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Yqelillff cekpeTapb 
Cll8ltliaJIH3HpOBaHHoro COB8Ta rllf~r M.~ • .IIMXATIEB 

AJ:.Tf A.JibHOCTb IlPOBJIBM!i. l1syqem1e IIPOUeCCOB MHOJlt9CTBeHHOro po:av
.IteHIDI qacTim B CTOJIKHOB9HMX 3JI0M9HTapHHX ~aCTim C JI.IU)&m R H,ltep C 

H,IU>aMH II.PH BHCOKIDC 3Heprwoc ll ClOJII,!IIIDC nepe,Ita'lffiX IDJIDYJIDCa HM88T Baz.
H08 8Ha'leHH8 )VIS! IIOHHMaHHll M9Xruill8Ma QHJll,HlDC B8aHMO.D;eitcTBd H BHYT
peHHe:ll: CT.PYKTY.PH aTOMHoro H,IU>a. 

B noCJre,IU¾He ro.IUI B08HHRJia H liHTeHcHBHo pasBHBaeTCH Teoplill 
K8JlliClPOBO'lHUX IIOJie:ll: )VIS! Olli!CaHHll CUJll:,HHX B8ruIMO,n:ettcTBd. TeO.PHII 
~eTHWC KBapKoB, B3aHMO,Ite:licTBYIW(HX nocpe,n;C'llBOM o6MeHa;rJIIOOH8Mll, IIO
~Ji!Jia Ha8Ba.HR8 KBaHTOBOit XPOMO,n:lili8.Mk!Kll /K:l)j/, KOTOPM SIBJIH8TCJI, no 
o6mel\zy' MHeHmo, Ka.H.nH.n:aTOM Ha pom, T00P.IUI CHJIE,HHX BBruIMo,n:ettcTBD. 
HeCMOTP/I Ha TO, 'ITO OCHOBHHe IIOJI0'1t9HWI KX.U, KaK T80P0TWI8CKOR cxeMH, 
cqiopl\zy'JIR.POBa.HH H Ha!!JJlli 3KCil9PIDll8HTaJJI,H08 IlO,D;TBepJK,D;eHHe, cymecTByeT 
PH.n: KaP.ItRHaJJI,HHX BOIIPOCOB, HYJK.Zta.KIUIDCCR B ,D;aJJI,He:ilmeM 3KCil9PHM8RTaJJI,-

' HOM R T00P8TH'l9CKOM HCCJI0.ItOBaHHH, Cpe,n:a HIDC IIOHOK H HCCJI8,D;OBaHH8 
MHoroKBaPKOBHX H 3K80THII0CRHX COCTOJIHD, H8~8HH8 IIOB8.It8HRf.t RBa,PKOB 
Ha ClOJII,IIIHX paCTOJIHMX, IlORCKH q>8.80BOro nepexo,n:a Hlt8PHOtt MaTepKH HS 
a.rtPOHHOli B KBapK-rJIIDOHHYIO qiasy H ,n:pyrHe. CorJiacHO paaJmtIHRM ImMM H 
MO.It8.J.UIM, 8CJIH IlPOHCXO,wIT 8Tll HBJI8HHll B IIPHPo.n:e, TO OIDI MOryT Ra6JIIO
,n:aTI,CR B 8,ITJ)OH-SI.It8PHHX ll Jf,l{pO-H,11;8.PHHX B8aHMO,n:ettCTBID!X II.PH BHCOKIDC 
sHeprIDIX. 

IIocJie IlOHBJI8HM IJYllKOB Pe.IDITHBHCTCKIDC SI.It8P B Jia6opaTOPHUX: 
YCJIOBRf.tX IIOIIBHJiaCD IDH.POKM B08MOJKHOCTI, ,1T,1IR: 8KCII8,PHM8HTaJJI,HOro nsyq:e
Him 8aKOHOM8,PHOCTel IIOB8,It8HM SI.Il8,PHOi Ma.TB.PHH B 8KCTP8M8Jll,RWC yCJIO
BRf.tX 6o.m,mHX ILlIOTHOCTeit H TeMIIepaTy-p. CTOJIKHOBeHHe SI.Ite.P, .ItBmeymHXCJI 
C Pe.IDITHBHCTCKHMH CKO,POCTRMH, a CJI8.ItOBaT8Jll,HO, co CKOPOCTSIMH 6o.m,
mHMH CRO,POCTH 8:syRa B Jl,ll;8,PHOM BemecTBe, MOmeT conpoB0'1i,ll;aTDCSI 
KOJIJieKTHBHUMH .IJ;BIDK8HMMH SI.Ite.PHoro BemecTBa. Bo3RHK8JCII{8JI II.PH 8TOM 
y,ItapHaa: BOJIHa M0'1t8T IIPKB8CTH K 8Ha'qHT8Jll,HOMY YWIOTH8Rlll0 M8PHOro 
B811{8CTBa. OTO ,D;OJIJKHO IlOBJIMTI, Ha ,n:IiHB.MKKY CTOJIKHOBeHmI,. ttTO II!)OJI-. 
BHTCJi·B m,myJII,CHHX H yrJIOBHX pacnpe,D;eJI8HMX II.PO.ztYKTOB pea.roum. 
C 3TOi!: TO'lKll 3.P8HIDI D;eJiecoo6pasHO Il.POB8CTH C,P8BHHT8Jll,HOI aH8Jlli8 
m.myJI&CHHX·H yrJIOBHX xapaKT8.PHCTHR BTOPHtIHWC ~aCTHD;, o6pasOBaHHHX 

,/ . . 
B M8PHHX CTOJIKHOB8HMX, C COOTB8TCTBYJOO!.HMH xapaKT8PHCTHRaMH BTO-
PR'lHUX: -qacTHD;, o6paaoBa.HHHX B HYRJIOH-HYKJIORHHX B8a.HMO.n;ettcTBmrx, 
HJili CJ Il.P8.ItCK83arumMH T80P8THII8CKHX MO,IteJiel, B KOTO.PWC OTcyTCTBYJOT 
KOJL7I8KTHBHH8 RBJ18HM_. Ilo8TOl,\Y' no.nyqeBHH0 B .zxaimo:tt. ,n:RCC:'8.PTB.IllWI 
8KCII8.PHM8HTBJ.ll,HH8 xapa.KT8PHCTRRJI BTOPHllHHX 1f--M880HOB1 06,Pa90B8.H
HUX: B H.JU)O-SI.IJ;eJ:)HHX B38JIMO,n:eilcTBRmC Il.PH 4,2 raB/c Ha HyRJ.[OH, CpaB
HHBBlOTCli C COOTB8TCTBYDnHMH ,n:a.Hamm, nOJiyqeHHHMH B HyRJ.[OH-HYRJIOH
HHX B8aHMO,ll;8HCTB.WO: H C II.P8~CKa8aHHllMR RaCKa,nHoa MO,ll;eJll! ,!fy6B8HCKOH 
B8.PCHH. .- -~-.-~~~---~ , .. ......., 
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B am><>H':--;r.Ite.P.irux H .ff)U)O-JI):(8.PHHX CTOJIKHOB8HEJJX, B OT.T!!:It!He OT HYK
JIOH-Hy-lCJIOHHHX B38J1MO,IteHCTBm1, BTO.PRtIH!:le 'llaCTHIU,! MOryT ·o6_paaoBaTI,CJ{ 
B .P83YJII,TaTe MHoroHyKJioHHHX B3aI1MO.ll;ei1cTBmt, T.e. 1laCTHini .P0'1\lt8.IOTCJ{ 
B o6.7racTH, KHHeMaTHtiecru,: 38Il.PeJil8HHOil JJ,JIH Hy-lCJIOH-HYRJIOHHHX B38J1MO
.IteiicTBm1. 3TO RBJI.ff8TCJ{ O.ItHOH H3 OCHOBHHX II.PH11HH HHTe_peca K H3YtI8HllIO 
Jm8.PHHX CTOJIKHOBeHlrlt II.PH B!:lCORHX 3H8.PrMX. 

0,ItHHM H3 Il.PHMe.POB KOJIJISKTHBHHX JIBJieHH:fi B CTOJIRHOB8HIDIX .P9JlFITH
BHCTCKIDC .ff.It8.P C JI,Zij)aMH JlBJIJI8TCJ{ Kyley'JlFITHBHHil aqxpeKT, Il.P8.Zl;CKa38.HHml: 
A.M.Ba.7.r.mnmM Ha OCHOB8 rHIIOT83 JIOK8JII,HOCTH B3fil11110.It9HCTB.Ift H MaCmTa6-
Hott .HHBa.PHaHTHOCTH IT.PH BHCOKHX 3HeprHJIX. ITO.It Kyley'JlFITHBHHM ai[xIJeKTOM 
IIOHHMaeTCJ{ II.Ponec~ CTOJIKHOB8HHR: PeJia:THBHCTCKoro R.ItPa C MHII!em,ro, B 
1)83YJibTaTe KOTO.Poro BHOm, o6_pa3Y1aUIDIICJI tiaCTHUaM rre_pe.ztaeTCJr aHeprHR:, 
3HatIHT8JII,HO Il.P8BH!ll8.IOIQM 8He_prmo, Il.PHXO.ItlIIIJYIOCJ{ Ha HyKJIOH Ila.ItaroIQero 

R.ItPa. Ile.PBM 3KCIT8.PHM8HT8JII,HaJI II.POB9.PKa rHITOT83H Ky~JilITHBHoro R.It0.P
HOro aqxiieKTa 6wia IT.POBe,IteHa c .PeJia:THBHCTCKHMH .ItefiTOHaMH, YCKO.P0HHI:lMH 
Ha CHHX.PO<PasoTpoHe J.lB3 O:IDII1 .ItO 8Heprmr ITOJ;lff,D;Ka 5 raB Ha HYKJIOH. 

8KcrrepHMeHT8JII,HH9 HCCJI8.ItOBaHHJI IDffiJII03HBHoro .PO~eHHR: Il.POTOHOB 
B KHHeMaTmecru,: aanpemeHHoil o6JraQTH B JI.It9.PHHX .PSaRnWIX IT.PH BHCOKHX 
3H9.PrHruC, HatiaT!:le B HT3<1) B cepemme 60-x ro.ztoB, Il.PHBeJIH K OTK.PHTHID 
JIBJieH.tm R.Ite.PHoro CKe.tbrnHra. 

B ,IUJccepT~ IT.POBO)UJTCJI .It8JII,Hetimee HCCJie~OBaHHe CBOHCTB ~
JlFITHBH!:lX 1JaCTJlll; • 

lleJII,.pa6oTij. HacTOJimaJI .ztnccepTB.IlHH rrocBHII!eHa aKcrrepHMeHT8JII,Ho~ 
H3ytieHmo II.Ponecca MHOlK9CTB0HHoro P0'1\lt0HM tiaCTHIJ; B CJI8,IJ,yl(lllHX 

pea.ro:umx: .{rt; l 
Ji- + C -- Jrj T X 

IT.PH 40 raB/ c H p /1' t} { C} {sr-} I 
/l/ 

np• UOPBHSHOM "'1\Y»Oa .! ~:. 4,: .. TuB/:. u:m ::.pr_oHH~2/ 1, 
_pa60T!:l RBJiffeTCJI II.POBe.IteHHe aH8JIH3a 3KCII9.PHM0HT8JII,HHX .ItaHH!:lX no MHo-

1 lK9CTB8HHOCTH, 0.ItH01IacTH1!Hmr HH1CJII03HBHHM crreKT.PaM, KO.P.P0JilIIUIOHHiiM ij 
Xa.Pa.KT0PKCTliKaM BTO.PHtIHIDC 'laCTHU, C.PaBH8HHe HX C Il.P9.ItCK83aHHJIMH fi 
T00.P0TH1I0CruIX MO.IteJiett H TeM CaMHM BWIBJieHHe OCHOBHHX 3aKOHOM0.PHOCTett 1-'' 
HcCJie,DyeMI:OC nponeccoB. .. 

HoBH3Ha H Ha:rrnrur neHHOCTI, pa60TH,. Brre.PBHe B YCJIOBJIHX 4Il-reoMeT
.PHH CHCTeMaTH118CKH H3YtI0H!:l Xa.PaKT0.PHCTmuI BTO.PWiHHX 'l'.aCTHU, o6paao- 1' 

B8HHHX B JI,Zij)O...:JI.Ite.PHHX B38J1MO.Ite:lkTBHJIX, B 38.BHCHMOCTH OT aTOMHoro Beca . 
JI.It.Pa-cHa!)F.r.zta II.PH Il0.PBH11HOM ID\IDyJII,C Ha Hy-lCJIOH 4,2 raB/c. 
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IlpoaH8JIH3H.POBaHH pacnpe.zteJieH.tm no MHOJKeCTBeHHOCTH, HMIJyJII,CIWM: 
H·yrJIOBhlM xapa.KT8.PHCTHKaM ll -M830HOB, o6paaOBaHH!:lX B .P08.KitIDIX /2/. 
llpoBe.IteHO C.PaBH0HHe IIOJJY'i0HHHX pesy.m,TaTOB C .ItaHHHMH no HyMOH-HyK
JIOHHHM B38.HMO.It0HCTBH.f!M H C rrpe,JJ;CKMaHH.ffMH KaCKa,JUIOH MO.IteJm.BnepB!:l8 
Il.POBe.IteH a.H8JIH3 HMIT,YJII,CHHX H yrJIOB!:lX xapaxTe.PHCTHK ll -M830HOB H 
Il.POTOHOB, .P0'1\lt0HHHX B .ime.PHHX B3aHMO.It8HCTBHR:X, B 38BKCHMOCTH OT no
pH:,IJ.Ka ey~JLl!Till3HOCTK. IloKa3aHO, 11TO 9TOT aHaJIHS tiyBCTBHTeJieH K MO
,ll;0JibHHM rrpe,ItCKa3aHMM. 

IloJzyTieHH HOBHe 9KCil0PHM9HT8JII,Hf:le _pesyJibTaT!:l O qJJ.l:y'KTYBIUmX B 
MH0~0CTB0HHOM .POM0HllH BTO.PH'l'.HHX 1lacTHU B frp H ll C-B3aHMO,n;eficT
BRRX IT.PH 40 raB/ C. 

Brre.PBHe 6HJI TI.PHMeHeH M0TO,ll; MaCCH MHmeHH .IJ,JIJI aHa.JIH3a npouecca 
MH0~9CTB9HHOro .P0'1\lt0HH.ff 'laCTRQ B JI.It0.PHHX CTOJIKHOBeHHJIX IT.PH B!:lCOKIDC 
aHe.PrHHX. 

CoBoeyIIHocTh aKcrrepHMeHTBJIE,HHX .n;aaHHX rro o6pasoBaHmo J'i--Meso
HOB IT.PK 6om,rnHX nepe,n;a:qax HMrrym,ca B _paccMaT.Pill3aeM!iIX _peaxn;HruC .n;aeT 

YKa3aHHe Ha B03MOJKH00 Il.POHBJieHHe KBa.PK-rJIRJOHHllX CTerreaeil CB060,IUl 
B JIOKBJIE,HOH o6.7raCTH o6pa30BaH.lm 3THX tiacTm.i;. 

3KCIT9.PHM0HT8JII,HH0 .ItaHHHe no o6pasoBaHMio :Ji- -M030HOB, B 11acT
HOCTH, rro.ey-tieHHHe 3a.BHCHMOCTK HHBapKaHTHHX ,1UiW0.P0HnKaJII,HHX cetieHIDI 
po.JJQJ;erum: BTO.PWIHHX :Ji- -M030HOB OT KyMyJlffTHBHOro tIKCJia nk. , rume
MaT.1-:It!eCKOH aHe.PrHH 'T' H rrorrepe11Hoil: aaeprKH E.t lt rrpoBe.n;eaH!:ltt B 
,ItHCCepTanKH C.Pa.BHllT0JJl,HHH aH8JIH3 pesyJI&TaTOB Ba.lKH!:l KaK .IJ,JIJI rrpoBe.PKH 
cynieCTBYI<Jlii1X, Ta.It H )lJIJI paa_pa6oTKK HOBHX T00.P0TK1l'.8CKKX MO,IteJieii MHO
~eCTBeHHOro .POM0Hliff. tiaCTRQ II.PR BHCOKRX 9Heprrui:x. 

IlprutTKl!eCKaJI ll8HHOOTl> pa60TH, IloJJYt{eHH!:le B ,ll;aHHOtt pa6oTe _pe-
3YJibTaTH MOryT 6HT:E. HCITOJlI,30BaH!:l IT.PK TI.P00KTR.POBaHW1 HOB!:lX 9RCII0.PH
M0HTOB no HCCJI0,ll;OBaHIDO B3aHMO.IteilcTBd 8,IU)OHOB R JI,Itep C H,!UlaMR II.PH 
BHCOKRX 9Heprmi:x. 

Anpo6an.im pa60TH H ey6JIJmaruIH. OcHOBHHe peayJibTaTH ,ItHCCe.PTanHH 
rrpe.ztCTaBJLR?I#CI, Ha Mei1!JJYHa.PO.ItHHX KOHqie_peru:vmx no q>H3HK8 BHCORIIX imep
r.ml R CT.PYRTY.Pe H,IU)a B ToKRO /1978/, Baaxy:sepe /!979/, ,®03,lleHe 
/1980/, Bepca.Jie /l98I/, .Kyna_pn /l98I/, M!orureHe /1987/, Jtr6He /1988/, 
a Taroite H80.ltHOK.PaTHO; ,ItORJ.!a,IUmaJIHCI, Ha ceCCBJ!X 0T.It0JI0HHJI JI.n;epHott 
~H8KRH AH CCCP C !980 ro.n;a, Ha C8MKHapax JIB3 Ollillf R l1HcTKTYTa 
ipK3HKH R TeXHmtH AH MHP, 'aa COB0~aHHIDC- M8JK,IlyHapo,ItHoro COT.PY.ltHK1l0CT
Ba IIO HCCJie,ItOBaHHID/1 Ha)~YXM8T.POBOtt IlJ)OllaHOBOtt KBM0.P8 JIB3 OWfil. 

0cHOBH08 CO,ll0.PJ!t8,HH0 _pa60T!:l ony6.7rmcoBaHO B CTaTI,ruc B 1!1Y.PHaJI0 
"ime.PHM (pR3mta", B BK,IJ;0 Il.P8Il.PHHTOB OWiH, B MaT01)RaJiax BHllieyllOM!I-
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HyTWC M8JKl!YHapo,ItHWC ItOHqieperuudt, B H8B8CTWIX AH MHP H B T_py,Itax 
lfuCTllTyTa !pll8li!tl![ ll TeXHmtH MAH. 

06~eM lmCC8QTa,rnm,.fuiccepTaIUm COCTORT H8 BB9,It8HHJI, nHTH rJI8B. 
H 38RJIIO'lieHM. TeKCT CO,It9.P)KHT 250 CTpamm, BRJIIO'liaJI 44 Ta6Jrnu H 95 
PRCyHKOB. CrmcoK ~TeparrypH HaC1tllTimaeT 135 Ha.HM8HOBaHmi. 

C0,UEPJKAIDfE ,mfCCE.PI'A.Uill1 

Bo BBeneHIDI OTMe'liaeTCH aKTyaJII,HOCTI, H3yti8HRR: npoueccoB MH0-
~8CTB8HHOil reHepamm 'liaCTRIJ; B H.lt8PHIDC CTO~HOB9HWIX npH BHCOKHX 
saeprwrx H 60.JII,ll!RX nepe,naqax .liIMIIyJII,ca, a T~e C(I)OPMY~PoBaaa· ocHoB
HaJI ~em, H CO.It01)JKaHH9 ,ItHCC0PT8UHH. 

B neOBo:fi rJiaBe OIIHCHB8IOTCH MeTO.ItHtI.eCRHe oco6eHHOCTH no.nyqeHM 
H o6pa6oTitH BKcnepHM8HTaJJI,HWC .ItaHHlilX. 

81tcnepHMeHTaJJI,Huii MaTePHaJI. 6HJI nOJiyqeH C nOMO!llI>ID .ztBYXM8TPOBO:fi 
nponaHOBOll IJY8HPI,KOBOil ItaMepH TIIK-500 Jl133 OilHH c BHyTpeHHett Mmll8H!,ID 
R!8 TaHTaJIOBWC IJJiaCTHH, noMemeHHO:fi B MarHHTHoe noJie Han.l)rulteHHOCTI,D 
}l t::' 15 Id'c. 

RaMepa 06Jlyt!e.n:ac1, B IJY1iKax: JieI'Kruc .PeJIIITHBHCTCKHX JI.Itep P , d , 
~ n /he, Ha CHHXpoqiaaoTpoHe .lIB3 OHHH npH llMeyJII,Ce Ha eyKJIOH 4,2 H B 
ny-qKe Jf--M930HOB a:: HMnyJII,COM. 40 raB/c: Ha CeprryxoBCKOM YCKOPHTeJie. B 
,ItHccepTamm npHBO'Al!TCR OCHOBHH8 xapaxTepHCTHKH KaM0PH, MarHHTHoro 
noJIJI, CHCTeMll (p()Torpaq>HPOBaHHlI H ny-qKOB!:lX R,Itep. 

CTaTHCTHKa co6HTllii, HCnOJr&BOBa.HHHX B .ItHCC8PTauHH COCTaBHJia 
tv50 ooo. 

IlpoCMOTP CHHMROB npoHSBO,ItHJICH Ha npocMOTPOB!:lX CTOJiax EIIC-1, 
El1C-2 H YIIC-80. · 

HsMepeHHe Hatt,lteHHWC C06HTRfi npOBO,ItHJIOCI, Ha no;:ryaBTOMB.Tax THna 
nvoc H CAME'r, pa6oirruoourx Ha~ c:; 8BM M-222 H ESCM-4. MaTeMaTH
-qecKrur 06pa60T1Ca co6HTm1 npoBo,ItHJiaCI> no nporpaMMaM "fE();PllT" H "l-6". 
IloCJie npoBePKH 1ta11ecTBa H8M91)8HM C06HTM 8amIOlll3aJIHCI, . Ha JI9HTy 
CYMMaPHI:DC pesyJII,TaTOB {!?JS7'}. TO'IJ.HOCTI, onpe,neJieHHH napaMeTPOB BTOPWI
H!:DC '!IacTmr o&asaJiacI> PaBHoit: 

<1>=1I,5±0,3 %,<.Atfl>=0,0103,±0,0002, -<.t.!3> =0,0063,±0,0002 pa,It. 
I',Ite p -m.myJI&o '!IaCTHUH ; -1:g.ri. -TaHreHC r;:ry6RHHOro yrJW., 

fl - 83IDzyTaJII,HIDl yrM. 
Cpe,ItH 006HTB Ha TaHTaJie, OT06paHHWC npx npOOMOTPe, RMeJiaCJ, 

npRMeCI> co6HTml, o6pasoB8HHHX B CJioe nponaaa TMmHHOll ,.,,, I MM, 

npHJier8.HJil8M It TaHTaJIOBHM IJJ.IaCTRHaM. 8Ta IlPHM8Cl> COCTaBHJia 9,±3 % t 
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9,±3 % H 13,±4 % COOTB8TCTB8HHO .rµm dla. , !u,lJ.. H C,Ta., -B8ru!MO
,nei1cTBHH. 

:Gwra BHeceHa nonpa.BKa Ha noTepi6 !Ji- -M880HOB, BWieTaromHX no.It 
yrJIOM OKOJIO 90° K aanpaBJieHHro rry11Ka H "sacTpeBaromHX" B IJJiaCTHHe, a 
TaRJK8 Ha noTepro 11acT1rn, BWI8Taxl!IHX no,n·60Jr&IIIHM yrJIOM K IJJIOCKOCTH 
(l)OTOrpaqJHPOB8HM. 8Ta nonpaBKa COCTaBHJia II t 13 H 7% COOTB8TCTB8HHO 
;II.JIH d Ta. , J.te. la., .i: e Ta -Bsioo,m.ne:ficTBHfi. Cpe.ztHmi rpaHwnum m.mym,c, 
Ha1lHHM C KOTOporo ff--M880HH yBepeHHO H.IteHTrufJimHPOBaJIHCl>, COCTaBJIJIJI 
70 MaB/ c ;II.JIH co6HTllli B nponaae H 80 iJi3B/ c .rµm co6HTID1 B TaHTaJie. 

3Ha1IIDAOCTI, .1H3H1l8CRHX pe3yJil>TaTOB, n~aeMHX C nOMO!llI>ID npona
HOBOit IIYBHPI,KOBOfi Kal'A8PH, B SHa'IHTeJil>HOH CTeneHH onpeleJIJieTCH H~e~
HOCTI,ID P83.Ite~eHIDI B3aHMO.It8llCTBHfi HaJieTaromHX 11acTRIJ; C JI,Itpfilffl yrJiepo,na 
H BO.ItOPO.Ita. IloaTOMY 3THM BonpocaM y,neJiffeTCH 06!RHO C8M08 ce.PI,eSHOe 
BHHMaHne. C UeJII,D y.riyl!rneH.rut. npoue,rrypu BU.IteJiearur co6uTmi Ha yrJiepo.ne 
H3 coBoeynaocTR co6HTHil B nponaHe / C3 1-te, I HaMH 6wro npe,IT,1IoJKeHo 
HCnOJil,SOBaHHe M9TO.Ita MaCCll MHlll8Hll B Ita'leCTBe ~onOJIHHTeJII,HOro KPHT0PM 
K o6IRHO npHMeWieMb!M. 

Macca MHllleHH onpe,neJlfleTCH CJie.IJYl(lllett qiopMyJioit: 
1tc1,.· . 

11
d = fj {E -Prt); 

. f l?Zp 
!';Ile Ei H /?t t, -3Heprru:t H npo,ItOJI&HH:fi m.myJI&c ~ -ott BTOpWIHott 

/3/ 

'!IaCTm.tll, mp -Macca 'npOTOHa. CjrMMnpOBaHHe npOBO.ItRTCH no BC911( 
sa,PmKeHHE,JM BTOPH'IHHM 'laCTHUBM. JLrrR B3aHMO.ItettCTBHii er BO.ItOPO.ItOM npo
naHa Macca M.liIDieHR Mf!- He .ItOJDKHa npeBmnaTI> BHB.'tiemm. MaccH HYRJIOHa, 
a .ItJlff yrJiepo,ItHHX co6HTHii aTo npeBHllleHHe BOsMo~o. BeJiwuma Mf/i, 
B!RHCJIJIJiaOl> l1,JIJf Kruiw;oro co6HTM, He Y.ItOBJI8TBOPffI(ll{ero CTaH,napTHblM 
KPRT8PMM BH.IteJieHH& yrJiePO.ItH!:DC co6HTd, li C06HTHe OTHOCHJIOC!, K yrJie-
PO.ItHl,IM, eCJIH .rµm aero Mf > MO • Be.n.wull!a Mo o yqeTOM 
om.11601t naMepeHR:fi 6wra BH6paaa paBHott /v/0 =l,l. 

(;yMMapHHe .ItaHHHe no 3qxpeKTHBHOCTH OT6opa Heynpyrruc PC , de , 
~ C, H CC. - BsaIDAo,neitcTBH:fi c yqeToM n des ytieTa .nonOJIHHTeJil>Horo 
KPHT8PM npHBeieHH B Ta.6JJ:HUe 1. _____ · ________________________ Ta6.n:lllla l _ 

~Rn BBaHMOAe!cTBM _ _____ ~_PC __ : d C _:.. ~C. _;_CC, __ 
,u,OJIH. BU,IteJieHHHX : IIO 06IRHHM : : • • 
C06HTllH B IIPO- • KPHT8PRIIM : 76+2 • 76+2 ° 74+2 • 74+2 ueHTax _. _______ :.. _ _:-__ -: _____ : _ = _ :.. ____ _ 

: C ,nonOJIHH- • • : 
. T8JlI,HllM KPH-

0 

96+2 • 92+2 97+2 : 100-1+2 
: TepHeM • - : - : - • -
I e.f l I . • . - - - - - - - - - . P1; > :.L - - • - - - - - • - - - :... - - _; - - - - - -

Ha Ta6JIH1V:{ I B~o. 'ITO ;II.JIH BC0X paccMOTP9HHUX B8aRMO,neitcTBHfi 
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s,P:PeKTHBHOCTI, OT6opa co6HTHli 6JIH3Ka K 8,IUIHRUe. Tax.HM o6pa.aoM, II.PHMe
H8HH8 ,n;onoJIHHT8JII,HOro yCJioBM N_/i > [ I noaBOJIB.Jio HaM. CYll!eCTBeHHo_ 
y.izy,llllHTI, CHTYanHID C; OT6O.POM Heynpyrruc B38JIMO,n;ettCTBmi II8.PBI!'UlliX smep 
c:: H,IJ;.POM yrJiepo.u;a~ II.PH6JIH3HTI,CH R IIO"<!TJ.£ IIOJIHOMy BH,ll;eJiemno co6uTd, 
ROTO.PH8 0Jllli,IJ;8IOTCH B COOTB8TCTBllli C H3B8CTHRMH C8"48HWIMH B3anMO,IJ;8HCT
BHli JierRruc smep c yrJiepo.n;oM. 

BTOOBJI rJiaBa IlOCBf.l'.!UeHa H3ytl8Hlil0 MHOiK8CTB8HHOCTH, m.myJII,ClillX H 
yrJIOBllX xapa.KT8.PHCTim OT.PHUaT8JII,HHX IIBOHOB, .PO'1\n8HHWC B JI,lU)O-H.I(8.PHUX: 
B38MMOll8liCTBIDIXo 

Ta6JIHIJ;a 2 

------ ·---------------------------
BeJIH"<!HHll : < rL > 

THil .:( n_ ') , cf}_ : J.,, 
B38JIMO- • : tfiJ. .n;ejtcTBim ________ . __________ . _ L _ _ _ - _____ _ 

dTa. '. 0,90_±0,06 . 0,88±0,05 : . I,16±0,15 
He Ta, I • . 
C,Ta, I,6.±0,I · I,22.±0,04 : I.,08±0,08 
de : 3,4±0,2 2,90±0,00 • o,~o.±o,os 
HR,C, : 0,62,±0,03 0,71±0,03 : I,~3.±0,08 

I,07+0,05 0,98+0,05 . I,II+0,08 cc . - - . -
: I, 52,±0, 07 I,34.±0, 07 . 0,85.t0, 07 - - - - - - - - . - - - - - - . -- - - - - - - - . - - - -·- - - - - -

B Ta6JIHIJ;e 2 Il.P8llCTaBJI8HH BeJIH"<!HHH cpe,IJ;HIDC MHOiK8CTB8HHOCTett 
</l_1 H .n;Hcnepcd .IL pacnpe.u;eJieHHli :Jr- -MesoHOB no MHomecTBeHHOCTH 

II.PH B3aHMo.u;eficTBd smep-cHaJ)ff.Il;OB c R.l{PaMH TaHTaJia H yrJiepo.u;a. lla 
Il.PHB8.JJ.8HHHX B Ta6JIHIJ;e 2 3Ha"<!eHHit OTHOIIl8HM .tJL>//;1_.t. BH,Il;HO, "<!TO 

aa HCIUII01!8HH8M. era_ -B3ruIMOll8HCTBHli pacnpe,n;eJieHrur no MHOlK8CTB8H- 1· 

HOCTH Ji- -M83OHOB IIO"<!TH He OTJIH1!8IOTCH OT rryacaHOBCKOro ,JJ,Jiff KOTO-
poro ~ n_ > / :;;,t, = 1 • B CJIYTffie C/a. -Bs~.10.n.eifcTBHii pacnpe.u;MeHlie · 

38M8THO IIIH.Pe nyaccHOBCROro. Ha6.mo.u;aeMoe YIIIH.P8HH8 pacnpe.JJ.eJieHKK 1· 
CBR3aHO C; (p)IyKTYaIJ;Hell B -qHC,]18 II.POB38JIMOll8HCTBOBaBIIll1X HYJ(JlOHOB R.l{Pa-
c HaJ)ff.Il;a. 

PHc. I. 3aBRCHMOCT.& C.Pe,ItHett 
<n.) t •IW,d,He,C/Ta/ MHOlK8CTB8HHOCTH JT--M830HOB 

3 
otN,d,He.CJC <JL) OT c_pe,n;Hero 1IRCJl8 Il.P0-

B38JIMO,Il;8HCTBOBaBIIIHX ffYKJIOHOB · : V ro,ep caaJlH.llOB ~ Y; > , 

. 0 2 4 6 
<vi> 

6 

Ha PHC. I npe.u;cTaBJieHH; 38l3HCHMOCTH cpe,IUiel. MHOJKeCTB8HHOe~H 

OT.PHUaT8JII,HllX 'lla.cTHIJ;, o6pasoBaHHHX Ha TaHTaJIOBOI H yrJiepo,IUioit Mmlle
HJDC, OT cpe.u;Hero 'llHMa Il.POB3aHMO,lJ.8liCTBOB8l3IIUDC HYKJIOHOB JI,lU)a-cHa.PII,Ita 
.!.. '])i > • }]3 PRC• l BH,Il;HO, "<!TO MHOlK8CTB8HHOCT.& :Ji'- -M83OHOB I poJ!i,IteH
HllX B H,IJ;.PO-Rll8PHHX B3aHMO,IJ;e:l!cTBmIX, JIRHeitBo pacTeT C YBeJmll8HH8M 
"<!RCJia npOB38.RMO,Il;8llCTBOB8.B!IIHX HYKJIOHOB JI,lU)a-cHapsr.u;a, 1!TO°COOTB8TCTBY8T 
IIP8,IJ;CTa.B.718HliIO O H83a.BHCHMOM B38JIMOll8HCTBHH HYRJIOHOB .ff.IU)a-cBaJ)R:.u;a 
C H.I(.POM-MHII18HI,I9. 

JW! BWICH8Hlm M8XaHR3Ma. .POJJtlt8HHII BTOPHIIHUX: 1I8.0T.HU B JillPO-H,It8,P
HHX B3aHMO.u;et:l:CTBHRX HaMR 6llJI IIPOB8ll8B C.P8l3HHT8Jll,Hlii aaa.mra l!MIJY.lII,ffi

HHX H yrJIOBHX xapaRT8PliCTHR !ff- -M83OHOB, POJ!Ut8B!ll,IX B R.l{Po-smepmzx 
H HYRJIOH-HYRJIOHHHX B3aHMO.u;ettcTBHllX. Ha pnc. 2 IIP8llCT8.BJI8HH HMrryJII.C
HHe H yrJIOBHe pacnpe.u;eJieHn.a:, pacnpe.u;eJieHM no nonepe~HOMy, mmyJJI,cy 
R 6HCT.POT8 !fi- "'.'M03OHOB, . POJI\Il;8HHHX B (!,, Ta, - H HYKJIOH-HYRJIOHHWC 
B3aHMOll8HCTBHRX. Pacnpe.u;eJieH:wI HOPMHJ)OBa.BH Ba O,Il;HH8ROBO8 IIOJIHOe 1!Hcr
JIO JT- -M83OHOB. BH,IJ;Ho, 'llTO B CTa_ -B3aHMOll8t:l:CTBRIIX RMIJyJII,CBml: 
CII8KTP Ji- -M830HOB CYll!8CTB8HHO cr.mrqaeTCR, a yrJIOB08 pacnpe,n;eJie
HHe CTB.HOBHTCJI 38M8THO mnpe, 118M:B c.nytrae HYKJIOH-HYKJ.[OHHHX B3ru!MO
ll8HCTBD. 

0 05 1.0 ,.s 
/,J. r--r- -T-· 

CJ 7001 

o CTa__,,.fi";;r. 

• NW -11+x 
DKM 

t'· 

2.0 P1(38/<) JO 

OJ 

90 

. 2.) 

.l . 

u 0.2s os ors 1.0 P, <rilf1 -1.2 o 12 2.4 'J 
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Pnc.2. l1MnyJII,CHU8 (a) H 
yrJIOBHe ( 6) pacnpe.u;eJieBRJI, 
pacnpe.u;eJieHRJI no no11epe1v

HOM1 mimyJII,cy (BJ H 6HCT~~ 
poTe (r) .1f--M830HOB, o6,
P83OBa.BHWC B C Tt1, H HYRJIOB
HYRJIOHHUX: B3aHMOll8llCTBMX. 
3,IJ;eCb llPHB8ll8HO TBRJKe 
npe,n;CR8.3a.BH8 RaCK13,14HOI 

MOlleJIH JIKM • 



Pacn.Pe.U,eJieH:rur no none.Pe't!:HOMY llMIJYJ.tbCY noKasHBa.roT, 't!:TO B c.. 7'a, -
BSfil!MO.U.eficTBWIX .PO.imaeTCJI OTHOCHT8JJI,HO 6oJII,me, 'tleM B flYRJIOH-HylCJIOH- , 

HHX B88MMO.U,8HCTBIDIX, . Jr- -MeSOHOB C MaJIHMH R 60JII,IllliMli nonepe't!:HID.fil 1 

liIMDYJIE,CaMII, Il.PH aToM cpe;IJ.IDte 3Ha'tleH:rur nonepe't!:HHX HMIJYJII,COB B pace- I 
MaTpHBaeMUX pe~ OK8.3llBa.IOTCR ClJIH3KID.lli, XOTJI C8Mli pacnpe.u,eJieHHH 

3aM0THO OTJllrnaIOTM. 113 PRC. 2-r BR,Il,HO, 't!:TO pacnpe.U,eJISHlie Jr- -Me-

SOHOB, o6pasoBaaamc B C--Ta., -BsruIMo.u,eficTBMx, no 6HcTpoTe no cpa.B-

HeHmo C flYKJIOH-eyRJIOHHHMH .U,aHHHMH CYJil0CTB8HHO CMemaeTCJI B CTOPOHY 

o6JracTH WParMeHTar:um: JI.u,pa-Mllll!eHR. 

Ha pnc. 2 /a,6,B,r/ npRBe.U,eHI:l TaK.lKe npe.U,CKasaaruI KaCIW,Z:UJOit 

MO.U,eJIH. BR.Imo, 1ITO KaCKEl,IUlruI MO,Il,eJil, B OCHOBHOM y.u,oBJieTBOPliTeJ.tbHO r I 

OµHCHBaeT Bee aKcnepHMeHTaJII,HHe pacnpe.u,eJieHM ;II,JIH C kL -B38JiMO-

.u.efiCTBD. 

B.!rpeTI>AI rJia,Be n_poBe.u,eH 8.HaJIH3 HMilYJ.tbCHWC H yrJIOBh!X xapaKTepnc

THK .Jr -Me30HOB li npoTOHOB1 o6pasoBaaHhlX B peaEURJIX (I) H (2) , 
B 38.BHCHMOCTH OT nO.Pff~a eyMyJIJITRBHOCTR. 

Ilo~OM KY~JmTV.BHOCTH HaaHBaeTC.R: CJie,nyromaJI BeJIW!IDia: 

n = • £ - 1 /4/ 
ll .. mp 

r.ne £ H /l; -aHeprim H npO.U,OJll,H!lli HMDyJibC BTOPH'IHOH 'tlaCTHDJi B f 

Jia6opaTopHofi CHCTeMe xoop,Il,HHaT ; Jtt; -Macca n_poToHa. 8Ta pe.rurTIDJHCTC:+- j 
KR HHBapHaHTH8.ll BeJIH'tJ:HHa xapaKTepnsyeT MHHHMaJII,Hy]O Macey Mmll8HH, He- ii 
o6XO,Il,HMylO ,IT.lJJI o6pasoBamm JlaHHOfi 'tlaCTIDUle 

1

. · 
Ha pnc. 3 npe.u,cTaBJieHH pacnpe.u,eJie-

• CTQ-~·!• HM JT- -M830HOB IIO B0JIH'tlru!e !ZK, ;IJ,1IH 
• Mera-JI'+)( 

! ti:::;:: Tpex THnOB B3a.ID/l0,Il,8HCTBHfi. 113 PRC. 3 
- ;ixM , 

I 

j 
1o' I I 

0 O.f Q4 0.$ 08 10 llx 

Pnc. 3. Pacnpe.neJie

HRH .Ji- -M080HOB no nepe
M8HHOR >Zk. • 

BH,Il,HO, 't!:TO 8TH pacnpe.u,eJieHrur npn 

ltu ) 0, 05 XO porno OIIlICI:lB8IOTCJI SKCnOHeH

]lHaJibHOit 38.BliCHMOCT!iIO C 6JIHSK.HM1I H8K

JIOH8MH. Ha STOM pncyHKe WilI cpru3Hemm 

npne.u,eHH TaruKe pacnpe.u,eJieHIDI Jf.--Me-

30HOB no BeJIH'tJ:HHe It," . .IT.JJJI HyRJioH-HYK- I 
JIOHma: BSaHMO.U,eficTBmt H npe.U,CKa8aHHe I 

) 
i 

KacmmHo:tt MO,Il,SJIH ,IT.lJJI C 7J. -B38HMO- 1 

.nefiCTBD /rHCTOrpa.MMa/. BR.Imo, 'ITO 

~o.PMH pacnpe.neJierurll no nepeMeHHott Yl.~ 
.IT.JJJI. HyKJIOH-HyKJIOHHHX li JI,Il,pO-fl.U.ePHI:lX 

B88.IDl!O,Il,8HCTBml: 38MSTHO pasJIMBIOTCR, 

na6.mo,naeTOJr Taruxe pasJllil!ne MeJKl!Y 

8KCnepHMeHT8JibH6(Jl. pacnpe.U,SJI8Hli0M R 

8 

npe.ncKaSaHliSM KaCKa,IUlOii MO.U,SJIR .ItJiff 60Jll,lllliX 8Ha"leHd IZ11, • 
Ha PHO .4 npe.u,CTa.BJieHa 88.BliCRMOCTI, cpe.nrur.x: 8Ha1!eHmt m.my.m,coB 

oTpmi;aTeJ.tbHHX TIHOHOB, po~eHHHX B CTOJIKHoBeHKIIX d , 14'., H C 
C H,IU>aMH TaHTa.na, OT nepeMeHHott n,li. • 3.u.ecb TaruKe npHBe.U,eH!l 8KC-

nepRMeHT8.1IbHH9 .U.aHHHe no HyKJIOH-flYKJIOHHI:lM BSaliMO~eHCTBMM H npe~-

CKa!3aHRe KaCKa,IUlOU. MO.U.eJili .llKNJ ,IT.lJJI era., -B3fil/IMO.U,eiicTBRH. ABa.norIN-

HI:le 38.BRCRMOCTH 6wrn liCCJI8.U.OBaHH .IT.JJJI cpe,IUlliX yrJIOB BHJieTa, 6HCT.POT 

H nonepe't!:HHX m.my.m,coB Jr- -MeSOHOB. C YB8JIWI9HH8M nepeMeHHOH /2,11, 

Ha6.mo.u,aeTCJI 38M9THoe OTJIWrne 3KCII9PRM9HTaJII,HHX .U,B.HHI:lX no fl,Il,.PO-JmeP-

. HHM Bsa.HMo,neficTBll!IM oT HYKJIOH-IJYKJIOHHHX Bsamm.neliicTBd ( npn 12,R. ~ 
0,2 + 0,3) n npe.ncxasB.HRH KacKMHO:ii MO.U.eJIH (nPH nR- >- o, 5 + 0,6). 

<P),;---;;-;-------
(08,tll! 0) j 

o.s 

04 

0.2 

0.1 ' 

+ 

'f ¢) 
Q6 

C>.,; ~~~}£~ 2 + I 

Q~ 

o.sr~ +-t-
g) 

0.6 
Ii! +... 

OA~ ~22 H 
~ 

o:z 
_j_ _ __i _ _,___.__~ 

0 0.2 0/4 0.6 0.8 1.0 l'h< 

..-
PPIC .4. Cpe.u,Hlie SHa'tleHim HMIJYJihCOB J/ -

Me30HOB OT nepeMeHHoi! J21:! .IWI tTa, la/, 
HeT'a. /6/ .II dTa. /B/ - B8aRMO,Il,8HCTBd 

/ CBeTJII:le KPYJKKH/ • 1IepHI:le KPJ.lKRR-::-.U.aHHI:l8 

no HYKJIOH-HyKJIOHHHM B3ru!MO,Il,9HCTBHHM, 

rncTorpamm-npe.nc1ta3aHHe KaCKa,ItHott 

MO.U.eJIH .iil{M • 

Ha6HTOK gr- -MeSOHOB IIO OTHOWeHHIO 

K KaCKa,1J;HOM,Y pac'tleTY B 06.JiaCTH IZ/<. > 0, 4 
COCT8BHJI ~ 3% OT BCeX JT--Me30HOB. 

Ha p:ra:c. 5 /a,6/ npe.u,cTaBJieHH 38.BR

cHMocTH cpe,IUIHX 3Ha'tlemrlt liMIJYJI&COB H 

nonepe't!:HHX liMIIYJll,COB BTOPH't!:HHX Ji--Me-
30HOB, o6pasoBaHHHX B Ji-C -B3aHMo.u,eitcT

BIDIX npli 40 raB/c, OT noPli,Il,Ka K.fMYJIH.
THBHOCTH. 113 pnc.5 BH,Il,HO, 't!:TO B 06.JiaCTH 

nepeMeHHOR 721<. f o, 5 cpe.U,HRe SHa"leH:rur 

m.my.m,COB y-M9HhIDBIOTCJI, a B o6JiaCTH 

tl.11. ) 0, 5 YBeJIH'tJ:liBa.IOTCJI • 

C yneJIINeHHeM BeJIH'tJ:liHH 12/l cpe.n

HRe 8Ha'tleHM nonepe't!:HHX UMIJYJII,COB Ji--
MeSOHOB cymeCTBeHHO paCTYT /pnc.56/. 

Ha PHC_a6 /a,'6/ IlPHBO,nltTCfl Sa.BRCPIMOCTH cpe,Il,HHX SH8.1leHmt YimOB 

BWI8Ta R 6HCT.POTH Ji- -MeSOHOB OT nepeMeHHol nk.. • BH,Il,Ho, 't!:TO C 

Y138JIBT.leHHeM BeJIH't!:liHH '/2.,ll C.Pe,Il,HHe 3Ha'tleHM yrJIOB BWieTa $'--Meso

HOB CHa'tlaJia 6HCTPO paCTy-T, a saTeM, Ha't!:XlHaJI co 3Ha"leHM /2,)l !::: 0. 5, 

B.HXO,lt!IT Ha .IfJiaTO /pnc.6a/. 
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<P> 
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PHc. 5 /a,6/. C_pe.nHHe 3Ha'lle

Hmr HMnym,coB /a/ H IIonepe'IJ

Hmc HMnyJII,COB /6/ J'l--M930HOB 

B 38.BHCHN!OCTH OT IIepeMeHHOtt 

nli., • 

<B>r-----------
(~91( 1r•c-1r:.x I 

120 

100
~ 

000 ~ H l f f 
80 ° 
60 ° 

401 0 

20 

<:J) 

~lo 

2.4 

20 

1.6 

1.2 

0,8 

0.4 

OJ 

IS; 

-~-~t ·._ .. ~-£ f J ~ r I 
. 0.0 0.5 1n 1S 2.0 ZS nK 

PHc. 6 /a,6/. C_pe,IUU!e 3Ha-

1leHM yrJia BWieTa / a/ H 

OHCT.POTll /6/ g;--_M930HOB 

OT KYMYJIHTllBHOro 1:rncJia /Z,e. 

PHc. 66 IIOKa3HBaeT' 'IJTO C YBeJIH'll9HH8M rre_peMeHHO:lt 12/l c_pe.zume 8Ha-

'119HHII 6HCT.POT Jr- -M930HOB _pe3KO YM9Hblll8.IOTCJI, a 3aTeM, Ha'lHHM co 

3Ha'!Jemm n~ -=O, 5, IIe_pecT810T 38.B.l'IC.l'ITI> OT IIepeMeHHofr Ill(,, • 

Tamnvr o6pa3oM, COBOicy'IIHOCTI, 8KCII9.PIDJi9HTa.7.ll;HHX )laHHWC, II.P9)lCT8B

JI9HHHX Ha .PHO. 5 .l'I 6, IIOKa3HBaeT, 'IJTO xa_paxTep 38.BHCID/IOCT.l'I C.P9M.0X 

HMIIyJII,CHHX .l'I yrJIOBHX Xa.Pa.KT9.P.l'ICTliR Jr- -M930HOB, o6_pa30BaHHWC B 

J[Y, -B8aHMo.nefiCTBH/IX II.PH 40 raB/c, OT IlO.PH,IU(a I<yMy'JllITHBHOCT.l'I /2,/(. 

cyinecTBeHHo MeHffeTCJI II.PH 3Ha'l!erum /21<,, t::- IO, 5 + 0, 6/. IIoaTOMY Bee 

Jr--M980HH 6HJIH .Pa3.D:9JI9HH Ha )lBe r_pynnu: K II9.PBOfi rpynne 6HJIH OTHe-

ceHu Ji--Me80HH C i2K.<. o, 5, KO BTO.Poit - IIHOHH C nx. > 0, 5. 

B Ta6JIKU8 3 II.PHB9)l8Hll C.P9.nHH9 xapa.KT9PHCT.l'IK.l'I 8T.0X .nBYX r_pyrm 

J/--M930HOB. 

B~o, 'IJTO c_pe,zume Xa.PaKT9.PHCTHKH l r_pyllIIH Jr--M930HOB O'IJ9Hl, CllJll,HO 

OT.llli'l8IOTCSI OT COOTB8TCTBYI00!.0X xa_paxTe.PHCTmt IT r_pymru: Jl'--M830HOB. 
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r I 

Ta6.7rli.Ua 3 
- · - - - - - .:: 75 > - - . - - < e > - - • - - < P-tc> - - • - '<(I> - - - -
_____ L~BL oL __ ;.. _ Lrl)_fll!/ __ :.. _ _J-r_a'§I SY _ _ :... _______ _ 
l r_pyrrrra: 4,23,±0,04 : 19,7,±0,l : 0,351,±0,002 ; 2,27,±0,01 

"' . . . 
n"- .:: 1.15" _; - - - - - - : -- - - - - - . - - - - - - - • - - - - - - - -

11 rpyrrrra; 1,26,±0,14 : 97,8,±1,5 : 0,800,±0,040 ; -0,12,±0,03 
J'ZK. > (),.S- : • : • ----~------· ------· -------· --------
0TM9TIDII, 'lTO <. p-6 > Ji--M980HOB II rpyIIIll,l COCT8.BJIJ!8T ,..,..0,8 raB/C:,'lTO 

B 2. 3 pas a 6om,rne' 'leM y Ji--M930HOB l rpymm. OTOT q>a.KT' IIO-BH,IUI

MOMY, y-Ra8HBa0T Ha Pa3JIH'!Jfilrlt M9XaHH3M o6_pa30BafUIR: Ji- -M930HOB 

.nBYX rpynn. Y J(:.M930HOB IT rpyIIIIH <-(j> = - 0,12,±0,03. OTO CB~e

TeJThCTByeT, 'IJTO IIHOHH 8TOH rpyrrIIH B OCHOBHOM o6_pa3yroTCJi B o6JiaCTH 

(l).ParMeHT8IJ;HH smpa - wmreHH. 0TM9THM, 'IJTO .I(Jiff BTO.PH'IJHHX II,POTQHOB xa

.PaKTep aHaJIOrH'll.HHX 38.BHC.HMPCTeit MeHHeTCSI Il.PH nl<. !::: 1.., l + 1, 2. 8TH 

3Ha'!JeHRfI rre_peMeHHOR rl1<, B )l8JII,H9Rlll8M 6HJIH BH6paHH B Ka't!8CTB8 KPH

Te.PH8B OT6opa Icy'MyJIHT..l'IBHHX -qacTHU. 

~8TB9DTM r~aBa )lHCC9PT8UHH IIOC~eHa HCCJI8)l0BaH.l'I!0 HHit7II03llBHHX 

CII9KTPOB Jr -M880HOB, o6_pa30BaHHHX II.PH 6QJII,lll.0X ne_pe,n;a-qax HMnyJIE,Ca. 

11_p.l'I HCCR8)l0BaHH.l'I K,D;9.PHHX B3aHMO)l9fiCTBIDi B9ChMa Ba.lKHO H3M9pliTI, 

KBa,JJ;.PaT 'lleTupeXMepHoro m,mym,ca ~ , nepe.naBaeMoro TOR MR HHo! 

r_pyIIrre BTO.PH'IJHHX qacTIDJ;. 8Ta .P9JllIT.l'IBliCTCR.l'I HHBaPlIB.HTHBH xa_p8KT8PHC

Tmta MHo~eCTBeHHoro II_pouecca cymecTBeHHo 8aBHCHT OT ero .IUIBaMHRH, 
II08TOI\V 8KCll8.P.HM8HT8JII,HOe H3Y'IJ9HH8 xa_paxTe.PHCTliR MHOmeCTB8HHOR reHe

.P8IU-1H 'llaCTKU B 3aBHCHMOCTH OT aTott BeJllNHHH II08BOJ!ff6T llOJlY'IHTE, U~H

HYJO HHq>O.PMaI.lRIO O II.PH.PO)l8 CHJll,HHX B3aHMO)l9ROTBHfi. 

ViHT9.P8CHO OTM8THTI,, 'IJTO IT.PR HCCJI9)lOBaHH.l'I xapaKTe.PHCTHK BTOPR11,
HHX 'llaCTIDJ; B 3aBHCHMOCTH OT KYMY'JillT.l'IBHOrO 'IJHCJia YlK- Mll Il.PaKTHtr9Clll

ruI HCC~e,nyeM 3813.l'ICHMOCTI, OT IIepe)laHHoro 'IJ8THPexM9PHOro m.mym,ca. 
KBa,zwaT 'leT.apeXMepHoro HMIJYJIE,Ca -t , IIe_pe.naBaeMoro o,IUiofi BTO.PHtrHoit 

'!JaCTKUe H KBa,ItPaT llOJIHOR 8He_prHH B CHCT8M&U8HT.Pa Ma.C~ 8,IU)OH-HyKJIOH

Horo B38JIMO)l8HCTBWI Sw II.PH BHCOK.l'IX aHeprMX OIIpe.ne.wnoTOK CJI9.IJYIO

IUHM.li q>OPMyJiaMR: 

-l <= - ( /¾. - H_ ).t ~ J, 9i. ( Ee - /2_ Pc1
) I 5/ 

. i., 

sbl c {1 + P,.) ~ et E,l m1v /6/ 

r.ne ~, /Jv J fl:_. -1l8TH.PexM9l)HJ,l8 mIDyJI&CH HaJI8TB.Kl!!81 '!JacTHUH, HYXJIOHa-
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Mrn119Hll ll _pacCMaTp.1maeMO:ti BTOPIBIHO:lt tJ:aCTIDJ;l,I, £1,, ll /4_ -aHeprWI li CRO

POCTl, II9PBH't!Hoit tJ:acTmi;H, Ee, H P/ aaeprmr ll II.PO.I(OJJI,HHil 1!MIIYJII,C BTo

PHtJ:Ho:l:t tJ:aCTIDJ;l,I. B 8KCII9PHM9HTax IIPll Bl:lCOKHX 8Hepr.IDDC /2 II.PaKTH'tl.eCRli 

PaBHa e.I(HHHD;e. C IIOMOIUE,IO Bl:lPaJKeH.m!: /5/ ll /6/ MOlKHO IIOJIY'tlliTI, BeJllfll.llliy, 

ROTOIJYIO Ml:l-Ha.31:lBaeM IIQ,PlIMOM. Kyt\y'JmTHBHOCTH, T.e. 

ntl 
~-~~~~~ ~-~ ~ 

ll.R. C '}flt ~ Sj,;v l'lc,N 
;r;;;: 

.. 
" 

.31 

~ 

PHc.7. 11HBapHaHTHHi1 

~3llBHHi CII8RT.P 

Ji--M830HOB IIO P:YMY
JmTHBHOiey' 'tlllCJIY '/e1<, 
ll3 J(C, -B3aHMO,I(8liCTB.llli. 

/7/ 

Ilpn Hcc~e.I(oBaHHH IIponecca MHomecT-

BeHHott reHepawrn tJ:aCTHD; M8TO,I(HKO:ti rry-
31:lPI,ROBOtt R8M8.PH Ml:l HM98M B03MOlltHOCTl, 

llCCJI8,I(OBaTI, IIOBe,I(eHlle HHBapliaHTHoro 

.I(H({Xl)epeHIUia.m.Horo C9'tl8HRR:, IIPOHHTerpll

.POBaHHoro IIO O,I(HOit II8P8M8HHOli, B tJ:aCT

HOCTH, IIO p/- , T.e. 

j d /4 cl&-- ) I J. . c/6" 
f{12tt,) == dt{l!l,1;dJ1;c al;_ = ~c/,!l,I(, / 8/ 

Ha PliC. 7 IIP9.I(CTa.BJI9HCt 3aBHCHMOCTl, 

HHBaPllaHTHoro .I(HcfxpepeanHa.m.aoro cetJ:e

mm .POiK.Il:9HRff $'--M930HOB B P9aRIUIH (I) 
OT IIO,PlIMa RYMYMTHBHOCTH J2/l • BH.I(H0 1 

't!TO 8Ta 3aBHCHMOCTI, M9HH9T CBOtt xapmt

Tep B o6~aCTll 3HatJ:eHM IIepeMeHHO:ti n~~r, 
.I(Jm 38B8.I(8MO RYNJYMTHBHillC J/~M830HOB 

( 12J?.. > 1. ) HaMOH pacIIpe,I(e~eHmr CTaHOBllTCR 

M8Hl,III88e 

AIIII.PORCHMa.mm .I(aHHOH 3aBHCHMOCTll CyM

MOH .I(ByX 8RCIIOH8HT IIORasHBaeT,tJ:TO 't!HC~ 

~8HHl:l8 3HatJ:eHRR: IIa,PaM8TPOB Ha.KJIOHa 

Bi. =4,6.±0,2 n · B.t =0,85,±0, I8 CYJ!l9CTBeHHO oT~HtJ:a.IOTCJI .IUJYI' oT .IUJYra. 

Ha~aelv1J:llt li3~0M B 3aBllCHMOCTll HHBa.PllaHTHoro .I(ll4l1)8.P8HIUia.JII,HOrO 

C8'tl8HWI .POm.!(8HWI Ji--M830HOB OT II8.P9M9HHOit till. HBJ.Ill8TCJI C8PI,93HHM 

yR8.3aHll9M: Ha pas~HHii M8XaHH3M o6pasoBaHRll o6J:lllHl:lX ll Icy'MyJ!fITllBHillC 

!il--M830HOBe 

OTMeTHM, tJ:To Kyt\y'JmTHBHl:le Jf--Mesoau c nil> i ns Ji-C -BsaH

Mo.I(e:licTBlltt o~a.I(aroT sHa'tlliTeJibHO 60JI&mHMH IIoIIepetJ:Hl:lMH HMrrym,ca.MH, tJ:eM 

o6HtIHH8 tJ:aCTIDJ;l,I, <. f.e > t:-.Y"'• =/2,25,±0, I7/ raB/ c/ ll HM8IOT IIP8KTH'tleCRH 

ll30T.POllH08 paCII,P8.I(8JI8Hli8 IIO C,O[; 9 • 

Ha .PHC.8 ll 9 IIPHB8.I(8HH II.POllHT8r.Pll.POBaHHl:l8 IIO yr~oBott II8.P8M8HHOit 

38BllCllMOCTll HHBa,PllaHTHHX .I(H4l1)8.P8HIUlaJil,HHX C8'tl9H.llli .POm.!(8HWI RYMYMTllB

HWC Ji--M830HOB(n~>1}B JT-C -B38.HMO,I(8liCTBIDIX OT RHH8Tli'l0CROH ll_ 
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llOII8.P9tJ:HOH saeprd COOTB8TCTB8HHO. 3TH paCIIP9.I(8JI9HM xopomo OIIHCH

BaIOTCH 8KCIIOH9Hllli8.7ll,HO:ti 3aBHCllMOCTl,IQ II.Pli'tl8M IIapaMeT.PH HaMOHa STHX 

pacIIpe.I(e~eHHH, o6mao HasHBaeMHe "ajxlieRTHBHoit Ter.meparry_pu", o.I(HHa

ROBH: To= /o, 719,±ll,057/ rsB , f'/4"1,3/,tt=IO, 755,±0,056/ rsB, (!){r,-=-t{}. 

.!.,,!! ... [7 ,.,p •T 

\ 2 

, '·\ '.-. 

~ ' 

. ~ 

i 1\ 

' .,, d,·...---------
~ar. 

;J 

T,fj~ u 
IOI ' I 

0 IS I it f,.IW 

P.1i:c.8 ll 9~ lil1mapllaHTHH8 ,I(H@JepeHIUia.n:&HHe 

cetJ:eHWI .POlli,ll;0HM P:YMYJllITllBHHX .r:.Me30HOB 

ll3 Ji-C -B3filIMO.I(8fiCTBHn B 3aBllCllMOCTH OT 

HX RllH0TIA8CKOI ll IIOIIepetJ:HOtt SHeprd. 

OTMeTIDII, 't!TO B OT~IAll0 OT m,yrHX 3KCII0.PllM8HTOB IIO IcyMYJmTllBHOMY .PO.llt
,I(8HJ,ll), II.POB0.I(8HHIDC' II.PH II9J;)Bll't!HWC 11MIIYJJI,Cax 6 IO raB/c, 8TH ,I(aHHHe, 

BO-II8.PBHX, IIOJJY'I0HH II.PH 6Mee BHCOROM1II8.PBH'IHOM HMrryJJI,C0 /40 raB/c/, 

BO-BTO.PHX, II.POHHTer.PHPOBaHH IIO yr~OBOit IIepeMeHHOit H, B T.P0TbUX. OT

HOCJITCH B OCHOBHOM R paaee He ll3y'tl8HHOMY ,I(HaIIa30Hy 60JJI,mHX HMIJYJII,COB 

.BTO.Pli'IHl:lX Kyt\y'JllITllBHHX tJ:aCTHn. 3TH (p8KTO.PH Hr.PaIOT, IIO-BH.nllMOMY, cy

mecTB8HHYIO ,POJJI, B IIOHM9HHH TaRHX 60JJI,illllX 3HatJ:eH.llli, 
11

3qq,8RTHBHOit 

T9MIIe.PaTY.PH". 

B Ta~e 4 II.PHB8)].9Ha 38BI1CllMOCTI, na_paM9T.Pa Tot OT Icy'MyJIHTHB-

Horo 't!HC~a J-21<.. • 

Bll.I(HO, 't!TO CaMOe 60JJI,IIIOe 3HatJ:eHll8 IIa,PaMeTpa Tot IlOJIY't!WIOC!, 

;n;.7IlI 3aB8.I(8MO Icy'MyJmTHBHb!X 'tJaCTHD; e; nil > 1 • 
Ec~ll Ha OCHOBe T00P8Tll'tl8CRllX _paciJeTOB IIO KX.ll Ha _pemeTK8 C't!HTaT., 

't!TO cpasoBlitt IIepexo.I( M8J!f,lly a.I(.POHHOn ll RBapK-r~oHHott cpasru.m JI,IJ;8.PH02 

MaTe.Pllll II.POHCXO.I(HT II.PH R.PllTH'l0CROit TeMIIeparry_pe 11'c,. =0,200 raB [ I], 
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TO 3HalJ'.eHM a®,eKTHBHliX TeMIIe_paTyp To H 7J-c , IIOJ1Yli0HHHe II.PH 

amI.POKC.0M8Wlli 8KCII0.PHM0HT8Jll,HIDC ,lla.HHIDC IIO .POli\n0HillO Yi--M030HOB C: 

~ > 0, 5 R3 JT-C -B3allMO,ll0ilCTBllli, Hax:O,WiTCJI B oCi.JiaCTH T > Tc_ • 
T aMll!!a 4-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l2Jl : ~- . Tat- 58 ; .JC'7n - - - - - - - - ~- - - - - - . - - - - - - - - - ~ - - - - - - - -
0,5<-tZ~<.0,7 : 573 : 0,270.;t0,008 : . I,8 ---------------~---------~--------
0, 7.t ~ <. I 222 : 0,362,±0,021 • 0, 7 

l21c, > I '. 162 : 0, 755,±0,056 : I,4 
-------- ·------· ---------· --------

AHa.nor.l:NHHe HCCJI0,llOBaHmI, II.POB0,ll0HHH0 B 8TO:li rJiaBe WIil Ji:. 
M000HOB C; 12}!_ > 0,35, o6pasoBaHHIDC B JI.; C -B38.llMO,neiicTBRffX II.PH 4,~ 
raB/c Ha HYKJIOH, IIOKa3HBaIOT, ll'.TO 3HalJ'..eHIDI IIapaMeT.POB 0 H 7;,t- ,IT,Jilr 

3Tll B3aliMO,ll0HCTBllli Ta.IOKe Hax:O,WiTCJI BWJle TeopeTWieCROH oueHKH K.PHTH

llBCKOR T0MIIe.PaTY.PH {ltJ ~ 0) t ) Tc) • 
Ta.R.0M o6pasoM, MOJKHO II.P0.IlIIOJIOmITI,, lJ'.TO B JIOKaJI&Hoil: oCi.JiaCTK H,IU)a, 

B KOTO.POi POJK.naIOTCH xyMyJIIITHBHHe ll'.aCTIDJJl, R,IJ;epHoe B011!0CTBO HaxO,llHTCJI 

B COCTOHHHII KBapK-rJIIOOHHOil: IIJia3MH. 

1~ 
0,3 

0,2 

0,1 

o,o 

fL 
04 1-, 

0,3 

0,2 

0,1 

o,o 

8) 

n-p-nt x 
-

-~-----

JCc-JL!X 
a) 

- 2'_ 4_-f-1 
---------

2 3 4 5 l 

PKc.I0.3aBHCKMOCTl, napaMeT.POB 

H8.KJioHa f i oT nopimKa MOMeH

Ta i ~ JiC la/ H Ji'fJ-Bsrut
Mo.neitcTBHR / 6/. 
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AHaJm:3 8KCil0.PKM0HTaJI&

HllX ,llaHHIDC no MH0~0CTB0H

HOMY .POli\n0HillO BTO.P.l:NHh!X 

lJ'.aCTHU B J(p H Ji-C -
B31il1MO,ll0HCTBK!IX II.PH 40 
raB/ C., II.POB0,ll0HHim C IIOMO!-. 

11.CbID MeTo,na q>a.RTO.PRaJI&HWC 

MoMeHT~B (<-Fi'>) noxasa.n, 

ll'.TO M0JK,Dy Be.Jlli1IHHaMH <.Fi>, 
ll;j. /IIOJIHHH 61:ICT.POTHH:li IDl

T8.PBa.r.r/ K ~ / pas,ne.JieHHl:li 

HHT0.PBaJI 6HCT.POT/ KM08TCJI 

CT0II0HH8SI 38BHC.0MOCTD 

c.Y_ /i: 
<.r:i>rv(JjJ J ft >C) 

CBH,ll8TeJlI,CTBYJOOlM O Cyn\0CT

BOBaHHII qi.nyKTYand ,llHHaMH

lJ'.0CKOrO xapaxTepa B 9Tll 

B3a.0MO,ll8HCTBMX. 8TH qJJJyK
TYimHH HHT8PII.P8TH.IJYl)TCJI er. 
TOlJ'.KR 3 peH.lm .Pa8JIWIHIDC 

1 
! 

J 
1 
( 

M0X8.HR3MOB poJK,UeHIDI a,JU)OHOB, Ta.Kil KaK qiaaoBHe nepexo,nH. ll'.8.P8HKOBC

K00 H8JIY'I8HRe a,Ili)OHOB, B8TBffillR8CJI npoueccH, CT.PYIDlH0 MO,lleJIH 8,IU)OHOB 

H T.,n; • 

Ha PHC. IO Il.PHBO,nHTCH 38BRC.KMOCTI, napaMeTpa' fi OT IIO.PlI.nKa 

MOM8HTOB z • BH,nHo. 'ITO .1J,Jlfl o6ollX TRIIOB B3aHMO,neil:CTBH:lt c:: YB0-

JI.l:NeHR0M IIO.PlI.nKa qiaRTO.PHaJI:bHoro MOMeHTa C i] 3HalJ'.eHHe noKasa

Te.JI.£ CTSIISHH ( fi) YBe.JIHlJ'.HBaeTCH. OTMeTHM, lJ'.TO ll'.HCJI8HHH9 3HalJ'.SHRff 

IIapaMeTpoB di WIil Jip n Jrc, · -BaruIMo,ne:ltcTBHii. xopomo corJJY-

CYJOTCH C ,llaHHh!MR H3 .n;pyrHX 8KCII0.PHM8HTOB [2]. 
ilffTM rJiaBa IIOCMllleHa HCCJIS,Il;OBaHHID nponecca MHomeCTB8HHOil: reae

paquH 'laCTHU B R,I1;0.PHhIX CTOJIRHOBeHmIX II.PH BHCORHX aaeprHHX C IIOMOIJ.CbID. 

M8To.n;a MaCCH MRIII0HH. 

..!. .lMc«J 

~"'~ 
Q4S 

I I 
:RC-11!,P 

040 

035 

030 

025 

a20 

a,s 

01 

005 ~ ao , 4 
3 M:7' 

P.0:c.II. Pacnpe,neJieHRe Jtc -
BaaHMo,neil:cTBd no Macera .. M. 
MHII10HR Mt • 

Ha .PHO.II IIDS.IlCTaBJieHO 

pacnpe,neJieHHe :!i-C -BsaHMo

.neil:cTBRi IIPH 40 raB/c IIO Maces 

MID110HH, pactmHTaHHOil: no qiop,-. 
MYJI8 /3/. IlpH BHlJ'.HCJI8HRH MacCH 

MIDlleHH / 1v1f I H B .IlaJI:bHeihneM 

aHaJm:38 He yll'.HTI:lBaJIRCI, M8,li,JI8H

HH0 npoTOHH C m.myJIE,COM 

Pp -:s 250 MaB/c, KOTOPLie O'CIHTa

Jm:CI, HCIIapRTeJII,Hm.m:. Ila PRC. II 
BH.IlHO, lJ'.TO BeJIWlHHa MaCOH Mmlle

HR ,lJ,Jill, HCCJie.nyeMol HaMK peaKUHH 

/I/ ,Il;OOTRraeT 7f8 HYKJIOHHWC 

Maco. CJie.nyeT OTMeTHTl>.t ll'.TO 

eOJIH 6H MOrJll'I yll'.KTI:lBa'l'l, BKJI8Jt 
Heil:T.PaJII,HllX ll'.aCTHU, TO pacmpe

,I1;9JI0HR8 no Mf cMeCTWIO~ 

6H B OTO.PO.HY YBeJIRlJ'.SHm! M,t H 

COOTB8TCTB8HHO YBeJIRlJ'.HJiac:r, 6u 
,noJJX MHOrOffYR.JIOHHIDC co6HTRi. 

8xcnepHMeHTH II.PH BHCOKHX aHe.Pr.wIX xapmtT0.PR3YJ)TCJI 6QJIE,mHM 8Ha

ll'.0HH8M BeJIRlJ'.HHH IIOJIHOtt. 9HeprHH B CHCTeMe U8HT.Pa Ma.CC ZtJ' t onpe

,ll8JIII8MOl · wopMY~OI: 

tif = vs' /9/ 
L 9... s = ,;1, Ea.· mt t- 'Ufa +- mt 

/IO/ 

15 



r,IJ;e Ea, -aHe_prPI!I HaJieTanne:ll. 11acTmt, l1Za, H mt' -Maccu cHa~a H MH
meHH. l1s g).O.P?,\VJIH /IO/ BH.ItHO, 1ITO Il.PH 60JII,filill{ SHe.PrMX B~HHa S B 
OCHOBHOM Oll.P8,IJ;8JIH8TC& Il.POHSBe,IJ;eHHeM aHe_pru HaJI9T8JOll\8tt 1IacTHnH H 
MaccaMHll!eHH. 3To osaa11aeT, 11To 6om,moro sHa11eHHH nOJIHoH aae_prHH 
MO]KHO ,IJ;OCTHI'HYTI, IJYT8M YB8Jlltl8HHH- WIH SHe.PrHR HaJieTaxmeit 11acTmt, Will 

MaCCH MHllleHH. 

B 8JU)OH-JIJl8.PHHX BSru'IMO,IJ;eilCTBHHX Il.PH BHCOKHX aHe_prHHX B n_ponecce 
CTOJIKHOB8HPI!l MOryT aq¢9KTHBHO y1I8CTBOBaTI, H8CKOJII,KO HYKJIOHOB JI,llpa -
Mffill8HH. 3TO ,IJ;aeT HaM BOSMO.lK.HOCT.I, IlOJ:IY1I8HPill 6om,mruc SHa'l!eHd IlOJIHOfi 
aHeprHR B CHCTeMe tieHT.Pa Mac~: 

S.1rc "' S1rfJ . Mtcl ; S·rp ~ J,,Err. m/1 /II/ 
Ha PHC. I2 Il.PHBO,IJ;HTCH SaBHCHMOCT.I, cpe,IJ;Heii. MHOJiteCTB8HHOCTH BTO

.PHtIHHX sa_pfDKeHHHX IlHOHOB OT IlOJIHOR aaeprd,B CHCTeMe neHTpa Mace 
lT,1lfI _pas~HtIHHX P8aKllHilo 

-s 
< 
V 

,s.----,c--r--~--r--r~~~-~-~-~~ 

• AOOHA 
._ SP[Alt·MARK J 

' OASP 

,or ; ~;~;: 
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PHc.12. 3aBHCHMOCTI, OT no~ott 
aHe_prHH W" cpe,IJ;Hell MHOlK8CT
B8HHOQTH BTO.PHt!HHX IlHOHOB 1 

o6_pasoBaHHHX B JiC -BsaHMo
,IJ;eilcTB.imx: / 0 -8KCil8PHM8HT, 
IJYHKTH.PHaH ~HHHH-annpoKcHMa

UM WOPMY~Oil /I3/ • 

IlOJIHaH SHe.PrHH 
6wra oneHeHa no WOPMY~e 

:ul;-c; ls1rc 
1 

= y;f111,,, ~- 11:} / 12; 

BH,ItHo, 1ITO Ha6.Jrro.!4aeMHtt .POCT cpe,IJ;Heit MHOJK8CTB8HHOCTR BTOP.IIRHHX IlliOHOB 
B JrC -BSrurMO,Il;8HCTBM.X C Yl3MHtl8HH8M llOJIHOH. SHeprHR !AJi-c K~8CT-

B8HHO cor~acyeTCH c peaym,TaTaMH aKcnepHMeHTOB no e-te-:.. aHHHr.mmHH. 

KXll IIOJJYlltecTKoro npouecca [ 3] npe,ncKasl,lBaeT pocT c_pe,IJ;Hero saa-
11eHwt MHOlK9CTB8HHOCTH BTO.PH'IHHX 1IaCTmt C YBe~eHHeM IlOJIHO:ll. 8H8.PrHH 

.S , on_pe,IJ;eJilleMWt c~e,nymmell WO.PMY~oil 

. 4~(-~-S-, /I3( <n>~e 
Cor~acao TeopeTmecKoit oneHKe na_paMeTp l=I,26. 

B cooTBeTCTBHH c WOPMY~Oit /I3/ aKcnepHMeaTam,aasi: SaBHCHMOCTl>, 
npe,ncT~eHHM Ha pHc.12, 6Wia annpOKCHMTrIPOBaHa WOPMY~ott 
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<1Z.±>== no +Cle ,2 6' I ck Sy-c, /I4/ 

DHJilI IIOJIY'I9HH CJI9.DYKI!\88 SHa1IeHM napaMeT.POB: no =3,83,±0, I8 J 

a, ::0,0086,±0,0048 H 6=1,37,;±{J,I2. BH,IJ;HO, 1ITO (1)0.PMY~a /I4/ xo_pomo 
OillICHBaeT 8RCil9.PHM8HTaJil,HyXl SaBIICHMOCTI, cpe,IJ;Heli MH0llt9CTB9HHOCTH OT 

B~rum U/;,-c H Ilo..PaM9T.P "g" B Il.P8,IJ;Max Olllll6KH cor~acyeTCH C 
T90.P8TW!8CROH oueHKott. 

Ha _puc. 13 a,6 IIPHBO,Il,ffTCJl SaBHCHMOCTli cpe,IJ;HillC 3Ha1IeHd nonepe11-
HWC HMI!yJII,COB H KBaJU)aTOB IIOII9P81IHWC HMizy'Jll,COB :Jf .:r -MeSOHOB HS J'i'-C -
B38..0:MO,IJ;9HCTBIIH. OT IIO~Hott 8HeprHII u.J;.-c • 

hl(U IIOJIY~ecTioro npouecca npe,n:cKasHBaeT pocT cpe,IJ;Hruc sHa~eHd 
nonepe1IHHX HMIJYJibCOB H KBaJU)aTOB nonepelJHHX HMIJYJibCOB BTO.PWIHHX 
1IaCTmt C YBM.0:'!8HH9M no~HO~ 8Heprnn S : 

< ~ > ..__ e -t'Ycn-s , /15/ 

l 1,/',/t'J,t,S i 

<i:t- > ~ e /16/ 

B COOTB9TCTBHH Ct STHMH rrpe,IJ;CKa3aHHHMH 8KCII8.PHMeHTaJn,HHe SBBR
CHMOCTll 6wm onHcaH11 WO.PMY~aMH CJie.riyiauero BH.n:a: 

tJ. Yms,,-c' 
.::'. P,t > ~ -<-Pot> + C(J. e ·-----, /I7/ 

.l. J, &f, V-tk S71c; 
< ({ > = < Pot > + t1~ e /IS/ 

~ 
lIOJzy1I8HHH9 SHa1IeHHH napaMeT.POB II J Ha o.n:.ay CTerrem, CB060,IJ;H ll.PH-
Be,IJ;eHH B TaM. S H 6. 113 .PHC.I3 a,6 H TaM. S" .0: 6 BH,IJ;HO, 1ITO 38BH
CHMOCTll c_pe,IJ;HillC SHa1IeHHli IIOII9P91IHHX HMIIYJibCOB H ;KBa.ru>aTOB rronepe11-
HHX HM!lyJll,COB OT IlMHOli 8H8Pfilli ?10-c xopomo OilHCI:WaIOTCR clX>.PMY
~aMH /I7/ II /I8/. IlpH STOM 3Ha1IeH.1m: napaMeT,POB 61 II t",t. IIP8,IJ;M8X 

omH60K He _II.POTHBO.Pe1IaT TeO.P9TW18CKOtt oneHKe ( ~ ""' ~/£ ~ C..~p = 1,.£6) • 

C U8JII,ID C.PaBHeH.rui: HaJillIX SKCil8.PHM8HT8JibHHX pesym,TaTOB C COOT

B8TCTBYJ001HMH ,Il;aHHJ-lMH HS .n.pyrruc SKcrrepHMeHTOB Ha .PHC.I3 a,6 np1.mo
,Il,ffTCJ'I Truute 3aBHCHMOCTH OT TIOMOH 3Heprrm B CHCTeMe U9HT,Pa Mace. 
Ufe.~e- -cpe,IJ;Hruc sHa11e~ nonepe11HHX mimy.JILCOB H KBa,IJ;paToB nonepelfl
HHX HMnyJll,COB aapruKeHHHX 11acTmt, o6pasOBaHHHX B e+e- aHHHr.nm:um. 
CMOfilHH8 K.PHBHe Ha pHc.I3 a,6 COOTB8TCTBYX)T anII.POKCHMailIDI 8KCil8.PH
M8HTaJn,HHX 38BHCHMOCT8li WQ.PMY~aMH /17/ H /18/ • 
qHC~eHHHe SHa1IeHHll na_paMeT.POB H ..;:..~ Ha o.zmy ~Tenem, CB060,1Ui Il.PH
BO,Itf{TCH B Ta6.run{ax s .17! 6. l1s 8TillC Ta~ BH,ItHO, 1ITO TB.KJKe, K8K B 

17 



llS J Pnc. I3 a, 6. 33.BHCHMOCTI, < ~ > ~ 0~ 

U < ~'> JT:t-M930HOB Ii3 :re -,= 

{Po., 
B3a.0MO,n;eil:ctTBmi OT B9JII:NHHU V Q2 

tJ;y_ { 0 ) • /. -OTHOCHTCJI K Ol 

QO e+e- -aHHHrJUmHH/ 
llSO Cl) 

~ .... t 
~ ft ~ 0.40 

,;. 
er o.,s 
V 

0.,0 

02s, 
5 10 15 30 
w(r,~) 

C~ae JrC -B38.HMO,Iteil:CTBHH, :rnepreTI:NeCKBJl 38.BHCHMOCTI, CP9.IUlliX 

3HaqeHd rrorrepeqHwc HMIJYJII,COB H KBa.ztpaTOB rrorrepeqHwc HMnYJII,COB 
+ -BTOPI:NHllX aaps:E8HHWC qacTHU, o6pa30BaHHWC B e e -aHHHrJUmHH, 

MOJKeT 6HTI, OilHCaHO cpopreyJiaMH /I7/, n /IS/, O.n;HaKO c ,n;pyrmm SHaqe

HMMH napaMeTpoB ,(Ji H t'.i qeM ]1,lIH ff-C -B3aHMO,Itet1CTBHH. 

Ta6J:u,ma S 

PeaK!lM ~ ~ Poe > : at ~ ~ ~ >¼ . . -------. ----- :---------t-------:-----
J[ C ; 0,24,±0,035 • O,OI?j;0,02 !l,96,±0,3 : 0,8 

e-te.:.. : o,:::53,±0, 035; 0, 00093.±D, OOOI~ I, 95.±0, 56 : I,2 

------"------d------- •------- •--. ---
Ta6JimJ;a 6 

.,__ .-----------------. - .l --
PeaK!lM __ < Pot: > _ ; _ _ _ aJ, _ _ _ _ _ : __ ~ __ . : J,Yn 

.JI?:. u,132,±0,0ni 0,0006,±0,0002 : 2,5.±0,5 : 0,8 

ete- O,II3,±0,0IS. 0,000020,±0,000005 : 3,5.±0,5 : I,O ---------- ·----------...J------· -----
Ha pnc.I4 npe,n;CTaBJI8HH pacnpe,n;eJieHH.H IIO KBa,IU)aTaM IIOII8P8'llliliX 

± -
m.myJII,COB BTOPKtlHWC Jr -MeSOHOB HS JT C, -Bsam,m,n;efiCTBHH .lW{ .ItBYX 
Pa3JIH'iHWC HHT8PB8JIOB IIOJIHO:fi aHepr~rn: ti.fire:!:: 4,3 raB H 

I7 ,4 ~ U:i,2; L 24,6 raB. 

BH.n;Ho, qTo c yBeJIH'ieHHeM Uf;rc pacnpe.n;eJieHHe no KBa,zu,aTaM none

peqHUX HMIIYJII,COB C,YU118CTB8HHO YillH.Ilff8TCJI. TaKoe IIOB8,Il;8HH8 pacnpe,n;e-

JI8H.l'Iil: no p-6-L ]1,lIH Jje, -BSanMO,Itei!:CTBD KaqecTB8HHO cor.nycyeTCJI 

c aHepreTWiecxott 33.BHCHMOCTI,D aToro pacnpe.n:eJieHIDI, n~eHHott .ltJill 
8,IU)OH-a.ztpoHHWC B38.H?,m.n:ettcTBlltt H e-t-e- -aHH.l'IrJUmHH. 
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CorJiaCHO KX.ll ymnpeHne paccnpe.n;eJieHWI no KBa.ztpaTaM nonepeqHWC HMIJYJII,

coB BTOPH'IH!:IX qacTHU C YBeJIWI8HH8M ?Af' o6iv!CHH8TCJI TOPMOSHID.! HSJlY

qeHHeM MffI'KHX H ~eCTKHX rJIIOOHOB, o6pasymurxCJI B npouecce CTOJIKHO

BeHM. 

,o 

10· 

n-•c-xt+x 
017,♦ UJi.1:'f\6 -~,4,l6 

,0·1 .. ,, ""' , .. I 
® ~ W ~@~~~~~I~ 

~ 

,L 
PHc.14. Pacnpe.n:eJieHWI no /{ 

Jf!-M880HOB H3 Ji-C -B3aHMO,It8HCT

Bllli IlPH "/1:BYX Pa3J!HtiHWC 3H8.l1:8-

HIDOC BeJIWIHHH Ulir-c • 

Ha OCHOB8 RBa.PK-napTOHHOit 

KapTHHH B3rurMO.rte:licTB.l'Ili .ItBYX 
o6~eKTOJa; 3KCnepHMeHTaJll,HH8 pac

npe,n;eJieHWI no nonepeqHHM m.myJI&

caM 6WIH OilHCaHii qJOPMyJIOit CJie

.IJYI(XI\ero BH,JJ;a: 

1. a;V {1-i/12 

N t. (>/· = A Jc n, /I9/ 
£fi ' .t. 

r.n:e :l!"'" 7':f'l • qHCJieHHHe sHaqeHM napaMeTpoB A , m , lt H y:. Ha 

o.n:ey iCT8Il8HI, CB060,llH IlPHB8,ll8HH B Ta6JI.1-. 

Ma 3TOfi Ta6JIHUH BH,ItHO, qTo C yBeJIKtleHHeM IlOJIHO:l! 8Hepru %-c, 
napaM8T.P JYl cymeCTB8HHO B03pacTaeT, a napaMeTP n IlP8KT.Jj{q8CKH 

OCTaeTCH IlOCTORHHHM. 

Ta6JIHUa 1 -------------------------------~--BeJIHtUJ:Ha _ W1rc;... 138 _ _ _ _ A _ _ _ _ _ "1tt _ _ _ _ n, _ _ _ ~)'JZ- _ 

1 ,iAJ ~ 0 $ t3 O,OI2,±0,008 4,12,±0,85 2, 75.±(),32 0,35 

N ,1~P... f"u ,,,., a1,/ O,OOI4+ 27,9-!3,7 2,00+0,21 0,47 
T,7~Wlf{:<-;,710 o,0012- - -

B pa6oTe [3] noKaaaHo, qTo pacnpe,lleJierum no nonepe~HM m.myJII,

Ca.M BTOPmHHX qaCTHU IT.PH BHCORHX aHeprMX B peayJII,TaTe no.ny~eCTKoro 

npon:ecca 6yJr1T na,naTI, Me)T).IeHHee, qeM. i/p./ .II_pHBe,lleHHHe B Ta6JI. t 
3Ha'li8HIDI napaMeTpa f2 IIOK8.8HB8IDT t -qTo II~9HHH8 HaMH pesyJI&TaTH 

HaxO,n!ITCJI B Ka'lieCTB8HHOM:corJiaCHH C 3THM IIP9,ItCKa38.HH8M. 

B 38KJIIO-qeHHH ccpopl,fj"JIHPOBaHH OCHOBHH8 pesyJI&TaTH H BHBO,Itli 

,n;nccepTamm. 

OcHOBHHe pesVJipTaTH H BHBOl[H JIHCC8DTSIJ0:H. r. IIpOB8,ll8H aHaJilIS 

npoueceoB MHOllt8CTB9HHOro _po~eHWI BTOPWIHWC -qaCTIDl Ha CJI8,IJyml8M 

8KCil8PliM8HTaJII,HOM MaT8PHaJie: J;C: -B38.HMO,ll8:l!CTBIDI ll.PH IDAIJyJI&Ce 40 

raB/ C' pc ' de ' Jtt,C' ct ' d!i, ' J&2 ~ H era, -coy,llapeHmi: µpH . 
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4,2 raB/c Ha .BYEJIOH. 06maJI CTaTHCTHKa co61mm COCT8BHJia ·"' 50000. 

z. II_pe,IVIOl!t8HO HCllOJil,30Ba'l'l, Macey Mill!.!8H.!! B KR"IJ:8Cl'B0 ,IJ;OllOJIHlITeJII,

HOro KPHT0PWI lI,]1H BH,!(9JI0HWI C06HTHii Ha .a:,n;pax: yrJiepo,n;a H3 C06HTHit B 

nponaHe ( C.3 Jt.8 ) • B peay.m,TaTe aToro aqxpeKTRBHOCTI, OT6opa Heynpyrruc 

PC , c/ C , 11.eC H ce -B3aHMO,D;eil:cTBHit YB0JIHtllt7laC:& Ha /I5 + 20/% H CTaJia 

6Jm3Ka K e,n;ruum:e. TaKHM o6pasoM, ,n;o6aBJI8HH0 .Il0llOJIHHT0Jll,HOro YCJIOBWI 

Mf > I,I K PaH88 HCllOJil,30Ba.HHHM KPHT8PHJIM ,Il;aJIO Ha.M B03M0'1tHOCTl, cy

meCTBeHHO YJ!YlilllHT.& CHTYBIUm C OT60POM Heynpyrruc B3amm,n;eiiCTBHH ll8P

BHtlHWC R.Il8.P C R,IU)8MR yrJiepo,n;a, ll03BOJIRB BH,Il0JIRT.& TaKOe KOJllIII0CTBO 

C06HTD, KOTopoe o~aeTcsr B COOTB8TCTBlill C H3B0CTHHMH Ce"IJ:eH~ 

B38.IDvlo,n;ettcTBMJie.I'RHX .a:,n;ep c yrJiepo,n;oM. 

s. YcTaHOBJI8HO, lJTO cpe,n;HRJI MHOlK8CTB0HHOCTI, .Jr -Me30HOB pae.,,reT 

ll.PffMO nponop.rwoHaJIE,HO cpe,IJ;Hel'q "IIHCJIY npoB3aHMO,Il;0HCTBOB8.BIIIHX HyRJIO

HOB .a:,n;pa-cBa.Pff,ll;a. YmnpeHH8 pacnpe,n;eJieHHlI. no "ll:HCJIY poJK,lJ;eHHHX Y--M830-

HOB, Ha6.mo,IlaeMoe lI,11H . e,Ta, -B3aHMO.D;eficTBHfi, B OCHOBHOM CBR3aHO C: 

~TYarumMR B "IJ:HCJie llPOB3aHMO.D;efiCTBOB8BIDHX HyRJIOHOB .a:,n;pa-cHa.Pff,ll;a. 

4. IlOKa38.HO, "IJ:TO HMnyJII,CHHe H yrJIOBH8 XapaKT8PHCTHKH JT--Me30-

HOB, POJl".Jl8HHHX B .H,Il;PO-JI,IlepHHX B3aHMO.D;eficTBWIX .ll.PH 4,2 raB/c Ha HyK

JIOH, llpaKTntleCKH He 38BHCRT OT aTOMHOrO B8Ca H.ItPa-cHa.Pff,D;a, "IJ:TO cor

JiacyeTCR, a;npe,n;nOJIOl!teHHeM O H838BHCHMOCTH B3aRMO.D;eficTBHJI HyRJIOHOB 

R.IlPB.-:-CHa.Pff,ll;a C .H,n;pOM-Mmlle.!ll,JO II.PH 8TKX 8He.PrWIX. Ha6.mo,n;aeTCR cymee'l'

B8HHOe OTJ!HtlH8 mvmy.7.lbCHHX H yrJIOBHX XapaKT0PHCTHK JT--M830HOB, pol!t

.D;eHHHX B ,H,n;pO-R,Ile.PHHX B8aHMO.D;8il:CTBWIX, OT COOTB8TCTBYJOOIHX .IlaHHHX 

no HyRJioH-HyRJIOHHHM B3a.HMo.D;eficTBimM. 8ToT aKcnepHMeHTaJIE,HHK waxT 

y-Ka3HBaeT Ha BaJK.HylO _pOJII,, BHyT.PH-R.Il8.PHHX 8(!XP0KTOB B npoueccax poJir,Ite

HM llHOHOB. 0CHOBHH8 CJI8.D;CTBWI- 3THX npoueccoB MO!'yT 6HTI, OllHCaHH a· 

IIOMOllt&D KaCKa,IlHOK MO.D;_eJIR JU{M. 0.ItHaKO, lI,]1H Toro, lJT06ll rJIY6l!t8 IlOHH

Ma'l'l, M8XaHHSM POJK,lJ;0HHlI BTO.PH"IJ:HllX "tl8CTHU :a R.Il8.PHHX B3aHMO)teiicTBWIX, 

H806XO.D;HMO ll.P_OBeCTH HCCJI0,IJ;OBa.HHlI Pa3JIH"IJ:HllX KOP.PeJil'IUHOHHHX xapaRTe

PHCTHK MHOl!t8CTBeHHoro npouecca. 

5. BneJ;JBHe noxaaa.Ho, llTO pacnpe,n;eJieHWI no KBa.ztpaicy; nonepe,moro 

HMllY.m,ca BTO.PHtlHHX .Ji- -M830HOB, o6pasoBa.HHHX B .H,Il;PO-.H.D;ePHWC BSaH

MO.D;eficTBWIX IlPH 4,2 raB/c Ha HyKJIOH, xopomo OllHCHBBJOTCR CYMMOtt 11]!,YX 

8KCIIOHeHT. II_pn 3TOM, napaMeTpH HBRJIOHa 81.. H BJ,. lI,]1H .Ji C H ../1/11 -
B38.l'l'.Mo.D;eitcTB.m1 cymecTBeHHO oTJIH"IJ:aJOTCH / ocodeHHo, neJ;JBmi. HaxJIOH B.1. I 
H m&elOT TeH.D;e.aum> B03pacTaHHlI C YBeJIH"IJ:eHHeM MaccaMIDJieHH. 8TH lite 

napa.MeT.PH IIPBRTHtl8CKH He 3aBHCJIT OT THIIa .a:,n;pa-cHa.Pff,ll;a. 

6. BneJ;JBH8 npoBe.IteH KOPPeJil'IUHOHHlrll a.Ha.7IH3 cpe,IlHHX 3HalleHHit HM-
IlJ'Jir.CHllX H yrJIOBHX xapaKT8.PHCTWt BTOPH"l'.HHX .9T-_M830HOB H II.POTOHOB, 

o6pasoBaHHHX B R,IU)O-Jl:.Il8.PHHX B3aHMO,IJ;8ttCTBWIX II.PH 4,2 raB/c Ha H;_1RJIOH, 
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B 38BHCIDl[OCTH OT llO.Pff,n;Ka KYMYMTRBHOCTH. IloKasaHo, "tlTO xapaKTe.P sa

BHCIIMOCTH cpe,n;HHX 8Ha1>emrlt m.my.m,coB < p::, ' yrJIOB BHJieTa < 0 > H 

61:lCT.POT < f > Ji--M030HOB MeHReTCR ll.PH 3Ha"tleHHH nepeMeHHofi 

/l,ll ~ 0,2+ 0,4, a y IlPOTOHOB 3TO H3MeHeHHe IlPOHCXO,IJ;HT IIPH '2...:-"'0,9+ I,I. 

CpaBHHTeJII,Hl:l.li. aHaJIH8 cpe,n;Hmc: 3Ha"tleHim m.my.m,cHl:lX H yrJIOBl:lX xapaRTe

PHCTHK Ji- -M080HOB H8. c,Ta, -B8aHMO.Il0llCTmi:tt C npe,n;CKa3a.HH8M KaCK~

HOll MO.Il0JIR noKa3a.JI, 'IJTO" ,n;o 3Ha"tleHHlI nepeM8HHOtt /Z.µ_t:::" 0,4 KaCKa,ItHBJI 

MO,IJ;e.JII, Jl.KM y,n;oBJieTBOPHTeJibHO OllHCHBaeT 3KCil8PHM8HTaJII,Hli8 38BHCHMOCTH, 

HO npH ,IJ;aJII,HellineM yBeJIH"tleHHH nepeMeHHOii /2/l. MO,IJ;eJil,Hl:l8 npe.ItCKa3aHWI 

He corJiaCYJOTC.H C SKCil8PHMeHT8JII,HblMH .IlaHHl:lMH, H T8M CHJII,Hee, -qerA. 

60.m,me aHa1IeHHe nr<- •· B peay.lJiTaTe amlJrorwrnux HccJie,n;oBaHHit,npo-

Be,n;eHHWC ,IVI.H $T-C -B3aHMo,n;eilcTBHfi npH 40 raB/c, noKaaa.Ho, "ll:TO B 

OT~H"t!He OT MPO-.H.Il8PHl:lX B3aHMO.Il0llCTBHli npH 4,2 raB/c Ha HyKJIOH, H8-

MeHeHHe, xapaKTepa 88BHCHMOCTH cpe,n;irnx 8Ha1IeHHll HMIJYJibCHh!X H yrJIOBl:lX 

xapaKTepHCTHK BTOPW!HllX. :JI"- -M830HOB npoHCXO.IlHT npPI /l;<. =0, 5+ 0,6. 

3TH 3Ha1leH.lm nil IIPHWITll B Ka"tleCTBe K.PHT8.PHeB BH,IleJleHWI K'JMYM
THBHWC Jr- -l':,l080HOB H npoTOHOB. 

7. Bne.PBl:le IlOJIY"tl0HH 38BHCHMOCTH HHBa.PHaHTHl:lX ,D;HqxpepeHIW8Jil,HHX 

Ce1l8Hrol: pOJK,lJ;8HID! Ji- -Me30HOB ·c tZ..;.:.. > 0, 5 B JrC -B3aHMO.D;8fiCTBHRX 

npn 40 raB/0.; oT KHHeTH11ec1toii: H nonepe"ll:Hofi aHeprHtt H noKaaaHo, "IITO 

,IJ;aHHl:l8 8aBHCHMOCTH xopomo annpoKCHMR.PYIDTCR 8KCllOH8HUH8JII,HOtt qJYHKUH8fi 
c napaMeTPa.MH 0 =/0,290,±0,012/ raB H Tot: =/0,~83,±0,016/ rim 

COOTB8TCTB8HHO, KOTOPli8 Ha81:lB8IOT aqipeKTHBHOH TeMnepaTYPOfi HCIIYCKa-

HHH -qacTHU. 

110Ka8aHO, "tlTO aq:<p8ru1HBH8JI T8MIIePaTYpa pacTeT C YB8JIH"II8HH8M 

IlO.Pff,n;Ka KYMYJIRTHBHOCTH /21<, H lI,11H KYMYMTRBHhlX sr -Me80HOB « 
n,ll > :i ,n;ocTnraeT aHa11eHHil:: rr; =/0, 719,±0,057/ raB n 

Tot =/0,755,±0,056/ raB. 3TOT q)8KT B08MOJKHO .HBJifI8TCR y-Ka8aHH8M.Ha 

CYJ!l8CTBOB8.HH8 KBa.PK rJIJOOHHOfi IL7!a8Ml:l B JIOKaJJl,HOl o6JiaCTY- odpasOBaHHlI 

xyrzyJIRTHBHl:lX -qacTHUg 

8g Bne.PBH8 IlOKa3aHO, 'IJTO B 88BHCHMOCTH HHBapHa.HTHoro ,llHqx'pepeH

UHaJJl,HOrO ce11eHM po,memm: BTOPH"IJ:Hh!X Ji- -Me80HOB B Ji-C -B3aHMO

,Ite:itcTBWIX OT IIO.Pff,ItRa Ky-MYJIRTHBHOCTH Ha6Jno.IlaeTCR H3JIOM npH n/<. ~ I. 
OTOT H8JIOM, no-BH,IJ;HMOl'q, RBJIR8TCRC6.PI>e3HNM y-Ka8a.HH8M Ha pa3J!HtlHlrll 

M8XaHH8M o6pasoBaHWI H8xyMyJIRTHBHHX H KYMYJIRTHBHWC $--M830HOB. 

IlpRBOJJ;IITCR HMnyJil,CHHe H yrJIOBl:l8 xapBRT8PHCTKKH Ky-l'qJIRTHBHllX 

.fi--M880HOB C }2,/,l > l • 1IoKa3aHO, "tlTO 3TH Ji--Me30Hl:l HM8KJT H30TPQIIH08 

B npe,n;eJI~ OllJH60K pacnpe.D;eJieHH8 no ClJ.S 0 , CYJ!18CTB8HHO 60JII,W08 

cpe,n;Hee aHa"ll:eHHe nonepe11HHX m.myJJI,COB, lleM y 06!:l"IJ:HHX -qacTHU, 

-<.fi> ., =/2,25,±0,17/ raB, H II.P0Hl'qll18CTB8HHO odpasYJOTCJI B o6JiaCTH 
I!!:!-· 

W.ParMBHTatlHH Jl:.Il.Pa-MlillleHH. 
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9. lIOKa.3aHO, 11TO OTHOW8Hli8 HO.PMli.POBaHHWC Ha HyKJIOH HHBa.PHaHTHWC 
,IUi@lepemnmm,Hwc ce11emnt po~emm Ji- -Me3oHoB, B cTa., , CC n:eHT.P., 

JTa., dC, -B3aHMo.rtei!cTBKrIX (6';,ra./{0,tJ,_;/l., IJ;;ra/rfk) II.PH 4,2 raB/c 
Ha HyKJIOH B HHT8.PB8JI8 IIepeMeHHoit It;(, r\.. 0,3 + I 38M8THO OTJllitlaeTCJI OT 
I, 'IITO HaxO.rtHTCJI B corJiaCHH C .rtaHHHMH ,rwyrwc 3KCII8.PHM8HTOB /EMC-
9qlp8KT/ • 

IO. llpoBe.rteH aHaJIH3 C IIOMOIItbID M8TO.rta ~aKTO.PHa.JII,Hh!X MOM8HTOB 
(<Fi>) 3KCII8PHM~HT8Jll,I:HX .rtaHH!:.DC IIO MHOllt8CTB8HHOMy o6pa30BaHHID BTOPWI
HHX 'llacTHIJ; B Jr p H Ji C. -B38.HMO,It8HCTBHSIX II.PH 40 raB/ c. llo.nytJeHHlie 
pe3ym,TaTH H8XO.ItlITCJI B corJiaCHH C .It.PYrHMH .rtaHHliMli [2] H IIOKa.3HB8IOT, 

'IITO MeJ!UJY BeJIHIIHHaMli < Fi, > H f I 6HCTPOTHW HHTe.PBaJI/. cymecT-
ByeT CTeIIeHHaH SaBHCHMOCTI, BH.rta f. 

t>;j) i 

<Fi>""' { ~ . fl, >0 J 

1ITO CBH,It8TeJll,CTBY8T O cymeCTBOBaHHH (llJIYRTYawm ,IUiHa.MKtl8CKOro xapaK
Tepa B 3THX B3aHMO,It8HCTBHSIX. 3TOT .rtHH8MK'l8CKID1 3ql'.p8KT B JmTe.PaTY.Pe 
o6HtIHO Ha.3HB8.KlT HHT8.PMHT8HCOM / mtnmitie!Uf . / • 0.rtHHM H3 o6'!>H®
HeHd ero JIBJI.ff8TCH cymeCTBOBaHHe KBa.PK-rJIIDOHHOtt IJJla.3Mli. 

n. BIIe.PBli8 IIPOBe.rteH aHaJm3 MHOllt8CTB8HHOro P0llt.rt8HHH 11acTHIJ; B 
Ji-l -B3aHMO.rt8HCTBRIIX II.PH 40 raB/c e; IIOMOIItbID MeTo.rta MaCCR MilIII8HH 

d.ei. . 
Md = t-t. CE - f!t} i . 

t 11Zp 

r.rte £ H flt -aHe.PrHH H IIPQ.rtOJrE,HW HMIIyJII,C BTO.Pl:!IIHHX 'llacTHIJ;. 
.llaHHbltt M8TO.rt II03BOJ.UI8T OIIP8~8JIH'l!I, aqxf>eKTHBH08 11HCJIO HyKJIOHOB,~crT
BOBaBlllWC B B3aHMO,It8HCTBHH. lIOKa.3aHO, 1ITO B CJJY1{8.8 :Ji-C, -B3aHMO,It8HCT
Bd Mac ca MHW8HH .rtOCTHraeT 7 + 8 HyKJIOHHliX Mace. 

fipoBe.rteHHlii B ,ItHCC8PTan;HH aH8Jm3, OCHOBaHHl.lli Ha Bll1IHCJI8HHH 
MaCCli 1,lliill8HH .Ir,Jm a,JU)OH-H.rt8PH!:.DC B3aHMO.rt8HCTBHH II.PH BliCOKWC 3HeprHSIX, 
II03BOJIII8T B paMKax O.rtHOro 3KCII8PHM8HTa HCCJie.rtoBaTI, 3aBHCHMOC'l'l, Pa.3-
JllitlHHX xapaKT8.PHCTliK BTO.PWIH!:.DC 11aCTHIJ; OT IIOJIHOH 3HeprHH B CHCT8M8 

n:eHT.Pa Ma.cc 11'7i-c :. Y.Sn--e, ' .,. (,,2 Ea. 111.11 . M-tcl. H IIPOBec.TH cpaBHe

HHe axcIIepHMeHTaJll,HHX .rtaHHHX c II.Pe.rtcKa3aHHeM KBaHTOBott xpoMO.rtHHaMRKH 
6es cIIeIJ;Ham.Hoi BH6opKH co6HTd HBHO lltaCTKoro THIIa. 

I2. BII8.PBli8 YCTaHOBJI8HO, 1ITO C YBeJIHII8HH8M IIOJIHOH aHeprHH B 

CHCTeMe n:eHTpa Mace h/fr-c ~ / S-,rc 1 paCTYT cpe,IUlllff MHOllt8CTB8HHOC'l'l,, 
cpe.rtHHa 3Ha1leHM IIOII8P81IHHX HMIIyJII,COB /HJIH KBa,JU)aTOB IIOII8.P81IHWC liM

ITyJII,COB/ BTO.PH'IHHX 11acTzn:, o6paaoBaHHHX B 3i-C -B3aHM_9.rtettcTb,.- •.•; II.PH 

22. 

40 raB/a. Ha6JIID.rtaeM!ltt .POCT cpe.rtHWC MHOllt8CTB8HHOCTett, cpe,ItHHX 3Ha1le
Hd IIOII8P81IHHX HMIIyJII,COB H KBa,JU)aTOB IIOII8P81IHllX m,my.JII,COB BTOPKIIHmt 
11aCTHIJ; xopowo OIIIICHBaeTCJI 3KCIIOH8HIJ;Ha.Jll,HHMH (pYHKIJ;MMH, IIP8.rtCKa.3HBae

Mmm KXJl IIOJIYlltecTxoro IIpon:ecca. 

IS. IloKa3aHO, 1ITO C YBeJIHII8~HeM 3H8Pr.llli U/irc Ha6.mo;!laeTCJI 
cymeCTB8HHOe ynmpeHH8 pacnpe.rteJI8HM no KBa.rt_paTaM IIOII8P81IHHX m,my.JII,
COB BTOPH1IHbT.X . JT'!. -M880HOB H3 J(C,. -B3aHMO,It8HCTBDe Taxoe ynmpeHHe 
pacnpe.rteJI8Hllli IIO KBa.rt.PaTY IIOII8P81IHHX HMIIyJII,COB Ha6JIID.rtae~CH TaIO!t8 B 

t -
a,n;poH-8,IU)OHHHX B3aHMO.rt8HCTBRl'!X H ee -aHHHrJIRJUUI II.PH BliCOKHX 3H8.P--
rHHX .l'1 IDlT8.PIIP8THPY8TCJI. KaK P83YJII,T8T TOPMOSHOrO H3JIY'll8Hlm rJIIDOHOB, 

o6pa.30BaHHHX B II.POU8CC~ CTOJIKHOB8HMo 

TrutHM o6paaoM, 3KCil8PHM8HTaJII,HH8 pe3yJII,TaTa, llOJIY118HHH8 B .rtaH
HOi ,ItHCC8PTa.r.urn:, .1'1 HX cpaBH8HH8 C npe.rtCKa.3aHHf!MR KX.U,no~BH.rtHMO~, 
,ll;BDT yKa.3aHH8 Ha BOSMOlltHQe npOHBJI8H.1'18 KBaJ;>K-rJIIDOHHHX CTeIIeHett 
CB060.rtH H.rt8,PHOil Ma.T8PHH B paccmaT,PHBaeMHX HaMH peaKIJ;HHX, B oco6eH

HOCTH, B Ji-C -B3aHMO.rte:11cTBHHX II.PH 40 raB/c. 

0CHOBHli8 pe3yJII,TaTH .rtHCC8PTan;HH ony6JIHKOBaHH B CJI8.rtYJO!!UIX 

pa6oTax: 

I. H.AHreJioB, A.H.AaowHH, H.Axa6a6HH, U.BaaTap H .IU>• 
¥l.3y1!eH.1'18 MHOiK8CTB8HHOCT.1'1 BTO,PH1IH!:.DC 11aCTHil BO B8aHMP.rte!CTBmIX 
II,POTOHOB H a.,n,wa-1laCTIDl C BOJII,W.Pa.MOM /A=I84/ B RHT8,PB8JI8 .liMDYJII,

COB / 2 + 5/ raB/ HyKJI. 
IIpeIIl)HHT o.wrn, PI-10779, ,Itr6Ha, I977. fl<I>, T.27, B 4, I020, I978 

2. H.AHreJIOB, A.11.AHOWHH, H.Axa6a6HH, U.EaaTap H .rt.Po 
- MHOiK8CTB8HHOCT.& BTO,PH1IHbT.X OT.PHIJ;aT8Jll,BHX ,1lacTHIJ; B JI.rtPO-H,IJ;epHbT.X 

CTOJIKHOB8HHHX II.PH HMIJYJil,08 4,2 raB/c Ha HYKJIOH. 
IlpeII.PHHT owrn, PI-I228I, ,Itr6Ha, I979. fl<I>, T.30, B 6/I2/,I590,I979 

s. H.AHreJIOB, H.Axa6a6mi, U.EaaTap H .rt.Po 
HeKOTO.Pli8 M8TO.rtllll8CKH8 BOIIPOCli;, CBJI3aHHlil8 C o6pa60TKOH co6HTD, 
o6pasoBaaHwc .PeJIHTHBHCTCKHMH H.rt.Pa.MH P, d, 1u., .1 C B nponaHoBofi 

ITy3HPI,KOBOtt KaMepe. 
IlpeII,PHHT OWIB, PI-I2424, ,Itr6Ha, I979. 

4. r.H.AraKIDIIH8B, H.AHreJIOB, H.Axa6a6HH, U.EaaTap H ,IU>. 

HMllyJil,CHlile H yrJIOBHe xaprotTe,PHCTBKH JT- -Me30HOB, o6paaynnHXCH 
II.PH B3WIMO.rteilcTBHH JJ.rt8P dJ f1te, _, /l,c a:: H.rt.PaMH TaHTaJia IT.PH m.my.JII,-

([8 4,2 raB/a~HyKJI. 
Ilpen,PHH'l' owm, PI-8I-I76, ,Itr6Ha, I98I. fl<li, T.34. BRII.6/I2/,I98I, 

cTp.I5I7. 
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5. U.EaaTa.P, A.II~racnapirn. B.r .rpmrurn., ll.A.11Ba.HOBCKBSI, B • .U. ToHeeB. 
AHaJIRa .HMIIyJII,CHHX H yrROBHe xap8RT9PHCTHK St"--M930HOB poJK,IteHHHX 
B H,IU)O-JI.ll9PHWC B88.RMO,Ite:ltcTBHHX IlPH m,my.m,ce Po =4,2 rsB/c.HYK,JI. 
IIpenpHHT· 0WU1, PI-81-516, ,Ify6Ha, I98I 

6 •. ,r .H.AraKm11H8B, .U.APMYTMHCKH, H.Axa6a6.R:H, U.EaaTap H ,IU). 
MHOJKeCTB8HHOCTH, m.my.m,cHH8 H YI'ROBHS- XaP8RT9PHCTHKH .1°~-M980HOB, 
o6paaynnmcCH BO B8aHMO,IteticTBWDC Il,POTOHOB, ,It9liTOHOB,. o( ,..-qacT.IDJ; H 
yrRepo,Ita. e; SI.It.Pa.MR yrRepo,IJ;a npH .HMIIy.m,c.e-4,2 rsB/c: Ha HYKJIOH. 
IIpenpHHT owrn, PI-8435, .lzy'6Ha, 1984. J ;t, ~ · 27C/I985/ 177 
Hg/, T.4Q), BHn.5, 1984, 1209-1221. 

7 • .U.ApMy-TmCRH, A.II.racnaJ)lIH, B.ror.PIDIIHH, U.EaaTap H ,IU). 
IloB9,It8HH8 HHBapHaHTHHX ,IJ;HqXpepe~a.TI&HHX Ce't!eHHii POJK,It9HHll ;[(:Meao
HOB B JI.ll8PHHX B3EWM0,1te:t!cTBWIX IlPH HMIJYJJI,C8 4,2 rsB/c; Ha HYKJIOH. 
IIpenpHHT Olliill, PI-84-629, .lzy'6aa, 1984. H\P, T.42, BHn.J/7/ ,1985, 
200+ 204. 

8. U.EaaTap, r .raH6aT, 1! .JJ:s-qrumymi:ar, P. Toroo, .n:. TYB.D:SH.Ito.Pllt, 
r.IIIa_pxn. 
reoMeT,PHtl9CR8Ji P9KOHCT.IJYK!lM MlI IIY3H.PI,KOBOfi KaM8PH TTIK.-500 Ha 
CHCT9M8 IlYOC-KA.MAK-M222. 
Tpy.ItR llHCTHTyTa (pH8HRH H TeXHHKH AH MHP, T.27, 1989, YJiaH-EaTOP, 
c;.87 

9. U.EaaTa.P,, U.EaTCa:lbcaa, B.E.Jlro6HMoB H ,IU). 
K BOnpooy O M9T0.1UiR8 BH,ltM8HH& B3aHMO,Itettcnurlt Ha yrRepo,IJ;e npH 
06JIY1reHHH nponaaoBol KaMePH / f3 d ~ ll6 1 C. I. 
Tpy,ltH HHCTHTyTa q>H3HKH H T8XHHRH AH MHP. T.27, 1988, YRaH-6aTOP, 
c.25 

IO.U.EaaTap, U.EaTcaitxaa, JI.Csp,1taM6a, .U.TYB.D:SH.D:O.Plt 
38BHCHMOCT}; HMnyJII,CHHX H yrROBHX xap8RT8PHCTHK $--M830HOB·H 
Il.POTOHOB, B !lf-C -B38.HM0,1te:ltcTB':WIX npH 40 rsB/ c OT KyMyRHTHBHoro 
't!HMa. 
llaBeCT.WI AH MHP, J& 4, I98a, a:.II 

II • .U.APMYTmcKH, U.EaaTap, A.II.racna,Pffa H .D:P. 
lli.myJJI,CHHe H yrROBH8 xapaKT8PHCTHRH II--M930HOB H IlPOTOHOB, 
o6paaoBaHHHX B H.It8PHHX CTORKHOB9HHHX npH m.mym.ce 4,2 raB/c Ha 
HYKJIOH, KaK qiy~ MIDIHMa.TI&HOti MaCCH Mmll8HHo 

IIpen.PHHT owrn, PI-84-328, .lzy'6aa, 1984. H\'P, T.41,BJ:m.5,1985, 
e-... I235 
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I2. U.EaaTap. 

IS. 

I4o 

I5. 

Xap8RT9PHCTHKH BTOPHt!HHX. -qacirm:i;, o6paaoBl,lllHHX B Jf-C -B8aHM0-
.1teii_CTBWIX ·IlPH 40 rsB/ c; KaK qiyHKUIDI nMHOil sHeprHH H KX.U IlM

~eCTKoro npo~eccao 
owrn, .llI, 2-88-652, .lzy'6Ha, 1988, B T.PY.1te: IX MeJK,eyHapo,ItHoro 
CeMHHapa IlO Il,P0<5R8MaM qiH3HKH BHCOKHX SH8,PI'Hiio 

U.EaaTap, ij.EaTca:t!xa.H, ll.A.lU38.!lOBCK8SI, EoXYpSR6aaTaP, M.ll.CMO

BD8B, P.Toroo, n.TYB,IJ;SH,IJ;OJ)llt 
MHXJ1103HBHHe celleHim KYMYRRTHBHHX Yi- -MeaoHOB B J(C -B8aHMo.1teilcT
BmIX npH 40 rsB/c xax qiyHKQHH KHHeTHtiecxo:11 H nonepet1aott saeprmt. 
lipenpHHT omrn, PI-89-424, .lzy'6aa, 1989. · 

U.EaaTap, U.EaTca.ttxaa, E.XYpM6aaTap, .U.TYB.ItSH.ItOJlllt, r.lllap.XYY 
Pacnpe,1te~eHM no KBMPaTY nonepe't!Horo .mvmy.m,ca C~L) ::r- -MeaoaoB 
B .Jli ~ -B3a.HM0,1te:l1CTBHllX npH 4, 2 rsB/ C Ha .HYKROH • 
Tpy,1tH HHCTHTyTa q>H3HKH H T9XHHKH AH MHP, Ji? G8 /1989/ 30 

U.EaaTap, H.A.11BaaoBCKrut, Jl.Csp,1taM6a H ,It,P. 

XaPaRT8PHCTHRH BTO.PH1IHHX tJaCT.IDJ;, o6pa30BaHHHX B :li-C -B3aHM0-
,1teil:cTBIDIX Il.PH 40 rsB/c Ka.It qiyH~IDI MaCCH Mlffil8HH. 
lipen_pHHT OVJHll, PI-86-721, ,ey6Ha, 1986. }IQ?, T. 46, BHil. 5 /II/, 

1987 ,c.I464 - I47L 

I6. U.EaaTa.P, B~E.Jho6HMOB, P.Toroo, .ll.TuB~SH.ItO.PJK 
AH8J.lli3 KYMYMTlIBHWC 8,IU)OH-H.Ite.PHHX B3fillMO,Itei1cTBd IlPH 4-40 raB/c 

B. 38BHCID.10CTH OT 118.CCH Mm!I9HHo 

17. 

TipenpHHT O:WiH, Pl--87-807, )Jy6Ha, 1987. H~, T.48,Bun.3/9/, 1988, 

764 :f. 768. , 

U.EaaTap, H.A.11BaHOBCKruI, Jl.CJP.ItaM6a, .ll.'lYB.ItSH.ItO.Pllt, P. Toroo. 
38.BHCHMOCTl> xapa.KT8PHCTHK Jr- -M930HOB, o6pa30Ba.HHHX B 7-c 
B3aHMO,lteikTBRl!X IlPH 40 rsB/ c.·, OT IIMHO!,i saeprHH B CiiCT9M8 U8HTPa 
Mace H KX.I( no.rry~ecTKoro n_pouecca. 
IlpenpHHT OWIH, PI-88-469, ,Ily6aa, 1988 .• 

IB. U.EaaTaP, B.r.r_pHlllHH, r.lllaJl.XYY. 
llay-qeHHe <PJIYKTy8!Ulli BO MHOJK8CTB8HHOM po~eHHH IlHOHOB B § f H 
Ji-[ -B3aHMO,It9il:CTBWDC npH 40 TsB/c. 
IIpenpHHT, owrn, Pl-90-201, .lzy'6Ha, 1980. 

19. U.EaaTap, U.EaTca.ttxaa, ll.A.11Baa0Bcxasr II ,It,P. 

~MTHBHoe .POJK.It8HH8 J!- -M930HOB B Ji-C -B8aHMO~etl:CTB.WIX Il.PH 
40 raB/c. 
II_pen.PHHT O.IDIB, PI-90-20'-Z, ,Ily6Ha, 1990. 
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20. U.EaaTap,. U.EaTcaitxa.H, 11.A.llirn.HoBCKaJI li ,IU). 

I1.HKJno3liBHH8 a CII8KTPH $--M930HOB c..: lcyl',\VJIJITliBHWvm 11liCJIOM f2K.>d,3f 

o6pa30Ba.HHHX B dC; t¼C H CC-B3rutMo,nei1:cTBIDIX npz 4,2 rsB/c: Ha 
HyKJIOH. 
IIpeIIPliHT owrn:, PI-90-26, )Jy6Ha, !990. 
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