTyhpli€@f{~remMneparTypa miaa
[ 206] ) xnactepHPu@IlB,opcemanm 4L)i pxw
cTBoOpwwWYU BI1 JbpPam8.1ld@corvmm cli)p k w1 k(1 M
PYXITIHUBI1 CTH5H

KoundiryYypargcsabinbeua i 3 IO H U
CTBODpIE 3 ITBOKpPaTHO KOOpPMAHUHOBA aH
cCTpyk® yipenpe x T H {0 Enda)p yrmo x a 1i 3 0B a H Ui
Pud8llQctT &Y Bi1i AICYyTHOCT.I OmpoMIi HE
BITaCHOTIO MNONMPHEHAEG@MHGCpPARYPI NmMoOIMU

CTaHtd MO X € 30epiraTwucs T0CTaTHSH
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ONMpPOMI HE HH TakKkui € KCHUTOH HEeCT
HEe pl BHOBAaXHIHIX €I EeEKTpPOHY 1 I1 p K

BU X1 a1 HOTPou 8l @curya u( 1)

clic ¢ G
a) 23 v
-
7
c;icY

6) r_g* —~1ey reflo -1

((e)
B) —

Pnu8&8ll.CtrBopeHHsS xnacTepiB c¢Dpkxmu

ne HT@IiIiEB) y CcHONYyKAaASS3C KH @ MU IMK OM
Me xaHi 3 MO muediyr3piiis yASSGH ) Cywma x b H i

NOKaj3yYKWTbh 3 BHUYAMUHI KOBAadeHTH.I 3 B
cipku B o0® HOBHOMY (@ ) Ta nedexTt

JOKAaildl30BAaHMUMAU €KCHUTOH.

JJoxani30BaHMUU E€KCHUTOH MOXeEe Mery
Mo CKJIdaaaeThbausd y3 HEB MY AHAHPE K O H (
0 O0)PwudcllB cralyjskpuyiiy CBOKW UYepry,
3apOOKOM JOAOAA1 HAaCTYNODHOT O mpMWeTalack
noeTanHoro cTBoOp PEHEGIII,®).TmacTepy ci

[ pyHT yMoOYHCH H a Il U X TaHUX,

HaCTYNODHMUU MeXaH13M roaxaorpad@iuagHor

Bl amamny npwu T ¢ M (U=R6p0a°T@y)pdhe K T &I U Y
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A

H

HaxoaaTb2Bu§llOrlhorTii M Wi g nxi €0 ¢
eOw T BinbOyBaeThLcKHWUmuope x e B p c3.HALDO
MXKXHBOI CTpI1lIdIKOIW.

CtrBopeHI Ipud 1 bO Myl pay HQIWHOT B i [yK

MaKcUMyMy ocBiTtTnenans i(0r1YT1),daKa HR.
3apoOJEAKOD WKTHBHC 4 KlacTepu ClpKH
P u 3.11,8B. et mpomec B1agOyBaeTbCSsa [
aTOMHU Cl1pPKHU Yy BCHhBOMY 00’ €Ml 3 pac:
HaiMO1a1pma SKIUEKL ETATDH C I y M1 H1 MY W
KnacrtepHni YTBOPEHHSNS C1pKHU OINTHUHU.I
TepMmMl uw=d l P& [ 206 ]

o

-

oo

II

3

b

II

Bi 1 o[20F], Mo g kK mo yASSMICTBERIMIIY € TDH C 5

1 pKu, T O Kpa#l BITacHOTO NOT JHUHa
OBXHUH XBHUIBH, a MmMOKaj3HUK 3 alloMIEe
oMY, KOJXIM 'y TmpoIec.i 3anmucy BiJ

TOMIB Cl1pKHU 3 o0o0nTacTeldT MAKEUMIY M
OmacTsaX A8 CBITIOBHUX XBHUIBb 3 C
a XBHUIGBb O1 a1b IO 1 I O0OBXHWUHIHI, B1 10
1 1T BUINE HH A, a HOTI1 M 3 M€ HIIE HH A
OKa3HHMKAaAa 3aloOMICHHSH. [le mpu=xHROI
M1 I[€ H a B1 THOCHIOHTRMT M®B® HIOKXL T HHSIC B 1
OpMYy€ TakKy pemiTEKY, mo 1 Wi ATBE
YV 3aBepmeHH] OTbhOTro Ppo3a1ay mniAg
Me x aHl1 3 M BUCOKOTEMOEpPaTYyDpHOI
onorpadgi yHOTr o ASSBWMG W a ya ecTdeccie M1 I
CEHTpPI1 B . VeappnBe M yBRI AI®ETPM C1 pKHU T
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HaJ gJuilmK o B 1 aToMHu ci0p,k 1 aAYSy pBeiraybIEsiop!
aToMH Ccipkum y Hes3BuHuYaGiud i ¥Xommis
NUM MexaHi3Mome HTIPASFOYBYITIT € BO B1 P

9

Bi g oa@dayksai imoB’  s3aHa 3 B3aemwMoIiep

O=

Takxe mepeTBOpeHHSA aAePeKTI1B €I
BOHO BI1an1OyBaeTbhcCcsa 3a paxyHOK BHUEK
io (P wu 3.11,9).

606 0O 6068

O=

bBesnocepenne nepoOrwoope npadbwue pe
01 1pmoi( eRoapiliyPiun 4),o0T xe g Oduye3HiTsAp i B
ASS HacCcTace npu TeMOmneparTtypax, K O J
piBHOBAT a Mixkxk 3axomnaeHHsaSM (3.35 Bu
W>100°I)u. HeoagHOpi nHOMY GoTO3 0y X

O menTpiABS; ¢ moOopy e HHSA TEpMOJHUHa

po3monni ae BHA®M eqHeThpeikBT)i, ASS3y HBaWIIJIAWIIK]
Cl pXBUM HUKHE HHS HEOJIHOpPI THOCT.I y
Cl pKH.

3anponoHoBaHUU agudys31 HHUHA Me X a
ronorpadgi 4HOT O 3amucy Yy MOHOIITH
B1 IMI1 HHHU U B1 I M€ XaHI1 ¥ M UPEE alo K3 ay JE BT
N1 BKOBUHX 3 paAsx a X MOK@aJAIYHT e prope
ITONOMOTr gmHRGEBMPHPI rypangi "Humux Jg1ar
I O0O3BOIIS4LE Imo HOBOMY nH1 01 UT U I 0
BIJOCKOHAaMTEHHSS I nepcnekKTHUBAaX BHK

3D ronorpadgi 4HOTr O 3amucy.
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324Toaorpad¢i yaHui 3amMmc Yy aJHUTHUI
3a0napmBHA JI'K ™Mo x1IuuBoO OIpoOBOJHUT
0OX1 M1 YHHUM {117].a ¥ u TnupBOHIHEM i borTc

T
OapBiIEHHSH KpPHUCTaim= N1 AJXJA9Tr ace€ o1

w
oo

(yabrTpadionerto Bl p, opuepuormeemnii )B,¢c bIK® |,
70 CTBOPECEHHS A 1@ PKIOBPMXHHRERMETII1 B . I'o

3 BUKOpPHUCTAaAaHHSAM T aKHX A14-214]p i »

o
o
o
o

KTEpPHU3YETHLCSI AYyXKE HHU3DbKOW 0TI
O1inpmow e€ePeKTHUBHI CTIO HUAYTH MNPOIE
3aMHUC. Ho® yYHUKHYTW IBHMITY,BaKHHUC

oxono@mma nd8y1Mr)e.B UM HEeJOAT1 KOM TakK.l

«BTOMa» [ 211, 215] 1 T € ,6 @ PI® U BBHOUI
3aMHUC. B Hami # poO6OTI1I MU SBKUAKE P M€
CcTi1WWke 3abapBunedHHSsS. oltepmmpm 13 ar@akm
MO XKJ UB O oOepHEHO, OaraTtTopa3soBO
boToTepMlI 4HO nepeTBOpPWBATMH y 1 H
KpHUCTadims OporpiBaeThshC B mapax

TeMOoneparTypi, 3a paxXxXyHOK dYoro 1 (
Ha J J U O K . B pesyasrTarti BCepeauHiI
aHl1 OHHHUX BakKaHCI #H 1 ¢ JiCerKe THPT G HU1 HB 4,
NOBEpPXHI HapoumyKOTS5HC 4 HOB.I ma p u
JOCTAaTHSBOI 1 OHHOI OpoOBI THOCT.I T €

500ACpKOREHTPHU MNpPHU UbOMY HE YTB

CT1 AKHUM.
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Ha#i 61 npmuiéd 1 HTEDpPEC )1 ) " roJloOTD P
3ab0bapBiIeHHX JTI K npeancTaBisN OT b :
CBI1 TIOYYTIHUBHX e HTDPI1iB 3a0apBIieH
nNepeopi eHTOONHHAX aHEHDPDPB 3a0apBIc¢
IUXPOTi 3MOM,; boToTePMe mHRI BIecyp c @ B D
ONTHUYHO CTI1HKI WUWeHTpPpHU 3abapBiaeHH

Ha i1 k p a mi pe3yaprpTaTu 3 BHUKOPUCT
3a0apBOIeHHSTS Ha OCHOB.I 1o Mi NG, 0 3
ner oBaHuClsc H,@ [2156-2 1 8NaN®[2192 22 ] . Cne
NOTATHWUHAaHHS T aKH¥UX KpuUCTamni B X
noraivuHaHHASM B yiIbT@&3p00 n®M) Bil B Ii0

MNOTJMUHAaHHHA y BRma@mMil2, okpaaesmni 1( .

KpHCTamni B yiabTpadionet om0 ~dzdg0d 1
OPUBOIHUTH o0 pyHWHYBaAaHHIH4 1o MiQumk o
HeHTpI1 B, NOoOT JTHUHA aTWI U (@469 dzig (R m eB3M2, i

Kpud.8B oO6macti n>50kedyEa KBl 13 @BOKHKE O T
bas3zoBUU, CT1 UAKHMUWU AO B3UYUTYBAaHHSIH,
HNE pemi Tok y mi#un o660mP4 i ™Moxe nmo
CrpuMymwdyuM (PaKTOPIOBMO BUKOPHUECIT @ M
I roxnorpad@eiunoro 3 anucy y H a II
KOT € pEeHTHOT O BUTONPOMI HIOBAaHHH4 y
noMi mkKoBUX<3M0&zBr pre My mpaxTHUUHA P

boTomepeTBOpPEHHSS MmMe MNoONDeEepeay.
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Pudl2CnexTpu mnor au NaGIMnClL M0Om ¢ T a n
Dnicnsgs aagMTUBHOIO 3ab0apBiaeHHSH
2dnicunsa onpowmi HeHHsAS y i HFE20Od 3o

&z pu ki MHaTHI.U TeMmepartTypi

Ho mToOoOCyeTbhCH M [224-@30]y 3 azcaHmouBCcayH O T
BIAaCTHUBOCTS SX WIEeEHTpPI1B 3 ab0apBIeEeHH:H
MOJSSPU3OBAHOTO CBI1TIIa, TBL OTHT €
OCHOBHOMY, TOMY, o mnpomec 3 amuc

YU CTO OINTHWUYHHUHMH 1 g4 B W 1IIa BTOMHMH H €

nepeopieHdHTa anii e HTPTHBC3IHAGHpP B IMeE
eHeEeprii, Hi X 1149 1 X CTBOpPEMHMOESSINT
01 71p mHu X IBUIAKOCTE®E€H 3amucy. Ile M
nepeopieHnTanmii npuihmMawOTb y[234].c T B
CyTTeBUM He J0d11KOM aaHOI ME€TO/IdHu
BUurortrosDegmdapa Bui1 MHOI pemiTEKH, €

3aNUMe@yYyUTyBaHHS CBI1TAIOM PpPi13HHUX OO0
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i HbopwmMami i TYyT € cawMmi CB1 TIOUYY"
nepeopieHTani g e H”HTDpPI1B 3 a 40ar coo M
3aTUpPaAaHHSIS pemiTKH.

F'onorpadiunumih 3amnmnumc 3 BuHUKOopPpmcT
me HTpi B [ 24273,7 12 In8p,m 233020 ie e e HH O 1 i B
TemnepaitsPpC)( Te> TepmMi yuHo .1 @OaHWUBIH
HEe T0d11 KOM TakKoO;I CUCTEMH € T €,
cBiTnouy OnamPirirEp ol hy k 0 08 Yiyouy e o) p i
3HaIXIOT bC S y BHUIUMI KA oOmTacTtTil 1 C I e
oaxHuAB8]. Tomy ronorpadigHI pemiTK?FV
OONTHUYHOMY N1 amac3B0aHKIH O HACMIITIE T N @ A U
BHacini Tok nboro(Hewmbohp mmany JE

Pi me H H 4 nieil npoodmewmu MO XJTHUB O
boToni3y BUKOPHCTOBYBAaTHU LUEHTDPHUH,
obnacri CcCmekKTDpa. Ham Bmpmamocs pea
3abapBunenor KClLGapH st apiy3 Hu M Cmi BB
i HT p e ad5@|.dlpiosre ¢ p yRmeymTMIEBI B T a KU
npw>l S0 €npoBOITXKYETSHC 4 ¢ T BCa@HeaHoOHOS M
g @ 1)9 xi noraduHaiwTBE2800dzzH wpPpoar T T
BUOIUMI AU oOmacTIi B pe3yabTarti T a K
90%7[96].

Hacrtynuauim mia g X YyCYHEHHH He ol
cnmoco0Oy 3anucy, 3BOIUTEH C 4 o0 1
mNo30yTwHCS 3 adumKOIBe HCTBPI i1TBI Oyd ypTelIHiBTUI
00c a3 i Taky 3agauy @ unl@mepreT BBOUppeiH
kpuc  TKChiaNaCl s k 4wwumc T X, Tax 1 [A9%,r osB
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239, 2406243], i He Baanochb y O0KBrjddsi ur
245]. O n = IbOT O 3anuc -Beunpesepy H Hisie
371 HCHIHOBAaTHU NOpHU TeMIeparTypl 270 -
NOTJIHWHAaHHS Takol OpeHITpPEHU TB81 TAYT
TiTKKmMYyT a, 3 yMoBIeHa meHdHPmaddd, «
[ 246, 24717, 1 K1 TOyppul KHICMBRW ¢ U C E
Habimpu Beunukiid nortry ERAc mirwma 611 mp
HNOp1lBHSIHHI 3 1 HIUU MU MaTeplamagawm

ONpOMBHCTI K1 CTbh NOpPHU 3UYUTYBAaHHI

F X
D A [ : |
20 I
L0
N
0.0 LT

400 600 800 A um

Pnuc3l3.Cnektrpu mnornuuokKCGimape&ampucr:
3anucys=2n/pOu’kCp u @ 1 3HSATI npu K)Yi MH
1) 3 araproBaHUH KpHuC;T2a)1 COTEEPKTIP 3 TAON
€e KcmoHOBaHpP3i) ocOIIe akCT TPl MOTJTHWUHAaHHSH

YyacTHUHHU 3 pasiskKa

Ak cnPmrpggelsd3, y oOmactTi 1o pidxigin
01 mnp» mu XEABBOHMi Tk ac s kuH e Ppas oBoOIW 1 i
npuo6muiz% d248]4 Ot up a H H 4 pemiTKH T a

HAaCTYODHOT O 3amUuCYy npoBoau4ds05%C n
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MBUJKMUM OXOJTOJJXeHHSIM 1 o]l akili M3H asTCHYO!
b1 3 MY HHUX INpoHNEeCcCi BUYY KPUXBRPRARAIKT P
pemiTKH mNpoBeaAeC HI JO0CII1 JdX€ HHH4

Moayunsunii kKoedi ¥i e HmyKkao EA KA B A
a TaAaKOX JHUCIOEpCTIl 4 U X napamMeTOpl

OIiamas3o0oH1I 3a MeToauzko[2047249]. onuc

Sk moxaszananTum JOCH1 JOXKEHHS I, p e mi
KCI, NaCl i KBr mapk@CU,xapaKkKTepHu3YyIWOTHC
3ane kHOY T AWa Binx qyacy € KO,C dl O H ya BK &0 |
MakcuManb HUuMHU (PanaBild)m3rP smnm3uld B/luEn 1 o

npomec 3amnucy AIsA LHUX KpuUCTamagTil B

Ao, em™!
A
30 3
0F 4
10—/\
0 /I |\\\"r 1 1 >
2 4\6 8 10 I2
[
10 F 2 j N
20 b
30 \\\
-
Puc3l4. Ki neTuxa 3M1 HHM aMODIl1TYyaAH

nornuun¥ Hys npormeci 3anmucy pekBH T K:

A%

2) KCI, NaCl ¥ Y ATYONY A 1Y P8
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M 1

I p

B a

I u

CnodvaTky y KpucTani oopMyempc s
a, JWWOMIITHAYMEL 1 b HHMX MDapamMeTOpi K,
HT pi B y BCbHhbOMY 00’ eMi KpPHUCTa
Hi My M1 B OpoOCTOpPOBOI i HTEeEpbep
THUpPaAaeETHC A . [le & H1201BY O3 a[HJI JBIO TIEPPO
OOYKTiB GoToOT®OpPMEHEAPOE (©HERBRBMMO
KaBCIOKBI1I TAEHUX A1 JSHOK peimmmi TKH
bysQiemTpi B 3 HEOCBITIEHHUX JO O

YV xpucKBazmaamxu ¢ Ha UbOMYy 3 akKlHUY

KCIiNaClni cms mbhoro HacT TS amM) QW €T k CT %

HE

II o

\ %

YO

a0

\ %

YO
o0

aTHUBHa pemiTKa, NPOCTOpPOBE
r J MHa HIHEE 3 MWyl 1€ H O BHIAJ H O C H O pO3T
TEHCHUBHOCT.I 3anucYywumro Ilpmi TTIa

nmuucecy pGHIiTKa O C AT a € rpaHHUdYTYHHUX

OCTepiTr aeoTapHcas CTMiyJrbak MII O T JI M H a(l H o

HTpamM®Pu@24868], @G.15). [Topi BHS HHH4
1 CepeanHb ol Beﬂnqnff)nz[n(anpHequHiOTi'
CATHEHOW MakKkcumMainbHOWO JE B U A B
O Puc3ls)no iBrdcni fEy8BMmE CcIOeKTDP
1 a A1i0 €230 0

OcBiTHneHHH4 TaKUX pemiTOoK, 1K 1
1,B13@1 BHOKW €HEPTIrliew OpHU TeMOEDPp a
THUPpaHHSH pemi TEKH. I 1 bakTwum | cBIi
raTmuWuBHOI p € A TIKOUI 1 M3Hya MADHBIUMEHHT P 1

HIICE HT PR HAMMA KCUMaIbHa B M1 HI MY
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i1 HTeppepeHIN]I UHOI KapTHUHU. B o0 n

XBHUIb, WO 1HTepPpepyOThHPWUSH NP B aLKE

obnacTsaXx UNL@EEHPEH Ba@epyrHI (KpHUCTa
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Pudls5JucuefOhVesi Op e wi(xw mu cNa€ln
CcCnepuHMEHTa ob-YD o3 ¥Ea A €@ H 1

3 paXyHKOBI KpuUBI1 3a @GopMymnaamMu:

YMoBa BHUHUKHeHHsA HerT arT KEHNaC|I pe
Tsrae y HasBHICTBbB aKWMEar D@ MBI X
3 RA4).B kpwucKBI,Xamxe HT pu T aK oI B Il
ITh. HepiBHOBAaXHI €IcKDPOMMU) a NI
I8X T M1 HI MyMmMYy OCBI1ITIEHOCTI 1
paaXawWTh DKW O0OO0OJXTacThb HETaTHBHDO

TacTsgX J0 JOANTEKHOTBPUi B p3iac Tp a X y H O K

1 OHHHUX BaKaHCI1 H mi1 I I11 € 10 e I ¢
KCUMYyMYy OY¥BpPGE@3AIRPHEOTAT1LI IIbOTO, B

BiTnewnoctIi DOpymMyeThbcsa TOpP®MOII
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HeHTpamige rap i y LOUX o0macTsaX pyiH
OnNTUMalbHUX YMOBax (TemMmeparTypa,
HIOBHOTI poy i erm T p i B y Mi cIls X Ma K C
3BUYAMWUHO, 11 O I UMHU npomecammu B U 3
OnNTHUMAaIhbHUX ronorpadi 4HHUKX Xapart
YyTIHUBI CTGHh, HE 1EeCTPYKTHUBHI CTh 3
HanonpukKkim<Iamg, npu «3 aMBROKRCH I @ y B anew

nepeTBOPUEEHHHTAp D B e yT puU 01 a A1 €10 CB

3anucaHnux pemi ToklGByna wamewTEM
hig) " I U X pemiTOoOK BUSABUIOCDH n oOr 11 u
e HT p ieed.0 H ©H 11 0 JO0OKamalbHAa @H B H MH ¢
KoHIme HT POal i cerxd T p i B Oy e 3 allexXarTHu
3a0UCyKRYOT O CBI1TIXIa. Towmy, MaK-CcC
3 anlexXaTH I K B1 I EKCImoO3 muomi i npu
BUINPOMI HIOBAaHHS, 1 0 1 cmocTepilira
MaITHUXyYyHEBPOCTSIX CBI1TIa, KOJHU 3 amuc
1 K O IO O u BE€JNIUEKDOI He He ® x D &1 a HEHKSIC 11 G
B3a€MO3alle XHOCT.I OPpPUBOIHUTH o0 B
bopwmu MOAY DS Imi i napaMeTDpl1 B B p

3 HAa Y€ HHH I E qmsa 1 DYJA K MHOIC UBRWMCOIT I
c k1 ad3Roe[le]l. Onuacx, S KIMO pPO3paxXxyiBda T F
TaHI1 , I K 1 OTpHMai{yé B3 3BAWIMIICpAIBIBAAXH bp €
BHECOK aMOIl Ty AHOTI Moaynsmi~6eYy 1
[198, 251]. I{e # pe3yabpTar r OBOPHUT b mp
pemi Tku, sAka 3anucyethsbcl[d9,25]illp uc u

OCBI1 TIE€HHI T aKHX G- 0+ O R O CIHTi eaphl K |
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nudppaxkmoi iHI MaKCHUMYMHU 3 1 HT € HC U F
1 HT € HC MBHOG5¢ T IMO AJESIK B1 Baade HT HO H a !
yacToOTaMHU, KpPaTHHUMHU OCHOBHI U. 1
BUOTNAaTKy TOBCTHUX pemiTok Ha—[Ire ¢p
180, 253] i , OT XK€ , HaBeage HHUH B U 1€
CHMHYyCOi nanbHOIT Hpuemmi THiug Heo B @ pr @ K TI
[197], m o HOpPMOBA aHI I O CepeanHbOMY I
P n 3.16.

oL(x)

\

Puc3l6. Illpodi ns pemt TKMH, HOPpP MO ]

nor aguHuadpmmsam: Kk p KENaa2) gy 11 9 uKECh )0 o a
i neanpuHOpP Hle@ri.T x n
Tagkxk Oyphaes (ToOTO B1 AHOBIJIECH]

HE KOpPEKTHO I 3 a AcCaby € @ XBUBOUKZ Prw M @ B H o

ONpoBOAHUIACSH B i a1 o B394].ulhp u p enroypiisaBpHi s
KkpuBPoOAl 6~ moMi THO JaOyXe CcBOEpPIi THE

—BYy3bKI TOCTpPI MaKCHMyMH 1 HWHUDPOK:

OnuM3bKHUM JO10 Hyas. IIla ocoO0Dumyrcnm b
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CHmeKTDPpPIi T)o INIJCUMHHOA HBHKSA 3 Y € H a ®UacKUITUPBIY
y mNpouneE€gyili 3 amu

Taxkuwm YUHOM, y qTOoCHOi1l AXyBaHIH
(400 eRFP 0 Mo g ypredmiiTIo K 3 YyMOBIEHa IO
WUeHTpi B, NPOCTOPOBE PpOKHXEAXAEHH
y npoTtudvasi o0 po3 MmOl JIe€HH:H 1 HT
B31).1lo x cTtocyeTbcs BUMPpPSudobL o, 3w
CHninye 3 cni BB1l1-Kpome BB ;,; Kpaomepct
3 Hauye HHBI MHHT e pBani HKOBXHH XBHIDEB
3MiH}3[}0y COHEKTpPpamlndbHUX obmacrTSHaX,
BUMI pIOMBM.HH@I A @i, py 3 WaBEHHA YT b
CMYyT O MNOTIJHWUHAaHHSH, MOXIHBO 3 SC)

anpokcumyBaTu Ha o0@OO,acc)rp[ MOB,xUHI !
3 c¢cni BBI1 aH o HE o H[3HG) e mMic YT ea

‘ 6 clo clod®d ¢c&¢207 .
8 P L 1] 7\ Q h
d U U 1 ]
né € A0 O AO.
[IpuiiMma 1049 U A oI 0 yéBa—P—It}gI:g i &€ ¢
— N |
8OWD ,3 ]'Q NorTpumaemo
. clo ) YOT
N —_— 8 od C

U 1 1

Bi np m C Tpor |[B95] nmppousBromsauar b I 0 a i
BUDpaAa3y. MpoBeneHWD3 ammaed BYXI UK al ¥ Ip
mokasanauYO] ,;10 MO KIJIHEB O 3aJ0B1 b HDO

CUMETDPHUUY H GBID I OKPPEHHBIO O :
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XapakTepusys®Ri® YOumBmagmi vdQ iM@ x

3 yMOBIEHAa T1 M, o MnNpomec 3amucy
HaOneunrTpu, Omemrpuna TomMy, 1Ope mt piy:
I OBHWHHDO B1g0OyBaTwHuC 4 B1 10ME®E A0B U I

1 ¢ H T[2b4, B55].
OT xe , nicas W eEBOpPEBHIANO Jajbila

OPpPUBOAUTHL A0 MNMOMITHOTO oOCHTaOlOaTeHH

NOTr JIJTWHAAHHSHI 1 I O acuMeTpinaamkiyein
TeMnonepaTypi 3anu @0 ° @icpmMdeITUP3 1H SO0
cmocTepiliramachb np32noaablpu ¢ xemme x

oTpuMaeMo cuMe IQp ¥ ant A ¢ y 3

TaxumM YUHUHOM, BUYMB pMNE@BIGHA 4T H H B
0 OT J MW HMIHEHHAT p 1 B i 3ag0BI1 Ib HC(EB.45).31 u c
ypaxyB43#HH)EM MOXKXKIHUMBUM OB3HAYHUTH Y M
OTpHUMAaHHH roxorpam 3 Bucoxkuwm JE
BHUOiI pKOBOT OQIPEyHITHPYiBBA.H H o

O 4 3’9 CyBaHHSH K1 JdIbKI1CHOI 3 a
BUO1I pKOBOIro pyHWHHYBAaHHEH, o ¢ Kanwpmie ,
ctTan®@Qywy dop@ES8Ho3srnasuHemMo Tomorpam

TOCSASTHEeHONW T a1ub@®uloom i Mormiyia aBiUm pi a X y

BuUDp4320) Mo xuuB O 0 xkYDaXarpua KT € p H i C I
3 aJle KHOCT.I I E I BH("fDaithdein)cn
PTT® )i acuMe(@Q wiwomi® ,"Q T M T O )

cMyr mnornuHnadunBRm8l/naBeageHi H a
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CmeKTpamaTbHI R 1p &mb YOk yHEL & 1 xy ¢
L N O cHM6Tpﬁ7@1Hod,2—01m3ﬂrmcheTqu
YO

Ax ¢ niPmyBe. 137, y Bumaagky XYQ@uwmer
Ma € Mi Cc1IIe 3 Ha 4 HeEe JIBapcoTciT a H B 8 X WlHE

Bi AMTOBI 1amwTh MecRmoMwe BhammsMA ypwa €T

obmacrTi 9aCTOTH 3 alm u €y Yo aTrao ), ¢ 1
ONTUMAaIbHOT O 1 o7 s 34UTYyBaHHI r
CBI1TIa 3UUTYBAaHHIH WPu OpyiJi3WH U K U 33HH

MaKCUMBMHU mep Qv pivdi oi mm o B o MQ THTHRA u e

pmt® (Pudl8kpud.a
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Pu8l8Ekxkcnepumeoner X 1 srmi T oOpeTHuUIH
3) s3anexnocti JE Biax amMnonai Y@au ™
n1¥O] yBuUmaagKy, @ My® ¢ 1 e@FapcHmMCOTI)p U U

X, 3— YO Tt

3 HIUX Ppe3yaAbTaTilB MOXOJXHUTH, 1T, ¢
A KOTO MOXIHBO ypaxQ;Ba3rand ¢33 MIcCc HHINCE H F
JE wa % O30 npakTtTuuno p¥QAnani UoB.aHt
31 301 J1b1II€ HHSIM OHDOTYXHOCT. B UIDP
BUO1I pPKOBOTO PYWHYBAaHHH 3BOIUT b (
ocnabne HXG] cMyT u

BuwMi poBaHHS I E 3 a HJOMOMOT O IO
OPpPUPOAHBOTO CB1TIa CB1 AYHUTH 0
C UbJIH U M BUGIi pxkoBuUMYOO0®a a Oarre HAEK MM
AaCHMEeTpPHUYUHE@BIO IapaXOod oy oO0OmacrTi
3anucywuolr PucBdd).BrRac ok CceaTeKTHUBHDO
y M1 OB MWIOE HHI 1 E I A 1 1eanxll 3 0Batd
(P u ¢3.19): ¥$ 5 m( a3 oBa MoxPuasYhi 9) o
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Pudl19.Cne k Tpanab HIiGES3 ayd EBMHIOACATKIY B H
pyiinanii meuHTpiBKClkomoi tHoro TtTuny

l-cnmekTpalbHaW| 3 a1 €XHI1 CTHh

2— CcHOneKTpalnbHa WEa jJeskmd CTBYMOB
ACHMETPHUYHOR TMPMwoiQ TMOPNT®O npu
S cocpmA

3 i-1eanxTtl130BaHUNAU BHUNMAaTOK HTOBHOTI

i HTepsB a xhyp Ratcor o olp P T ®

HaPu 318 kpud)aipuBe e HI po3paxyHK
I BHH&MWC}D]IHB,“Q T[F[LI.’I)JT[(I),S"D
mp ¢ T QO . Buo6ip Il 1 X mapaMeTDpPIil B
pe3ynabTar CUIABbHOT O BUO1I pkoBOT O

OIpakKTHAYHO moBHYO) o)c 18§ 3 & KHS O K O I
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Ta3epHOT O BUNplbiMi cHIHOBCAHHHHAI B U O 1 p K O F

2

W UueHTpi B, HacaMIOmepei/ HOB A3 aHO
KpuUcTanla TNOpPpHU 3amnuUCYy. Mo xanuBO, 1O
HDOTY XHHX Ta3epilB TO0O3B@KUTHBUOD @ & J

MNOBHOTO 3HYOApH)Iecmasag@¢BKUHI XBHUI
Pud. 19). Tonmi S KIMO TycTuUHAa 3 HEO
To ¥Qu T ThRIE Moxe mocsat60% 3 Ha9eH

Hanonpuxkxi HUMO , B iImi T HOBLIOEPHE THPHI B mi
J1 H FIIMOHWIOS P U3 O Ba HOT O BU-lNp o Mi Ha B H |
CYOPOBOJIXYETSHC A no s 8402 (P m e13x.p200i )3 ™
OITBONPOMI HE®MAJOMIEHH

Y aHall3yeEMHUX y M QIBl alXC O 14 /R ac JIT bW HH OK

y TBOOpPIECIHII A1 € 10 3 a 0 U CHyOKMUsiOpruo3 O B IM D H

<
©

KYOTYbT U 3 YMWM,JI €EMHO Y KONHRBRMKB €I 6

os]
o

KTPpppyMyBaHHS YacTOK YTpPpPYyYyAHEHO,
19 N-n@anHdHpPp@A30BAaHOIrO CBI1TaIa Ha KO
YyUAHYBAaHHH 11 y HalopsdgaMKY €EITEeXTDpP

O I i a H iQBUOETHPTOPIi i Bi y bopMyBaHHI ¢

4 © T M

POBOAUBCSI 3 amnuc -pfomupasxor upHrew 1 4
Nenaszsepy (QOQUBOPpOEBS Yy UObOMY BHIAI
ITHXpoOoii3My KpUCTamny) . Buwmi pwoBaHH.
pemi TM&K T 9 H O H € 3alleXKUTHh B1 1

BUNOPOMI HE HH S .
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Pud. 20. CnextTpu noKChmo alHsti ¢ripil
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17 ) 1 nepem@iguX YWIUIHPOIMYK TBPE K T O Py -

IpoOHMIB 1 T MOBI1 J1HO; 3 — XxpuBa JOTUXPOI

TakuM YWHHOM, aHi3O0TpPOMIEHUTMDB C

YyTBODPpIWIWTHb C 1 OPBQ MEPPOEUTEBCOIpP € HH B8 NI K Y ¥ T

bazoBUH 3amunc llaae y HR @A XKY € T b C o 3
nepeagbavyaeTshbcs, 11 0 OCHOBHHUH B H €
aHOMAalbhbHa aTucmepci s MOoOKa?3HHUK a

HOT JUHMEMBMST pi B .
3a3Ha4YUMO TaKOoOJX HaWOI1 JObTIP UBM@A M J

TaHOMY po3ail ai
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DoToOXpoOMHI cucTR WU c PETHCPORBH A
3ab0apBuneunns KEl i®NaGkc Tmpira X on T uMa b |
103 BOOT/HSO BHiIi cTo0 mnm&pe HB POPIIETHUT P U, I P
K O H Il € H WpUacI{iTsap i B B Ma KCHMyoMia X K al pHTT]
yepes TOhyg T i B y MicOosx Tpauagie
npakTuuHno 1d260;i26i]1He o6 X I il HO W Yy MO B O
anumdpyszi1i € HasgaBHI CTHh A KO HEAap P H:
XapakKTepHOW BIJAMIHHI CTIKO TakKH@HKX p
ryTHWUHH MOTrJTHWUHAaHHIH T1IbKHU HLeHT?PpPIl
BUCOKUIH KOHTpacTtT, 3 YyMOBIEHUIMH v
3a0apBOneHHsS 3 o0nacTed MaKCHUMYMI

OE pemitTox, oTp@PVM@mHaIXe RO O HID B
40% 1 XapaKTepu3yeTbhbcsa Belnugorwsdky:-
PMIOH HenmnecTpyKTHUBHE 3 4YHUTYyBaHHI
TOBXHWUHOIW XBHUII 1 NOTYXHOCT I 3 B U
CIme KTDpa onpu TeMIOepaTypi axX IO
HecTIi W@ eye BHir pi B (edpdRKLYicTR 3 a0
miIsgXoM O1a1TrTpilBY Kp w4 Q@TY vHaorT yre
3arapTyBaHHSIM. ®a 3 o BQP (M m3eaprneurcs o p @

peanii3yeThcsds 3a PpPaxXxXyYHOK aHOMAam IbH

y@Wwe My i, a aMYNOBYMWEHHCSI GOQCHTPA?
TeopeTuudno i CKCOHNEepHUMEHTA aIIhbHO )
3amucy i ITBHIMY E€TFH C A 3 a paxyHOEK

NOTrJMHAaHHSNS HNEHTpPI1IB KONOI THOTO TH

20 © B Snpunuwuwni, 3a PpaxyHOK BHUOI
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3a0apBIeHHS MOXIHUBO oTpumatwu ¢as3
npodi asd pemiTKHMH € OpUPOHAMM Xafg

NpoOIlecCYy T3aIDUKC B alb e 3 me 4y e€6+l2%m B u me H

3.3. Epexgmusa pp3BiD nmpomyckamwuo
pe mi TKHM.

IIp u 3anucy 1 B1 JHOBIIEHH I 31
OPpPUXOAUTEH C A 31 LITOBXYBAaTMHUCH 3 T a
peimi TOoOK npob6bnemMamu, 1 K poO3Ci S HI

bJ

B U II1 Ta MNOB HHEARWP MBI AHIM- IR

o
o
ge
o
=
o

264 ] IJE B pe3yInbTari I U X ImpoIe
3a3BUYAU, HaMarawTbhcsd 3pOO0OHUTH 4K
KapTHUHHH, 11 O cmocTeplTramwThsc4 mpv
pemi TKaMHu, € Hajag3 BHUYAHUAHDO X &E B DK
MNOJET U TYUB a HIPCKT III1 T O K . ITe € B a X I
EKCOHNepuUMEHTalbHOI pobOOTIUH, Tak |1

PO3 T I3 HE BMA A a K
binpmi cTbH HasfBHUKX poo6i1T I p
Ce€eNnNeKTHUBHOTO poO3cCci1 dHHH CBI1TIa I

pemi yoxoTope paKTHUBHIUKX KpHUCTadiaa X

[264-2 6 7 ] . 1 s BUBYEC HHH xK edpekTIiB
pemi TKax, 1K 1 cmocTepirawThbcsa 0Of
HaKayKkKu, PpaHIM 3acCTOCOBYBAalMlHU CIe
€EMYyJIbClias KTMOXB II&A HK OB O 301 1 b Iy B aJd:

[ 245 ] . B 0o00’enMHHUX XK€ cepeJgoBHIax
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S =W

BHUIOAa JO HAaAaWMOTro Yacy MnOpakKTMHUYHDO

oHM HawWoi[@EGm cyrTTeEBI

v 4 KOCT.I 00’ eMHOT O CB1 TIOUY
u kK orpomBcy B a1 u JII KOu emgor pp,jexpea € 5 p 0 3 €
MpaxXeHoO 3HaYHO SCKpaBilIme, H1 X Yy
OCHOBHOMYIJO IPSCOH3TCEIANMATIJHO I T a I b H 1 q
KCITBOPWIWTBCSA Yy npomeci 3 aQuwdEy pH
B1TIO, 11 O PO3CI1 I0ETMTE IRH Pl O KTHAWK U
meKTDp 1, Oynyudi KOT€pPEHTHUM,

B1 TAIOBHUMHU nydykKaMmu, T a CTBODIE
AapTHUHY . Taxuwm Y UHOM, onpu r oI
€ € CTPpY IOYIOOMBYHU IId € Prieo p & A 3 OCHOBHO K
amucyBaTuCsIg TakKoxX 1 audpaxmi WHa
Hu dpaxumi o CBI1TIHa H a T aKHX p
KJaJgHOo aTudpaxkimi ¥ HO IO KapTHUHOW,
umppakmii B1 ITHOBIIKIOYOTI O TMIyo4d Kpao 3 Hcai
poO3CcCiWBaHOTO CBITIIa, T THAa KEPOJClY K K ¥
OHAa CKaagaeTbcss 3 naudpakxKkimi HHHUX

yT o, K1 JIbKI1CTH , SApPKOBXMI exa TTkha BOIpA €
€ml TKU BI1I AHOCHO HAaNpsHd MKKY (PIo® NCOBBI
Hexaid B1 JHOBIWIWYMUWU OTOPOMI HBb 1€ 7
poOoMI1I HI B . B 3 anm,e x®m & ®MBMIH BI aijJ akey THa
U moOauwmmMo pii3HI Bi gHoPBHIG2k).d nagu
Sk mo B1 IHOBIJIKOIIY AU IpoMI HB Ima ,
¢ IKIWT, CUMETDPHUTHO 3a0TUCYyHYIHAM o[
umbhpaxii i Oy nel ucciMOrPouma o wk 1a ga
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NOJABI1I HHOT O K O J a po3cisgaHHSE, 1 K 1
HYJIbOBOMY mnNoOpsaaAKYyigmuddipia, K usi ia, M p oI

HYJIbhOBUHU NMOPATOK 1 € AOTHUYHOW JO

Puc32l. Bi nHoB I wWWOYI1 # OpoMI HB T ¢
3anucymwdyux npoMr aMBHIKYSBCc@aHBRI1 AHES

Q¢ TWB)T * =9 —OQ,H— ° G5 (—

bynemaO 1 u KaTim 00U U i OpOMI Hbb O
3aMUCyWOYHUX, T O X1 *30a] HMEIOPKO®KYI 13€ M 13 HOUO (
ime—3 Mme Hmy B(RB m é8.215B) i 3HHUKHE 3 0B°CI1 M
nocsrae OpErBimBsBeMYPyr®unmamgKky C1IOC
K1 J5b Il € pPpO3C1 aHHGH 1 I B a TOTMWUYIHHKX
HynTboBHH Ta mnepmu P m32h,80).1 0k aumdpa

ITp u nojagaxbima MBIl °C*KymPpaxKkimi i Ha
3Mi HI0€e ThbCcsa TakPud8dM,GHJECaDarma Kya B ¥
KiJldbIie 3 HeHTpPOM Yy o0KOIJIiP unde2p,@or o
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NOTI1I M KI1JdIbIleE MNoOMNTHU3YyY HYIbOBOTO

K1 J5bI[e Mi X m©mepmuam 1 ap yRmd@2l,m)o p o
TaxuM dYHUHOM, NpU TMNMOJOXKE@BMJMAHOp € ap
nopsatok nanudbpaxumii, cmocTepiliraertThb
(Pud2l,j). ABTopu [ 263], mo cmomocCTEeE?pi
pemi TKax, 1 K 1 3 anmucatdil H a T OB C

B U A

€C H

T E
¢

b]

w
o5

B UIIH

TPpOM

mi T K H

143 KO

pemiTOoORK

<

H

1 My M

Hn s

=
¢
o

UCTY

b O a

IuHY

TIiABBKHU TPpHU KI1iJAbILSAKIPODBICA
y TmMepmoMy IO paB] KHARYCH H [T a K
, BKJIWYaAawWIYuU QO cebe T apMmo
M . Ha mi K AOCIHII1 X8 ¥ B8 UK O
3 CHIBHHUM 3B A3KOM Xapa
ABOX JOO0AaTKOBHUX KI1JdTelb P
NOSSCHEHH S s B W II, 1K 1 c
BaTHUCH B1I TOMUM Yy PpPEHTTG® EH
Moanu i ko BaHR RacwHmpRpTc
KTYDPpHE 3a0TUCYyKYe Cygpsao

PEHHS ONDHUCYETSHCSA 1DoKiokxoOHKM, i

U y cepegoBUII OpoMI HBb 0
K PO3MNOBCIIXE HHH IS KOT O
IO Xe€Ee HHSA OpoMI HH S , i P gos

Y ctopoys kpra 1Pi ycama HOCHTDB I

Ot xe , Epaeguai 1 X@Baipib 0B U

3anucymwoadux nmnpPuB2@ B B1 a0
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Pud22.llpoexni sEacidpenppu 1 XBHUITb OBHU
IJO0TIMUHY 3anmucy@ X U H P ap e HIi; BIB)K -a

O0pUCY TBHINCUTX T' 2 p MO HI K

IIr puxaMua O3 HaUveHI XBUIH OB B €

nonis i WA, 11 O majgalThoOIRAa CERPEE DB U

po3TampBmeairT pl, ccdepmws33ci WBaHUX Ce€

vl , 08 . Mo ny ni X BC1X XBHUIDbOBIUX F
” o\ IR « W ZN YIA

HeHTpaMu Oy ot ooikhdk , Mo MHNepeTHHAaTIWT

3amMUCy0YUX OnpoMeHI B 31 c e pPPaunmcu

3220 s xi Bimo oW aeYinYinyr aMu
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YpeecTpywuoMy cepenaoBwuImi I i C

3

3

a

K

H

CHYKWTDH OJHGEIEKMETIHOP €1 H T3HAOBC T 1 T aKOX

HHUI I BEKTOpPpI1 B. Hac mi1ixkaBISATH
Cl1IOBaHUMHU ynepen XBHUJIbOBHUMU

1 OHa@HMIE Y HTea PMO 3 MO A1 J€HHH4 1 HT
TOpaMu ronorpadi aunoi pemi TKH

OB HOANE fiktprome) Oyage mnpenagc tha[s a1 eH

o (P u 8.22,0.

[IpocTOoOpoBUIH cmexKTp my MO B U X p

q

A

v

0

T

(74

aTKHU YyC1X XBHUIbBOBHUX BeE€HBMOKI H I
yTbh po3rTamoYahNihVYi YA sckdie pmax3 uB a
kKkTpanbuaumu. CYie¥iTopmuchyHwT b¢ (peepmi
MKawrThb B pe3yabTaemwaP B H mpeopdeel pa
pegen aifflomM Bi nmosi XimioYli @edeppems y 1 b T
epbepenud i3 mpposMiimiasy u M eHye & p ¢ B
ni Ur@W@xKer TaKoXaCDORBPATBLH 9K a

EpMOAY ISl HHUMHU mMyMa MU, IK1 M

3UHUTYyBAaHHSH rojJlorpamwmu 1 TIOCTpPY

C
1

0)

e
A
P

THHaAa Bi gHOBIWF@Buaedk23,, mx@akanp o Xx o
3b TOJXOTpaMy, npenxncrTabiie mac A E
. W LI GVAY o .
cTepirauaesiy tTlwddie pkai HXUB U 1 b O B O
HaBKOIJNO TOad sk y IbOMY BUIAaJ
KTpanb Wi 1 Yipeaipu OABYyM KoOJIlaM. I
HOBI € HHU X XBHIDB OB H X BEeEKTOpPIiB

ﬂHaHHﬂ,—yaTu’ﬁi‘l,H'u;iKa BUJIMODOBI aac€
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bperra I A numdpaximii H a 3 amucatd
cnmocTepirauy O6auvyuThb JABa CBI1 TIIKMEH K
B1 1HOBIBWS.21)Q B)

[TosBa TpeThbOTrWI Jie UbC T[BC 3P CHIGHABHAAH F
HE CHUMHHWICOTK pemi TKH. Ak mo BpaxyB
rapMoHI K, TO Toaxnorpama o n uEcayrnebTabac,
a TpboOMa. B 1 JO0JTaTZKOoOB.I chepu 3
Kp€peEIIml TKH, TOOTO oo yimoRMPHYT 0 I30
nudpabki@axe iBi gt moBi 1HO.

Sk mo KYyT maagl HHHA B1 JJHOBIJIIIWDY
OperriBcbkoro, To c®8panxsmuaobhiona
nepeTrHEe 3a KoJlaMu Bxe OlubdimmpmdaN ¢
O IN(P u 3.22,8B) , i cmocrTtrepiraudu mobOGadwur
(P u 38.21,H, J).

HaPumn 821QB,k pi M OABOX KI,CAMK TPOO3I T E
I € BEpPTHUKAaIIbHa TI1 H1 9 . Mn BBaxa

neperuHnaHniNiox euwpepwub or VA Bice kc Py a mu
"Yi
NJ O MUIMHElp, T € HA U KIYyol i @ H D UM HU 3a0UACYy O

Pud22. lleaTpanhb Ha X € Bep PmiB2I1&Q H ae

JuneipeTUMHAaHHS HLUX Ccdep SBISIOT.

HaKilaageHHIM I B O X 1 HIOHU X K1 Je€Ilb 1

BAHOBIIWWYOT O NpOME HIW MNOBHI CTIWO 10I

Pnuc323,0. Konwuw BIi THOBIEHO TMNepmMHUHA 1O

CUNTY CHUHMETpPHUUHOCTI aHamxToritauyHi ai
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CEHTpPagThbHaA
B 1 cxpeumpemwmdB2,ayrum KYT MI1I X
1 I XHAUJIOT€EHHSI

nepima e yuxae HH1 ,

M1 MMy IOT b C 4

Puc323. Bi 1HOBITWOKOY U U
AaMUCYy Y HX

anucyIm®OT?»s,

y 1ot

X1 1
Oepr
a gl H
ogyar
mHOCT
oepr
pyreo

a

H

K

3 M1 HHU

HHI

4 3 anUuCyOYHUKX

OB C

piTaeThshcCHd

HHI

0

B1 I MIJOImMUHU

BEpPTHUKAaITh HAa

B1 ITHOBIJIKRKOWYOT O

yBepx abo

Ta 3 MIi HIOETE) 5

> °B)— °r )—

audbpaxmi HHOIT

pemi TKH HaBKOIDO

MOoOJOMXEeHHSHT,

pemi TKH J1aMeTDp

3 Me(B m@.23710p) c Ko 1 m
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B1 J1HOBIJ I0YIOHII0 HIApOOJIMK )Ka € T b C 5 o0 0 |
cXxXpemeHux aT1H1I A (B 3aJd€XKHOCTI B
pO3MWMUpPWETHCSA, Ta MNHNEepeTBOPIWETSHECH
10 mnanomuHuHU 3 anucPmdB23x, nppomi Hpr [
KYyTa bperractTté6ti HTI@ P alioF ©1 HOpSAAdE
MaKCHMalIJdbHa) CMyra CTaHOBHUTDBCSH T
HYyJIbOBHUNH Ta OHmepmuum mopsaokrk agudpa
Axmo B WUbOMY T@HOIJOIKEHHI no4yarTHwu
B1 ITHOBINIWWYUNA MNPOMI Hb Yy KWHHHRUIMPPY M ]
TO CcMyra me ©O1abpmI PpPO3MUPIWWETSHCH
majgiHHSHI 3a0UCYy Y HUX npoMIiI HI1 B, ]
bopMymwuyuid WO CMYyTYy, piBHOMI pHO D
3 a OJ O IUHY peimi TKH (m1 H1 4 3 HOM K a
pemi TKOW BCHLOTIO PpPoO3Ci1SAHOTO CBITHI
AHanoriuHa CMYyT a BUHHUEKAAE 1 o p
peantnbrHUX 00’ €KTI1 B, 1K 1 MaOTBb IO (
nmokaszaHoOo y [269]. OnHaxkx y UbOMY
CMYyTrHu B1JOJHOBIEHOMEOKEe3H®O ppaok3eMHlHpsIa MM !
Halo MYy xK BUODAIKY, OCKTI1IJIBbKMH r O
€ KB1BaJdleHTHa roaxorpami qIYy XKe I u
00’ exTYVy, I A TI1 HI1 4 CMOCTEpPI1iITaeThs
OPOXOAUTHL Kpi13b HYIBOBHUWU MNMOPSIAOK
Kpi m POBTIIYSTHY T M XK1 JI € I b y au ¢y
cmocTepiraetsc s TaKoOX caxabkKi 7
peHTTreHiBCBHLKIH Kpucrtranorpadii 1
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o . o .
apanalenbHO OAUP OIT PO MIyO PKAPI K3Ub 1 U ¢ |
OaraTopa3s3o0BO P O3 CBIlATHIOAT €)M @IIBKOPTCQ I H

Po3srnauayrTa Ha MU MOJIE€IIhb OI1 OJTB € ]

03 C1 a9HHSH, 1 0 CcCmocTepiratwThsci H
B UIIb CBI TIa, 11 0 BUKOPHUCTOBYET.]
onorpawmvmu, P ucB.24miio.x a Ha ui KapTHMHWHH

od1o0TpamM, mo 3anuaAPYYywai " YumnBa
pac@uohy ).

Pu824KaprtTuHu po3ciloOBaHHA A8 T

cuniv a(a3telpdpim,a 3 uuTaud_ Kppohc D.u M

ITpoMi1 HB , 1 0 B1 IHOBIIE, JT€ XKHUT

I p O MEaHyl BTE O JT, * By °r )—

Toni paniVyxs wapreomo r b Gy xer opiya M i

Bi g pangi y¥iyi “Yigelpi mi i mepeTHMHaHH

npeacTaBIOidOTDb c o001 KOoOJga, II1 O€ O Ha
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BUODTAaAKy BepT@PRmald28,@inepicwriBiop 0ETH C
(Pudd24,a )moBe a4 HKIND U n o KPoupcd.T 2 4 , 0,
MOBHI CTKW BI1 INDOBI1I Ja€e Hami # MogeE Il

Tamu Y4uHOM, 1 K CHninaye 3 OTpH

!
o

norpadi yHOMY 3 amuc.i y 3D peecrt
po3ciwWBadvYa CTPYKIKpEMBA,paKWE@pPAUMKBIYIeT b
0

1T MUPOKHUM CHEKTPOM BIacTHUBOC

abo TOBCTDMA pD p[abR|aXanucada CTPYTH
po3ci wE € my MO B O 10, BOHAa 3 HUIKYE

MOJXe OyTwu 1 KIOKPIWIXE GI'D @0C YIBIa H pr.e Ha mp
KapTuHu aumdppaxmi i, mo CcHonocTepilTra
po3ci e, BUHHUKA aE MOXITHUBI1I CTHh 3 701

nonepengHW KWCTHUPOBKY TIAIHOOKHUX T 0I
KYyTOBAa CeE€IIEeKTHURBRHAHMC ME HMIO Ky TOBWDA I X
Y [269] B k¢ BUKOpPHUCTOBYBaAIIH b1
34UTYyBaHHS TanuOOKUX Toaorpam e ¢
HAns opieHTanii y BepTHUKAaAbHI U 0Oa
CMYTHUU BI1AHOBIEHOTO 3 00p-aixie HHHpD U H
HalMo MYy B U NOApi KEYH T/RJIA 1 MOXHa BHUKOD
obepraHHs 1 3MIHY WUPUHHU Ui1ei ai
A4 CKpaBsBo BUDpAaXeHHUHN XapakxKrTep, a e
K1 JIbKOCT1 po3cCciaHUZX K1JTeIlub . e

HTO3BOISE 301 B HOMHUT HD®EINI1 0.
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FTTABAOHTOEJUEKTPOHHIP QIIP MK OCHOBI
NPONYCKAIUUX JIUHGOPHKN] CTPYKTYP

TpuBumi pHI 3D ONpOMNyCKaIwUHu ]
OTHUYHOT O 11 ama3s3oHY, 1K 1 a4 B I o
anpocTIi WU X 3D NponOnycEKa'wWwyux r
€ mi T O K (IIramgp) , B nNopiBHSIHHI 3
abes3mnmeuyunu iM npu audppaximi i |
1 M1 HHEHUX BanacTtuBocTtewnu [ 177, 178

— OpHu audpaximi i MOHOXPOMAaTHYHDO

nocTepiraertThsCcH4 TiAbREKCIOMYM IHUQd
e3ynanbTaTti aAUMPpaxmili yTBGpPIORDECOGM
a nanudparoBaHUIM,;

—mpu 3 MI1HI KyTa mnmanaiHHS ©OpPOMI: I
He prooomi H M1 X OPOXOJASIYHUM 1 I ]
HTE HCHUMBHOCT 3MI HOB®WAHQA M TP OGP 6
poMeHI B 30epiraertscs. [le pekauyB
ocsraTtu 100 %;

—npu agudpaxkmi i 01 1Oro KOIJTI1 MO B ¢
1 14 KIM&My T O M H a 3D IIT AP, aTudpacxii
A C BlilToNi @ AMO B XK MIHOW 3XaBIWOJBIO,T1 b HS € y M
HasBH1 CTH®H TaKIMHZX B1 IM1I1 HHHUX Bl ac
UMKOpPUCTOBYBAaT#HU 11X B SKOCTI1I T O0IO
7 pl13HHUKX ONMTOEJNEeKTPOHHHX npu
TacTHUBOCTI , He g ocCaXHI1 -2/ 1 mu mMe T

a mor o nojgaidlbIloOT O pPO3TAsAaYy €
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3anponoHoBaHRRIESSHawWOE 2 T e 1 ¢c T aBIIsk
3D IIT" AP.

41. MIpucTpi # o J s aMOJai Ty X HOo-
AMIOJI TYZTHOroO mepeTBOpPEeHHSN CBIiTJao

Il cTOoOTHUM eJJeMEHTOM OararTbspoX 0

ONTMHWYHI MOJAYIJISAT O PLIK,AMKO3%¥AH a JI OLII OJIMEOCT IIOp
3 M1 HIOBaTH napamMeTD)pPHu ONT-UHMMDITIOT yB
4yacToOTy, Gaiszy, MNIOMUHY MNOITSIPHU3 I

[Ilpysunun poOOTHU ONTHUYHUMOMOADY JI %

comocoOmu MOJY S IMmi 1 CB1TIIa, 3acCH
bi3MmuyHUX e€edeKkTI1 B, TakKH¥Xx, 4K OINTC
1 H Il [ 286, 2871 . I 1 ebekTH, 11 O
pedyoBUHOW Tnpu 11 Ppi13HUX (1 TWMAYyHU
yopaBISTH BE€JIMUYHUHDO I mNoKa3s3HHKI B
TOBXHMHOW ONTHYHOT O MWMIAXY CBI1ITITa

w
=
¢
o

HIOBAaT#uH 3 1 X MATOMOMOTOW MOV

[IpomoHoBaHuUMU cmoci O 3acHOBAaHUTI
3D Inr ap, I K a NBOETAE€ B 8 J U3YAMIHCHK 1
CBITIOIOBHUX NOTOKI B, @GHaudppimara@aop
OpoOXOASIYOT O, B1e —KJy THaa HAbJOITHOH I B 3
cBiTnoBor@ mloimokByuma 1Ky dYuUCTO ¢a
h mv umR Taki 3anexHoOcPmMlunpencTtTas

Kpusi I 1 2 BiagmoBi1iagHO 3 [ 278]
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N 2 4 O©
oo

pmMmyanamu (4. 1) 1 (4. 2) D - mncoymHIaE

CmepuUumice HTBAISEC HHSA

Monagynansmi o 1l HT € HCHUBHOCT ] aumdp
TUYHOT O BUIOPOMI HIBAaHH 4 B1 10y B
C OM Benuguum) kyrHByFBe nuduHa K

e KT HUBHOCPrmdlp €Qmoe vmkenp i(o amauasa ¢y
JTae€e pexXuM MOAYISAIMI I

KyirTMoxHa 3 M1 HIHOBAaT#H JBOMAa CHOCO
1) pi3HOW oOpilieHTAaAaINI! €10, 3 a qyac
OMI HH A ;

2) CKaHyYyBaHHSISM CBITIOBOTO HOT
TeKTHUBHOS¢D1I pemiTkK#H (

Ha Pucd42, ( kpusBa 1) HaBeE e HIl p e
i TanoBor oNem onraos68R,88 119 mnme pmor o

J " B I KOCT] MO OYJQXsATODPpPaAa B HKOPD

nexkTuBHW ¢ 88 HAEMY vk

Mo nynanmw0w4Y UM CUT HAIIOM € 3 M 1b W d
pMH, IO MNmMOoOJgJAa€ETbhCsI HAaAa TMNMOBOPOTHMU
mi T K a

ax BuniatReade 23 ( KkpuBa 1) bas3a

1 TITOBOIO CHIHaAamNIy HE 3aJ€KUTH B
K O 1 BIacTHUBOCT.I HEe Mae€e, THacopmi
Iy JISHRMBIMKOpPHUCTOBYE I I oA MOJIYJSINI

bpaxkxui WHHY pemiTKY. [Ip u MOJIY S
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OpPpOMOAYJIbOBAaHOILO CcHUTHany [ 269, 2
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0,8
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0,4
0,2
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Pud. 2. Monynaui iunuik @3Bai ToIJoHB UMD

T

B

b cxemMd&v,a 2ZIBOJp®OME N EC MO I0.

Posransasuayruin cmoci 0 MOaAy s umii,
abe3meuyye MOAYyAS 1K 1HTEHCHUBHOC
BiTnoBOT®T iWMIOBTKOMK YB M€ Xa X BEJIHUYHUH
OCAT HE HH 4 100% wMoagynsami i BUXI1 OH
HKOpHCTOBYBaTWHW pDODn@E:RIagPy wmQld)., mo
BurortoBsneununsa Taxux 3D III'IAP e )
€ XHI1 94HO 301 WHCHEHHEMM B R IMG 4 HIHISEIM .

UKOPUCTOBYETHBLCSA ONTHUYHE B U AP 0 M i

M1 pi OPOCTOPOBOIW KOTEpPEeHTHI CT IO,

IIr Jap MO XH a nocsasrtTu QO01i% MDD Y P @ I |

h

vmthP B wnsromMy BUNDAJgKY M O JI YXJySHIO1KS
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3MiHH Gaszum B OXHOMY 3 I-y@uakoidy , sama
B CBOIW Y4epry, 3a JOHNOMOTOIW g3 ¢€PpK

B 3BOpPOTHOMY HanpsMirKkRPudl axk sk 1ue

~

1, Iy

Pucé4. 3. B ojidp o MmcexHe M a MOJIYJSIII
Bunpommi HoB 3 Du ALl IP n3 2p k a-1m3,¢ p3k a 1 0

n' ez okepananpuidma 4 .

Sk BMAHO 3 WHNBLOTro PHCYHKY @aim
pesyabrTaTtToM 1iHTephepennuii pRPAx o0
i nudpar® s aOsr oxreo, B OKYMY JITHURBSMII

BMWIMOBMOTI o 3 PHOMONKENSE BFHKEATH:

6, 6;,0Q ® Y by 0Q ®h ¥
nd;0idy— amMnanirtTyna 1 ¢dasa mpoimos
©.0g0 i®;— amMnuanirtyna i dasza nmgudpar
‘OD - daszoBa Hey3T onxXx®OHDOCTHO ME KB Q

n' ez oke PadBk ow (
YV pas3i wmcrto daszosoi 030DiOJD AP

Bl agmoB1 gHO nxgo [ 182] Ma€ MO :
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op 0 Q@ ;0EB ®

IIi tcTaBasg0YHu (4. 4) i ( 40y 5H)a B
KOMHOJIE KCHO CIoIJOy,4emMiyc JBse THeIUMya I H |
AX1s 1 HTEHCHBHOCTI BUHUQOBMBMYE MO P

‘R Omby

QAT O 'QOET
¢ G AMEDED, o, Y
¢Op Qhp h p OEDd; @ Y- 8

Ou dpar osa oo POYWMOyl ThCcsI B pPe3y.
nydkaBi I ONT MUY HO 01 AbIm T yCTEHX |
£ De . Bi towmo [ 192], 1 0 B b OM
BinoObyBaerbcsa BTpatTdy @pnisasuQnis
OCTAaTOYHO OTPHUMYEMO :

Q ¢cOp QhAp h p OEN 8 1)

Ax BUIONJIHKBaE€ 3 ('@ .npm M QM HI A I
HEey3ToaiXeHOCTIL[ i KO yIByadekTabMCUS 3 a (
3aKkoHOMAHiTMNIQ M Bennuunua MOZJOZYJIHb OB a
CTaHOBUTESH @Gma®c mwwym:o 100 %.

HaPucd4.. 2, ( KkpusBa 2) moKa?j3aHa
BHHpOMiHIo-NaHHm"@}Hipm 3Mi Hu a3 OonH
a0 ®d, g 3D AIID AP, 331 Ha bas3mu 3 ]

CNTEKTPOONTHUYHHUM OPUCTPOEM a0o

n' ez okepamMi uuo PHmd .B2A,1 OOEQPRUKEU HA M
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CUTHaAaNTYy, B

II

a

qIamwmuyoTr o

Halo MYy

cBiTnoBor 88ma%.roky, mas'

BUODAagKYy, H € A

'

BTparTaM¥u, 1K 1 B1 10yBawWTbCsa NTpPpHU E
Inr ap T a I3 €pKalJIi,0Cdaa TTHABKOO X T 034 HH &M
XBHIBbLOBHUX (GpoHTI BOI®B1I THIOBHUX WTWOTO

[IpeancTaBIsgeTshCH MOXIHUBHUM 3 aCT !
A KOCTI1 -aqMai3io By T HOT O nepeTBOPIWBATY:
MOJAZYJASS 1M1 W CHUTHAaMTHhHOI X B UII1 Y- 33
aMOO1l TYyJaAHUX nepeTBOpPHOBAaUYIl B CyMi I
OMmMOOpPpHOI X B UIBb BUKIHUKAaE BE€JHKI T
1 HT e HCHUBHOCT I [ 12, 2 84 ] [Tpu B UK
Hr AP i YyYMOBHU BHUKOHYWTBCS aBTOMAa
He C I EHH®D I IUpPUHU, HaBI1THh I I A I 0
CUTHAalIbHOIT XBHUIAb, HE CTAaHOBHUTH K
bpoHT CUTHAaIIbHOI X B HUII 3 a3 HaeEe C
TECTOBAaAHE cepenoBUIEe, -TPAMPRIPI B
aHeMOMETpPiIiaMy VYBUT@RKKY BE€JIMUYMUHAa
BH3Ha4YaeThcCcsda HE 3a 3CYyYyBOM CMYyT 1
1 HTEHCHUBHOCT I onxHOro 3 naudeGparosBa
BEJIHMUYUHY KOPHUCHOTO CHUTHAaAamMTy Ta II¢
COHOCTEpEeXKeHBH (nxcermaantHussy H3 D BIHIKOBD vy
TpakKTax ONTMHWYHUX CUCTEeM JdJaj3epHH
(JTTA) nokRmd4@ mwma y -nupepenHnoil HHI
npuiiManbHnoro Ppd&my JIJJA wnHa

Ik mor oPmnekdpB, 3 B M K Op M C T a HH A 3D 1
IBa He3aldleXKHI KaHalu AISA BMHUKA IaHEI
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OIMOBI1 AHO, BUCOKY poO3 A1 aAbHY 3 1da
Kas3alu, MmO Ha 4YacToTi SAQMOBRIOTE P b

aTHI1 CT®bh Cc T a HMoeBHuITeS |.1p eBmiugu nzawa 4 ¢ H

nmapamMeTpa 3ajdeXHUTbhb TOUYUHICTBH BHUMI

rasany, a, OT X¢e , TOYHI CTbhb BHUMI P

56

Pud. 4. CxemMa BuHUKopucTaHHSS O3 Di |
niMamBpHaHmpEpaKTax JIAAD IP[,A @2 h3zu (3

Tonpuiumwmadui

Bi 1M1 HHUMH pucamwmu ONTHWYHHUX c X
mi TKH €

— nmpocToTa J k3 Hme my BUT OTOBIECHH
p1 BHSHHI 31 cXxXeMammMu 3 BHUKODPHC”"
11 0HUX) ;

—cTab1lapHI CTB B  proeOmMonTeip a (T ¢y Tp 1H M K |
Opani "mHOro XapakKTepy);
—MOXIHUBI1 CTh BUDPI BHIBAaHHH 1 HT € |
peTHUHY, MmO 1CTOTHO BNJIHUBAaE Ha
—~—MOXIHUBI CTh THTOOYIZTOBHU JBOKOMIOH

KOpHUCTAaHHI Ta3epl B, alHME AT & H €IPBYOK
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AbMmMe JOBXHUHAaAaMHU XBHUIBb abo mnNpu

eMEHTI1 B, mo M1 CTSATBHB B 00’ € MI1 i
3acTocyBaHHsIS KowMmMO1wHaniu 3D IITJ
ECTPYWUYOT O cepe ad8%Uua 4o 378tq 1 s

a J11iu3 yoBaarta T O KO MO OHE HT H1 T a3j3 e pHIl

42, OnTue&€®me KT PO HHI NPUCTPOI I .

HI HHHUX @NepeMi mMeHb Yy HAHOMETEPpPOB

D1 ) BUDPI1 e HH S pi3HUX OpUKITAaIH
omeci PO3BHUTIKY HayKH T Yy HTC &1 Xb H 1
Kpockomi i, npu po3poo0OIi 0IpHUH
HOMETDPOBOMY 1 aTOMAapHOMY pi B
Hi aTWOpHUX enleMe  HTI1 B HamiBIOP
TEerpanalbHUX CXeM, He o00X1 THO mp
peMime Hb 0O 30T O0KHIEBTEKOX AaHTCTpEM

XKUMI 31 3BOPOTHHUM 3B' s3kKoM [ 29

Bi mowMmi OONTMHUYHI CUCTEMH 3a0e3 0O
01 1 b 1I€ €K1 Ib KO X HaHOMETD DPI1 B
M1 pH0OBaHHH4 11 H1 UHHUX nepem™Mi e Hb,
mHC1a B [ 279, 280Xk jJapmatrow®HMMNGKRAR aH
3a3HauvYeHI METOJIHU 3aCHOBA aHI ao
dP, 1 Ka XOPCTKO 3akKpiliOnaweTFsHCH
TepbepeHNnNiI "HOT KapTHUHU, a4 Ka yT
O ME H1€Bp, € TAUKHIA KT b C 4 , nig KyTowMm b
OHTAaKTHUMN ME€TOHo), abo BUMI p 1O
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00' eKTa OE3KOHTAaKTHHUM METOH OM,

0o6' exToOoM, MmO mepemMimyeTbcsas. Posr

421. KoHTAaKTHMUH Mid PAO/B A H B W ai
nmepeMi me Hb Yy HAQHOMETPOBOMY AaAi ama

[IlpaxTtTuuuna peani3zani a Rauadbro wme

Pud. 5. [IlpyuHOnUOmOBAa CcCXeMa BHUMI P K
( KOHTaAaKTHUMHU MeTOSnd) :
l-nas3epnoRi nwpas ;e p R amdaD TH P ;

boornpuit Maoucimmu 6o —pa dni 3 aTop.

Ha#ikpami pe3yabTaTHhU JTOCSIT alThC

1 HTepbepeHNO]I WHUM mNoJne M, B1 JHOGC
mepeMI1 Ime HHS 3D IIT'AP. 3D III'AP, s
Oy Twu a M HAi3TOYBIOHKD, ACMKIULJIal ATOYBAAH ap € M1 T K

npubpajth’3 HmM Ye Hi CcTh HAUONPAMKY 3CYB
3 HadYyHoOwW (mMoO He nOTyxe 3HUXYyBatTwu [
A x ODOXOOUTH 3 Teopili anudpacxii

il HT e HCHUBHOCTI1I BHXOJI0 O uszd . pSej) i nm Kk
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pi3HoMy 3ainexawx3dD BHIFJP3 c yBBiya HO C H ¢

iHTepbepeHN1 WHOT KapTUHHU, Ta BHUS3
0 Moy 42 Q¢
"XT0
Q¢ ATY OEKIOBH h &
0 ‘caen S &ae
Ly e
Qe ATYo OEKIOBH h T
, y , y o : :
one’: ; ;, O—-1 HTeHCHBHI CTH Tmajga

mo YTBODPWITB 1 HTeEepdhepeHII H-HYK VKT, P
OI1SIK WIMA O a IOTHh Ha pe@i TIKOy €I pAoiaMsie HH € 1
KyToOMcepeauni i kKoedi ni e w10 -IToorsIyuHHaa
pemwi Y« uY —amMnonaiTyaum Moy IsLIidi,

3HadYeHb KoedimieHT1 B _3-aJIOOBMKIMCHHAH SIX |
y

Ye — a3z oBa HE y3TroJgXeHI1CTHhb M1 X

1l HTeppepeHN]I HOKW KapTHuUHOI, 3 30M O B
B3)1013ﬁx(b’@ic—i——nepi0)1 pemiTEKM .

AHani3 3 a®@ieOwuonc Tdeai3 0 B 0 1 B)eiy, 3 rmoa)
3MOTY 0T paunmiazHaaTsio Paosi. § 7 ) 3 §aye Hbp 3 «
(060' e}omXxE BHUDPAaXOBYETHBCSA IJIAXOM
3riaHo ago dopwmyn (4.7) 1 (4.8).

PosrasuaemMo Temnep, A Ky Kpusiy, 0y
gaKmo #Woro np@We@yriaimamabpbBHuHCbBHZL IJAKH
B1 1700paxeH:] bopmMynmawmu (4. 7) 1

Heys3ropnbBesdoic i no 2
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Ax cCnigye 3 (4. 7) i D =G p B8 20, I
i HT e HC 1 OHIO ©OTp i B H I He3 aJde KHO B 1 1
aMonai Ty/mHEor o pamA)oBeHoeTCOK Y( Yy au bp aK I
IbOMY BHIDAaIZKYy §I1 HICKIILO BHCOKITOO PIYP O € K
B X OQ®@ CEO ¢ if u a1 o r pPampda. 5()6 )3 a(x a 0T b Oir 3
0, 1K 1 B1 10o00OpaxeHi bopmynawmu (4.
npsWD@ mo HmDpPOXOAZHUTSH dYepes mouarto
Pud. 6) D) F0pweus e nudGauaai maabHa ( K1)
™iagnoBigxae TowWkp, 1aDiaapu pmiavki ciiu M a

( ki Howow “@e kymoopeai 1 a € T o0DR, 4P u2d.6lua mp =
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2
(/
/I)
// 0
/< Xt 1
3\yf//
1,/
1 x,
— B
(0] 12
Pud. 6. TpaexTopi 51, s KyOnpmauacwma

ba3zo0oBOi Hey3TIoOJIXeHTONCAQPI M1 X Ty UYKa

Sk mo xK nepeunrn I 0 CHETNBIIMUABKD K O
cni Bmajgae OB, nap asiMoronowgartok 3 Midme H

Pud. 6) mwmalUBi@pi 3 o0k
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KoopauwHAaTHhH Tod4K R-§ K HBVED MBS CHKN 0 qu@@ac y
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BumMi proBaHHS 3 HAa4YHO CIHOPOIYIWTSHCH

nas1 @kKWia TpaexTopisAa € Komowm. Y
Db Q3bi ooc%ﬂ% U
HanpsasMokx 3cyBy OB@uHEARarmob 8 i cC i
3MI1 My €THCSA MNPOoOMI HB -03call UDIOOTT P HHPMAK OH
OPOTH TOJAHMHHHUKOBOI CTpilaIKU.
3'9cyemMo CepenTHbOKBAaIpaTHUIMHY

Be nwuWiHMO T HOT O TOpPp S TKY W IBXi JBHI3CHIZ

OITHAaKOBI

Yo Yo
Tongi, 3 ypaxyBaHHSIM BUDpaAas3y (

HOXHMOKa BHUMI PIOBWRIMHEM CRICKNEM BB 3 a ¢

. o P Yw P W o
YYo 0Q 5 5 5 (b—B/oo
P& P &
N
Q A o Q.
’ ” -~ ” ~ 4 8 Tfp(p
W 0 W W
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3 (4.16) BUXOAHUTH , o Ma K C—H MPaijJd b H
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YV mpanmowarsyl OPpPUCTPOW HAaMHU BI
Ir ap, 3 anNea mwaa 3 He@aoly' () 3 a MET O ]
onuncaunow|] B3 [HORToutsTo.Mm Bi xHOCHaE
BHU3HAa4YEeHHSI KOOpPAHUHATMHU TOYKHU HaA
BUKOpPHUCTAaHHSM HuGOpoOBOOBU JRAPAIATY B
BUINIUBAaaeEeE 3 (4.17), MaKCHUMalhbHa

BUIAadAKYy

Y Yo o ¢ M oft A.
ITp un BUKOpPHUCT aHHI 3D III'AgP 3 M
BUMI pIOBaHHH4 MO XK€ Oy Tmu 1 CTOTHDO
I1iTepaTypHUuEX oI XKepen [ 8 6], H € C K

IIr ap 3 n &4¢ imatg o mJ] g 4 TakKZ¥HX pemi TC

NoXxXuMOKa BHUMI pHOBE&NMHMEHABHCKAAXEOE DD

Y Yo mip 1 M ph A8
I11 TEeOoOpeTHu? YH.I Ol HKH 3 pobOneHI
B Csl KIMINY M1 B , 1 0 3 HU KY IOT b TOYHI CTE

bnyxkTyamnmiti rycCTHUHHU TOBI1ITpPpSA 1 1 H.

TOYKY H a CXRORCI,yra, BOAGQPKHHa 9K O

bakxkToOopamwmu. HqAnsga mi1 agBHUIUEHHSAI TOYHORC
B1 Opo3axumeHl CThsh, B1 JCYTHI1CTBHB KO
ocobOmTuBO TOYHHX BUMI pIOBaHGBb HE o

CUHCTEMH.

He 0 0x1 mHO BIIQ[ 3 HOATMMWICTYMB, @ H U U S KM€ T
BUKOpPHUCTAaHHKW JABOX MNOapaidlenlbHHUX Ka
3al€e XUTh B1 I KOJTIWUBAHTEB NOTYXHOCT.I

aBTOMAaTMHUYHDO BPAaXOBYETSHC 4 B 00um
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Hamnmpsa MO KJ O3IMyICIIKEaHEH 1l poolc' Te

OCTEpeXeHHH, 11 O BUTII1 AIHO Bi agpi
HYyWYHX B Halm 4Yac
422. Be3 KOHTAaAaKTHUH MeTO. BHMI
peMi me Hb y HAHOMETPOBOMY AaAi ama
OcoO0Oa1uUBI1 CTHh 3rajgaHoOTr o B mOoTEef
Y BHUMI pOBaHHS 11 H1HAHHUX TeEDP
IbKOX a@aHTcCcTpeM Oa3yeTbcCcsda Ha
B O1 Inr agp, 4 Ka XOpPCTKO mmoB' 43
pereopipeiprw HII1 M HOTI KapTHHUH. Oni
amyBarTH™H nuppaxmgi HHY peimi T TKY
3II€YUTH He 00X1 I HUMHU X1 1 nIpoM
a i HEe MO XJ UB O, HamnpuKIaaisra,
M1 I[e BIKSO T @ YyHIERYy € M € T a T 1 ) BCeEpe
y a0o KOHCTpPYKIDIIT. Y TamEXUAC
onuB OMU BUMIpOBAaTHU JT1HI1IHUHE
I O0M, npuHuun peanPwuwdnii IS KOT
U
234
I E | Ax
I S |+>
8
L T
Pud. 7 [IlpyHnogunmoBa cxeMa BHUMI PK
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0Oe3KOoOHTaKTHMING TP oM H3mgi)adppa+ ma
3D IITI JPm3 ebp x a 1 0 ; 3aKplnine #HoO0'HaAaK T
I3 e¢epKalbHO BI1 A0KHBadgoiOaoa IT®/B.€¢ P X HE IO

OBUX1 AIHUHW @WaTrHAaIZXOLUTSH 3 boToagi o

dx 1 B monepeaHBOMY BHUNDAaITKY ME€

3D Inr ap, 101 O MOJSAT ace€ B 3 a1 €XHO (
BUMUIWOBIWOT O 3 pemi TKH OG®GHIIT I (B 0 T
HE y3 T O/ 3ICMH OKC TIIY Y K @ M U , mo 1Imamgae Ha

Y Hamowmy Burndapdrny (MagawYyuUMHU H A
nydykaMIAT & OTr, B1 IITIOBI1 gHO, obepHE
nudparoBaHUH pen@ TKORBRI TOMT MIHH O O
npowmoBmuid paunime O e 30 [IgPi mxpr@mvei pilimb s
BUKOHAaHEHSH y MO BH CYyBOpPOTO CyMIi m

ONOMWUPpWKWTHCSA B NOpPpsIMOMY I 3BOPOTHC

abo MaTH I3 €pKalbHY HOBEDpPXHIO,

I3 €pKailo, mo B1 1O0OuWMBae CcBI1ITMHOmIuBB
3D HIOr gap, NI OBMUHH I OyTHu cnpsgamMOBaHI
Inr ap, 1K a BUKOPHUCTOBYETSHC A B I

dazoBa HeEeyBTOMIIKCHY O@Ma@DMCTBOpPIWETH

pe3syabptaTti 3PwHEY) 00" exta (7) (
[Ipu 3 a3 Hadye HIWMIXO BYIMIOWB a3X pBEUII1 T K U

bortonion OByxcdtnmyuork pes3yaAbTaToM

cyMi me Hux nyuduxiO:i nepiomxbomitioiroor oo 0 '

audpar o ®aH 0TroT Xe , B IbOMY BHOAJT]I
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nydykKka, mo BHIQHKE MDP pamMUTRNT U ;

8 &0Q ' Y & 0Q'h B Y
n1e- 0 i'~~—amMomairyna i ¢dasa ngidpparos
On;6-c 0w —amMonaniryma i dasza mpoXxXo
nyu KQrm; Ye /—SJ’(b Yo - baszoBa HE y3T T 0K
o0y u Kk Owvui O T, MO CTBOPIIETYXosi0 ' ¥ MiT I ¢
I 0BXHHa X B HII B U I P UM i—HIKOBYAAHTHKIO B A
HEy3TroJaxXeHOCT.I M1 X MNOydYKaM¥u.

Ha #0601 a1p my MOnynsamiw OmEHprre HdHB B

HEy3Trog&eMiORXTINAa JaKwWYUMHU Ha 3D IIT)

OTpHUMATMH, 1 K 10 BUKOpPUCTOBYBAaTHMHU
TOOTO p € Ik W3KMyl,H UB 3 a 3 H a € qT U e o O
pemi Txku [ 275]. Toni B pa3jsi YUCT

Dio-0BignoBsignnaemo [ 182] ™
6. 0 06 Al'© P w
- 0 @ OEh & T
1é¢ AOAG@GEIA-TE 3D UOT AP.
IIi tcrtaBsangwuun (4. 19) i (4 .020)
K O MEIKIC-HIO I yd4 € HY OBe MHCHMMEMY He CKIaJjH.]
il HT e HCHUBHI CTh Nyduka,QMODEKHRBYT HMPE B C T
BUT JIAII
O 08 OAT O "OOFE'

¢ ‘00 AI"A@EDE- Y
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conp h p OEN- . Y 8
Tyt Oymo Bpax o BYanmdcor,o 1mpoa 3pocPmi Ok, a a o
© Op +h.

OJudpparoBan@i ppypmyETHLCAI B pes3y.
Oyuay®dal Bi g OODTHYHO O1iabm T ycTEMX I
¢ D, EyycepeanHeHHHU NHmMOKAasHHUK 3 a.
IbOMY BHUNDAaIKyY @HOpHU BI AOUTTI B1 10y
L. “ TOMdC MAHTOUYHO OTPHUMYEMO

O ¢onp h p OBM N

abo 3 ypaxyB§°HH7&§ﬂ® Yeor o, mo

O ¢Ohp h p (')Ei;/iyd) Ye 8 8 p

Ak BuxoagutTb 3 (4. 21),Qizpmi mav i inge
00" exrTa B1 10yBaeT®sHCH4 3 a CUHYCOI
nocsrae MakcuMmMiOrOap# mdPimédiu$iu xp
1).

HAnsa peanii3aniiB TAXEBMIO NPIMCEC @®yo,
HaPud.. 7, HaMHuU Oy na BUKOpPpHUCTAa aHa
METOJdHUEKO I, mo onw)caxdlhh RBIJPR 79a . o dl
He-N e naze@pa (), Txkuii BHUKOPHUCTOBYBAa.
cranoBuaxaa 0, 5 300a66 oe k5P0a%d)(.7 )3 cBymi i c 1
m' e30KepaMi KOO 1 BH3Ha4gIaBIVIY 38a T
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Pud. 16. [IpyronumnoBa cxewma :npluc-
OmMoOK XHUBIECEHHBSAZIIAPBED P, 215), (16
00’ e MHE€ CB1 THAOYYTINHBE -TEPMOLKLORMIEIL

BCTAaHOBIEHDO H a M OB O P O3TAHTOBMOYp MG T 071,

I3 €epKauuaa,; 8 — pPO3 WHUDpIWBAaHU Ny 4K a
CBI1 TJIHIOMNOAI1 JWB aUy,; 11 — a3 €epKamxo,
17, (19) — ocununorpadodu; 1 8, (20
cTabiliaii3zamit i 1 BM3 HAa4dYe AWK OAOMPIR7D
22, (23), (24) - nmydkKkwu, no MHmpoBO

[IpocToOopoBeE poO3 MmOl J1€HHSH moKa

ONMUCYETHBCSA BHUPAa3OM
st £ Y& Aivde Aludbh TR W
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ne Y& o - aMOnuniTynmga MOy Ismii | TIc
VPOATO VOBT i VPOAT-OIPOBT - Bekxk3pmu
Inragp ovb ovb —

XBUABOBE PplBHAHHSIS, IO ONHUCYE ]I
N0 | | AT0®p AT0®P O mh 8 W
B y
I ¢ —_ —n "E-xKoMODmTekcHa a.

XBHUJIbBOBOTO TMOIISH.
Pi me H H 4 XBHUIbBOBOTO p1 BHSHHS
cynmepno3unmii T@moopxs mxkBiuea b1 w0} praak 11 1
O YAQun® YaQonN®@® YaQond@ &
Ie— KOoOOpPHAMHATA A B3 JKO/BIM pEHiodi ,J 0o enIpIix
"YAVRY — KOMIIJIEKC HI aMOPIODOYHUW KK B H JI B
BiI[HOB’bi"EEmA]TO— XBHIDBOBUMHU BE€ KT O ]
KyTofMy cBiTnouyTunusomMy g p &pds u m
XBHUIDbbOBHUMU BEeKTOpP JAwdpBaur3oHBAAYHANXT b X B

OPnoke Pudidd).p » ®od® b P
[Ii ncTaBUBIMU BHUP a3 (4. 30) y BH

me pecTBOPpCHDSD OTpHUMAaEeEMO CnuncrTceEeMy pl

6°Y QY Q hy (4.31)
6°Y QY "QhY
ne 6 AIfd 6 o6 AIfo6 -0OkIn -
VOET < N: VOEL 0VOFT « N—— xyr Bpe:

CB1 TAOYYTIHUBOMY C€peJoOBHUIII

272



Bupas o7 s BEeJIHUYHUH, 11180 BXOHdS4H:-
ypaxyBaunusMm MAODic r,iATOyp)ac npomy 0T
6 p; 6 6 p -OBIATES — 7 | Ok

—{'lOEL;——* — I KYyTaf a ;I
BUKOHYE€E€ETbhbCcsS yMoBa bper3ab AldlsdBRa urd
[ — Ha aApyTriwn.

Pimeununs cuctrewmu (4.31) wMae BUI

Y & i QiR ah

"Ya i QiR ah

Y& 6 QiR ah
I € KODpHI XapaKTeEepHUCTHUYT H
[ - — WMOATTONT ¢ — WmoAT & — 8 Tyr
T -0l Joéal;lel
0 ; 0 — — C, q, Q ¢ O
Q; HVe— , —— [ —06— O

3apa3 3 piBHsSsHHsS (4.31) 3 ypaxys
Y p, Ym YT M OTpPHUMAa € MO BUpas3Mu

kKoedbimi eHdHTI1 B:
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L Oor 1 Or T b'_h
L Oor r Or 7 b'_h
L Or 1 Or 7 b'_h

n O

0) 0] 0)

Il smi Koedimi eHTH 3 pydHO 3amuca

) o7 Lo
0 I 3 h
orf
: ., .0 ofF :
| | 0 —O0—18
0
TaKI/IM YU HOM, BPIpaBI/I O J A iHTe

nudparoBaHUX MNYydyYKIB MawWTb BHUI

0 "§Yds O 1 Moo h

O ®Yus © i OO h

0O >®Y0s © 6 MR O h

n¢éO— 1 HTEeHCHBHI CTH MNmMagTawYyoTro MNYy4YK
HaPud. 14 npuBegeHno Tpadi UHUMA B
‘000i0OBin 3HaYyeHHS, KNOPMUOBAHBHO® Ha
He# rpadi xk ™Mae aqTyxXe 3araninibHUHU

H € 3 MI HIOET DB C 4 npu pi13HHUX 3 Ha 9 ¢ |
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ani3y GOPapaREROB mMO OHOpPpH 3 MIiHI KY
eprooomMi HY M1 X OPOXOJASYHUM 1
710yBavd HRAiCQA3 3npoTHUHIEe KKHHUMH 3 HAKa
Tonpuiunmauui, BCTaHOBIEHI Ha ONOT
nig’ e iHAaHUX OO0 BXoAy naumdpepeHdn
Hi M1 3y€THCH BIIJUB a1UTMUBHIUX 3
HOBHM om .B 1 TP eBHe HHSB nepeT@Ha@ H 1

3 Hadyae€TV5bC Ci 3 HAa YC HHI MHU 1 HT € HC U B

ONpoMI HIOBAaHHSA 1 MOXe ©OyTwu BHUPaAaKX

BnnuB mapaMa@aDPpPWMOBaAHI KYyTORB.I
ru@n® Om peue 1 ¢ HPou 4 4.
I,
A
1L 4y :
§N=0,64
| | »
-1 0 1 v
_ 0
o - oo
-1 F
1,
0
i L
£ =0,96
| | N
o

-1
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Pud. 17. 3ar e &xuH@rmT®» Xk y T al coBaiAriHA

HoOpMoBaHOT o -#aa kIYyOE bmppewr rpai 3 Hu X 1@

S3MIi HaAIpPUBOAMUTHL OO 3MIHHU HAaAaXUITY

I1 049 HKH . OckKi1 aObKHMH YYyTIHUBI1 CTHh np
LU DPUHU 1 H1 UHOT O 1 amas3 oHY H a
ONTHUMAaIbHUMU € phtH pltu e H B p a 3, 3T A

ypaxyBaHHAM o3 Hawaer®d. 3ylB)e 1M HMEIXHU By (
1K, —O00Fk1 OE+. Qopwmynaa b1 Q) p*o 3 p

HaXUAy MONIOMUHU MmMTPUX1IB aguPpakxii i

. OBl , >0— OBl , > Lop , L.

IIp u peanbHHUX 3 HAaYEe HHSISXNO B@HPpPUH
Iy KK aXx IpYyTol0 CKJIaagoBoIlm MO XJIHB O
O3HAYUTHU KYTHU HAaXHUIAY MNIHTOMHUHHU TP
NOXUOKOW gSKa He O1Jalbpbme OTHOTO Bl

3anle XkHI CTbhb YYTIHUBOCTI O0poOmnoOHOB

napawmeTpil B I OuEu miu xd ocTxoeeMi,e KBTUPB O T U T I

TOT O, 11 0 YYyTJIHUBI1I CTh BYy3Jda 1 HJI U
noaginku abo Muexpe@er+mxilofHa HaIp
BignmnoBigae MakcumMmaU b HDIMCYK [KETTH € WAL

I[Ip u nmepexonmnai ONJOW H KIY H ,0 B HOXTYD U M Y

Y e monoBuHAa ai HUDIiHoOKOe ¢uiim

10D’

nepeTBd3pe—}f3Hzﬂ,
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Hanmpuxkma g, nianmapompsuwlpplhosamn

mxy yWy,0 pmyW¥y,& phxe p&t ,— wn. Hx mo

B

H

)41

a

p

(0

KopucToBYBaTu -2pdOK omm puy mAH BiT D1Hl1p
BaHT aXe¢cRDM, 1 a B S KOCT]I

NiBONPOBI THUKOBHUHNH NTaiszep MOTYXKHO
bpoBuit Bo-BFAMeTpituBEXpBruomor e Ip
Mi pooBaHp pEHAI1 I H OT O NOCHUI OBKMIA
piBHWE 2, oTpWMODYMOBHWHWIBrusicrths
B peXHuMmwi B13yBaHHH4 BB . 11wWYITB K

inprpmyeTbrcs y 50 pasziB 1 cKIapgjaa

442. OnToeae KTPOHHI nNpucCTpPOI o J
OpaAMHATA aAM

I' OE , mo cknaghbTHEHAR 3 memsxe 3 1
M1 pOBaHHH KYTOBHX nepeMIl € HB
opauHAaTI . 4 BUMI pPIOBaAaHHSH KY T (
0 M KOOpPIMUHAaTaM He 00X1 THO mo 0
peanoBpmmaam®yaani 3 PxHI HR o mp an xmaxp
Oe3zmeuye He3alde kKHEe BHUMI pPIOBaAaHH S
OpIaIuUuHATI [ 27 7] . MeToangumikKka 3 amdUc
CTYNODHOT O :

1. 3D BCTAOYYTIHUBE c e Parx o4Bl@) oy e
il eHTyBamTacsb Tak, moouw mHpoMI HB

BEpXHI. [loTrTiMm c¢cBiTAOUYUyTHIAHUBGSG C
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yXB. y HanpsMikKky mnpomeHns (24).

22) 1 (23) 3@83DudlydlPnacsr mnmepima

2. II1i cna 3 amnBRIVI JdPeBpi ronio 4y y T 1 uB e

oBepTamnolc2ze mWwT .8HaAaBKOIO BicCil e
TOUWMMUHU TWapgl HHA nNpoMEeHI B 'y Hamp
anpsMkKy npoMmMeunsaswmu (233D UPZAP 3 a
3. CB1 THNOYYTI UBE cepeno§mm®OM©
1 ¢c1 , 11 O I€ XKUTHb y IMIJ O IU H 1 ma gl
anpsMKoOoM npowMeHns (23). M3 b nldDl 4B
4. Ocrtaununsa, 3werthhlepBanucyBanachs
22) 1 (23) nicunsga TOT O, 4K CBI1 T]
anucy 3rpelr]lp/bDlik a moBepTamacs y H
a 182 KBT. HaBKOIO B1c1, 1110(0) me p
aall HHS TNpoOMEeHI1B.

I[Ip un OCBI1 TIE€HHI a KTa Kaio 1 o qr]
OHOXpPOMAaTHUYHHUM Oy 4K OM CBI1TIa y
€3y aIbTar.i audppaxkimi i YyTBODIWITSBC
B1 TIa, mnomapHOo pO3 TamoBaHUIX y

1o mu B a 4.18].
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X [udpepenuinnuit
niocuioeay

! Y
Al X AIJ’

Pudl8. JAudpaxkumi g cBlTmo Bmme ,[" OF
sKorTo 3anulDadiyléTrmymox cBiTma 4
"HOHOiO—- nmyukum cBIiTxa, mo aAudGpar o-E

B1 IIMTOBI1 JIHO.

Il uTeHcuBHI ¢Tb 1au @EONOD@3aanmexK HITPHO
opitentanii IOE Bi AHOCHO majgawmw4do0T
IF'OE wasBk®mwPuslicli8) i HT e Hc uBOHIOQ T i
3aJlWMmMa T bhCA , Hea3 MI3MH WHNOW T b C T1 JIE
npomMéGiiOp KyrtoBi 3anexHo@®@i@mprre n
obepranni TOEOmalee o xgoaoBi ged, 1o
P u 4.19.
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I,1; | L1, 8iOH. 00.

J00F
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50
S, Kym. Xe.

1~ e N |
25

B

Pudl9. KyTtoBa
H O np o pQuipiie #O i

noBE@Bd mmioc 8 dOOr81 1 HOCHO

3 ad€e XKH1 CTh 1 HT € H C

nyd4Ki1 B g e T 08 Ot il 1P

‘HO-u p u

(14 \

VW

PiBeunpr mepeTumHaHHIS KpuiKMHOi Oy T ¢

BU3HAa4Ya€EThHC A 3 Hauye HHHAO ii ©Orepr u
HOpMaadbHOMY mnNapagiHuHd B@EpoBi aimpaun
1 HTEHCHUBHOCT I BCl1 X npoMeHI B 0 1
B1 AMOBI1 ABAlE€N T HX ¥ b I[Ip mn 3 M1 H 1 K KY
Pud. 19, y pe3yianbTarti ECHEpProooOMI F
B1 10yBaeThHCH4 nepepo3NOoOONpOoOTECnHKH
3HaKaMU.

TaxuM 4YHUHOM, nudbpaxkmiga CcBI1TIHaa
I O K O Ha mapa 3D IIT AP m o 3 M1 H 1
HUX MNOYy4dYKax, MOXe 3abes3meuduyBaTHu I
3 M1 II€ HH A 00’ €eKT1 B Imo B1 1 ®AdBI1 I H]
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He 00X1 THO T1iJdAbKH H a mi s Xy K O X H
Pud. 18) BcrTawoBuTu GoTompuimMadui,
3 a nudbepeHIN]I HHOIW CX€e MO . To ni

nudpeperni HaHor &0 nO O uzxQor@ 4Q Oy nne

B €M U H O 10 i HaOops MKOM KYyTOBOTO
cepenaoBwuIma, B1 THOCHDO majmgawdyor o
3aJ€eXHOCT.I (4.30), 1K a Oy nne

nubpaxkxnogli HOI cTpykBRwédbD, sxkxa mnmoka

Alx,Aly , 6iOH. 0O0.
A

74 g I /’/

50

-

25

il [T ) A il Wl |
-300 -180 -60/' 60 180 300

/ 8.\‘,'6}’ ]

[ [-2% xym. cex.

!

/ -50

Puc .420. 3 amxeXH1 CTHh BUXI1 IHHUZX
nudpepeHNI HHOT OIRFORicHM TROBTAE a0 O ¢ pT a:l
1 —KyT oO0OepTaHHIH I' O B B-ikIyHro c ;i® e pPBT]
BigHOCWM® BIicCi

Hns Buxopuctaunung I[OE y cucrtewmi
OyTu oOoOcHameHUU oOOEpPHEHHUM 3B 53 KO

1K a BUKMMEKNMEHE@Y T b YUHHHUKAMHU obep

3a3HaAa4Y€HOTrO HanpsagaMKYy .
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cCT

[Tpome c B13yBaHHIH 3a0pPONOHOBa.ct

CTYOHOMY . [IlpucTpi #, 3a JOMOMOT

b

3a1aHOMY HamOonpsaMKY, MOB 5A3YHWTH

mim 1tae Ha ['OE, Ta BHU3HavYae HaTIM,]

1 3
U H

Py

OE

el B o B

=

oI
b p

1 1

b

o

a

)=

b

HYbTOBrOOp IOT€EAa I ° S+ B O MIPPMME HH §p ar
IPOXOJASAYUYHUM. BunpomMi He HH 4, 11
TYpPYy CchoniBOHajgae @NMO HaOnpsIMKY
a3€epHUM TNpPOMEHEM, Ta y pobo
B KY € THOCBARP Y MAK B13YyBaHH
roBaHUX TMNPOMEHIB pPeeEcCTPYETH
nudpepeHNN]I HHOT O ©Wi1JaJCHUJJKOBAaYa
i gnmnoBi #®0Os Op3s® #1 1 MIOJAaT KT I
y 104 U U MEe XamT &8 e, I PUioC THpOl B B
HOCTI1 CHUTHAa”Imy, Ta MNOJOXaeThECH

aB Wm0V W@i ¥i Bunma Ok IO, & oOma

{eV]

B

Nl

Mi MexaH13M Hamnpyra H®HeEe |

1M peemappamvMaor.gaHuwimo 00 € K

o o
[
=i¢

B13yBaHHSH) MOBEPTAETHC S

(S

i M 1 X{"G:i'fﬂri@oiM"@HlfaMHanoz[i M1
a 10T b3 @ HAXKH TPUMYyMyOTDH BHUK
TaTHu nOpuCcCTpPIi H Blita § B @IHOHTSM , H alB
CUBHOCT.I npoMeHI B JOCSIT HYT

T awTb OpucTpil U, KOMIE HCY T b

Hor3d a&®amny
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c © an

o

[Ipomec Bi1i3yBaHHSE 3a JAONOMOTOIW
O po3cisgsHOMY B1Jag 00’ e€ekKTy BI13YyBa
pocCcTO 3401 UCHUTU, 1 K 110 TXepeao

13yBaHHS MOXJIHUBO po3rasgatud 5K
03 Mibigysie Ty GO KYyCI 30uUupaHoOi A1 H3 WU,
amp s MO K B 3Q y380a HIH 4 KO Jwu TOYKOB
03 C1 KHWBaHOTO B1 1 00’ €eKTYy B13YyBa
ONTHUYHI U B1Cl1 I1 H3 U . I[Ip un B1 I
03C1WBAaHOTO OBBMOT IO NRFRMMHODIBI1 CI
M1 1€ H H 00’ exTYy B13yBaHHIH (abdbo
1 I1CHUITKHOBaAaUya B U HAXIAOTIK 1 ¢ U MM P JE B B
€ XaHl 3 M, NOBEPTaAaWTH OpucTpIl U )\
al1aHOTIToO HAaNpPIMEYKBBEYRXKEPpEIMAADPO
Taxuwm YU HOM, 1 K BUXOOTHUTH 3
MKOpPHUCTaHHH4 KYTOBUHX CeNneKTHUuBHHTV
03 BOJSHE CTBOpPHUTMHU Ha 1 X OCHOTBI

pucrtpori, 1110(0) B1 Ap1 3 HSAIWTSHBCH mp o
OYHI CTH BUMI pIOBaHGB YVHBKII @MHER OB
OXIHMUBOCTSIMHU . Cnig 3ayBaXHUTH Tak
€€ KTHUBHOCT.II I'OFE 1 B1 IMTOBI1 OIHO
MUMI1 pIOBaHGDb OPpPUBOIAHUT b I 0 BU-KBPHEC
294] . Kpiwm TOT O, y T aKHX I'OE
Jjcar MBOCT e W 1, y mepmy dgepr[295], Tp
K a NMOoOB’ 53 aHa 3 HE y3TOJXeHI1 C-T I0
TPYKTYDpH. 3 M1 Ha 1 HTEHCHUBHOCT.I

uppaxkmgi HHOI

~5 T pMmyRkmTCysptDQ%e il &
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BUKOTPIUC TTOABKYIB amrmup pa K11 WH1 CTPYKTYT
abo 1 nagnms a1 HI WAHHUX mnepemMmime {Pou cH a

418) s x mne M®Pud@2B ano Ha

4
_I—»Alx——

Pucd4d2l. Il puyasunuunmoBa cXxeMa I B OKOO:
NOJTOXEHHS JdTajl3epHOro TMmpowmiom®owT padi
11 g3 d O xknanadxiPDallBJIBboronpuitMaw

nupepeHnl HHU M NEHACHWMATBPAMUA TPUCT

Mpu 3MimenHni naDRyvwHame 1 MEG@GM®H

ODWro moBepxXxHI Tonmorpadiagaoi i H3 WU

H a I'OE (2) 1, B1 1moOBi1 JHO, 1 HT € T
"CHCHO i O [To 3 Mi HI 1l HTE€EHCHUBHOCT I 0 1
ma g i HHSA Hpwali AZ. 3apa3E,a 09Hu mpoc

po3TamyBaHHSA KyTaOnma AiOHH s 210 p 0 MIOH
y ¢doOyoimorpadi uHOI 11 H3 U1 1, H e

monoxeHHS ©@poaMi maxor pa ¢iovg FODIC , 1 i
w "OVC . Poxkycua BOrgcrroarHmed ¢ i TMiHH 3 U B

1 ama3s3oH 1 TOYHI CTbh BHUMI pPHOBaHHTIH.
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4.

S. PeecTpani n i Bi ITBOpeEeHHSH

TONOJOTri yHuMu e dpe KTaMHU.

B

nTaHUMH yac B CE€ 01 J15b 1mra K1 Jb

BUBUYE HHI CBI1TIOBMHZX nIyd4Ki1 B 3 I U C I

T

n

3

C

9

MY HUX BUXOpI1 B. I x MO XKJ UB O p o
HIIUIIOBDO B1 IMI1 HHI B1 I poO3T O+
yIbTaTOMUT dAKKEX CTBOPECEHHS TOMNOII
mNOoOBEpPXHI XBHUIbBOBOTO bpoHTY,
Tokan@ew. Iyl pobGorTi MU O0O0OME
kiB8 3 I ]JI.

Sk mo y AI§ HWIKOYy , CBOI1I M BJI1acCTMHUBOCT

)

M

A

K

c N

CKOTI XBHII, T@ u cuyorrvost  xIBJM 1 b 0 B
O KJ U B O npeacTaBIATH I K pPOJIU:
CTAaHKHBRMMIO®pPI1I BHIOE JOBXHUHI X B M II
Oro mNWMydYKa MOHOpPHUCYTHS ocoO0OnuBa T
mu H i, NepnHneHAUKYI IQ@B®DIKEOH HH 3
ry M€ HT KOMOJITE KCHOTI aMOI1 Ty aAHu

3al1€XHOCTI1 B1JaO HamnpsMKy o00X0O0
a) 1K 1 OpUCYTHI y Ny4d4KY. XB U
HTOBOW MTOBEDPXHE I, B1@BUBIKOT 0 1l
U X Il U X TouduKkay h3apmawne uxaB u(a T
OJWTHOILO HYIJIS aMODIIl Ty adAH) . Oc k
TJITOBOI eHeprii 3ana-tloHec g HT
ONEeHAUKYISPHOT O OO NOBEpPXHI X
yTHOYBATIUC A «3aBUXPEHHSH I € H ¢
OnTuBOCTI poOaAsSTH CBI1TIIOBI nyd
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nedpexkTaMum 1 KaBUMHU SK 3 TeEeOoOpeTHldY
3 nNpaxKxTHUUYHOT . € nmiagcTaBU TNOpUNYC
IUupOKE 3HAHCSAT OY Y Ba M1 pOBailbHUX 1 I

[297].Bxe € mepmi poOoOoTHU moAgil OHOT O

B

a

0

- = e

o

T S O o

M

@)

HDaTKO®®BOHOpPI 1HOoro <cepeaxgoBuma (y
TMOC e pu) [ 298], BUXOPOBHUMU ONTTHF

yTHU BUKOPBAUHRAHBRY HEKODCTI ONTHUYHH

H I e
[IporTe, 3apas, KilIbKicpPgwHaimaegi 0
hnuo, He MOB A3aHO HEe T1IbKHA 3

pPyYyAHOmMaMHU €KCHOHDEpHUMEHTAaaAbHOT O MO
O He y s BONisl € C KBJCAIJUHKO C T 1 . I'T aBTO
a3€epHHUX 0y4dckKax 31 CIHeKITIOBOI
O3TamyBaHHS 1 3HaK JaJuUcCcIToKamii H
OHM BUNDAaJTIKOBI

Taxkox Iy 4K H 3 I' 1 MO XYTHhb $op
araTtToMoao0BHUX e av3oexpiiuBs o[ 3idclr]|u,p oB K ¢
OpMYyBAaHHIH Tak -ITagecroBoilla Mmoypii
0O3M0O0I1 dT€HHSH BUOpPOMI HIBaAaHHH4 y |
1 1 sPmuset .. (2 2, o) . Y meromMy BUNDAIKY
K O 1 OPOXOOAHUTH 3 a Il € HT poO MO TTpPEHUMVHA O]
1 T I CKIOXamgaH.i MOJIHMU BHUNPOMI HE HH I
noci1 0 oTpumMaHHs mnydkiB 3 [I'JI #Haj
e 01 1bWil CTH cyuduacHU X Ta3epill
OTrepeHTHOCTI1 M@NONpaimwe Yy OJHOMOM OB
e nepenbdbadye Ha MO XIMUBI CT b OC T
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BUKOpUCTOBYBW®HC a1 BrnaisseoopmyJIBBunmangky
g K o 1 OPOXOJAHUTH o WLWEeHTDPY T € MHO
O17npm CKIAagHI MOJAMU BUNPOMI HE HH I
cnoci 06 omypywmiamuax [I'J[ BHagi a1 i
O1 7pbmi CTh CyYyYacHHUX JdJajzepiB 3 JT0C
NpamowoTob B OOTHOMOJJTOBOMY pexXumi ,
nepenbdbavye Ha MO XIHUBICTh IOCTHUP O

BUKOpPpUCTOBYB-d®csa naszep JT

// '.~‘/‘47 V4
- f{a;’;j " Y

‘ 3 a) 0) B)

Pudcd22. a) xema 'l y BUODpPpPOMI HE HHI1

g

dJaredmpyccoBy wMonany7 X;1 2 —smamaimpi Rldp o
3 - n3epkano; 4 —- 11 H3a,; 5 — eKp
OfmmonmepedyHuUu" 3p13 BUXIAHOTNO NOYy4U

BkapTuHna 1 HTephPpepeunuii aABOX 10y

[ cHoyee onxHe ycCKInIaJaHEHHS: , IMIOB A3 ¢
|yl 14 BIJSE CoO0OO0OKW YHCTO bas3zoBYy 0 C
HassBHI CTHhb MO XIJ U B O T1AbKHU MNpPpHU— 1 H
aHall3aToOpoOM, HanpuwmadRZ2B . 1 KY TIObK(
BUIMTAaIKYy 1 HTieBpb eIpy 4K & 3 IUCITOK aTIl
3 Ha K1 B . OOCepHEHHH 3 HAaKYy IUCIOKa

Yy MCIIa B1 1O0OUTT 4 y IB O X mMJIeYya X
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[IlpucyrtTHicTtswsr ['J]l BU3HavaeTbhCcs 3a H

Pnud22B)B iHTepbhepeHI]I yHIBHMOIRAKXABRK O

I1

3

® 5 — =

an

0)

C

y

C

I1

T

Y K1 B B1 1THOCHDO OJIHE OIXHOT O, a o
yBY (3MiHa paagiycy KpPHUBHUHU) . ]
naagok 1 HTepbepeHIAHamysr&a&aopy I3
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4 0 K 3 I'T Ta HAaCTYODHOW HWOTO I
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OBUNIMHM ToOoOJdOrpaMu 'y TMnmpoIec.i 00D«
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Tepodas HumMu M KpLahcu cotbeoM\gBwiy a 5 K
3BONSASE peanli3yBaTHU CBITAOUYYTIH
epilraece CB1 THAOYYTIOHUBI CTEh r all OoT ¢
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s 3 amMOMICXH UK 31y d4kaxucddk olfd JIUPE,3 B
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Kpocugxagf@aw - o000 AgBKk anpmuszita Kk pi1 I ae
PBHHUKAa MOXIJIHB O, 1 K BHYTPpPI1 IIH b O
ToreHcpilt OHOIT y O OMOIPOIHBKHIS H H 1, 31
T0TrTreHCpPl OHHUMHU EMYyJIbCclsSMU, I 0 3

TacTh CHEKTpPpanlbHOI HYWYyTIHUBOCT.I

EKTDpPY, a 1 3aCTOCOBYBAaTHU A =
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Jns 3’ scyBaHHS MeXaH13MY BHUCOK
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bpaxkxmni WHOT CTPYKTYpPH 3 KepoBaH td
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