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3JIe KTp OIlp l-IB Onax Pa3JIWJH OrO Ha3Ha­

'feHI1H C nDKeJIbIMI1 YCJIOBH 51 MH nycrca 
u e'reco oopasao HC Ilo.~b30DaTb aCll HXp OHIi)'IO 

2JJIeKT p H'feCKY IO Ma w HH y C cj.la31-lblM pOTO ­

pOM. B uerts cPaaH o ro poropa BBOn51T ilKTI1B­

Iible COIlp OTHBJIeHl1l1, npn 3TOM B03p aCTil lOT 

KpyITI1'feCKOe CKOJIbJKel-IHe 51< H rry cKOBOI1 xio ­

xrerrr, ITPH 51. = 1,0 rrycK OBOI1 MOMeliT paneu 
Mil KCHiv[aJIbHOMY MOM el-ITY as rrrarena. ECJII1 

MexaH W reCKa5I xaparcr epucrn xa patio-iero 
opra na xop o wo cOrJIacy eTC51 C xrexaun uec­
Ko i:i xapaicre pncr tncoti 3JIe KTpOnBI1r aTeJI 5l, 

T.e. nycrcoaoii MOMeHT paoouero opr ana He 

npeeuuraer era ivIaKC I IMa1JbHbJI1 MO,vleHT, a 

B YCTaHOBI1BWeMC5l pcxcuxre M OMeliT COIlPO­

TI1BJIeHl1l1 paoovero oprana 6JIll30K K ero HO­

MI1HilJIbHOMY MOM eru y , TO HaH60JIee npn exr­
JIeMb[iVl5lB.TJl1eTGII1CnOJIb30Bal-m e aKTI1BHbl X 

COrr p OTI1BJIe l-m H B uenn cPa3H Or O pcropa, 
OnH aKO B r ex C.TJy'-Ia5lX , rcorzta M exa r-m­

'1eCKa5l xapa xrepncrnxa paoo-rero oprana 
HOCI1T HeJII1Hei"IHo-crr anaIOwHI1 xaparcr ep 
(P I1C. 1) , I-I e06xonHMo I1CIlOJIb 30 BaT b n BH ­

ra re.m, 60JIb w e j:i MOWHOCTH (pu c . 2 , 3 ) C 

TeM , '1T0 6bI OH 0 6 eCIl e'1H Ba Ji nycx. ECTecT­

BeHHO, raxoit 3JreKTpOn BHraTeJIb B ycr ano­
BI1BlIJ eMCl1 peJKUM e Hen OHCrr OJIb3y eTC5J Il O 

ivJOWHOCTH , '1TO yxynuraer aneprera xecio-e 
110Ka3 aT eJIH 3.TIeI<Tp Orr p I1BOn a . 

TaKI1M 06pa30M, OrrTI1MaJIbHbIM 6 bIJI 6 bI 

aapnatrr , xorzia B YCTaHOBI1BWeivIC5I p eJKI1M e 

CTanr'-leCK HM MOM eHT c o rr p OTHBJIeHH 5J pa­

BeH HOMI1 HaJIbHOMY MOM eI-ITY, a nycxosoit 
iVlOMe HT, pa3BHBaeMblH n Bm aT eJIeM , 60JIbWe 

HOiVlHI-IaJIb HOro n y c rco n o r o MOMe rH a . 
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Puc. 1.Mexanun ecxue xapaxmepuc muxu 
aauw meJlJl 

,l{JIl1 aHaJIH3a 3JIeKTpO Ma r I-IHT HbI X rrpo ­

u eCCOB npn npen narae u o a c n ocoo e HC­

IlOJIb3yeTCl1 f -0 6 p a3 Ha5I cxeaa 3a Me Wem I51. 

ECJI H npeaeope-n, MHI1M OI1 'laCTbJO K0 3cP­

cPl1IJ.l1e HT a rrpl-lBen eHm l T -0 6 p a3H o i:J c xe ­

M bI 3aM eU.l eH HlI K f- 0 6 p a3I-I0l\ TO B 3TO M 

c n y-rae MO)J{HO BOCnOJIb30 BaT b C5l cxeu oii, 
KOTOp a5f npencra s n en a n a p HC. 2. 
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Puc. 2. r-06pa3HaR cxe.Ma sas teuienusi 

B COOTBeT CTBIH1 C Hd i MeXaH H'-IeCKa5l 

Xap a I<Tep HCT HKa aCI1H Xp o HH o i:J MaWHHbI 

MA MHA 
C 
.8 LIE 
E.E. Ea6eHKO, acnupanm, 

A 
01 

11 

R.M. Ilpux oouxo, «ani). mexu. HayK, npodi. Cn 6fYBI{, 
KOJ-mWKm , men. (812) 334 3835 

npn Ha JIH'-lHH «o nnen caropon B uenn c\Ja3­

noro porop a onHCbIBa eT C5J CJIenY IOW I1M 

nsrpaacenue« : 

M 

co [( 1' + C1f{ ) +( X + c X _ C'X~ "_ I]' 
I I S a t [ a2 S2) 

rzte "', - -nrcn o q) <l3 06 M OT K H cr ar opa : 
U, - nanpaacen ue CeT H; COl - Me XaIUI­

'-leC Ka 5f yrJIOB a5I '-IaCTOT a Bpaw e H I15J Mar­

HHTHOro rrOJIlI CTaTOpa; S - CKOJIb)Ke H l1e ; 

1'\ - a KTHBH Oe COl1p OTlIB .lJe I-IHe CTa TOp a ; 

1"2 - npnsenennoe a KTHBHOe COIl POTlIB ­

ne u ne porop a; X , H X - HIILlY KTlIBHble 
a 0 2 

COrr p OT HBJIe H I15I p a CCe5IHH5I CTaTOpa H 

p OTOpa ; C
1 

- K 09 cPcPHll l1e I IT rrpunezr e ­
HH5f T- 0 6p a3H OI1: CXe M bI 3 a M e W e H H l1 K 

f-06pa3HO H ; X 'C 2 - rrpnnezterm oe peax­
TH BHOe COIlpOTHBJIeHH e Kor-rne I-ICaTOp OB B 

nertu rpaaa oro pc r opa npn ' [ aCTOTe , pan­
I-IO H '-IaCT OTe 3J1eK Tpl1'leCK0I1 ce r n . 

O npcnc.nnv 3KCTpe M aJI b H bl e TO'-lKI1 

asrpaacennn . ,l{JI5J sroro B03 bMe M xacr a sre 

n pon anonnsre n o s II IlO X'<2' npnpaa naev 
I1X K Hy .lJIO H B p e3YJIbT aT e IlOJIyLIHM CJIe ­

nyio utne nsrpaxcenn»: 
8A'I _ [ 2 , . 2] i 
-- - - 1'1 +('X n1+ C, .:1:. 02) ' S + us ­

2 , , 2 2( ) ] 2-t- [ C" 2 - X [ + Ct:'(02 C1X02 .S +o 

+3( CX;2) = 0. j 

Onpcne.nn v KpI1TH '-leCI<oe CKOJIb JKe ­

nne, npn KOTOp OM M aK CI1MaJIbHbIH MOM eliT 

nBHraT e.TJlI zto cr n r aer CBOerO I-IaH 60JIbWerO 

:m a'-IeHH 5I: 

_ Cr 1';
5 I:m:n - - - - . 

1"j 
3HaK «n m oc» OTHOCl lTO I K nun r ar en s-

HOMy p e)J{HM y, a 3Ha K «M Hl-IYCi> - K r eae­

p aropuoxiy H a l1LleM s u a-ren n e peaKTI1B ­

a oro corrp OUI BJIe HH 5I KOHLle HcaTo p OB B 

uenu poropa , npa KOTOp OM aCHHXp OHHa5I 

MalIlHHa pa3B11Ba eT Ha l16 0JI bllJ HI-'I MaKCH ­

M a.rIbHbIlI MOM eHT: 2 

, (X01+ C[::I":02) [clr; J 
X r2 111.,), 

C[ 1', 

= c,( x o' +C1X'aJ [~ J 
IT pu 3TOM LlJI 5I nan r aren s u o r o pe)JUl Ma 

npn 5k"" x > 0 HMe eM 

mpt 
Mk,,,,, x=4co c[r[ . 

J 

];13 zia anoro nsipascennn BHn HO , '-ITO 

r-raH60JlbllJHI1 MaKCH M aJIbH bI I-'I MOMe I-IT 

aOIHXpOl-lHOrO n B H r a TeJI>1 rrpH HaJnrq H e 

KOHner-rC a TOp OB B u enu pcrop a 60JIb ille 

HOMHH a JIb I-IOr O M aKC H MaJI b HOrO M OM eH­

'ra , KOTOpbIl'i LlB HraTeJIb pa3BHBaeT 6 e3 

KO HLle HCaT Op OB , a a CJIe,ll YIOUjY IO BeJlI1­

'-l11HY : 

Mkn"x = l +~l +r(xo ' +C' :'(02) / r[f 
/vI. 2 

ITpH '1eM HaH60 JIb w H I-'r nycxos oit MO­

M el-IT MalIlIIHa B COOTBeTCTBH H C asrpa x e­
Hl1eM oyncr p a3BHBaTb rr p H 

, _ ( .:to' +C[ X'nJ 
X (;2 . 11\'1': - , 

. C, 

npu ::nOM HaH6 0 JI bWI1H nycrc ono a MO ' 

MeHT: 
1 , 1 t

'vi mi l- r f 2 
j n V,I\ - r "') 

. CO t (1'[ + c,r2 ) · 

Cnezryer OTMeTI1Tb , '-ITO rrycxonoii MO­

MeHT n BHraTeJI5I n OCTHr aeT csoero I-IaH60.Tlb' 

wero 3Ha'1eHH5J, xorzia KpHTWlecl<oe CKO}Jb)Ke­

Hl1eS
X 

= 1,0. 

K aK H3 BeCTHO, Ilp l1 rrp o eK THp OBaHHI1 

a c u n xponn sr x M a WHH n epexr enaoro TOKa 

CT p e M5ITC5I K TOMy , qT06br a KTHBHoe co­

nporunn euue c raropa 6 bJJIO paBHO npu ­

BeLle HH OM Y a KTlI BHOM Y co rr p OT H BJIe HI1IO 

p o rop a : 1'1 = 1" 2' C pOCTO M M OIlJ,H OCTI1 

3 JI e K T p H '1 e C K OI~1 MaWH HbI e xnc o c r n KOH­

zte ucarop o s 113M eH5fIOTC 5J HeMOHOTOHHO, 

rrOCK OJIb K Y OHH 3 a B HCl1T OT Be.TJH'-lH ll bl 

3,l{C 06M OT K H p OT opa . E CJUI HCIlOJl b ­

30BaTb icon n en caro psr cepnn K7 8 - 17 c 

eLlHH H 'lJ­JO}I e M K OCT b IO 60 MK<D, nepe­

MeHH brM Harr p .5J )J{eIHleM 3 3 0 B H M<lCCOi1 

0 ,2 rcr, T O M a c c a 6 a Ta peJ1 KO HLl eHcaTO­ c 
P OB COCTa B llT OKOJIO 10% MaCCbJ a CHH ­

x p o mro r o nBH r a TeJI5I. Ko n n en caropu C 

B u en n p o ropa COe ,ll I1H .5J IOT C.5J rr o c xe­ I 

Me « T p eyr OJI b H I I K'> , Cn cnye r n o n-rep «­

n yri. , '-IT O M aCC<I KO Hne H c aT o p OB M OJKeT I I 

6bITb YM eHb ili e H a s a c-ier OrrTHMJ13aUHH C 

3,l{C cPa3 H o r o p OTo pa H Bbl6 0 p a nma 

KOHn eH c a To p OB . ITocJIe nycrc a , B OT .TJ H­

'lH e OT n Y C K o - p e r y.~ HpOBO'-lHbJ X pe3I1CTO­

pOB, KOI-ILleH c a To p bI ivlOryT 6bITb ncno.n s­

30BaH bJ Ll JI5I KOMrreHc aU H H peaKTH BH o .i1 

M OW H OCTH 3.TIeKT p W Iec Ko M c ern , a TaK)Ke 

,lIJIl1 TopM Q)KelU l l1 3JI e rn p OLlBl1fa Te JI 5J C 

c a M o Boa6y )J{Lle H l1eM (KO H,lIe HCaT Op Hoe 

r opvoacenne) . 
B 3 TO M cny xae npoue c c OIl THMI13 a­

U:HI1 CT aTJ1'-leCI<oro KOMrr e Hc aT o p a COCT O­

I1T B ou em ce BeJI I1'fH H r pex 3.TJeMeI-ITO B, 

06eCl1e '1I1B a lO W H X MI1HHMyM u:eJIeBOH 

cj.ly r-rK U:11 11 ( x p n rep u a xaie c nsa) B C].JOP­

M e CYMM bI xn azr p a r o n Jl l1H eMHbl X TOKOB 

rpexdia a n o ii CHCTeM bI. 

N22(38), 20 11 62 
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Kosmencaropu peaxr n BHOI1 MO W.HOC­ JIOKaJIb H bIX HCTOCI I-IHKOB uarp ena (no xca ­ 2. Kaus iau N!.M. 3 JIeKTp J1 QeCKHe MaWH ­

III 0pCllCraBJlHIOT C0 6 0 1:'1na pau erpnsecxne pa ) B MeCTax K OHT <lK TI-IbI X c oenHHeI-IHH II HbI : Y Cle6 . - 3 -e J1 3,ll.. , ncnp . - M .: Bu ­
OOTHMH3aTo p bl , coztepxca t p e a K TI1B I-Ibl e nosp ex nennii cer n , a TaK)K e CHH )KeHHIO ClUM I urx o.na, 2 0 0 0 . - 4 6 3 c . 

~)l eM CHT bl, BeJl H CIHHbI KOT Op bIX cnezryer 3JIC I<TpOnO)Ka p 06e30 n aCHOCTH . 3. Konu noe MI!. MaT CMaTJoILIeCKO e M O­

IIhl6 1-1 p aTb B 3a BI1CH MOCTI1 OT KOIi KpeTI-lOro neJl H p OBal-II1 e 3J1e KTp W l eCKIIX xraiunu: 
nLilTEPATYPAcrarmonapuoro p C)K}JMa LlJl H YM e Hb w eHH H Y Ll e6 . - 3 - e H311., n epepa6 . n n o n. - M .: 

peaKTHBHbIX TOKOB B CeTI1 . H 3J1 H'l l1e nOB bI ­ 1. Bunamoe 0 .1. T I1PI I CT OP1IO- K OH IlCH Bucuran IIIK OJl a, 2001. - 328 c . 

weH H ~X 3Haqe Ii HRTOKoB 3J1eKTpHqeCKOA car opa s re H CTO LlHHKH IIlH a HlUl llJlH 4. 3J1 e K TpOM e X aHI1'l e CKHe ycr poucr aa 
cera, Bhl 3 BaHH bl X p ea KT I1B H bI M xapaxre ­ 3J1e KT p OTeXHOJl On lH : nay-moe H3iJ.a­ J1 ClICTeM bI : C6 . nay s . r p , Bpan cx. 
pOM Harp Y3KI1, rr p}J BOLlH T K YB eJl }J'leH I1lO HHe / o.r 13yJl aTo B, A.I1 . Llapemco, r oc . Te X H . y u - n a / P e ,lJ, . JI. A . TI o ­

r1 .,10THOCTH TOKa 11 , KaK C.lleLlCTB H e , K n o ­ B.)],. TI O.Il Hl<OB. ~ M .: 3 Iie proaTOMll3 ­ T an OB . - 13p H H CK : H 3a - BO 13f TY, 

H ­ nsnuemuo Be p OHTHOCTll B03HHKHOBeH I1H zrar, 1989 . - 197 c. 2 0 0 3 . - 91 c . • 
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nposnEMA 
([ POI ICCc e axcrrnya r atnm paann-moro 
060p YLl OBa H H H, I1M CIOll\cro CHCT CM bl 

OXna)l(l\CH II H/ Ha r p eB aHI1 H , na n OBepXHOC­

0 ­ nix rennoocvena oopaay rorca OTJlO)KeHHiI 

:e- coneH, aun anaioum x H3 nepecsnnenn srx 
paCTBo pOB , npoziyxron KOpp 0 3 H H, pa3JI HY:­

HbIX TeX HOJ1 0rl1 y:eC K I1X 3ar p H3H trreneji. 
Cornacno I1MeIO U.\HM CH llaI-IHbIM, B BbTCO­

Kopa3BIITbTX cr pa na x yw.ep 6 OT 0 6pa 30­

10 - 1I" "l]}! OTJl OIK e HH J:'I paan uxnoro COCT a Ba 

COCTaBJIHeT 0,2 5 % BBTI [ 1 ,2 ] . 

Cynossre nnae nsusre yCTaHoDKlI, ra ­
aoaoroxoranpeccopsr, I10pWHeBble KOM­

,10 ­ npeccopsr, B g yI: leJl bHbl X ycr anonxax, I1C­

Jlli - nomayeu stx H d cyztax pemoro cPJIOT a , 11 

31' \ ICHapHnax B xas ecrn e npnn oztos rpyn ­
TOBblX HaCOCOB, I-I a cyztax B Ka cICCTBC llBH ­

IH H AiHTeJleU H ua nnsen s -reuep aropnu x ycra­
) Ka 1I0B!<ax HCn OJlb3y CTCH pyoanresnaa ClIC TeM<I 

CO­ OX,l3)[(j],eHHH BT y .1l0 K CHlTOBbI X UI1.Il I1HLlPOB 

IJH ­ JI Typ60I<O ~1ITpeCcopa . Ha ps ne xosmpec ­
IHO COpHhIX CTa Hu HI1 B Ka LJeCTS e raaonepexa-nr­
~ TH saiourero arperara HCnOJIb3Y IOT r330 MOTO­

OH - KOMo peccopbI , KOH CTpyKTI1BI-IO ananornx ­
:1l0 , usreCY,ll.OBb I M ,ll.H3eJIHM (pu c, 1). Pa3JIH'IHe 

:llb I ClI CTeM OXlTaJKllelIH H CYllOBbIX lllI3elTei:'I OT 

: I b ­ CllCTeM OXJI3>Ka eH H5I raacnepexaunaaroum x 
7 C arperaron (fTIA) 3a I(JI IOCIaeTCH B TOM, 'lTO 

pe­ II no p IIIHeBbI X fTIA np nxieucna o n HOKOH ­

coR TYPHa5l cxen a OXJl3>KLle H H5I BTy JIOK 116J1 0 Ka 

TO­ CI-I.1IOBbI X U HJIHH,ll.POB, r yp fiokosmpeccopa 
I I H ­ B0311yxa nazmyna CI1J1 0 BbI X I.\I1JIHI-IapOB H 

l p bI OX: IanHTemI Mac.ll a , TerrJIOTa OT BOLlb I (HlTH 

'xe ­ npyroro arerrr a) OT,lJ,aeTC5I B arxroccpepy C 

.px ­ ITOMOlUbIO armaparos B 0 311ylU I-IOro OXJIa /K­

;KeT .1CII I151 , a B cynonux LlH3eJI HX HC nOJIb3y eT­

lllI H Cil i \By XK o HTy p Ha 51 CH CTeMa OX.JTa /K,lJ,e Ff l151. 

una U II.Un l;lpOBb l e BTyJIKH , 6JIOK U HJIHHllPOB 

)111­ ~ " 

: TO­

JJlb ­

HOH 

r( )Ke 

'151 C 

.noe 

uaa­
CTO­

TOB, 

BOH 

pop-
JKOB 

Puc 1. Ilopuoteeoii zasouomoxosmpeccop rMK 81'1' 
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rA HBAIOIlI X 
A E T 
M.B. OMeJlbRlllOlC, KQ1-l d. mexu. nau«, ooueum, oor mopanm Ky6ITY, 1. ApJvICtBUp, 
tconmasm . men. (86 137) 72203 

H ryptioxo etnpeccop B0 311y x a a aaayaa CIl­ B CY,ll.OBbIX nnaen s ru.rx ycraa oaxax B
 

JIOB bIX UyI lTl1HllPOB OXJI<I)Kna IOTCH U H p Ky­ rrpouecce p a6 0 TbI C OTlTO)KeH I151 MH B n OlTOC­


JIH pYIOll\e}I npeCI-IOH BOllOI1 nnyr penne ro TH X OXm DKlleI-II15I xpsnn e« I.\HJII-lHapOB, x o ­


KO I-ITypa ( 3a 'lac TYIO y M5I f'- Ie HHOU C Ll06a B­ JIO,ll.J1JIbHHKOB W Ill Tpy 6 0npOBo n,OB n a6 .JJIO ­


.neH HeM 111-1r I16l!TOp OB COJIe OTJlO )K eHH51 H naercs n OBbl W e HHaH Te Mn epaTyp a BOllbI y o
 
KOP P03HH), a HaM YB OQHbl i:'I B0 311y X, MaCJIO ozmoro IlJl l1 H e CKO JIbKII X UI1 JI I1Hl\P OB rr o
 

H BOLla mtyr peunero KOHTy pa OXJI aJKllaIOT ­ cpa BHeHH IO C OCT<lJIb HbIMH (npn yCJIOBHH >

CH B OXJlaIlI1T eJl 51 X noaztyxa, nonsr H M aCJIa paBl-IOMep I-IOrO pacn penen enns I-Iaq) Y3KJ1
 A. 
3a60 pTHoi:'1 rrpOT OCIHOA BOllOH nneunre ro no llHJIH HLlpa M ) , a r axxce uonsr BHyTpe I-I­ o 
K OHTy p a (B 60Jlb lUHHCTBe cny-raen - B KO­ nero KOHTyp a , nO BbIIlleHHbII:'I nepenazr Te M ­ o)Kyxorpy6 r-I bI X OXlTa,lJ,HTeJI5IX) . rreparyp BOllbI llo/n OCJIe XO.JJ OlllIJIbH I1Ka, ....TI P H HaJIWIllH COJIeBblX 11 KOp p 03110H ­ n OBbI W CHH a5I rev neparypa 11 TeMHbIJ:'I UBeT 

Hbl X OTJl O)KeH lI J:'I B cncr estax OXJIa )J<lle HH H BbI XJl OnHbIX r a30B y n H3 eJleJ:'I C OXJI3)l\ne­ o 
nop ura enux raaoneperca-uraarournx ar pe ­ HlIeM HaM YBO'Il-Ioro soaztyxa. ITPlI pariore oraTOB J1 cynonsrx n H3eJleH 0 6 p a30By IOT CH llH3eJIH C Ta KOl1 II eHcn p a BHOCTblO B03MO>KHO 

ovar u T enJIOHa n p H)K e HH OCT H B lleTa JIHX aaeziamre rropumeri J1 nozmnanneuae non­ >UJ-IJIHHllp On o p W HeB0I1 rpy n nu , o c06eHHO lUHrr HHKOB, paapyureu ne KOJIe U H r .n. I1HC­ o 
BO sryn xax CH.n OBbIX UJ1J1 l1HllPOB B p aI10­ Tp YKI.\HeH no 3Kcn Jly aTaUHH r a30MOTOKOMrr ­

aax rrepev srsex Me)Klly BblXJIOn H bl M H OK ­ peccopa f M K M K-8M npezryoaar pa eaer ca 
H a~IH. B p e3YJIbTaT e B npo uecce p a 6 0 TbI 06513<1TCJl hHaH O'l l1CTKa CHCTe M OXJ!3)l\IleHl15I 

BTy.Il K a CI1.1l0 BOro I.\lIJI J1 Hnpa aecPo p wIHPY ­ B TOM CJIy Qa e , eCJlH TOJlJl.(H Ha OT.ij O)J<eHlIH 

eTC 5I, oop aayerca r peunma , rrponcxoznrr npeauuraer 1 MM. O ,ll.Ha KO Hep CIlKJ1c.n:YQal1 m 
pas pyure u ne c06CTBe m IO BT y lTKI1, ro.no­ 3 Kc n Jly aTa UH H arperaro n C OT.TJO)Ke I-]l r5lM H o 
BK I1 rtopunor, KO M nJleKTa Ma CJIOc-b eM H bI X no 20 M M, B TOM -mcne C n OJl HbIM rrepexpsr­ :E: 

H KOM rrpe COIOI-I ­ T lIeM n p OXOW'IOro Ce'I eI-I I151 . 

H bI X K O.n eI.\, nxna ­ C TOHMOCTb 3a M e HbT BT y JI K I1 CHJIOBOro 

Ll bf lUe J:'I n OIlUJllTI ­ UHJIH H,ll.p a , roJIOBKI1 n opunta C KOMn.n:eKTOM 

H J1K OB ClIJIOBOrO Mac.nOC·beM HbIX H KONmpeCCHOHHbIX « o n eu , 

iuar yna , rtp o pi.m KOM n .neI<Ta BKJlallbllUeH nOllW I1I1I-IHKOB sa­

B bIX.1l0 n H bIX r a 30B BHCHT OT ruu opaasrepa cyzio soro ,ll.H3eJl51 HJII1 

B x aprep r a30MOTO ­ raaonepexa-rana ioiuero arperara, aJI51 I'Il A o 
x o xmpeccop a . B03 ­ n m a f MK 8M rt p ea s nuaer 1 ,5 M.Il H. py6. (B .... 
IlHKaIOT rr OJIOM KH ueuax 2 0 0 8 r ) . 3 Ha QlITeJlbHo CH1I3 HTb3aTpa ­ ':r 
r yptioxo tan pecco ­ TbI 1I n OBbICI1 Tb Halle)K f[ OCTb 3 Kcrr .i1y aTC1lJ,lIH 

to­pa II «p snu e x ClI ­ MO)J(HO n y Te M cBoeB p CMeHHO}' Ka 'leCTBeH ­

JIOBbIX U HJII1 HllPOB HOH OCI lICTKH I3HyTpeH HHX n OBepnIo CTeJ:'I 

B pea y .nsr a r e H a ­ CI1CTe M o X.na)KlleHI1H cyzio nsrx IlH3 CJleH J1 ­.... 
p yw e H H H T en JIO ­ nop uru easrx r 33 0 MOTOKOMnp ec c opOB OT c o ­ :E: 
0 6 M eI-Ia. JIeBbIX H K OPP03I10 H HbIX OTJIO/Ke I-IHH . 
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Annaparsi soaziyuraoro OXJlm KA CIIIUI. 

TIPH ::JKCnJlyaTa UHH anrraparon B03AyIIIHO ­

fO OX.~a)K)1eHH il ( ABO) paan uvustx area­
TOB rtponcxoznrr 3 a r p 5I3H CrIl1 e rp ytinoro 11 

M e)J<Tp y 6 H o ro npOCTp a I-ICTBa , OC0 6 CHHO B 

anrrapar ax C Bb l COK H M K03¢¢l1UI1CHT OM 

operipenun (tp = 20-23). B P C3 YJl bTaTc sa­
rpB3He HH iI CHII)J<aCTCil K03¢¢ HU H eH T re n­
.nortepeztaxn (B 1,5-2 pasa n o c p aB HCH l l10 

C npoexr ustxrn n a HH bl M H [3]) , CH H)fCaC T ­

cs 3¢ ¢CKT HBHOCT b TCnJlOnC pC )1aYH . vI3-3a 
CIH I )J<CHIUI Te n .~OOTna'IH , n OBbllUCHHB TCM ­

nepar ypu arC HTO B 11HcpaB HOMcpHOCTli ox­

JIa)J<nCHH5I B npene.nax onHo i:1cexunn AB O 
r aio xe i\lO iK CT np0I1CXO,Q11Tb ,Qc ¢opMal.U1il 

Tpy 6 OXJl a,QHTCJlB, YTO rrpHBO,QI1T K )10nOJI­

HH TCJlbHOi.j HcpaBHoMCp H OCTI1 OXJI a )K)1cmm 

1I3-3a nepepacnp eziexeuaa 3a30po B MC)J<n y 

opetipeu nsnm Tp y6aMH CCKUHH. M eTo IUI­

KaMH, n p Cn CTa BJICHHbl MH B paoor ax [4, 5], 
HC yY fI T bIBa lOTCB B n OJlHOH MCpC R1JHHH l1e 

Hc p a BH OMc p HOCTI1 TCnJlOOT,Qa'lH no nonep­
X HOCTH rCnJlOBO r O CbC Ma ABO, ,QHHaMllKa 

113M CH CH IIB napauerp on ABO BO BpCM CHH 

(xopotineune, rrpOBH CaH I1C rpyo, 3arp5I3H C­

I-IfIC M C)J<Tp y 6 H Ofo rrpocrpancrsa) [3]. 
B paocre [6] na OCHOBC 06pa60TKIl ax­

cnepuneur am.uux ,QaHH bI X npennoxceua 
«parepaansnan 3aBHCl1M OCTb nJl51 paC'ICTa 

BHCWHCi:1TCrrJlOOTnaYI·I COBpCMCHHblX npo­
i\ lhliliJICHHblX ABO C n OUCpC'lH bl MH peopa­
Mil npaxtoyro.u-noro npO¢rl.1JiI , YY HTbIBaIO ­

uiaa CTCnCHb 3ar p 5T3H CH H 5T M C)Kr p y 6 H o r o 

rrp OCTp a HCTBa . 

B p a 6 0 T C [7] Ylza3bIBaCTOI ua cnac­
nocr t, B3pbIB a B Tpy6 H 0 l1 06B B 3 K C ABO 
cxcaro ro noaziyxa 113-3 a CK o n .rrCH H 5T Bbl ­

HCCCHH oro CM a30YH Or O MaC.rra H Bbl COKOfi 

r en nepar ypsr na BbIKI1,QC, CHH)J<CH HH o¢ ­
¢ CK T H BH OCTH BOn5IHo ro p y 6 a UI CYHOr O ox­

.rra)KIICH H5l 113-3a OTJlO)J<CH I1i1 COJIcii:. 

,ll.rrB 06ccrrC ' IC H H 5I HOpMaJIbHOr O P C­

)K I1M a pa6 0 TbJ 3a r p 5T 3H CH H bI X ABO pas ­
m1'lHblX arCHTO B Tp c 6 YCTC5I rrcpHOn HLI CCKH 

rtposozurn, O'lH CTKY rpyonoro H M e )J<Tp y 6­

noro npOCTpaHCTBa . 

T eWIOo6MeIIlIHKH. TI pn 3KCIIJlyaT a UHlI 

BOnOBOnilHOr O, BO,QOMac.1ImlOro I1JIH I1H Or O 

TCl1JI006MCHHJ1Ka C n OKpbITblMH OT.rrO)J<CHH­

llMH BHyTpCHliHMH HJI I1 HapY)J<HbI MH noaep­
XHOCTBM I1 Tpy 60K naHHblH Tcn.1I0 0 6 MeHHIIK 

HC 06CCIJC'lHBaeT HOM HHa 'lbHoi1 TCnJlOn Cp C­

na ' I 11, B PC3Y JlbTaTC noasnnaerca rexnepa­
ryp a arerrra I-Ia Bb l XOIIC 113 oX.1Ia ,QI1T eJIB . 

H aJI WJ H e OCa,QK OB yCKOp5T CT npouecc 
KOPP0311II 060p Y,QOBa HI1B C 06pa30BaHI1eM 

CKB03I-1bfX CB l1lllefi. B UeJIOM HaJI I1'IH C OT­

.rrO)l(CHI IH na rrOBCp XH OCTllX TCI1JI006MCHHO­

ro o 60py noBaHH51 rrpHBO,QHT K Hapy ruCI-IHIO 

HOpMaJIbHOi1 U I1PICYJI5IU I1I1 aretrra B ClICTC­

MC OXJIa)lzn cHI15I, nOHJ1)KaCT 3¢¢CKHIBH OCTh , 

H3!IC)l(H OCTh I I 6C3 0n aCHOCTb ero axcnrryara­
UI1I1. Ha pHC, 2 npC,QCTa BJICH bl 3ar pB3H cHH5T 

rpyonoro n p OCTp aH c T Ba KO)KyxoTp y 6 I-1 o r o 

n [JOTO'lI-lO r O Tc rr .1I0 0 6 M CI-IH H K a . 

C T0I1M OCTb 3a M CH bl rpyonoro ny-nca 
Ten.1I00 6MCH HHKa C Ko.rr WJ:eCTBOM Tpy 6 0 K 

Puc. 2. 3alpR31leHuJI mpy611olO npocmpau­
cmaa KOJ/Cyxompy611olo 11!(!IIJlOo6.MeHHUKa 

pl1a.rroM T p y60K - XP OM OHHKCJlCBOI1 era­

.nsio, npenu uraer no COCT0 51 HHlO na 2009 r. 
1 M.1IH. py6. 3 H a ' IHTCJIbH O CHI13H Tb sarparsi 
Hd peMOHT 11nOBbI CI1Tb HanC)KHOCT b H 6C30­

naCHOCTb aKclIJly aTaUI1I1 MO)J< HO nyrcxi CBOC­

BpC M e HH0I1 Ka'tCCTlJCHH OM O<J:I1CTK I1 BHyT­

PCHH11X 11HapYiKHbIX nOBc pXHOCTCH CHCTCM 

r ennoooa ena OT COJICBblX, KOpp 03H OHHb lX 11 

npO'l IIX TCXH OJIOrHy eCK H X OTJlO)J<CHI1M. 

METOAbl PEWEH&.1S1 

TI p06.rrCMy 0'iI1CTK I1 CI1CTCM oxnaaczte­
HI1l1 CYLlOBblX D.H3C.TleI~i H ras onepexa-n ma­
IDlllH X arperaron or p a3JIH'IIib1X rro cocrasy 
OT.n O)J< CH HH peuraror XI1 M H'iCCK I1M , McxaHI1­

'iCCKHM, o .rrCKTp OnIn p OIIM rry JIb CHbI M , rH,Q­

p OnrJI-IaMWIC CK I:lM 11 )1pyn l M II MCTOnaMH, 

Ka)Kj{bl l1 113 KOTOpbLX HMeCT CBOH ,QOCTOH HC­

TBa, Hej{OCTaT KH II OrpaHH'ICHI15I. TIpUMCHiI ­

IDr KOMllJlCKCHblC M CTO)1bl O' IHCTKH, BK1I1O­

-raroumeB CC65I aJlCKT p Onlnp0l1MrrYJlb CHblJ;i 

MeTO,Q, paapaoorauau u asropava [8], HC,QO­

CTaTKaM H xoroporo 5IIl JlBIOTOI HII3Ka51 CTe­

ncru, O'II1CTKI1, Hc r aT HBHOC B03ncik TBH C na 
O'iHw. aCMOC ooopynoaaune (aa C'ICT H I,QpaB­

.rrH lfCCK I1X yztapos), Mc x aHH'lCCKHC MeTonbl 

( I:lCrrOJIb30BaHI1C cnepn, epureri II mapourex) 
11 nInpOnHHaM w lc cKHe M CTOn bI. 3a p y 6 e ­

)J<OM IllHpOKO rr p HM cHilCTCB )1J151 y n aJI CJ-IIIB 

OT.rrmKCIU:lj:1 rHnpOL\lI H a M W l c cKIlt:1 MCTO,Q (c 

I1cno.rrh30BaHHCM aucoxona nopnu x crpyri 
)J<H,QK OCTI1) [1,9 -1 1]. Crpyiiuue TCXHO.rrO­

rmr HaXO,Q5IT npmrenemre H B PMC ,QpyrHx 

o6.naCTc t:I rrpOMblW JICH HOCTH [12-14]. 
C YllleCTBY IOw. YIO npoo.nexry O'I I1CTKI1 

MC)I(Tpy6rlOro npocrpancrsa AB O B 60JI b ­

lliHH CT Il C c.nysrace n p OIJOn 5IT npoMbIBlcoi! c 
nou ouu.io nozsapasrx 6paHn c noHTo B, He­
rr O.1Jb3 YIOTC 51 TalOKC nponapnnarme, MeTOL! 

necxo crpyiiuoii OLIHCTKH II X I1M H'J:CCKOii 

M eT O,Q (nyrexi ,QCMOHTa)K a CCKl\H j:1 ABO 
H l1X norpyxc euuu B MOIOl.UHI1 pacruo p) 
n.rr5I OY H CT K H T py6HOl"O 11 M C)fCTp y 6 HorO 

rrp o c rpa HcTBa . C 

Ilpu O'lHCTKC nucosoaanopuuan crpy­ 1 

llMH )KIIn KOCT H 06ccnc' IHBaeTc5I 60JICC r .JI311­

Ka5I , 'leM nocne Mcx06pa60TKH ( CBCp.~CHl1~ , T 

np06cCTpyH rlO H 06pa60TKH H r .zr.) , n OBCp­

XH OCTb. TI Oc.1Ic ,QYIOw. c c 06pa30 BaHI1 c or .no­ X 

Ii)l(C HHtj na TaKoM noaepxnocr n npOI1CXOllHT 

r 

TOt:[)I(C TO.nIIIH HbI 06pa3y c TC5! sa 60JICCllm l ­

M Cn .rreHHCC, c.1IC,QOBaTc.rrbH O, CJlO t:I ocazuca 
1 

c 

HIlYCCKIlMH MCTOnaM H . Ha JJlep OXOBaT o H p 
n OBc p XH OCT IT oopasyerca 60.rr bIllCC KQ:lIH ­

TCJlbHOC BpCM5I. '1CM IIOCJIC O' I IlCTK II Mcxa ­

II 

'ICCTBO 'laCTI1 U T BCP,QOH ¢ a3 bl , YCM rra rnan­ P 
KOt:1. 3 TO 06b 51 CHilCT CiI noasnn eunof K<1T<1 ­ Ll 

.1I1ITW I CCKOI1 aKTI1BH OCTb lO nsrcr ynon 1'1 yr­ T 

Jl y 6 JICHH fi, a Ta lOKC TCM, 'ITO neyzianeuuue o 
CO.rrCBb I C -racrnuu 5IB.rrl1KlTC51YCTOMQHBbl\l ll Jf 

aapozrsnuaxin ( UCrlTpaMH KpIlCTa TIJ1l:l3aUII II ) , P 
()CJlCfIO BaT e.rrbHO, H HD.YKIUJOHHbIti rreprroz 

K P HCTaJI.1IH3a UH I1 6 Y,QCT H C3Ha 'Il1TC.n bH bl ,\l. P 
K pOMe roro, uacr t, MCJIKI1X 'l aCTI1U .MO)l.(eT 

cperear scs nOTOKOM )l( l1)1KOCTH C r.JJanKo ii 

n OBc p XH OCTH . TI 0 3 r OM Y TCXHOJIOrHB rtpo­
uecca O' lH CTK I1 pyoaurex OXJIaJK n eI1IUI, npn­ 1< 

rM CHB CMbl C HHCTpyM CHT H OCHaCTKa HM CIOT 

3Ha'lCHH C l i e TO.rrb KO J-ICIIOCPCIJ CTBCJ-I110 II-nil 

npouecca OY I1CTK H , HO H 0 6 YCJl a BJl H Ba lOT .i1 

nJII1TCJl bHOCTb ,Qa.rrb H CI1weti 6 C3aBapl1t:1Hot:1 I I 

i\1 

H 

3KCn JIy aTaUI1I1 060py,QOBaHHB . 

npOBEAEHHblE &.1CcnEAOBAH&.1S1 rt 
:\13 Ha ' IH TCJlbHOC 'lI1CJIO oKCnCpI1MeHTaJIb­

CIHbl X p a60T nocssuueuo Bb l5I BJle I-ll1 lD B.JHUI­

THim na Hwp o n I IH aM II<J:CCKOC COBCpIllCHCTBO 

CTPYI"r, KOOCP¢ HUH CH T pacxozia, CTc n CHb paa­
SH TU B K aB I1TaUH II KOHCTPY KT I1BH bl X OCO­

6C HH OCTci.j Haca,QK OB H rI1,Qpo n I1H a M I1'leC­

KI1X rene par opon KaBHTal l I1H [9, 11-17]. He· 
CJICnOBaHb l fl1,Qp0,QI1HaMrrYC CKHC KaYCCTfla 0' 

CTPY ll, B TO M YIICJIC ~IHoro¢a3HbI X , I ICT eK a- ~·I 

II 

:]( 

X 

K 

TI 

III 

BC 

H, 

n 

P 
n 

M' 

C( 

3 . 

6l 

I Ii 

l , ,C..". I., I.. 

t.. 

694- 1100 LUT., ,QJIIIH OH 60.rrec 6 M, M aTC- Puc.3. KOHC11lPYK11lU6Hble cxe.'tbl uccneooeannux uacaoxoe 

N~ 2 (38 ) , 20 11 64 



H e 3cjJcjJ e KTH Il H bI ~I. (pHC. 5 ). 

Puc 5. Kp muoca A BO JJ3ra 00 U nocn e 

:r: 

o 
c:[ 
> 

2f, o ii c ~JlI1 11 X na nacazrox CO CJIOlK Hbl M nayrpea ­

-
-
-
-	

JIeH l1eM ( OTM bTIl C rrO MOlU b IO n O)Ka p HbI X 
f~ 

., He­ IIIIM f1poqJII.neM ( COCT05llUl1e H a 60.nee '1eM 6 p aHlIcrrO( ITOB) I-I e n03BO.TI5IeT nO.J!H OCTb IO 
f'- ­

1(' 1'0 11 rcrupex)"-IaCTKOB) 115, 16] ( p HC. 3 ). y.uaJIl1Tb 3arp5l3HI1Te,Tl l1 , B neps yio o-repezrs 
l' l<o i i [;[cc.nellOBamI519q)(p eKTHB HOCTI1 cr pyn ­

~-

opramr -recxyio COCTaBJl5lI0 1llY IO. IToBhIUIe­r-- ­
!\ B O IlblX renepar opos KaBI1TaL\1111 H rna pozm­ nrre xce CKOp OCTlI cr pyiinoro n OTOKa au ure 

, r--
BOp) lIa ~f1 P T (,C K ll X aacaznco s pa3 J1l1'fHbI X n m OB KpHTH '1eCKOrO 3Ha' IeHH H MOJKeT n p HBO./lIHb 

11 01'0 113-21],BWIBJIelHle HX llOCTOHHCTB 11 ueno­
, I ­

K ./le<j)o pi\-IHpOBaI-f1110 opctipcnua , a Il CJIy '1ae 

lTaTKOB. KOM61'IHa L\H51 Pa3 JIH '1HbI X 3JleMeH ­

I- ­

B03HH KI-IOBemW pe30 I-faHCHb1X Ico Jle6 aIHI J.:i 

TO BH IfCCJl ellOBam1>1B IIlHp OKOM nnanaaone 
I- ­

I- ­ rpyo rrpn o-m crxe - K H X nerpopa an n» 11 

["}lajL­ napaxerpca ( ./l.nYIHyYaCTKOB, yrJIOB pacxpu ­ uapyuremuo repMeTH '1HOCTI1. Ycra nonne­
2002 2004 2006 2008

:'IIH.H I 
I H~ KClHy COB, pa./lI1YCOB saxpyrnennit , KO ­	 ]-[0 , '11'0 I1l'n O.TIb30 BaHH e B CTPY(IHOM nOTO­

• 3aAIo1 p nopun-s 101 srynKIo1 
rncp ­ . 1II ~eCTB a yYaCTI<OB, pacxozmo-nanopnsrx	 xe aop aan non H,TI H XI1MII 'leCKHX pearenr os

• r peun- ua SryJ1 KIo1 
IT:lO­ XapaKTepI1 CTHK) rr 0 3BOJl l1JIO paap ariorars rronsruraer ce6eCT0l1MOCTb p a6 0T 110 O'IIICT­o rpe un - aa ryptioxo- mpeccopa 

KOHCT pyl cW'lH CTaTl1'1eCKI1X H POTaul10HrI bTX xe, 5lBnHeT C51 Te XHW leCKl1 11 9KOI-IOMI1'1eCKI1OLlIH Puc. 4. Iiuuauuxa KOJl U'teCm6a nOJlO.MOK 

azrrca rcncparopos rrrllpo.uHHaMI1'feCKO I~i icasirr a­ rMK MK-8M 6 peupu.mame nepezpeea: 
t -u p51d- saoup noptunst U emunxu ClIJl 00020i l JIH ­ UHfI, YBeJIW IH Ba JOlUHX 3 P03I IO HliYIO cno ­
U,uJlulidpa Ii paiioue BNXJlO l1HblX OKOIl; 2-ii

iexa ­ m aHoCTb cr pyri . [(OCTo HHcTBaMII reueparo ­ P510- mpeutuua II nepeuuuxe euxnonuozo 
aro i i pGB 51B.nmOTC5I XOp OIIla5l TeX HOJIOnI'lI-IOCTb oxua enupua :CUJIOB020 uunuuopa; 3 -~1 p51d ­

IW.JIOJHKa myp 6oKoJ.mp eccopa TK-48cOJUl ­ II I11 I3Ka51 CTOI1MOl'Tb H3rOTOBJIeHIUI. Iene ­
"Jla;J. - paropu KaBl1TaUI1I1 11 rtpo-nre ycrponcr aa [(0 O'UICTKU npn paoore ./le B51 TH arpe ­
:<aTCl - ;IOKaaaJIH CBOIO 9cj)(p eKTHB H o CT b np n E H ­ raTO B ezcerozrno n p OHCXO./lYlJlO zme- xer srpe 
II yr­ 11'IICl1epI1KaUHH pa60TbI CKBalKHH [ 2 2 . 23] 11 rr OJlOM KH BT yJIOK CHJIOBbIX L\I1JII1H./lPOB (a 

-!Hhl e O'1I1CTKe rH./lpO TeX HI1'leCK I1X coo pyxcenna ra tose r OJIOBKH n OpWI-UI . KOMI1JIeKTa Ma CJIO­

IhlMII II mascpencr n [24] . Heaaronnemrsre ru zi­ Cb eM li b[X U KOMnpeCCYlOHHb IX KOJIeu, BI<JIa­

nnr), poJlIlHaMW lec KHe CTpyH 3cj)(peKT HBHb l npu IlbI lIle ii rrO./lWllnHI1KOB cunosoro urar yna) 11 

) 1tozt ll ' IIICTKe nacocao -xoxmpeccopn srx Tp y 6 01' aocexu-zrearm, nO JlOMOK rcpsnn ex CHJIOBbIX 

l[ b[ M. pa:I.lIH'1HhIX OTJlO>KeI-lYIM [25-27 ]. UI1J1I1I-llIPOB B peaynsr ar c nepe rpes a (sa rre­
»ser Jlml penrenna aa,lla '1H O'1I1CTK H Tpy6HO­ PUO./l 3aKa '1KYI) . C YBeJl l1'1eHHeM TOJllUHlibI 

'IKOi:'I roH Mei I<Tpy 6Horo np ocrpancr s a oxnazm­ OTJlOiKe I-lH H YlJeJIH'lH BaJlOCb KOJl W re CT BO 

rrpo ­ Te.iIe ii paanu-nrstx areI-ITOB 060 p Y./lOBaliYJ5I rrO.TIOMOK; n UHa MI1Ka KOJlW IeCTBa 110 JIOMOK 

npn­ Kpacnonapcxoro Y IT X f 000 «Iaanpou fMK MK-8M B peay.nsrare neperpesa aa 
IC[OT nxr,) B 2 0 06- 2 0 0 9 r r. O bI.T1l1 np onezieau 2 002-20 09 rr. npeztcr annena ua pill'. 4. 
>i1! m sxcneptm eur ans usre H onsrruo-nposn.uu­ [(orrOJII-lI1TeJIbHO 110 ./l} ''feH 3KOHOMW lec ­

),1101' . ~elm bfe HCCJIe./lOBar-n15l r exnonoriu r rnnpo­ KI1J.::I 3 cj)cjJeKT H3-3a CHI1)KeHH51 9JIeKTpOnoT­

irroI':i .1HJlal>lI l ' IeCKo u BbICOKOI-lan Op HOI1 O'1HCTKH pe6neH!'ill na 350 TbIC.KB T/ '1. nacocaxm,ooec­
l lc)upy 6 Ho r o npccr pancrsa A B O rasa, ABO ne-nncuouuu mW lpKyJIHUI1IO BO./lb l B n ICTeMe 

ilOilbl H A B O [(3fa, r pyonoro H MeiKTp y 61-Io­ OXml)J<,l1em ill B pesynsrare CHI1)J(eI-I115l rna paa ­ O'lUCm K U (8 = 3-5 MM) (tcopp osuonicu e, 
10 IIpoCTpaHCTBa KOlKy XOT py6Hbl x Te11JIo06 ­ JIH'1eCKHX COilpOHIBJIeli11I1 H HOp MaJIH3aUHl l coneeue U opeauunectcue omnoucenun} , o 

',Ul b­ lI eJIlU1KOIl y CTaHoBOK perenepaunn rmIKOJl5l, pelKl1Ma parior u, [(aH liOH yCT a HoBKoI1 TaJ<­ 3 Kc rr epHMeIiTaJIbI-IO on pezieneno orrr n ­ o
.lI11 51 ­ CHCTeM pyoaureuuoro OXJIalK./le I-IH51 r a30MO­ lK e 6 bI.JI H o-nnuenu pytiauncn oxnax neuua MaTI b I-fOe CO'leTaHI-Ie nano pusix YI pacxou ­

nBO TOKOI>II1p eCl' o p o B. B p e3YJIbTaTe 6bIJIa p 33 ­ nopunresu x r pexcry rteu-rar srx B031IY W HbIX HhI X x a p a KTe p HCTI-IK, rcoropoe otiecn e-ra ­ IU 

pa3 ­ paoorana, CI1poeKTH p OBa I-Ia H H3roTOBJIeH a H KHCJIOP0,ll,HbI X xosm peccopon. sacr Ka'1eCTBe HHYIO nIllP0./lI-lI-l3M I1'1ecKYIO o 
OCo ­ 3KcnepllMe[iTa nb Ha5l YCTaHOBK3 rnapozuusa ­ Anrraparsi B0311YUIHor o OXJIa IK./le IUHl . O'1I1CTKy o p e6 p eHI151 scex P5ILlOIl rpyo A B O o-rec­ l lwlecKo(1O'IH CTKH. Y CTaHoBKa paapaoarsma­ Pa3pa60 TaHHbl H H H3rOTOB.ll eHlibIJ.::I orrsrr ­ 6e3 I-Iapy lIle HH 51 nx u eJlOCTH OCTI1 II n OB­

c:[ 
vl c - .TlaCbYI-II1 Bep CaJIbI-1O11, I1 p enHa3I-I aLJ e H H OI~I llJlH HbI(I oop aaeu y CTaI-IOBK I1 O'IH CTKH r enn o­ p elK./leHH5I opeopeuna . H cnonsaonan acs >

CTBa OYl1CTKH I1paKHIQeCKI1 scex TImOB rennooo­ 06MeHHor o 060pYlIoBaHI151 6bIJI np oxn.nu ­ BO./lOrr p OBO./lH a5l s ona 6 ea ./l0 6aBO K xnxrpe­ o 
'('Ka - l leHI1bl X anrraparos, 9K CrrJIyaTl1pYIOlUHXC51 Jle I-HIO anpoou ponan B 200 7 - 2 0 09 r r . npn ar eHTOB. [(Jl5I 3<j)cjJeKTI1BHOrO ynanenaa aa ­

na CYllOBbIX y cra a o a x a x H CTaHUH51X 110 11 ­ O'l UCTK e Me)KTp y 6 11Ofo npo cr pa n crsa ABO r p513HHTe Jl eH I10 T pe60BaTIOCb I1pOB e./le HHe 

:JC~ lI l oro XpaHeHI151 r asa , OT p a3JIHLIHbl X rro ( a nnapan.r aoan ynr a oro o XJIa)K./le I-fH5I) r asa O'l HCTKH B n s a ar a na. 

xmlw lec Ko MY cocra uy, I1pO'1HOCTIl II anr ean n Kpacuonapcicoro Y IT X f [ 29 1. IT PH o npezten exnn l1ep I10./lW I H OCTI1 

KnOBep XHOCTII 06 0 p Y./lOBa HH51 OTJIOlK eHHiL Onsrrno-npoxrsrcrroaa e a ccnenonauna O'lI-lCTKH I-le0 6 XO./lHM O y'IIITbIB3Tb TOT rpa icr, III 
n pH HCCn e./lOlJa I-llHI nonY'1eHbl Orr TlI Ma TI b­ OrrT II Ma TIbHbl X n a p an erpoa BbICOKOH an o p­ 'ITO a ar p a an en n e A B O rasa npOH CXO./lHT C o 
Hble TeXHOJIOn lY eCIme rrapaMeTpbl cTpy(IHorO HblX CTp y H iKH./lKOCTH 1l.TI5I o'm CTKH ope6­ p a3HoH I1IiTeHCI1BHOCTb IO. B 3a BH CHM OCTH % 
B03neti c TJ3 H51 11 TeX HH'1eCKI1X cpen CTB, rrpen ­ peHl151 npOBOll l1J1 U Iia I\B f - 16 0 (4 illT.) , 01' CTe l1eHI1 3arpH3HeHlH I H 3a rr bI JleH I-IOCTH 

t ­HaaHa'1eHH bI X ,lI.n 51 peaJII13a l 1I1H TeXI-IOJIOnm	 ABr-100 (3 WT.), AB f - l 0 0 C (2 lIlT} l1c ­ oKpYlKaIOl u ei1 c pe,ll,bl , rlle 3KCrr JIyaTH pyeT ­
Ofl1llp0,ll,HHaMI I LJ eCKo (IO'fI1CTKIl.	 CJIe./lOBa.TI I1Cb TeX HOJIOrH51 r H./lp 0 ./lHl-IaM I1­ C5I arperaT ; KOH CTpy KTH Bli bI X H 3Kcrr .TIya ­

'1ec Ko ti O' IHCT KH lIe3a Torm eHlio i:'I c Tp yeH TaUI10 HI-fbIX oc06eHHoCTe i,j ABO ( m laMeT­
PE3ynbTATblonb1THO­

6 e3 UCrrOJIb30 BaHU5I 3cjJcj) e KTOB Ka BlITaU HH p a o ce Bo ro KOM ll p eCl'opa. y r. no B aTaKH lia
npOMblwnEHHOH Anp06Al.lI.U1 

11 CTa H./la pTl-Ible r HLl p0./lH HaMI1'1eCKHe KO ­	 JIOrraTKax oceBoro KOi\-fTIpeCcopa , ' IaC TOTbI 

C Y./lOBb le LlH3eJlhHble yCTaHoBKlI , r 1l30­ H l1'leCKHe comI a ( H3 ll.BY X y'l aCTKoB ) . B aa ­ er o Bp a lU eHI151 ) . 

MOTOKOMTIp e CCOp bI, rro p UllieBble KOMnpe c ­ ./la'! y BXO./lHJlO orrpelIeJIeHl1e OrrTHMaJlbHbIX KO)Ky x o Tp y6Hble TeIIJI006MeHHI1KJI. 

COpbI . OnbIT I-IO-rrpOMbl LU.TIeHI-lble I1CCJlelIO­ TeXHOn OrH ' l eCKHX n apaMeTp o B cT p y HI-Io r o O rr blTI-lO - rrpOM bI IIlJIeHI-lb l e Y1 c c.ne./lOBa HH 5I 

SaI-lH 51 3<j)¢eKHIB I-IOCT I1 pa3pa 6 0 Ta I-IHbl X Bo aLlei:'rcTBHH H TeXHH'1eCKYIX Cp e./lCTB, rrpe./l ­ 9 ¢ cjJeKTI1BHOCTYI p a ap a 6 0 Ta H Hhl x TeXH O­
v	 ~ ...TexHo.JIo rHH H TeX I-IWI el'KH X cpe,ll,cTIl OLJ I-IC­ Ha3Ha'IeHI-IbI X llJl5I p eaJIH3auYlYlTeXHOJlOrH H .TI On HI H Te XHH '1eCKH X Cp e./lCT B OhIJII1 I1PO­

TKI1 CHCTe ~1 p y6alIle'l I-Ioro OX.TIalK./le IH [51 r a ­ r l1./lp0./lI1Ha MI I LJ eCKoJ.::I O'l I1CTKH. B CJIe./lCTBHe Be./leHbI B 2 0 08-2009 r r . B KpaCHO./la p CKOM ...
 
a.30MOTOKOM ilpeCCOpolJ H CY./lOBbIX llH3eJI e I1 Bb lCOKoro K0 3<jJ<pHUHeHTa o p e6 peHI151 Tpy 6 Y IT X f 000 « f a3 I1p o M IT X f ,>. B 2 0 0 9 r . B 

OblJlH npOBe,ll,e HbI B 2 005-2009 rr. I-fa Kpa c­ 11 3I-fa 'I I-ITeJIb l-Io ro KOJII I 'I eCfBa PM OB B A B O K YlUeB cKoM YITXf 0 00 «fa3rr p OM IT Xf» :I: 
Ho.uap CKOM YITX f [28].	 0'1I1 CTK3 CTpy51M H C I-le./lOCTaTO'lHbIM ./laB - npH O' I I1CT Ke Tpy6H o r o H Me)KTp y 6 H o r o 
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n pO CTpaH CTBa KO)l(yXOTpy6HblX n p OTOYJ-IbIX 

H V -06p aaHblX Te n .1J006Mel-IHHKOB n H3TH ­

JIeHr.1JYIKO,1J>I, Me)KTpy 6 1-IOro npOCTpaHCTBa 

TepMOCHtP OHa , rpyonoro H Me)[{Tpy6 HO ro 

npocrpancrsa ABO n 3fa [ 30]. n o O'lHCTKI1 

10- 20% Tpy60K 6 bIJI I1 nO JlH OCTbK) sanon ­
HeU bT OTJlo/Ke HH >IMI1 H H e 0 6 eCne'I } IBaJlH 

WIpKy Jl >IUHH n3fa; TO.iIIUI1HaOT.1J O)KeHl1fi B 

OCTa.iIb Hbl X r pyoxax H B Me)lCTpy 6 HOM rtpo­
CTpaHCTBe COCTaBml.iIa 2-4 MM. 

nJU! O'lH CTKH nOBepXIiOCTe j:'1 narpena 
3JIetvre HTOB 6.1JOKOB perenepaumi r.iI H KO.1J >I 

6bl.iI paspaoor aa p5In yC TpOHCTB , pe aJI H3Y ­

IOIUH X TeXHOJlOrHH nrnpOnl1Ha~IHYeCKO li H 

rI1n p OnYIlIa MHyeCKoJ;i IcaBI-ITaU Ho m IOI:j O'I HC­

TICH OT pa a.nHYHblX KOM nJleKCHblX OT.1I0)l(e ­

HH li , B TOM 'IHC.iIC reneparopsr Ka J3HTaU}!H 

(ninpOnHHaMWl eCKH e xas nra ropsi) H nrn­

pO nIlHai'-Jl1'leC KH e H aCanKI1 ( CTaTWJeCKI 'le 

H poraunomrsie ), B 3Kcnep I'IM eHTaJlbHbIX 

HaTy pHbIX YC.1JOBI15IX on penene nsr HX orr ru­
MaJrbI-lble KOHCTpy KTHB HbIe napaxter psr. 

TeXHOJrOrIur nrn ponl1HaM W le CKOH o-rne­
TK yl r pyf 6bIJl a n pH MeHeHa r arcxe ZlJI>I OYHC­

TKJI rpyfi uoro rrpocrpan crna OXJIanI1Te.JJe l~I 

Ma C.iIa ( ZVHlIia - 6 M, KOJIH y eCTBO Tp y 60K ­

344, nnourans - 92 M2) raso nor oxo v rtpecco­
pOB, Tp y 61'IOro H Me)l(Tpy6Horo rrpOCTpaH CTBa 

Ten.iIo06MeHHHKoB n3f a 6.iIO KOB perenepa­
UHH fJI HKO.JJH ( 4 r unopasa epa,OT 9 8 LJ,O 1100 

Tpy 60K, n.m na - OT 3 LJ,O 6 ,vI, nnoutazu- Ten­

.JJ00 6 MeHa - no 3 5 0 ;vr2), ' ITO 06eCneYH.1I0 CRYI ­

»cenue Tpy Llo eMK o CTH onepauuri n o Olf HCTKe 

Tp y 6 1IOr o rr pO CTp aH CTBa OT OT.1I 0)KeHI111 H 

6e3a J3ap Hj:'IHYIO HOMHI-IaJIbHy IO paoory OX.iIa ­

LlYITe.ne l l B nepnozr 3aKa 'IKH (pHC. 6). 

;,t-

Puc. 6. O'tuw,ewlblu mennootiu eunux 

BblBOAbl 

YcraHO BJIe HO, 'ITO LJ,JI >I OllHCTKH CJJO)K ­

II b l X np0 tPl1JJbIfblX BHyTpeHHHX nOBe pXHOC­

Te li npHM eH eHI1e BbICOKOI-Ia n o pH bI X CTp y H 

)I(HLJ,KO CTT1 HB.JJHeTO I M el-le e aaTpaTHbIM 11 

6o.nee 3ql(peKTHB HbIM n o cpa BHeHI110 C LJ,py­

Hl i'-Iyl M eTOA aM H OYHCTKH . BpeM eHH bl e aa ­

Tp aTbl COCTaB H.iIH 2 0 -30 % CMe TH OH TPy ­

LJ,OeMKOCTH LJ.a HI-lb IX pa6 0T AJI5J pa3JIH'IHbIX 

nrnopaaMepOB Te n .no 0 6MeHHblx a rrnapaTOB 

B 3aBl 'l CHM OCTH OT CTerreH H 3a r p >I3HeHH 5I, 

npO'iH OCTl1 OT.iI O)KeH HH H lfX anrea HH K 

MeTa.nJJy. C Ten eHb O' IHCTKH - Bbl IlIe, y eM 

rr pl1 Te X )[{ e BpeMeHHbl X 3aTp aTax npH 11C­

n OJIb30 BaH HH 3.neKTp Ofl1LIp 0 I1Mrr y .nbc Ho ro , 

Me XaHI1 ' l eCKOr o II XHMH lleCK o r o MeTOAOB. 

P a 3pa60TaHH ble Te XI-IOJIOr HH 11 0 60pyLJ,0­

BaJ-lHe n03BOJJHJI H Olf HIUaTb rr OBepXH OCTH 

.iIJ06b1X KOl-I tPl1ry p aUH j:'1 (nJlOCKHe, UHJHI H ­

LJ. p l1'le CKHe , n poqm.nbHbl e) OT OTJIO/KeH YIn 
C pa3.iIH'IHbI MH n pO 'IHOCTHbIMH xapaxr e­
pflCTH Ka MH fI COCTaBOM, C JIK)60 H TO.71 WH ­

HOl:j, lla>Ke B cay-rae no.n xoro «3a p aCTa H I15I,) 

OCaLIKai'-lH UHpKy JJ5IUH OH HbLX OTB e p CTfl j:'I, 

YTO BblrOLJ,HO OT.1Jl1yaeT HX OT XH M H'IecKoro 

MeTOna, npn KOTOpOM Heo6x OAl1MO np en­
uaprrre m.no MeXaHH'leCKII BbI CBep.1JHBaTb 

OT.llO)I(eHH5I, aa rrO.1J H5IlOIU He 100% CeyeHH5I 

Ul1pKy .ll>IUlIOHHbi X or nepcruii. 
T eXH OJIOrlIH H Te XHHyeCKl1e cpencrsa 

rHnpOLIl1HaMHq eCKO~ Bw coKo Harrop HoH 

OYHCTKH rrOBepXI-lOCTe];i 51BJI5IlOTC5Iy H I1Bep ­

ca.nbHbl MH H Mory T YICn O.iIb30 J3aTbG I B pas­
nootipaaaon 060p y LJ,OBaHHI1 n .JJH ynanenun 
OTJIO)KeHI1j:'1 p a3Jl1I'IHOro COCTaBa, rr p OYHOC­

TH, aLJ,re3H H K MaTepHaJIy 060 p YAO Baml5I . 
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