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OBl!AH XAPAKTEPHCfflKA PAB0'll:l 

ARTfSJII,H0CTL Tew. TeopeTzqecKOI OCHOBOI C0BP8M8HHOI ®{SH.KB 
CHJILHHX B3aJDIO,ItelCTBd 8J18M8HTapma qac'l'Hn HBJmeTCJI KBSH'l'OBM xpo-
110,JO!HSMJ!RS (I{Xlt) • 0nHCSHH8 JI0KaJII,HHX B38lDIO,It8ICTBd IU!8'1'HHX KBapROB 
B rJillOH0B B PaJl!UIX H8a68J18BOI KaJIB6poBOquol Teopn a,D;eKBa'l'HO o6~c
M8'1' B8CLM8 orapom Iq)Jr qlH3HqeCKJOC HBJieHd, B qac'l'HOCTB 'l'alt H831l
Baewe &eC'l'Rll'.8 np0It80Cll - B3WDIO,It8IC'l'BU qacTHn C 6oJILmol nepe.ita
qel mmyJILca. OcHoBOI ycnexa KXU BO worn npHJio&eHHSDC HBJme_'l'CJI 
BOSMOZHOCTL zcnom.soBSHU xopomo·paspa6o'l'ammx B KBaH'l'0BOI '1'80PHB 
DOJm M8'1'0.ltOB '1'80PBB B03MYIIl8Hd. 06oCR0BaHJl8 npHU8HHMOC'l'B 8'1'BX ue
'1'0,ItOB (,n,m E8CTRBX np0It8CCOB) CJ18,ItJ8'1' HS HaJIBqBH B IOOl acmm'l'O'l'Bqe
CKOI CB060.Itll, T.e. JiorapB~qecxoro Y6HBSHU aiPfleKTHBHOI KOHC'l'aH'l'll 
CBR:311 Ha MaJIHX paCC'l'OHHJ!SDC ( npB 6oJILmBX Depe,ItallSX Qt) • 0,ItHaxo DO 
'1'80PB11 B03MYIIl8Hd MOae'l' 6HU Hd.lleHa mDIIJ, H8KO'l'OPM qac'l'l, 8MJIU'l'y

.Itll ~B3H118CKOI'O npottecca, a JIM8HHO, 'l'a, KO'l'0PM COOTB8'1'C'l'BJ8'1' o6ue
HSM 6oJILIIIJDf 4-mmym,cou M~ qacTBitSMH. IIOJIHM ll8 8MJIDTY.Ita 38BH
CB!l' H8 TOJILKO 0'1' 6oJILmBX, HOB 0'1' uama IDIIIJJILCHHX IIHBapJlaH'l'OB B 
D08T0M1 CYIIl8C'l'B8HH0 Onp8,It8Jm8'1'CJi ,JO!HaJIBKOI np0It8CC0B, np0'1'8K8DIIJIX 
Ha 6oJILmBX paCC'l'OJ'IHJJJtX. Co0'l'B8TC'l'BYIXIIB8 HJJ3R08HepreTnecue CBOICTBS 
qlH3BqecKJOC 8MJIDTY.It H8 uory-T 6HT~ BCCJ18,It0BaHH M8T0,ItaJIB '1'80pJIJI B03Mf
lll8Hd, onpe.ite.7lSDll:!!YI) pom. B npotte9cax, npo1cxoM11lBX Ha uacmra6ax 
R Ko Hf "?J I I'aB-I, BrP81lT aiPflexm, HMeDIUle HenepTyp6aTHBHYD DPJIPO.ItY. 

AHaJIB3 DJ18Hd B o6JISCTB uama H npe,ItacmmTOTHqecKJOC nepe,1taq 
mmym.ca DPBB8JI K «x,puyDpOBK8 D0ltX0.Ita, 0CHOBOI.KOTOporo O.Jll[8'1'CJI 
rBD0'1'8Ba O HapymeHD aCBMII'l'O'l'JlqecKOI CB060,Itll BO BBaJDIO.It8IC'l'Bli!IJDC 
EeCTKJOC uapTOH0B C BaltYYl(H],DOI ~YK'l'J8.IllllDIB KBSPKOBHX B rJillOHHHX D0-
.1[81. Bo31103HOC'l'L KOJ1Bq8C'l'B8HH0I'O 0DHCSHU '1'8.KOI'O B3aHU0,It8ICTBJIJI CBR:-
38Ha c.BB8.It8HB8M B 8MJIDTY.Itll qiHsnecKBX np0It8CC0B C'1'8D8HHHX nonpa-

Q-.zn· 
BOK~ ·.,. CO,It8llZ8lllJ[lC H8Hf1!8Bll8 BaltYYJfllli8 cpe,ItHBe XBaPKOBHX B rJ1llOE-
HllX D0.JJ:81 < i fl,)' , <. (; _,!., C..,lf"., )- B '1'.,It. 3TH KOH,lt8HCa'l'll Ha <lleH0Ue
H0XOI'BqecKOU YJ)OBH8 OfPSZ81l'l' CYlll8Ct'BOBaHJl8 y ~BqeCROI'O BaxyJMa 
KI.ll CJIODOI Henepryp6al'Jll3B0I CTPYKTYJ)ll. 

topuYJ01poBK8 M8'1'0.Ita IraaH1'0BO-xptu0,10!HaMH118CDX npamm Cym« (IIC) 
(A.H.BatmnrelH, B~H.3axapoB, M.A.lll:a«uaa) D03BOJIJIJIS, HallBHM .ItBU8-
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HHe HB O611acTH MaJlHX paCCTOJUm:lt H Ba.naBM B Ka'i8CTB8 Ha'i8Jll,HLDC yc-
1IOBH:lt CYlll8CTBOBaHHe KOHipalm(eHTa H ytl:8T Henepryp6a'l'HBHO! npHpO,IU:l 
BaRYYMa Ha ypoBHe ero YHHB8PCWILH!DC xapmt'1'8PHC'l'mt - KOH.It8HCaTOB, 
npoC1!8,ItHTI, Ba BLDCO,ItOM Ha pezm, CHJII,HOI CBJiBH .KOH'l'po11Hpyellmf o6paBOM. 
Ta!UD,f o6paaou, ytl:8'1' SifxiieKTOB 6o.1ILIIIIDC paCCTOJUil!! Ha l'paHBI:(8 o6JiaCTH 
acHMnTOTH"i8CKOI CB06O,IU:l .naeT BOBMOllHOCTL HCC1l8,It0Ba.mul H onpe,Ite1IeHHJi 
pa31lH'iH!IX 8,lij)OHHIDC xapmtTepHC'l'HK. 

Ha nepBOM STane CBOero CYlll8CTBOBaH.wi M8TO,It KXJl npaBH1l cyw B 
q,opye CTeneHHmC MOMeHTOB aMII1lHTY.It 6Wl sifxiieKTHBHO npBMeHeH .ItJIJi BCC1le
,ItOB8BBJi ,ItByxTOKOBLDC KOppemn:opoB C nenD DO1lytl:8H.wi Jraq,e>PMaIU!H 0 
CTaTH'i8CKHX napaMerpax (Maccax, KOHC'l'aHTBX CBJISH) 8,lij)OHOB, nocTpoeH
HLDC H3 MaCCHBHLDC KBapKOB. IToa,ItHee HCDO1lL3OBaHB8 npaBHJI cyw ,ItJIJi 

6ope1l8BCKHX MOM8HTOB DOBBOJIJ!l1IO ycneIDHO onpe,Ite1ll!TI, MHOI'H8 xapmtTe
PHCTHKH JI8I'KHX M83OHOB B 6apHOHOB. lorHKa MJII,He:llmero pa3BBT.wi Me
'1'O,lla npne11a Ha BTOpoM STane K aeo6xO,ItHMOCTB aHa1lH3a TP8XTOKOBHX 
aMII1IH'l'Y.It. B S'l'OM C1lytl:ae m,eeTCJi B03MOZHOC'l'L H3ytl:8H.wi Kait CTaTH"i8CKHX 
(llll!pHHH ,ItByxtJaCTB'lHLDC pacna,ItoB B np.). Tait B ,ItHH8MB'i8CKHX (q,opMq)B.K
TOPll) CBO!CTB aJij)OHOB. O.ItHO! B3 B83HHX Ba,Ita'i 3,It8CL Jm.lrJi8TCJi paapa-
6OTKa M8TO,ItOB.onpe,IteJieHHJi a,ItpOHHHX xapaxrepBC'l'HK, B RO'l'OPLDC JIBHO 
y,Dl'l'llBB1ll!CL Oil SifxiieKTH H8HY1l8BLDC Mace KBapKOB. Heo6xO,ItHMOC'l'L 'l'aKO
ro ytl:8'1'a CBJi3SHa C T8M, 'i'l'O B peanHOM MHpe KBapKOB npH6JIDeHHe m' = 0 nnoxo pa6oTaeT yze ,ItJIJi s - KBapKOB. )tJIJi M83OHOB llt8 C 
C-KBapKaMH po.lIL rY> C BOO6111e, O'i8HL CYlll8CTB8HHa. 

AR'l'yatII,HOC'l'I, BCC1l8,ItOBaH.wi cra'l'B'i8CKHX H ,ItHH8MB'i8CKHX xapaxre
pHCTHK 8,lij)OHOB C ytl:8TOM Mace COC'l'aB.n:mJU!X KBapKOB·B paapa6OTKll ue
'1'0,ItOB TaKOro HCC1!8,ItOBSHH/i onp8,I(8JUI8'1'CH, noMHMO BHYTP8HH81 norpe6-
HOCTB paBBH'l'H.li B O6O6111eHHJ1 M8'l'O,Ita KXJl npaBU cyw, 81118 H aeo6xo,ItH
JIOCTI,J) SHa,maa BC8BOSpaCTaJJl(8rO DO'l'OKa axcnepHMeHra1lLHOI HHq,e>pya
IU!H, a 'l'aDa BOSM0.1KHOCTI,D BCDO.lILBOBaHH/i DO1lytl:a8111lX ~83Y.1IL'l'a'l'OB ,ItJIJi 

B8PHq>HKaIUIH paBJIJ!l'lH!IX I'HnOT83 B npBdmmeHd B KX.Il. 

UeJIL pa6oTH - BCC1I8.ItOBSHB8 p.11.Ita C'l'a'l'B'i8CKHX.B ,ItHH8MB'i8CKHX 
xapaxrepBOTHK MesoHoB, OO.ItepzaDtHX S-H C - .KBaPKll, B pa11xax uero.na 
npan:e.ir cyw KX.Il; paspa6oTxa onoco6on ytiera H aaa,msa a@>eKTOB aeey
neBLDC uaco KBapKOB Ha npBMepa rpeXTOKOBllX ROPP8.1IlmBOHHllX ~yHKIU!I. 

Ha,v]HM HOBBBHa pa6OTll 

B .ItHooepramm paspa6orSH Mero.It aaauaa KXJl np8U1! cyw .ItJm 
TpexTOKOBHX aMII1lH'l'Y'.It C ytl:8'1'011 Mace OOC'l'aBmD>lltBX RBapKOB. ITp8,It1lOZ8H 
cnocod noorpoeIUUI ITC .ItJm oraomeHHJi rpexroKOBOro KOppeJIJ1ropa K .ItByx
TOKOBIDI o noc11e.nyD!lBM pas110aeHBe11 oraomeH.wi no napa11erpm, o/.~ z m;2

• 

AHB1!Hs TaKBX ITC noKasllBaer OTa6B1ILHOO'l'I, peayJILTaTOB no O'l'HomeHm> 
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K napBaIU'lml 11aCCll 'l'JDlt81IOro KBapxa. ITOK8.3aHO, 'ITO BCllOJII,30BaHH8 '1'8.KKlC 

npaBH1l CJMM ,ItaeT BOBMOXHOOTL Biixf,eKTHBHO OT,It81IHTL HHq,e>pManm:> 06 l!H
Tep8CYD1118! B81lH'iHH8 0'1' BMa,ItOB B ITC, CBJi3aHHLDC C Bll"i8'1'8MH B OOO'l'B8T
CTBymt}I8 TOKH • ITOK8.3aHO, "iTO B 'l'aKOM no,ItXO,Ite ~rna'll!T8JILHO paCllll!p.li8T
CJi pa6otJM O611acrL ITC, Mana pon nepTyp6aTHBHHX nonpanox. 

Paspa6oTaaa rexHJma pactJera B npoBe,IteH Ka'ieCTBeruwa aaa,ms 
cnexrpa,rz,HLDC n110THocre! .ItJIJJ nepryp6aTHBHHX H aenepTyp6armmwc BMa
.ItOB. Ha!,IteHll llll!pHHH Pa.ItHaIU!OHHHX nep8XO,ll;OB 'iapMOIDIJi f{':1/'f➔ 'f, () 
H r('l, -1.y} B pSMKaX npe,It1IOllteHHOro llO.ItXO,Ita C ytl:8TOM BK1!8,IJ;OB O{J.s) 
H O ( < (;l·'J) , npaKTB"i8CKH H8 38BHcmJIB8 OT B81IH1DWH me • 

ITpe,It1!0llt8HO o6o6meHBe M8TO,Ita 6ope1IeBCKHX npaBB1I CYJ,!M ,ItJIJi HCC1I8-
,IJ;OB8.HBJJ 3-'l'OKOBLDC SIID1IHTY.It, OO,It8pEallUDC MacCHBHll8 KBapKB, B CO'i8TaHBH 
C paaee OnBCSlllWM no,ItXO,ItOM. STO nOBBOJIJiBT DOBllCB'l'I, TO'iHOCTL onpe,Ite1le
HHJi llll!pHH Pa.ItHaIU!OHHllX pacna,ItOB 'ial)MOH.wi, 3E$'1KCHpOBa'l'L llll!pBHH pac
na,noB B036y.t,D;8H!lllX COCTO.rnml r('f''-"'7~ y) , r/7: ..,.lf}. ITO1lytl:9Hll TaK
xe oneHKB m:HPBH rr1 .. ➔ h) , rrr➔tyJ. 

MeTO,It KXJl ITC BnepBH8 BCllO1IL30BaH ,ItJIJi BCC1I8,ItOBaHl!IJI q,op~'l'opa 
M8SOHa C ytl:8'1'0M H8HY1I8BOI MaOCH S - KBapRa (r<+;K()-NBSOHll) • ITOJlytl:8-
Hll ITC .It1IJi q,C>J)M!WKTOpa J='i< ( Q1} B o6MC'l'B npoMeJtYTOtmHX ( rrl~ ~ ~'~ 

~ 4-5 raB2) nepe,ItatJ mmy.1ILca. Ha!,IteHa MO.ItH~ ITC B 0611acT:ia: 
QZ~ 0 • Bll"lHC1I8Hll 31l8KTpollarHBTHll9 PS.ItHYCH r<+, Ka-MeBOHOB. PaCC'iHTSHa 

11ero.ItOM ITC KX.Il ne1IH"iHHa, xapaxTepBByD!lal! aapymeHHe upanaol S U(3J
cHMMerpu: < tr.> -<'Z~). C ~e1ILD anpo6aIU!B 11ero.na npoaaSJlHBBpoBBHa 
MO,It8JII, ltBWITOBO-i49XaJUI'i8CKOrO OcnwtlIJlTOpa, ,ItJIJi KO'l'Oporo aal,IteH cpe,It
H8KB8,11J)a'l'B1i:HHI pa,ItHyC OOHOBHoro ypoBH.11, on:ecaao llOB8,It8HB8 q,C>~'l'O
pa OCHOBHOro COC'l'OmD!Ji B npB6.JlD8HBJII 1IOKMl,HOI ,ItyaJII,HOO'l'H. 

ITpaxrneoltSJI geHHoCTL pa6om. YaaB:ia:Tul B anpo6BpoBaHHHI B ,ItHccep'.'" 
TaJU!Jil nO,ItXO,It R BCC1l8,It0138.HHJ) npaBU OYMM ,ItJIJi rp8X'l'O'i8'1HHX xoppau
IU!OHHHX itiYJIKnd l't8K B «ioJ:118 O'1'8U8HHHX MOM8H'l'OB npH QZ = 0 B1IH 
Q! :/; 0 , 'l'aK H ,ItJIJi 6OpeJl8BCKBX lf01f8HTOB MOSe'l' BODO1ILBOBaTI,0.II ,ItJIJi 

onpe,It81l8HH.li C'1'8TB"i8CICBX H ,Itl[HSlfB"l8CKHX xapaxrepHCTBR 'l'DEIJIHX CBC'1'8M, 
r.e. ra11, r.Ite aonss npeaeope,u. uaoomra KBaPKOB :a OYllleoTBeHHa TO"i
aocrz, lllC 0Ilp8,It8JI9HHJI. B "iaO'l'HOC'l'B, TaKOI 118'1'0,It 61,lt8'1' uo~eseH npH 
B3Y"i8HJIB paon~OB 'iaimOHHJI H OO'l"l'OHHJI, DO3BODT. npe,ItCRasJma'l'li IIIBPJI

HH pacna.itoB BOS6~emna: ypoBHel, aaxo.ItHTL MJll'Kl'le BOJIHomte ~Jlll'UD 
TJIZ8JDiX lf880HOB. 

lloJil"lemme B .ItHOCepraun pasym,ram .ItJm «x>Plfitialtropa JI saps;ItoBOro 
pa,ItH10a K-11esoaa MOrYT. 6HT1i o6o6meHH .It1IJi BSY"i8HHJI q,o~ropoB 
JJ- , I-"-, B - 11esoa0B 11 ooomrorBJDIUCC sapJI,ItoBHX Pa.ItHY'00B, .ItJIJi aaa
mraa a@lexroB aapymeHM KBpanaol o111181erpu:, BBY"l8HHJI Ke3 - q,opu
«ie.K'l'OpoB. 

3 



Peaym,TaTH 11oryT 2cnom,aoBaToCJJ 'AM BHa.mraa ,ItBHHHX no Ke--pac
cemum, CTIDIYJIJ!PYJ:IT ~Heme axcnepm,eaTH ,1tJm 'la~HHII. 

Paapa6ora.munt llO,lOCO'A H peaym.TaTH ero HCllOJll.3OB8HHII S!BJiliDTCJI 
He06XO,IOD,f}D( 8TallO11 Ha llyTH R C03,It8Hli[I) llOJIHOI TeoperzqeCROI xapTHHH 
CTPYKTYPH H ~BllllltH 8,Itp()HOB C ~eroM uacc COCTaBJIJmllilX BX ItBapROB, 
a raxze BaimH npH pacnpocrpBHewm uero'Aa IIC KI.I! Ha nponecca, cBR
aaHHHe c qeTH!)eX'l'OROBl:DO! 1t0ppeJmTOpauH. 

IIYCSJIHR8ID!H• IIo uaTepHaJmM ,IUtccepTano any6JIHKOBSHO 6 pa6oT. 

Anpo6B.I@Si pa6om. Peay.n:&TaTH, llOJI~eHHHe B ,lO!CCeprano, 'AOKJia
'Al{BaJIHCo H O6cy3,1t8JD!1Co Ha ceMJmapax Jla6oparopn reoper2qec1t0I fllBan
RH OH!IH, Ha cecc:wtX: 0T'A8JI8HR!i H.It8PHOI fllBaHRH AH CCCP (I983-I985rr.) , 
Ha Hay,mHX CeJOmapax OT'A8Jia TeopeTH1l8CltOI fllB3mtH HIDf fllB3HRH POCTOB
CROro ymmepcHTera. 

06~811 pa6OTH. lHCC8PT8ItRII COCTOHT H3 Bl3e'AeHRli, 3 rJISB OCHOBHO
ro rexcTa, 38KJil)qeHRli H 3 npBJIOSElHd. TeltCT ,IU'ICCepTamm H3JIOS8H Ha 
I46 crp~. BltJil)qaJJ I9 pHCYBROB H 2 !'a6mmi,t. Bn6uorp~qecxd 
CnHCOK JIBTepaTypH CO'A8,P3JIT I39 HaHll8HOB8Hd. 

CO.llEPl'.AHHEPABO'IH 

Bo Bl3888HHH 'A88TCJI xparxd oqepx paaBHTRli Teopl!llll 8JI8M8HTap
ma: qacrmi;, npHBO,IU'ITCJJ o6sop JIHTeparypH, xacaDllelca paccuarpl!BB.eMHX 
B ,IU'ICC8PTanHH BOnp0COB. 06CY3,1Ul8i'CJI SKTyaJII,HOCTo Tew H BH6op 
o6~e_R'l'OB HCCJie'AOB8Hd, xpaTRO H3JiaraJ>TCJI CO'A8pzaHHe pa6OTH H IIOJIY
qemme pesynram. 

B nepBOI rJISBe MeTO'A KI.I! np8BHJI CY)OI (IIC) HCIIOJio3yeTCJJ ,ltJm 

8HaJIHBa PS,IU'lanHOHHHX nepeXO'AOB MI-THna B 'la.PIIOHHH. 
B § I 'A88TCJI xpaTROe H3JIOZ8HH8 M8'l'O'AS KI.I! np8BHJI cyuu, pacc11a,:

pHBaeuoro B IIJiaHe npm,eHeHRli ero 'AJm rJmeJIHX ueaoHoB. Ha npm,epe 
nyxro1t0BOro 1t0ppeuropana~aerCJ1 Me'l'O'A crenemmx 11O11eHTOB npH 

Q 2 = 0 H Q1. 'F O ; O6Cy3,Itae'-'CJ1 BH6op napaMerpoB np8BBJI CYJ,IM. B 
qacTHOCTH B8JnllmHH WI c , B03MOmiOCTo Bll,lteJieHHII odJiaC'-'H CTa6HJio
HOCTH (IIJiaTO) IIO HOllepSII MOMeBTOB, 

B § 2 BBa'CiSJI8 o6Cyz,ttaeTCJI HC'l'OpU BOnpoca 06 HCCJI8'AQB8BJUDC pa
,IU'lamJOHHH;X nepeXO'AOB B qapuoHHH. BHBO,Itl'ITCJI IIC, H3 ltO'l'OpHX MOltHO 

H3BJI8~ BHaqeHU IIIHPHH r('J/'f'➔ 'lc.J') H rf1,➔ty). l{ml 9TOro paccuarpH
BaeTCR Tp8XT01l81Dml xoppeJmTOP nyx B8R'l'OPHBX H IIC8B'AOClt&lI8PHOl'O 
TOROB, ~CJiliDTCR BltJIB,ItH O'AHOJieTJI8BOI (6opHOBCROI) ,IU'larpSIIMH H CTe
II8HHHX IIOnpaBOit. CBll38HHBX C rJIJX>mmu ROMeHCaTOM < c;. ;! ., c;..,: ~ 7 
(BRJUl,Il BaKyyJ,IHHX Cpe'AHHX . <CC)' IIO'ASBJI8H 60JII,lllOI B8J1HqHHOI ~ 1/mc ) • 
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PaccimTHBSeTCJI nepTyp6aTHBH8Jl cnexrpa.n:&HSJJ JIJIOTHOCTo ./' TB (st t). 
IIocne nepexo'Aa K uoueHTBM B Toqxe Q2 = 0, Qt= 0 BKJia.It crenemwx 
IIOnpaBOK B SMIIJIHT;rny m,eeT BM 

,c. .3 cp 
M 11K :::. - z1rz. m:,<111-KJ+i 

(n-t-KH (n+ni)/ 
(211+Z1<+JJ! x 

x[ (n+1d(n+K+2>2 -l(n+.Ki-~)(h-K) -(n-1<)2.]. 

{1) 4 'iT:t { < J..s. p q C- 'l .._ 
T = -9- . ( 'fmf )a. 1T tr Jt" 1'1" .r. 

B § 3 OIIlitC8H M8TO'A pacqera lIOnpSBOK O(d.s)R IIOJI~emmu IJpSBHJUW CYJ,!M, 
O6cy3,1taeTca BH6op pacqerHoft cxew Bwmramdt YJio'fP~OJieTOBHX pacxo
,IU'IIIOcre!. BBH'AY cxOZHocrn noxyqeHRli To-cmoro SHami:rnqec1t0ro orBeTa 
aaxo,Itl'ITCJJ qncxeHHHe 1t0a~eHTH npH J..$ Ar , npHBe'AeHHHe B Ta6Jlmi;e L 
KoppexraocTo paaxozaIDLFI no J.s. {f,Ts =me) o6ecne-cnmaerca MaJIOCToll 
Hal.Itewmx ROa~eHTOB. 

§ 4 IIOCBJllll8H xaqeCTB8HHOMY 8H8JD!13Y nponecca Pa.nHanlOHHHX nepe
XO'AOB B 'lapJIOHHH Ha OCHOB8 H3~8HR!i <Jlop,mpoB8HU fllBsnecROI CJI9ltT
PaJioHOI IIJIOTHOCTH. B9'AemmrCJJ xapaxrep&e ·aHeprernqecRHe uacmTa6H 
;itJm 8TallOB II8P8XO'Aa OT II8P'-'yp6aTHBHOI CII8K'fPSJioHOI JIJIOTHOCTH KWH-
3Hqec1t0I, Hal.Iteaa CJI8KTJ)a.n:&H8Jl IIJIOTHOCTo CT8II8HHHX BltJI8,ltOB, CO'Aep
Z8!118Jl Ue.BH o'(s-t) H d 11

(S-t), KO'l'OpHe reHBPHPYDT "yxo'A" cneKT
paJioHOI IIJl'.OTHOCTH C ,IU'lal'OHSJIH S = t • 

B § 5 BHill!IC8Hli KI.I! npaBHJia CYJ,111 'AJUI Pa.nHanHOHHHX JiepexO'AOB, 
HM81l1Ql!8 ~puy 

f M )'-K{Mf,)2.n+l. 
9,r h,.c Ft1k + 9y,• h,:: rr-1;, ~ I=" '1'

1
¥~ + 

l M ) ti( ( }I. )bti 
+ 9f' h,., r 11.f;, i:.,,,,,, + 9,; h,,~ ~ r~•,t ... KOHTIOlll!IM;: 

_ fMt)lK(~)lZ."~i [ M,.._o M~ots n'"~ 1-
- - nic + nii: ~ r1 11K , me m, 

,... o _ .3 IH·l< !]1 J_ · , 
r'Ae M11K. -:m.i (J11+.h:+3 ! • a 9'/$1f'• n,.,,,. - BH1l8TH peBOHBBCOB B COOT-
B8TCTB~8 '-'ORB. l.m lI8P9XO'AS R 8BaJIH3Y nponecca tJc. - 2 Y H,VZBO 
noJIODn K = O H sBMeHHro e e£ Ha e2e; • IIo.u;po6Ho paccuarpKmte'-'CJI 
Bl<JI8,lt ROH'-'HHYYJla B IIC B 38BHCHIIOCTH OT Jiapauerpa nopora ltOH'-'HHYYMa 

So H H=n+K. Hs JIOJI~emwx IIC onpe'Aeuerca lllll.PHHa f( 1l'f-'1,y), 
npH 9TOM B8JDif1mHH uarpllflDD,[X aneuearoB JiepexO'AQB 1183,Ity BOB6y3,IteHHHMJ1: 
cocroJDWilll!I @{Rczpymrca Ha axcnepm,eHTa. 06c~rCJJ pon d..s -
JIOnpaBOK H B8mrnmll ( G-2 ) B rrc. Ilo.u;po6ao 8HSJIH3HPY8TCR BOnpoC 
o BJIHJUDD![ B8.JIB1mHH me Ha 1t0He"lllltll peay.n:&TaT. 
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B § 6 npe.ItJiaraeTCJI Me'l'o~ BHamraa npaBB1I cyw .ItJIJ! 'l'Jmemtx KBapKO

BHX CHC'l'81\f, no3B01Il1lll!UD! no11yqa'l'I, pe3y1II,Ta'l'H, C'l'OOH1II,HH8 O'l'HOCil'l'81II,

HO BapHav.mt MaCCH KBapKa, B "iaC'l'HOC'l'il Ha,ll8l!HO onpe;it81Ii!'l'I, llll!pHllll 

f('J/'1'-"'lc.f)H r(1, -ty) • JlJIH 8'l'Oro paCCJ\fa'l'pHBa8'l'CJI Cmot8'l'PB30B8H

H08 O'l'HOmeHHe 

RN 
A M,.,,i,.vti 

- {Mi-Mtf72 ' 

r:zte Mi , M! - 111oueHTH, cBaaamme c xoppeMTopmm ,103yx BeKTop-

HHX B1IH nceB;ztocitaJmpHHlC TOKOB. PacKJia,IO,lBM R,.,. no cl.. s H 1/mt , 
Haxo~ nc C llll!pOKml n1IS'l'O, IIPH 8'l'OM 38BHCHMOCTI, OT m C. OKa3HBa8'l'-

CJI B8CI,Ma c11a6ol (- "/me>. IlOKa38HO, "i'l'O CHD8.8'l'CJI B po1II, rl..s -
nonpaBOK. JlJIH llll!pHHH 'J /ty ➔ 'le. '( no11y-qeHO 3Ha"ieHHe 

r(':1/y, ... f,f} = 2,6 ± 0,5 KaB. 

Amu1orH"iHo onpe:zte.711Ie'l'CJI llll!pJma pacna:zta rl_t,➔ 2r 
r(1c.-Zr) = 3,8 ± 0,4 KaB, 

"i'l'O yxa3HBaeT Ha 3HS"ii!T81II,HH8 P8.711I'l'i!BBCTCKH8 nonpaBltB 1t 8TOIIIY 

npon;eccy. KpaTP:O o6c~ae'l'CJI BapBBHT nc ,ItJill cTenemmx JlfOMeHroB IIPB 

a. 2
; 0 ' Qf /: 0 ' a 'l'aKllEl cteneHI, corJlaCOBSHHOC'l'H pe3y1II,'l'a'l'OB 

paaJllll1iBliX no,ICCO~OB llfez,Jty co6ol H C 8KCnepBM8H'l'OM. 

BropM r118Ba noCBJllll8Ha o6o6~emm M8'l'OM 6ope11eBCKKX IIPSBBJl 

C)'MM KIJl ~.711! 'l'p8X'l'OKOBHX SMJI1IH'l'y,It, co~ep:imomx MaCCHBHHe KBapKH, Ha 

npm,epe pa;itHan;Hommx nepexo~oB B -qapMOmm. 

B § I xpa'l'KO o6C~8Jl'l'CJI B031\f0JmOC'l'H }! oco6eHHOC'l'H Jlf8'l'OM 

6ope11eBCKHX llf01\f8HTOB B npm.teHemm K 1I8rKHX B 'l'B:Se.JnDI Jlf830H8Jlf, pac

CMa'l'pi!Ba8'l'CJI 38BHCDOCTI, peayri'l'S'l'OB O'l' B81IH"ii!HH me • 
B § 2 :amracSHH 6ope11eBcKBe nc ;ztJIH xoppeJIHTOpoB, onpe~eJIJmlIIBX 

BH"i8'l'H g.,. H h 'le. • noJly-qeHH 6op8Jl8BCIUl8 rrc ~Jlll npon;ecca 1c. -.2r . 
C Bcno1II,30BBHBeM .IIH@lepeHD;BpOBBHJ'l/1 no nap8Jlfe'l'py M 1 H MeToM, 

Olll!CaHHOI'O B nepBOI r1I8B8 , HaxO,Itll'l'CSi IIC, O'l'Ky,Ita C 'l'O"iHOC'l'!,IJ ~ IO% 
onpe~eJIHe'l'CJI 

r<,~➔.ty) = 3,3 ± 0,4 xaB. 

STO 3Ha"i8HH8 HCn01II,3Y9'l'CJI ,ItJIJ! Y'l'O"iH8Hl'l/l IIIHpllHH r(ti, ..,._ey) • Peay1II,'1'a'l' 

.ItJIJ! noc11e.tnIEABeJm1DWH 6Jmao1t K B81,Itemol B nepBOI rJl8Be H npmt'l'H-

11ecKB He 38BHCH'l' O'l' BH6opa me • BMa,n: MS'l'pH"iHOro 8Jl81118BT8 F' ,~ ➔ 2 'f 

B COO'l'B8'1'C'l'BYDIIH8 IlC 0Ka3HBae'l'QS 3Ba-q:l!l'l'81II,Bml. 
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B § 3 aHaJIH3HpYJJTCSI 6opeJleBcKHe nc, onHCHBaDIU!e npon;ecc 

':J/f➔ t/, t . ABMOrB"iHO npon;eccy '1~ -r 2y HBXO,Itll'l'CSi IIC, B3 KO-

'l'OPHX ~cHpye'l'CJI MS'l'pH"iHHit 8JI8M8H'l' nepexo;zta I/'' - 'f; ( • IlpB 8'1'0111 

r('l'~'f~ () = O,? ± 0,2 xaB. 

HcnOJlI,3YJI HalzteHH08 3HS"i8HH8 /7 .,,, .... .,~ )' , no11y-qaellf 

Tlo/t-'1, )') = 2,6 ± 0,4 K3B. . 

Bee no11y-qeBBHe peay1II,'l'STH YC'l'Oit"ilmH no_ O'l'HOOl8Hl!ll K H3M8H8BWDI napa-

1118'l'p0B nc. 
§ 4 noCBJllll8H o6c~emm peay1II,'l'S'l'OB. Ilo,DJ)06Ho 8HaJIH8HpY9TCJI 

no,ICCO~ Anne1II,KBHCTa-IlOJlB'l'D;epa, O'l'Ky,Ita HBXO~'l'CJl 

r{1e-~Jnc = 9 ± I MaB. 

II011y-qeHa Taxze oo;eHKa umpmm 

rfr~•2y) = 4,6 ± 0,9 KaB. 

0'l'M8"i88'l'CJI 3HS"iil'l'8JlI,H08 paCXOlll',J18HB8 B01IHOBHX lf,ymantlt ts o B J. JS i 
cocroJIHHI -qapuoHJ'l/1 B BYJie. 06c~aeTCJI xoppeJIJID;l!JI peay1II,TS'l'OB Kill 
nc H noreBIJ;HMI,HHX no,ICCo~oB, a TaICKe pacxoll,IteHHe r ( '/or - '/, y J 
c axcnepHMeBTou. 

B rJl8Be 3 111eTo~ KXll npaBBJI cyw Bcno1II,syeTCJI .ItJIJ! BHaJillaa 

noBe~eHJ'l/1 lf)opMlf)aKTopa K-111eaoaa B o6JlaCTH Mama: 0 ~ ({ I. ~ 111/ 
nepeM"i J11MIIy1II,ca. 

B § I BHBO.iut'l'CJI nc .ItJIH lf,o~lf,aKTopa K+(K0
)-111ea0Ha B o6Jiac'l'l! 

Yllf8P8HHHX G..t( m,~ ~ Q2
~ 4-5 raB2). Hcxo~ o67>8K'l'OM smJIJl8TCJI 

KOppe.711I'l'OP ,103yx mtCl!IMI,lll,IX B B8It'l'OpHoro TOKOB • BH"ii!CJ1111l'l'CJI BKJla;ztH 

O;ztHOne'1'1I8BOI ~arpaMW B CTenemmx nonpaBOK ~ < i 'J,'?, ~ f_ f/, >'-, 
< G-2>. JlJ111 nepexoM K peaJI!,HI:DI lf,B3H"iecKHM cocroJIBl'l/lM Bcne>JII,3yeT

CJI ,10301Hoe cne1t'l'pam.Hoe npe~C'l'SBJieBHe. Hal,neHa nepTyp6aTZBH8JI 

cne~'l'pMI,HBJI n1IOTHOCTI, _f Te ( S1, S,i, t, m;) • AH81IH3HpYJJTCJI IlC ,ltJIH 

KOppeJ111Topa ,103yx mtCHaJlI,HHX TOROB,O'l'Ity,Ita onpe~eJ1111lTCJI uacca H BH"i8'l' 

B036yz,tteHHoro COCTOSIHJIJI K-M830Ba. IlocJie IIPHM8H8Hl'lll 6op8Jl8BCltOI'O 

npeo6paaoi,SHM · no napBl\feTpy S = -p: = - ff , r.1te p1.. Pa. - HlllllYJlI,CH 

Ha"i81II,HOroH·ltOH8"iHOI'O COCTOJIHHI K-M830Ba, noJiy-qaeu B o61ISCTH 
yuepeHHHX Q:Z 

[
pt r-- (t) ] _M:/H 1 

[ 1 J . ] _M!•/{'fl 
TK T + CK(t) e + fK, P.-~~t + CK•lt) ~ = 
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4. "- . 

= 2... fcl:x: (d - - ~,. -f 'JY[ -mt/112.~ _ rtls:t;Ms-x:J 
,211z. Ji J< 1J • xx e e" e - e5 - e + 

o C 

+ e" ms~[s'l + ;~ · f"~.l; [ e" < s sf - e1 < u u-ff e - m:/Mj-+ 

-H frJ..s <sn<u1..1) r: td _m:/M .. :t 3lc1 i.; 111

•1H} 
+ 9 · M 6 l! J' x · x e. . e14 - J< r-x x 

0 O 

] 
J_ t 7ld.s [ - .t - ~ -

111.s1t1 1 t ·l -,.es +llfJ · M' e'l<ss)-e5 <<H•'>e J + 18 · 11~x 

'"~ 
x [mf < s s '> - j nls < i 9 .Sfi14,1).4 C\,s>' - E... e",. 'iiJ.s ~Jil4i f..- sl'I~ 

✓- ~ ] 8-L t M"' 

+ 31. es.. 'iiJ.s<'is'l"+~ es [ 1<- ,I 
8-l. (t-1-"'1)M'I 3 (t:+ms)M" ms SS) - F rns X 

- <J¾ C. ~ ( -i i -t: - 'J 1'1/ 
X <' 3 s i,;i.,xic)., s'>] + 1.; M:,; > e,. fd~f d~ e- Mll. iK% g - M·~-

' 0 0 

~ - % !J _ 9 -w XX - W- X 
[ 

t
ll t i -f t - 'I _ m:· 

-i -2/,f'I fx:c) gl - Ha. :t:t ga. ]- €sf cl x fdy e 11 
" 

0 0 

[ 
t'- 2':J t ~ ,,, .. -t 1.Y m~ !l]ll 

X 1. + 2H" [xx) fjl - 111. X% ga.. + 2 ~,; {XZ) gi - Ms" ·ga. 'J + 

+ ¼ eu · m}<ss)/46 +O(J.$) · 
. I 

t = QJ.. 

06cyx.naerCJ1 BOSUOZHOCTL nepexo.rta B odmcn a.a.~ 0 • 
§ 2. 8.tteCI, no,llJ)OdHO OlD'ICHB881'CJI IIl)Oite,ItYPa pac-qera BMS,ltOB, 

~OllOJIHJ!l1'8,lII,HHlC K nepryp6arHBHOI 8MIIJDll1'1,ll8 H HenepTYJ)6aTHBmDI DOlJJ)S:S

xm,. PesyJll.Tar ·oneparopHoro pas.lIOZernm ;IUIJI ramtt BMaitOB CBO~TCJI 

R D0Jll3JI8HHI) H8ROTOpHX ROPP8.JIJI1'0l)OB .nB,X JIOltSJ[I,HHlC oneparopoB. Hx 
BWUICJI8HH8 IIl)OJ!l3BO~TCJI u:do C JIOMOllt(,l) lJJ)S:SJ!lJI cyia.r, R01'0PH8 ;IUIJI 

81'J!lX ROppeJIIITOpoB HaxO)tll1'CJI lI odpada1'HBSDTCJI CTBH,Itap'l'Hl,ILf odpasoM, 

ado C J!lCDOJll.30Bmm811 ypa:sHeBd ,nB:DemtlI. 

8 

IIocJie noJiyqemtlI OKOH'laTeJII,HOro BlWl IIC ;1UIJ1 FK ( Q 2. J lIJll! Q'-- 0 , 
r~e yge H8 C0~8pllta1'CJI pacxo:itm,tOCTl! ~ 8i Q-' , -i/Q.2 , lICDOJII,SyerCJI 

1181'0~ odpadOTIO! IIC, D03BOJlJill!ll8Si Bli'lllICJlll:1'L 8JI8KTl)OllaI'Hl'ITHH8 

1)8,ltlifCH K+-J!l K°-weaOHOB: 

( "Z~+) = C-0,26 ± 0,06) q¢', 

("t~•) = -(0,044 ± 0,0IO) ~-

IloBe~eHHe FK c<r') lJJ)lI Q
1 ~ o,r rsB2 

Hell.JIOXO corJiacyerCJI C 

l!llleDlll!IOICJI sxcnepl!llfeHTaJII,HlDOI ,It8.HHI:BllI. 

B § 3 uero~ KXn IIC lIJll!llf8HJ?erCJ1 ;1UIJ1 Haxo3,ll;emm pasHocrJt aa:PJI,no

BHX pS,ltliycoB 'il- Jt K - ueaoaoB. HcnoJII,ayH nc ~,m Ftr (Q2)B Fl( (Q'-) 
lIJll!l Q.t~ 0 H paBeHCTBO M:, = M;, - M~ , 1,1taerCJ1 noc,re odpadoT

ICJ!l IIC 3$RCBpoBaTL 3Ha~8HlI8 

-6('?.')a ('li) - ( 'l i) = (0,I3 ± 0,04) @l-. 

B § 4 8.HaJIB3llpf81'CJI M81'0~ OlJJ)8~8JI8Hli!H cpe,ItHeKBa,Iq)aTl!'IIHOI'O 

p8,JO!yCa OCHOBHOro COCTOJIHHII Ha lJJ)l!lll8P8·1CB8.H1'0BO--M8Xaml1i8CKOrO oc

zntJI.JIJITOpa. l{.JIJI 81'01'0 lI3y,181l1'CJI IIC 

.iJ N/1. _ II ( !!!_ ... !!!.. ) ( _ :l..? 

( mfr } e I '• £,. . l I;, ( 'l/·} + h.1 e (-f + 

-~ -2(.d. +'-:) } mw ~ (z. ' £, ~.. - ____ ,.... Jc 
+ ~o e + f:'.,. e ., +-·· -f-.i-rrcu, +½:z.)1 

[ 
""1.(1 I)" ..,,,, I 4 )" ] ( £% ..,.. )l 

1 i- 6 f, +~ +180(£. + i: + ••• €Xfl -2...,(t,+C&) (J.-Tc;_/•"" j • 

Ilo:KSS8.HO, '111'0 H~8HH08 B npll<'.n:DeHJDI JIORaJII,HOI .eyaJII,HOCTJ!l mtpSJEelm:8 

F.:0 { 'I,, 2JTr.op = !:. [ aM.COS l ;'" -i/. <J.I (l- 8<J.&w) l 
; · . · 11 omw 8rnw m J 

xopomo oU:c~T noBe~eHJte F'oo lt'-) B odmcrn i 2 = f1 +3)mw.-Ha ocHo

Be M0,ll8JllIPOB8.HWl \lX)pu4iaKropoB BHClllltt cocromm:lt 8@)elt1'BBHIOOI \lX)pu

~TOPSMll HaxO)tllTCJI IIC ;IUIJI OlJJ)8~8JI8HHII < 'l.:o) • Ha 81'HX IIC noJiy

"la81'0JI 

. < 't~o >nc = (0,23 ± 0,2)/mw • 
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IlpH 3TOM TOtJHOe 3Ha'lleHBe p8BHO 

<.. "to! )TO'IH = 0,2. S /m w. 

§ 5 llOCBmll8H o6cy,r,nemm pesym.TaToB, ll01!Y'l8HIWX ;nJ1II K-M830Ha. 
PaccMaTPHBa8TCJI BOIIPOC O cor,racoBa.HHOCTH llOJI~eHHHX peaym.Ta'l'OB C 
,11;8.HHmm M0,11;8.lm B8RTOPHOI ,D;OMllllaHTHOCTH, onpe.nemmTCJI BeJmqmm 

9r<K /9p'ff'iT, 9pKK /9'('t<. K • 

B 3aRJiil'll8HHH Cqx:)PMY1IBPC>Brum OCHOBHHe pesym.Ta'l'H, ll01!Y'l9H!Ille 
B ,ItBCCepTSIOIH. 

B IJpHJIOJlt8HHH A ODJICHBaeTCH M8T0,11; pac'tleTa ~ttliott cneRTPa.Jll,HOI 
llJIOTHOCTH TP8XTOROBOro Roppensropa. KpaTRO OTMe'tleHa cnenn~ pac
'tleTa .fl TB( s, t) .nns K-MesoHa H rapMOHB'll8CROro OCIUIJIJIH'l'Opa. IlpHJIO.llC8-
HHe E C0,11;8JlllBT nomme B!lpal£8HHH ;nJ1II 1JJI8HOB O ( .J.s) B aMIIJmTy.ne, 
OllBCHB8Dll81 p~annomme pacna.na 11apMOHM. B IJpHJIOZElIDIH B npHBO
.ItBTCJI pJJ,It qx:)P?.fYJI, Heo6xo.ItBMHX IIPH pacqe~ax CTeneHIWX llOIJpaBOK 
no~a < r; ~) :e: <. ~ CZ. )

1
• 

QCHOBHH8 pesym.TaTH 1 ll0Jlfi8HHH8 B .ItBCC8pTmpm 

I. Paapa60TBH M8TO.n a.Hrumsa IJp8BHlI CYMM ~ xapaxTepHCTmt 
M830HOB C Y'll8'1'0M uacc COC'1'8B1IJD'.lllBX IQ38PROB, ll03BOJIJm!IBit llOHy-qaTI, 
pesym,TaTH, YCTOl'IIHBHe no OTHomeHlllll R Bap:e:annm, MaCCH TJmeJIOro 
KBapKa. YCTBHOBH8HO, 'IITO S'l'OT Mero.n ll03BOMeT 3Ha'IIRT8.1ll,HO pac:m:e:pHTI, 
pa60tzyl) o6JiaC'l'l, npamm CYMM H CHiralr.t'L poHL J... s - llOIJp8BOR. 

2. C :e:cnom.soBB.HBeM STOro MeTo.na llOJI~eHH IJp8BHJia CYJ,OI ;nJ1II 

p~annommx pacna.noB qapuoHM c y-qeToM nepTyp6aTHBHHX :e HenepT31>-
6aTHB!WX llOIJpaBOR. BH'IIHCJieHH IIIBPHHH r('l/ff ... tzcj')H r('lc -2f). Pe
sym.TaTH IJpaKTH'tleCKH He 38BHCJIT OT B81Df1Dllm n1 c • Hal,IteHH B npoae:a
.JlH3BP0BaHH Cll8R'l'pam.HHe llHO'l'HOCTH 6opHOBCKOro H O ( < G-2) J-BMa,D;oB. 

3. MeT0,11; 6opeJI8BCKHX IlC 06061110H Ha c~al TPeXTOROBHX ROppens
TOpoB C MaCCHBHHMH KBapxmm B pmraax Blmleynowmyroro no.mco,v;a (CM. 
:aymtT I). Hal.Item IIIBPHHH pacna.noB BOs6yz,v;emmx cocromml 'llapMOHJllSI 

r(Y,'➔ '(~ f) , p ( "(~ ➔ 2f) , llOBHmeHa TOtJHOCTL OIJpe,D;e.JleBllll rf7/f.,.fc)') 
H f'f.,c -+2yJ, llOJIY'tleHH OUeHRH ;nJ!ll l!IHPBH f1('fc -.I,), rf'x•...,.,ty) • 

4. IIo~eHH dopeJieBCRBe IJp8BHJia CYJ,OI KIJl, ODJICHBaDIDle llOBe.neHHe . 
qx:)~Topa K-M830Ha B 06JiaCTB IIPOM8ZYTO'IIHHX nep8,Ita'tl m ~ ~ Q 2. ~ 
~4 - 5 rsB2, Hal,IteHa MO.ItB@ntamm IJp8BH.Jl OyYM ;nJ111 F,c ((ia) DPB 

Q 2 ~ 0 • BJitmc~eHa ll8pTyp6aTBBHM ClleR'l'pam.HM llJIOTHOCTL ;nJ1II 

COOTB8TCTBYDJl81 aMIIDTy;IOI, pacC'IIBTBHO llOB8,11;8HBe Fie: [Qll-) IJpB 
G1 ~ o,I rsB2• · 
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5. H3 aHaJIH3a COOTB8'1'CTBYJlllIDC !IC Hal.IteHH BeJDl!DIH!:l 3JI8RTpoMar
HH'l'HHX P~YCOB r--:a Ko-Me30HOB. Cornac:ae C 3KCnep:nM8HTOM~IO-I5%. 
MeTo.nou nc KX.n Bll'IIRCJieHa BeJm'IHHa napaMeTPa AC,.2.)= <"t~') -<1:~ '>, 
noxy-qeHH oueHRH OTHomeHHI ROHCTaHT TP8X'tlaCTH'IIHHX pacna.noB. 

6. MeTo.n onpe,neneHHH 3apJJ,ItOBHX P~YCOB M830HOB HCCJie,noBaH B 
TOtmo pemaeuol uo.neJm ltBa!lTOBo-Mexrumqecxoro oc~Topa,noxasaHo, 
'IITO MeTo,n ll03BOJl.!18T HalTH cpe,nHeKBB,npaTH'lHHI p~yc OCHOBHoro 
COCTOmmJI C TO'lHOCTLD~ I0-I5%. • 
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