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KpaCHblM ~ 

HOM MI.-1KpOnpo m«Ducmo HHUQa»l 
na. YTO apa 
HblM 06pa 31 

1.-1 cepA~eB3ne mpOHHO -MUKpOCKOnUqeCKUe er BblAenVl ' 
CMonilHblX 
3aKnlOyaeT 

ranaKTaHcnegooaHuR apafiUHOZanaKmaHa KO B cpeA~ 

B~HHbI X fl S 

H~e B Ape 
OyeHb60nBgpeBecuHenUCI BeHHuqI 
OnblTbl co 
AeHHbie nl 
ro MI.-1KPO ~ 

W,~ XCH Kp, 

I HblX kn erxax Ape Bec~Hbl ~ xapaxrepy n O)f(eH~e, YTO ranaktaa n~ CTBeHH~~bl 60ranaKTc
3. Jl, AKI1M, Jl. K. MOIl OTKOB, 

~ 3 M eH eH~1l ee crpyurypu npa ocyuie­ B X OA~T B CO CTa B c peA ~ H HO~ nnacrva­ nyya x n~ C 

H. H. Canpsuorna, M. B. Koaaneaxo, 
CTBfleH~~ B03MO)f(HbIX onepauaji rex­ K ~ n 0 3AH~ X rpaxeun ~ cnocori creyer B paHH~ x 

r 
10. r. Ma HApe, n. r. MaXOTI1Ha, H on Or~Y eCKOrO npo~ecca n onyY eH~il YBen ~ Ye H ~1O M eXa H~YeCKO~ npOY HOC­ AI.-1YHbl XG. 

B onOKH~CToro nonydiafipaxara. npesecwuu. neHO, YTOT~ens rTY pn; 
Anil pa 3 pa 60TK~ ~ pean~3a~~~ npo­ H. ~. HI1KI-1TI-1H C C OT pYA H~ KaM ~ ye­ KVl pearu 

A.A. Cepreea, C 116H~n1 1.\6n; 
Mblwn eHHo~ rexuonorua He0 6 xOA~Mbl T aHOB~n~, YTOcpenuee conepxa uue apa­ CBeTH w,~ rI H. B. BI1HOrpaAoB, ens rTY pn; neransuue ~ ccneAoB aH~il no pacnpoc­ 60r anaKTaHa B p aHH~ X sacrax rOA~YH bI X pOMaMI.-1) 

I 10. H. 3aSll\, AO «Ipynna «Io11l 11 M» Tp aHeH~1O ~ nOKan~3a~~~ apaouuora­ cnoes rpaxeun 60nbwe, yeM B n 03p,H~ x . Hec~eH~' 

naxraaa B npesecaa e. A. 11>. 3al1l.leBa oripenenana Kon ~­ npe~ 

E cn~ nepsoxy sonpocy nocsaute­ -r ecraeauoe conepx auue apatiorana«­ cnenoaai 
HO AOCTaTOYH O MHoro pa60T ~ yCTa­ raua B npenenax pa3HbiX rOA~YH bI X KO­ suiee BpI 

np~ C0 3A aH~~ ~HH oBa~ ~ oHH o~ HOBfleH xapa KTep era pacnpOCTpaHe­ neu sn pa B n 03AHe~ ~ pa H He~ npese­ nonoxce 
r exu on or aa K OMnn e K cH o~ rn y6 0K o ~ H~ il B npesecvue no nonepexa ony ce­ C ~ H e AaYPC K O ~ n~ CTB eH H~ ~ bl . Esm oYC­ AenbHbl ~ 

X~M~Ye CKO~ nepe pa60TK~ Ape Bec~H~ YeH~ 1O ~ Bbl COTe cr son a ne peaa, TO TaHOBfle HO, YTO B p a HH e~ npeaecaue H~~bl, 1.-1 

n~ CTB eHH~~bl ~ n YT e~ ~ cn onb 3 0 BaH~il sonpo cy n OK an ~3 a~~~ apa6~H o ranaK ­ rOA~ YH b I X cnoes snpa apatioranaxraua AeHl.-1il a 

scex B~AOB KOHeYH blX nponyxros ee raua B pasuux TK aHil X A p e BeC~Hbl no­ conepx arcs fionsui e, yeM B n 0 3AH~X , KneTKa x 

nepepa fi orka . secsa a axr yaneu sonp oc CBil lI\eHO nl.-1Wb OrpaHl.-1 yeHHOe K On~ Ye ­ He3aBI.-1C~ MO or Taro , B3ilTbi fl ~ 06pa3 ­ sx B CTp 

MaKC~ManbH or o ~3 BneYeH~il ~ ~ CTB O pa60T [2-4]. l ueurpa anpa ~fl aa rpauuue e CTBneH~cnonb ­ ~ b ~3 ~ 

30 B a H ~ il OAHoro ~3 COC TaB n illO l1\~ X ­ H. n. lllaapoa 1.-1 3yyan pacnori oxe­ 3a60noHblO . A6conlO TH oe conepx aune TOB K~ I 

apatiauotane xraua. KOn~Y eCT B O KOTO­ H~ e K aMeA~ Ha M~ Kp O C K On~ Y eCK~ X apafi oranakraua Bnpese caHeY Ben ~Y~ ­ BonOKH 

pa ra B npe secau e n~ CTB eHH ~~ bl co­ cpeAax Ap eB ec~ H~ C ~6~PCK O ~ fl~­ aaer ca aT ueurpa K ne p ~¢ep~~ ilApa, lien 

cr asnner 7-3 0 %. np OBeAeHHbl e ~C C fle ­ CTB eHH~~bl nyTeM ~ x o Kpa w ~ BaH~ il pe­ HO OT H O C~ Tefl bHoe )f(e ccnepx auae 8 nsnocs. 

AOB aH~il aH aTO M ~Y e C K OrO cTpoe H~ il aKT~ BOM ra HwTe ~H a . 3TOT peakr ue. no paHHI.-1 X ~ n 0 3p,H~ X -racrs x r OA~YH bI X nokana 

np esecauu n~ CTBeHH~~bl [1] noasona­ AaHHblM aer opa, onpauiaaan Ka Mep,eno­ cnoes OCTaeTCil n O YT~ nOCTOilHH blM~ B HilX ~ ( 

n~ n e p e ~T~ np« Aanb He ~w~x ~ccn eAo ­ A06Hbie BelI\eCT Ba B P0 3 0Bbl~ ~ BeT , a cpeAHeM COCTa Bnile T 1,6:1,0. T~BHO~ 

B aH~il X K YCTa Ho Bne H ~ 1O flo K anvI3a ~ ~ ~ cMony - B rO fl y6 0~. Ha O C H OB a H~ ~ ~ 3Y­ ny TeM o K p aw ~ BaH ~ il cpesoe Ape­ 1.-1 uieno 

ap a6 ~ HO ranaKTa Ha B TKaHilX ~ crnens- yeHl.-1 il cpeaos 6blflO CAenaHO npenno- Be C~H ~ Kpa c~Te n eM He~TpanbH~M ApeBe( 
~3MeHE 

' Ilpoexr «Pa3pa60TKa ~HH o Ba~ ~ oH H o ~ r exucnorn a KO M nfl e K c Ho~ nepepafiorka npeaecunu flVlCT BeHH~~ b l » ocyuiecrenaer cs CTBeHH 

npu ¢~H aHc oB o~ nonnepx xe M~ H06 p H aYK~ P occ~ ~ . 11poeKT ssuuen n 06eA ~Te n eM orxp ur oro ny6n~YHO r O KOH Kypca no oT60­ Xa 
py opra H ~ 3 a ~~~ Ha npaso nonyyeHl.-1 il cy6c~ A Vl ~ Ha pea n Vl 3a~1.-11O KOMnneKCHblX npoekr oa no c0 3Aa H~ 1O B b I COKOTeXHOn Or~YH O­ Anil a~ 

ro npoaaeoncrsa B uensx rocYAapCT B eH Ho~ n OAAe p)f( K~ pa3B~ T~ il xoonepauau PO CC ~~ CK ~X B bICW ~X yye6HbiX 3a BeAe H ~ ii ~ 06pa3 

o p ra H ~ 3 a ~~ ~ peansaoro ceKTopa 3 K O H OM~KI.-1 . V1H ~~~a T op oM npoeKTa «Jl ~CTBe H H ~ ~a» B b l CTy n ~no DAD «rpynna «V1n~M», co­ na AI! 
BMeCTHOC CaH KT -n eTep6yprc K ~ M rOCYAapcTBeHH blMTeXH On Or~YeC K ~ M YH~Be p c~TeToM paCT~TenbHblx nOflVlM epoB. I.-1Ccpe 
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Kpa C H b"~ ~ pa C C M OT p eH H ~ HX B 06 b14­

KOf' /'I~ K pO C K O n e aBTOp npennonoxu­
na, 4TO apario ran aur a a sa neraer rn a a­

Hblfl 06pa30M B cpe AV1 HHbiX nJla CTV1H Kax 

~ ce pA~e B ~ H H b I X JlY4a x 101 nporurrue a­
et B bi Ae ll~ T ell b Hble KJleTKV1 uexoropux 
o~on H Hb l X XOAOB. Ho B TO }l{e apens . 
3aKRI04 aeT aBTO p, «6 e3y CJlOBHO apace­
ranaKTaHHe flOlKeT pa3 Me CT V1 T b C~ TOJlb­

KO BcpeAHHHblX nnacrauxax 101 cepnue­
B,l HHblX nY4aX», TaK KaK ere conepxa ­
HV1e B npeaecuue « C O CT a BJl ~ eT V1HorAa 

04eHb 60nbwoe KOIl V1 4eCTBO (29 -30 "fo). 
On'iTbl co cpe 3 a M ~ Ap eB e cV1Hbl, npose­
AeHHbie npH nOMOil1V1 JlIOMV1Hecl.\eHTHO­

rOI'\V1 KpOCKo na C npV1MeHeHV1 e M CBeT~ ­

IllIIXCHKpa c~T ell e H, nOKa3aJlV1, 4TO a pa ­

60ranaKTaH ~ Me e TC ~ B cepnueaw-u-u x 
nY4 ax n ~ CT B e H H ~ 4 H o H gpeBecV1Hbl , Ka K 

8 pa HH~X , TaK ~ B n0 3gH V1X 4aCT~ X ro­

AI14H biXcnces snpa. llpu 3TOM yCTaHo B­

neliO, 4TOapaforanaxran Cne l.\V1 ¢ V1 4eC­

KV1 pearspyer co Bce MV1 V1 c n bITa HHbIMV1 

C B eTH I!\ 11 1'1I1 C ~ Kpa CV1T eJl~MV1 (¢JlIO OPOX­

pOlm HI), Bbl3blB a ~ aaryxauue Jl IOMV1­

Hec~e H ~~ V1. 

Ilpencrasneuuue ~l aT epV1 aJl bl V1 C­

meAO Ba H ~ H n OKa3b1Ba 1OT, 4TO B HaCTO­

Aillee B pe l~ H HeTT04Hbi X gaHHblx 0 p a c­

n O n O }l{ e H ~ ~ apa 6V1H orallaKTaHa B OT­

AenbHblx TKaHHX g peBe cV1H bl JlV1 CTBeH­

1I~b1 , II COBep weHHO OTCy TCTBy lOT CBe ­

Ae411 Ho ero ll o Kall V1 3a l.\V1 V1 B oTgeJlbH blX 

KMTKax 11 conyTCTBylO il1V1 X V13MeH eHV1­

AXscrpyrrype npesecauu npu ocyuie­
CT B ne H V1 ~ oTgell bHblX onepauua nonro­
ToeKV1 ApeBeCV1 Hbl K nepepati orke Ha 

BonOKHI1CTbie nOll y ¢ a6 p 101 KaTbi. 

~enHI~ 11 nauuoro V1 C CJlegoBaHV1~ ~B­

HAnoeb, eo-nepsux, YCTaHOBJle HV1e MeCT 

nO Kalll13a ~ 11 V1 apa6 l-1 HOra llaKTa Ha B TKa­

IIHX 11¢OPM ~ PYIO il1 V1 X V1 X KIleTK aX B Hd­

TiiBHOH1106pa60TaHHOH ro p ~ 4 e H BOgOH 

III!\en04HbiMpaCTBop OMJlV1CTBeH H1014 HOH 

npeBec V1 He, a, BO-BTOpbIX, Bbl ~ B Jl eH l-1 e 

~ J ''', e H e H I1 i1 B crpoenau gpeBeCl-1H bl JlV1 ­

cTBeH H V1 ~b l nocneYKa3aHHbiX 06pa60TOK. 

XapaK T ep V1 CT ~Ka V1c nOJlb3 0 Ba HHOH 

I\lIA a Han ~ 3 a gpeB ecV1Hbl, MeCTO ortiopa 
06pa3~ OB Ha nonepe4HOM ce 4eHV1V1 CTBO­

na nepesa. MeTog V1 X n OJ\roT OBKl-1 AJlB 

~W1eAo Ba H I1 i1 Ha cKaH V1pYIO ll.\eM 3ne KT­

p OHHOM MV1Kpoc Ko ne SUPRA 55 VP-32­

49 lP Hp Mbl «Carl Zeiss» B ~Hcn1TYTe 

BblCoKoMolleKYIlBpHblX coeAHHeHHH 

PAH V1 3JlO}l{eHbl pauee [1] . 
Oo paauu HaTV1BH oH g peBecV1Hbl ne­

peg V1 CCJlegoB aHV1eM 06pa6a T ~ B aJl V1Cb 

ropaxeji BOg OH 101 pacrsop o« ll.\eJl04V1. 

. An ~ B bl ~ B JleH V1 B npV1cYTCTBV1B apa ­

6V1Horan a KTaHa B crpykrypuux 3neM eH­

Tax gpeB e cV1Hbl B Ka4 eCTBe MapKepa n a­

paJlneJlb HO V1CCJl e go BaJlC~ nopO WOK 101 

BblcyweHHblH Ha nonnoxxe e ra paCTBOp. 

B c e r o 6~n o n p Oa Ha JlV1 3 V1 p OBa Ho 

ceuuie 150 V1 306pa}l{ eHV1 H 3Jle KTp OHHO­

MV1KpocK onV14ecKV1x ¢ OTorpa¢V1H V1 CCJl e­

gyeMb lx 06beKTo B, ua OCHOBaHV1V1 KOTO­

pux 101 COCTaBlleHO ona cauu e nonyseu­
HblX V1306pa}l{eH V1H. HaV160 Jlee TV1 n V1 4­

Hble 101 3 HV1 X npV1BegeHbl HV1 }l{e (Ta61l.1) . 

1. nOpOWOK apatiunoeanascmana 

(puc. 1-3) 
llpa YBellV14eHV1V1 B 200 pas nop ourox 

npencraanser C060H , B OCHOBHOM, KYC ­

KOBV1gHble 4aCTV1l.\bl p a3Ho06pa3HoH He­

npaBV1nbH OH ¢ OPMbl 101 p a3Mep oB, paanu­
4alO ll.\V1eC ~ no 06b e My B TbI C~4 Y paa, PeA­

KO BCTp e4 alOT c~ Mell KV1 e urapootipasuu e 
4a CTV1 l.\bl (p V1C. 1). llnocxae Y4 aCTKV1 4a ­

CTV11.\ V1M e IOT nneHKo0 6pa3HylO nosepx­
HOCTb (p V1C. 2) C ycag 0 4HblMV1 rpeuia ua­

101101 HenpaBV1Jl bHOH ¢ OPMbl (pV1C. 3). Ha 

noaepxuo cr« 4 aCTV11.\ BCTpe4 a lOTcB OT­

g eJlb Hble 101 B BV1 g e KOHrJlOMep aToB w a p o­

BV1gHble 06 pa3 0 B a H V1 ~ . 

2. KannH pocmeopa apatiunoea­

nanmana BblcyweHa na noonoJ/(Ke 

lloeepxaocrs su cyureauoro pacrsopa 
apatiauoranaxraua npencrasnaer C06 0 H 

aMop¢Hy lO, cnerxa 6yrpV1crylO nJleHKY, V1 C­

neuipeuayo Tpe ll.\V1 HaMV1 Henpa BV1 JlbHOH 

¢OPMbl, 06pa30 BaBw V1 MV1 cB B pesynsrare 
ycag04H bix HanpB}l{eH V1 H (pHC. 4). Ha no ­

sepxuocta nn eHKV1 penxo pacnonoxeuu 
4aCTV1l.\bl, B OCHOBHOM, urapootipaauof diop­
Mbl (pHC. 5) . 

3. 06pa3Llbl HamUBHOU Bpeeecunu 
nucmeenuuuu (ties otipotiomuu) 

3.1. 3a6onoHHaH «acm» cmeona 

B 3a6 0Jl OHHOH 4a CTV1 CTBOJla npucyr­
CTBV1e apatiauoranacraaa He BbIBBJleHO. 

<l>V1 6pV1JlJlBpHaB CTpYKTyp a Hapy}l{HOra 101 

BHyTpe HHe ro CJlOeB pa HHV1X 101 n0 3gHV1 x 

PV1 C. 1. nOpOWOK apaouuoranaktaua 

MacwTa6 : - 100 MKM 

PHC. 2. nOpOWOK apa6V1HoranaKTaHa 

MacwTa6: - 1 MKM 

PV1 C 3. nOpOWO K apariauo ranaxraaa 
MacwTa 6: - 200 HM 

PV1C 4. nJleHKa 101 3 pacrsopa apabauora­
naxraua, sucyureuuoro ua nonnoxke 
Ma cwTa6: - 200 HM 

27 UeIlIlIOIl033 6YMara KaprOH 
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Hexoropsre 06'beKTbl M3 M3Y4eHHbiX 3neKTpOHHO-MMKpOCKOnM4eCKMX cjloTorpacjlMii 

Ha3BaHHe HCCneAOBaH HOrO AHana30H YBen H4e HH~ AnR npenaparoe 

npenapara Apa6H H OranaKT a H ~-- - ApeBeCHHa 

TOP lle BO ~ PaAHanbHb l~ 

cpea paspea (CKOn) 

Ilo powOK apa6MHoranaKTaHa 

200
 

15000
 

50000
 

PaCTBOp apa6MHoranaKTaHa, BblcyweHHblii Ha nOAnOlKKe 

50000
 

100580
 

HAPOBall 4aCTb crsona, ropueaoa cpea
 

lletrrpansa aa 4aCTb 100
 

l.\eHTpanbHaR 4aCTb 500
 

CpeAHRR 4aCTb 100
 
n ep H ¢e p H ~ H a R 4aCTb 500
 

BHA nOBepXH OCTH aMop¢Horo enos 2000
 

BH A ncsepxuocra aMopqJHOro enos 50000
 

HAPOBall 4aCTb craona, paAManbHblii cson 

CpeAHRR 4aCTb 1000
 

l.\eHTpailbHa R 4aCTb 1000
 

nepH¢epH~ HaR 4aCTb 101260
 

HAPOBall 4aCTb craona, TaHreHTanbHblii cxon 

CpeAHRR 4aCTb 

nepH <jJ epH ~H a R 4aCTb 

ne pH<jJep H ~ HaR 4aCT b 

06pa314bl ApeBeCMHbl o6pa6oTaHbi ropll4eii BOAOM 

3a6onoHHall 4aCTb crsona 

TOPlleBO~ cpes 20000
 

TaHreHTanbHbl~ cxon
 

HAP0BaIl 4aCTb crsona 

nepH¢epH~HaR 4aCTb 2020
 

l.\eHTpanbHaR 4aCTb 60
 

lleurpansaan 4aCTb 2000
 

CpeAHRR 4aCTb
 

CpeAHRR 4aCTb 500
 

06pa314blApeBeCMHbi o6pa6oTaHbi paCTBopoM ~eno4M 

3a6onOHb 

500
 

HAPOBall 4aCTb crsona, Topl4eBOii CKon 

CpeAHRR 4aCTb 200
 

l.\eHTpanbH aR 4aCTb 500
 

Ta6nHlla I. 

TaH re HTan bH bl ~ 

paapes (cxon) 

10090
 

500
 

50000
 

9590
 

2000
 

PHC. 6. To 
ueurpa C1 

1-lacwTa ': 

PHc.7 . 1
 

'e.n pa C 

MacwTa 

PHC. .
 
racrs I
 

M cwr
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raHreHTanbHbl11 
pa3pe3 (CKOn) 

10090 

500 

,0000 

590 

00 

PHC5. nneHKa ~3 pacrsopa apatiauora­
»axraua, BblcyweHHoro Ha nonnoxxe 
"lacwra6: - 100 HM 

Pi le. 6. Iopuesoa cpea snpa. OKOJlO 
uestpa CTBOJI a 
1·\acwTa6: - 100 MKM 

P11 e.7. Top4eBol1 cpea llApa. OKOJlO 
4eHTpacrsona. 30Ha paHHel1 ApeBeC~Hbl 

~\a cwTa6 : - 20 MKM 

Pile.8. TOP4eBol1 cpes snpa. CpeAHl1ll 
'laCTb snpa 
l~a c wTa 6: - 100 MKM 

rp axean xopowo aupaxeua, ~ OH~ Ka­
K~M-n~6o aMopcjJ Hbl MBeL!1eCTBOM He no­
xpuru . BHYTP~ KJleTOK Ce p A l.\ e B ~ H H bIX 

Jlyyel1 ~ Ha nOBep XHOCT~ ~X 060JlOyeK 
r aiose OTcyTCTByeT axoprpace BeL!1eCTBO. 
Bce nopu Ha CTeHKax rpaxeun ~ KneTOK 
CepAl.\eB~HHbIX Jlyyel1 OTKpbITbl. 

3.2. RiJpoBaR sacm» cmeona 
3.2.1. TOpl.{eBOLt cpes 
B rOA~YHOM koru.ue l.\eHTpaJlbH OI1 

Y aCT~ llApa n OYT~ ece n03AH~e rpaxeu­
Abl nckpuru CJlOeM aMopcjJHoro BeL!1e­
CTBa (pac. 6) . HaTOpl.\eBbI Xcpesax CTe­
HOK paHH~ x rpaxeun ~ KneTOK cepnue­
B~HHbIX Jlyyel1 r axx e xopowo B~AeH 

CJlOI1 aMopcjJHoro BeL!1eCTBa (pac. 7). 
B cpeAHel1 YaCT~ snpa CJlOI1 aMopcjJ­
uor o BeL!1eCTBa ua ncaepxuocru no­
3 AH ~X rpaxeun ~ na cpeaax o60JlOyeK 
paHH~x rpaxeun 3HaY~TeJlbHO MOL!1Hee 
(pwc. 8). Ho ocotieauo OH xopowo Bbl­
pa)l{eH B nep~cjJep~I1Hol1 YaCT~ anpa. 
rne cnnours nokpuaaer PllAbl panuux ~ 

n03AH ~ x rpaxevn (puc. 9). no CBOel1 no­
BepXHOCTHOI1 crpyxrype (puc, 10, 11) 
CJlO~ aMopcjJ Horo BeL!1eCTBa ~AeHT~YHbl 

crpyxrype nosepxa ocr« Y aCT~l.\ nopow­
«a (puc. 2) ~ nJleH K~ ~3 pacrsop a apa­
6 ~ H O ra Ji a K Ta H a (puc. 4). 

06pa30BaH~e enos aparinnorana«­
rau a y cpeaos Ha nosepxuocr« n03AH~ x 

~ pauuax rpaxeun n pO ~ 3 0WJlO Bpesyns­
rare BbICYW~BaH~l1 06pa3l.\O B npu npo­
AB~)l{eH~~ «paCTBopOB» ( TOYHee, C~ C­

TeMbl «apatiauoran axran - BOAa ») no 
nOJl OCTllM r paxeun K ~x nOBepx H O CT~, 

rne enara vcnapanacs. a apatiauoranax­
TaH BbICa)l{~BaJlCll. 

3.2.2. PaiJuanbHblu cxon 
BHYTpeHH~e n OJl OCT~ paHH~x rpaxe­

~A ~ ~x OKal1MJleHHble nopu Cnepexpu­
TblM orsepcrue« TOpyCOM, a raioxe Hd­
pY)l{Hble CTeHK~ KJleTOK cepAl.\eB~HHbIX 

Jlyyel1 noxpsrru CJlOeMaMopcjJ Horo BeL!1e­
CTBa (puc. 12, 13) . Ha nonsx nepexpe­
CTa rpaxeun C KJleTKaM~ C epAl.\eB~HHbIX 

Jlyyel1 Kynpec co~AHble nopu nepeupuru 
HO B o 06pa 3 0BaH~eM. AMopcjJHoe BeL!1e­
CTB O~ BCT peY alOL!1~e Cll BHyTP~ nOJl OCTel1 
rpaxeun rpaHynbJ p a 3n~YH0I1 cjJ OPMbl CO ­
OTBeTCTBylOT no KOHCT~ryl.\~~ apa6~HO­

ranaxrany (puc. 14) . 

p~C 9. TOpl.\eBOI1 cpes snpa. 
nep~cjJep~I1Hall yaCTb 
MacwTa6: - 20 MKM 

P~C. 10. B~A axoouoro enos ua 
nosepxnocr« TOpl.\eBOrO cpena llApa 
MacwTa6 - 10 MKM 

P~C. 11. B~A noaepxaocra axopcuoro 
enos 
MacwTa6: - 200 HM 

Pac 12. PaA~aJlbHbll1 CKOJI. CpeAHllll 
yaCTb llApa 
MacwTa6: - 10 MKM 

' I29 .. I : I. llennonosa bYMara KaprOH 
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PVlC. 13. PaA VlanbHblC1 CKOn. 

L(e HTpanbHail yaCT b snpa 
Mac wTa6 - 20 MKM 

Pl-1c. 14. PaAl-1anbHbll1 cxon. 
nepl-1¢epl-1I1Hail yaCTbilApa 

MacwTa6: - 200 HM 

Pl-1 c. 15. TaHr e HTanbHbl 11 ckon.
 
Cpenuan 4a CTb anpa.
 
Mac w Ta6 - 2 MKM
 

Pl-1 c. 16. Ta HreHTanbH bl11 cxon. 
n e pVl¢epl-1 I1Hail 4 a CTb il Ap a 

MacwTa 6: - 20 MKM 

3.2 .3 .TaHzeHmanbHblii CHon 

BHyrpl-1 KneTOK CepAl.\eBl-1 HHbIX nY4el1 

Bl-1AHblornoxeaaa awopdraoro BeU1eCTBa 

(pHL 15) . fl p o cr u e n o p u a a raa reu­
TanbH~ x cTeH Ka x KneT OKCepAl.\ eBVl HH~ x 

nyyeC1 Vl Me>t<KneTOYHble nonocru Me>t<­

AY CTeHKa MVl rpaxeun Vl KneTOK cepnue­
BVlHH~ X n yY e C1 3a Ky n b M a T l-1 p O B a H ~ 

aMop¢H blM BeU1e CTBOM. BHyTpl-1 nono c ­

Te l1 rpa xea n r p aH y n bl Ky c Ko B Vl A Ho C1 

¢O PMbl (pHC . 16) . Crpykrypa aMop¢ Ho ­

ro BeU1eCTBa nOA06 Ha CTpy KTYp e nopow­

KOBl-1 A HOr O apac uaoranakt aua Vl apatiu­
uoranakt aua. eu cax euuoro l-13 pacrso­
pa (pHL 17) . 

4. 06pa3u.bl opesecuHbl nucmeeu­

HUU.bl, o6pa6omaHHble zopH'Ieii soooii 

06p a 60TKa otipasuos nl-1CTBe HHl-1l.\bl 

r opil4 e C1 BOAOI1 oxaaana B03AeC1cTB l-1e 

Ha aHaTOMl-1ye CKOe CTpOe Hl-1 e npeseca ­
Hbl 3a6 0n oH Vl Vl snpa l-1 pacnpocrpa ue­
Hl-1e apa 6 l-1Horana KTaH a B il APOBOI1 4 a ­

CTl-1 crsona. 
llpa 06pa60TKe npesecan u ropil4el1 

BOAOI1 np0l-1 CXOAl-1T paspu xneuae cpe­

Al-1 HHOI1 nnaCTl-1HKl-1 l-1 MeCTaMl-1 uapyura­
ercs CBil 3b Me>t<AY He l1 l-1 OCHOBHblM cno­
eM KneToYHo C1 060n04K Vl n03AHl-1X Vl pan­
Hl-1 X rpaxenn (pHL 18) . 

Il p o l-1 CXOAVlT rakx e l-13MeHeHVle co ­

CTOilHVlil Cep Al.\e Bl-1 HHbIX nY4eC1. Omens­
Hble KneTK Vl orcnaaaaorca apyr or A PY­

ra . Vl x 060n04KVl He CKonbKO paspuxne­
Hbl Vl B Hl-1 X BVlA Hbl MVlKpOTpeU1l-1Hbl 

(pHL 19) . Ha crnensuux rpaxeunax 
pauuero enos 4aCTb OKal1MneH Hblx nop 

Ae¢OpMl-1pO BaHa l-1 OHl-1 OTCnOl-1nl-1Cb OT l-1X 

CTeHOK, HO oTBep CTl-1R nop sakpuru TO­

pyCOM (pHC . 20) . 
Ilpl-1 06pa60TKe Ape Be Cl-1Hbl rOp R4el1 

BOAOI1 3Ha4l-1Ten bHaR 4a CTb apacnaora­
nakraua pacrsopnnacs. Iopuesaa nosep­
XHOCTb p aHHl-1X Vl n03AHl-1 X rpaxean Yl-1 C­

TaR (pHC. 21). Ha BHyTpeHHl-1X l-1 uapyx­
Hbl X CTe HKa x 0 60n04eK paHHl-1 X l-1 no­

3AHl-1X r paxeaa enos aMop¢Horo BeU1e­

CTBa HeT, TaK KaK OT4eTnl-1BO Bl-1 A Hbl MaK ­

PO¢l-16pl-1n n bl . BHyTp l-1 nonocreji r paxe­
l-1A y scex 06pa3l.\OB RAPOBOI1 npeseca­
Hbl B He3HaYl-1TenbH OM KOnl-1 yeCTB e Haxo­

ARTCR yaCTl-1l.\bl apatiuuoranakraua pas­
nl-1 YHOI1 ¢OPM bl - OT nn OCKOI1 AO wa p o ­

Pl-1 c. 17. TaHreHTanbHblC1 ckcn. 
n e p l-1 ¢epVl I1Ha il y aCTb snpa 
M acwTa 6 : - 200 HM 

Pl-1 c. 18. TOp l.\e BOI1 cpes. Otipaseu 
3B60n OHl-1 06pa60Ta H r Op Ry e l1 BOAOW 

Macw Ta6 - 1 MKM 

Pl-1 c. 19. TaHreHTanbHbl 11 cxon. 0 6pa3e4 

3a60nO Hl-1 06pa60Ta H r Op Ry e l1 BOAOV. 

M ac wT a 6 - 1 MKM 

Pl-1 c. 20. PaAl-1anbHbl l1 cxon. 0 6 pa 3e4 

ne pl-1 ¢epeI1H oC1 yaCTl-1 snpa 06pa6ora H 

rOp H4 e l1 BOAOI1 

MacwTa6 - 10 MKM 

06pa3Hol1. OK 

n OKpblTbl cno 
(pHC. 22). He 
AenbHbl x rpa; 
paCTBopilTbCf 

KaK l-1 cn eU1pe 

Kne TOK cepn 
y y aCT KaX ilAR 

ranaKTaH OTC' 

CTBO, nepeK R 

Tp allbH oC1 YO 

n Oll OCTVl Me 

CTeH KaMl-1 KJJ 

paCTBopWll OI 

60TK W (pHC. 

HA pa OHW 4 a 

0 6pa60 

we HHO He 0 

p y>t<HOC1 n o 

Bl-1HHbIXllY 

ra nneu Koi 
CTp yKTy p e 

nll eH Kl-1 Bbl( 

6 l-1 HOrallaK' 

3Ha 4 wTe ll bi 

1l0>t<eHH ble 

pe CCOl-1AHb 

CR (pHC. 2 
5. 06 

CTBeHHHIt 

pOM uienc 
npl-10( 

HblllVlCTBE 

3a60110HW 

4aCTRX RI 

0 6011 04eK 

co n p OBOlf 

nlO MeHa. 

B 3a61 

npocwarp 
3A Hl-1X rpz 
rOA Vl YH bl~ 

B net 
RA p a (y CJ 

1l0CT l-1 Y n 

IOTCR TOll 

BHyrpl-1 rt 

B '-Ie 
Hwn b HaR 

ua) U' bl~ 

l-1A ye np 

Bne 

~fllOflO3il liy raKil , OH '.' • :... 30 
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eeu 
, BOAOi-i 

J6pa3el.l 
BOAOi-i 

paseu 
a60TaH 

06p a3 HO~. OKa i-i MneHHble nopu r paxenn 
nOKpblTbl cncen aMopcjJHOro eeutecr aa 
( p ~ c. 22). HanOBepX HOCTIi1 ropyca y OT­
AenbHblX TpaXeIi1WAaHHbl i-i cnoji aa-r an 
pacrsoparsca ~ AecjJopM li1pOBa T bc~, TaK 
KaK ucneuipen TpelJ.j Ii1 HaMIi1 . B nonocrsx 
KneTOK CepAljeBIi1 HHblX ny4 ei-i Ha acex 
y ~aCTKax ~AP OBOi-i ApeBeCIi1H bl apa6li1 HO­
ranm aHorcyrcrsyer. AMopcjJ Hoe seuie­
CTBO, nepeapuaao uiee BcpeAHei-i Ii1 ueu­
Ipanb H O ~ 4 a C T~X snpa Me}f(KJleT04Hble 
nonorr« Me>t<Ay CTeHKa MIi1 r paxean Ii1 
creHKa l~ ~ KneTOK CepAljeBIi1HHbl Xny4ei-i , 
pacreopunors Bnpouecce BOAHOi-i ori pa­
60TK~ (puc. 23). Bnepli1cjJepli1i-i Hoi-i 30H e 
nApaOH ~ 4aCTI14HOnepexpursr. 

06pa6oTKa rop~ 4ei-i BOAoi-i CO Bep­
weHHO He OTp a31i1naC b Ha CO CTO~ HIi1 Ii1 Ha­
PY )l{ H O ~ nOBepXHOCTIi1 KneTOK cepnue­
BI\HHbIXny4ei-i . lloeepxnocn, Ii1 X noxpu­
ra n n e H K O ~ aMopcjJ Horo aeurecr aa no 
( pyxrype, nOA06Hoi-i nOBepXH OCT Ii1 
nneHK11BbICa}f(eHHOrO1i13 pacrsop a apa­
oHHoranaK Ta Ha. llneuka OTHO CIi1TeJl bHO 
lHa~ l1Te nb H O~ TonlJ.j Ii1 Hbl, TaKKaK pacno­
HO)l{eHHble Ha nonsx nepekpecra xyn­
peccOflAHble nopu He npOCM aTp Ii1B aIOT­
cn (par, 24). 

5. 06Pa31.1bl ApeBecHHbl nH­
CTBeHH~l\bl , o6pa6oTaHHbie pacrso­
pOM l11en0411 

n p~ o6pa6oTKe 06pa3lj OBnpesecu­
Hll nv, CT B e H H ~ lj b l pacr sopo« lJ.jen041i1 B 

JaOOnO H ~ . n e p ~ cjJ e p li1 i-i H o i-i Ii1 cpeAHei-i 
~ a CT~X snpa npOIi1 CXOAIi1T Ha6y xaHIi1 e 
o60n o~eK n03AHIi1X Ii1 paHHIi1X rp axeun, 
conpoaoxnaouieeca COKpalJ.jeHli1e M Ii1X 
HKlI·leHa. 

83a6onoHHo i-i ApeSe CIi1H e nlOMeH He 
n p O ClolaTp ~ sa e TC ~ y OCH OS HOi-i 4aCTIi1 no­
JAH ~lX rpaxean. rpanuvauiax SCMe}f(HbIX 
roA~4 H blxcn o~x CpaHHIi1M Ii1 rpaxeunana, 

8 ne p ~¢ e p ~ i-i H o i-i Ii1 cpeAHei-i 4aCT~ X 

nA pa (ycnoBHo cnenas ApeSeCIi1Ha) no­
nom y n03A H ~x rpaxenn npocaarpuaa­
1TC ~ TORb KO B~ x nepli1 cjJ epli1 i-i Hblx psnax 
BHYTpfl roAIi14H Oro konsua. 

8 lIeHTpanbHoi-i 4aCTIi1 snpa (IOBe­
H ,ln bHa~ no np o~CXO}f( AeHIi1IO npesecv­
Ha) cr·l b I KaH ~ e nlOMeHa y n03AHIi1Xrpaxe­
IIAHe npo ~cxOA ~T . 

8nepBblx ABYX cn Y 4 a ~ x pa36yxaHli1e 

060n 04eK rpaxeun npoli1 CXOAIi1T aa C4eT 
Y B en1i1 4eHIi1~ p a C C TO ~ H Ii1~ Me}f(AY MaKpo­
cjJ li16p li1nnaM Ii1, TaK KaKMIi1Kp OKanli1nn ~pbl 

Ii1MelOT ospymyio cjJ OpMy Ii1 no pasxepa« 
CO nOCTa BIi1M bl C Ma KpocjJIi1 6pli1JlJl aM1i1 . B 
ApeBeCIi1 He>t<e ueurpanbHoi-i 4aCTIi1 anpa 
MIi1KpOnOpbl BBIi1Ae rpeuiua, Wli1pli1Ha KO­
r opu x 3Ha41i1 TenbHO MeHbwe ny4KoB 

MaKpocjJ li1 6pli1nn. 
MO}f(H O npennonorars . 4TO «pasfi y­

xauae» 060Jl04eK rpaxeun B IOBeHIi1 Jlb­
HO i-i ApeB eCIi1He npOIi1 CXOAIi1T aa C4eTy n­
nOTH eHIi1~ cnoes MaKp ocjJ Ii1 6pli1nn Ii1 npu 
3TOM non OCTIi1 n03AHIi1 X rpaxe an He 
CMbIKaIO T C~. 

Ilpa 06pa60TKe ApeBeCIi1H bl pacrso­
pOM lJ.jeJl041i1 C B~ 3 b Me}f(AY OTAeJlbHblMIi1 
n03AH Ii1M Ii1 Ii1 paHH Ii1M Ii1 rpaxeunan a OC­
na 6n ~eTC ~ BcneACTBli1 e pa3p~ Xn e H Ii1 ~ 

CpeAIi1HHoi-i nnaCTIi1HKIi1, KaK S 3a60nOH­

HOi-i, TaK Ii1 S~APO B O i-i 4aCT~ X crsona. Top­
l.\bl 060n04eK n03AHIi1X Ii1 paHHIi1X rpaxe­
Ii1A (Ha cpese) Ii1 KJleTOK CepAl.\eBIi1 HHbIX 
Jly4ei-i (Ha CKOJle) Ii1Me lOT MHOra4Ii1CJleH­
Hbl e 1i1 3b ~ 3 BneHIi1~ pa3nli1 4HOrO paaxepa 
OBanbH oi-i cjJOpMbl. etJIi1 6pli1nn~pHbli-i cnoji 

nonocre ji (nIOMeHa) rpaxenn KO pPOAIi1­
pOBaH BSIi1 Ae MenKIi1X Ii1 KpynHblx rpe uiau. 
OCH OBHOi-i l.\eHTpaJlbH bli-i CJloi-i S2no Anli1 ­
He TpaXeli1A KOpp03li1 ei-i He 3aTpoHyT. 

OKai-iMneH Hble nopu noxpuru anop­
cjJHblM BelJ.jeCTBOM y acex 06pa31.10B ~A ­

poaoti npeaecauu. B cnenca ApeBeCIi1H e 
(nepli1cjJepli1i-i Ha ~ Ii1 Cpe A H~i1 4aCTb anpa) 
TopYC OKai-i MJl eHH~ Xn op Ii1M e eTKp ynH~ e 

panaansuu e rpeuiaua. Ii1 BCi1 era nosep­
XHOCTb Ii1 Cn elJ.jpeHa 04eHb MenKIi1 MIi1 rpe­

IllIi1HaMIi1. B IOBeHli1nbH oi-i ApeBeCIi1H e 
(ueurpansaaa 4aCTb snpa) HeT nerpopxa­
lj li1i-i oKa i-iMn eHHbi X nap Ii1 ropyc a. 

n lO MeHbl Kne TO K CepAl.\eBIi1 HHbIX 
Jly4ei-i nycru, Ha Ii1 X BHyTpeHH Ii1 X panu ­
anbHblX CTeHK ax BIi1AHbl 3aKynbMaTli1 po­
BaHHbi e kynpeccoannu e nopu. Ha TaH­
reuran suux CTeHKa x KneTOK cepnu e­
BIi1HH blXny4ei-i npocr ue nopu. BOCH OB­
HOM, orx pur u e, HO BCTpe4aIOTCi1 Ii1 aa­
KyJl bMaTIi1 pOBaH Hbl e. 

Me>t<Kn eT04Hble nonOCTIi1 Me}f( AY 

KneTKa MIi1 CepAljeBIi1 HHblXny4ei-i Ii1 CTeH­
KaMIi1 TpaXeli1A OTKpbITbl, HOBCTpe4aIOTCi1 
Ii1 nepeKpblTble aM opcjJ HblMBelJ.jeCT BO M. 

PIi1 C. 21. Topuesof cpes. Ofipaseu 
uearpansaou 4aCTIi1 snpa o6pa60TaH 
rO~4 ei-i BOAoi-i 
MacwTa6 - 200 MKM 

PIi1C. 22. PaAli1anbHbli-i cxon. Otipaseu 
ueurpansuoji 4aCTIi1 snpa o6pa60TaH 
r0i1 4ei-i BOAoi-i 
Ma curraf - 10 MKM 

PIi1C. 23. TaHreHTaJlbHbli-i CKOJl . 06pa3el.l 
cpeAHe i-i 4aCTIi1 snpa 06pa60TaH r0i14ei-i 
BOAoi-i 
MacwTa6 - 10 MKM 

PIi1 C. 24. PaAli1 aJlbHbli-i CKOJl. Otipaseu 
cpeAHei-i 4aCTIi1 anpa 06pa60TaH 
r0i14ei-i BOAoi-i 
MacwTa6 - 20 MKM 

31 .. ... , :" I l.(eflfllOflD3a 6YMara KaproH 
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Pl-1C 25. Topuesoti cpes . Otipaseu 
3a60nOH l-1 06pa60TaH pacrso pon 
U1en04l-1 
MacwTa6: - 20 MKM 

Pl-1C. 26. Topuesof cpes. Otipaaeu as 
cpeAHeii 4aCTl-1 HApa 06pa60Ta H 
pacrsopon U1en 04l-1 
MacwTa6 - 200 MKM 

Pl-1 c. 27. Iopuesoa cpes. Otipaaeu ua 

lleHTpanbHoii 4aCTl-1 HApa 06pa60TaH 
pacrsopox U1en04l-1 
MacwTa6 - 20 MKM 

HapY)l(H ble paAl-1an bHble CTeHKl-1 xne­
TOK ce pnue euuuu x ny 4eii noxpuru 
aMo pepHblMBeU1ecTB oM. KynpeCcOl-1AHbl e 
nopu Ha Hl-1 X He npocx ar paBalOTCH l-1 nl-1 

npOC MaTpl-1BaIOTCH C TPYAOM (B ueur ­
panbHoii 4aCT l-1 snpa) . 

nOBepXHOCTb nonoCTeii t paxeun He 
noxpura cnoen aa opo aoro BeU1eCTBa, 
HOHa BHYTpeHH eM cnoenlOMeHa paHH l-1 X 
TpaXel-1Pv oKaiiMneHl-1HX nop l-1 Ha nOBep­

llcMlOnooa 51'Aafa K; lIlrOH • : •. • 32 I' •• ­

XHOCTl-1 r opyca l-1 HorAa BCTpe4alOTCH OC­
TaT Kl-1 Cl-1n bHO KO pPOAl-1 pOBa HHoro anop­
ep HOro BeU1ecTBa. 

Co06U1e Hl-1e Me)l(AYpHAaMl-1 rpaxeun, 
KneTKaMl-1 cepAlleBl-1 HHblX ny4eii l-1 rpa­
Xel-1 AaMl-1 BTaH reHTanbHOM HanpaBne Hl-1 l-1 
OTcyTCTByeT, TaK KaK Ha paAl-1anbHblx 
CTeHKax rpaxeun oKaiiMneHHble ncpu 
nokpuru aMopepHblMBeU1eCTBoM . Vl x OT ­
BepCTl-1H nepexpsrru TO pyCOM, «oro pu ji 

HO Cl-1T ronsko cnenu ua-iana AeCTpyK­
11 l-1 l-1 . KynpeCCOl-1AH ble nopu ua nonax ne­
pekpecra raiose 3aKynbM aTl-1pO BaHbl. 

B paAl-1anbHOM HanpaBneHl-1 l-1 CBH3 b 
Me)l(AY pHAaMl-1 rpaxeun OTAenbHblX ro­
Al-1 YHbIX cnoes BOCCTaHaBn l-1 BaeTCH. no­
nOCT l-1 KneTOK cepAlleBl-1HHblX nyYeii ny ­
cru, llpocru e nopu ua l-1 X raure-rrans­
HblXCTeH Kax 60nbweii 4aCTb IO or xpuru. 
Ta xxe cr kpuru Me)l(KneT04Hble nonce­
Tl-1, l-1 AYU1l-1e BpaAl-1anbHOM HanpaBneHl-1l-1, 
Me)l(AY KneTKaMl-1 cepnueaaunux nyYeii 
l-1 CTeHKaMl-1 rpaxean. 

Apa6 l-1 HOr anaKTaH coxpaHH eTCH B 
ornenu- ux nonOCTHX rpaxeun. Ha 3a­
KynbMaTl-1 pOBaHHbIX oKaiiMne HHblx no­
pax l-1 , BOC HOB HO M, Ha paAl-1anbH blx CTeH­
xax KneTOK cepnuesa uuux nyYeii . 

3aKnI04eHl-1e . n pl-1 otipariorxe Ape­
BeCl-1H bln l-1 CTBeHH l-111bl ropH4eii BOAOii l-1 
paCTBopOM U1 enoYl-1 npol-1 CXOAl-1 T He 
TOn bKOYAaneHl-1e 4aCTl-1 apatia aorana«­
rau a, HO l-1 l-1 3MeH eHl-1e MaKpo- l-1 Ml-1K­
pocr pyxrypu KneT04HbiX 060nOYeK. 
Oc06eHH O3TOxapakrepuo Bcny-r ae l-1C­
nonb30BaHl-1H U1enOY l-1 . 3Tl-1 l-13Me HeH l-1H 
oKa)l(yT 3Ha4l-1TenbHOe Bnl-1HHl-1e ua npo ­
ueccu nonY4eH l-1H BOn OKHl-1 CT bI X nony ­
epa6pl-1KaTOB, TaK KaK Mopep onOrl-1 H l-1 
MaKpocTpyKTy pa BonOKO H onpen enser 

l-1HTeHCl-1BH OCT b peaKll l-1ii , Al-1 epepY3l-1 1O 
peareuros B Kn eTO YHOii CTeHKe l-1 YAa­
ne Hl-1e npoAyKTOB peaxuaa. 

AnH MaKCl-1M an bH Oii 3KCTpa Klll-1l-1 
apati nu c r ananr aaa l-13 nl-1CTBeHHl-14­
Hoii ApeBeCl-1 Hbl B np ouec ce ee otipa­
60TKl-1 nepen BapKoii He06xOAl-1M O l-1C­
non b30BaTb U1eny C OnTl-1 ManbHbIMl-1 
pa3MepaMl-1 . 

CAPyroii CTOpOH bl, nonY4eHHbie pe· 
aynsrar u noxaanea or He06xOAl-1MOCTb 
l-1 uenecootipaanocts 60nee neransuo­
ro auanuaa penaxcauaouu oro CO CTO~ ' 

Hl-1H non aaepuu x KOM nO HeHTOB ApeBe· 
Cl-1Hbl n l-1CTB eHHl-1 11bl B npl-1 pOAH OM CO· 
CTOHH l-1l-1 l-1 B npoueccax ee nepepatiot­
Kl-1 . TeO peTl-1 4eCKl-1M epyHAa MeHTO M ra­
xoro aHanl-13 a HB nHIOTCH CTpyKTypHaR 
ep l-13l-1KO -Xl-1Ml-1H npes ecuaa l-1 xosuen ­
11l-1H 06 onpeAenHIOU1eii pcn« penakca ­
11l-1 0HHOrO COCTO HHl-1 H nOnl-1M epHbl X 
KOMnO HeHTOB ApeBeCl-1H bl B npoueccax 
ee nepe patiorxu [5 -6]. 
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