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HHTeHCHBHOe paSBHTHe 3KCnepHM8HT8nbHOro HCCA8'AOB8HHH 

peaxn•I M8ll.ll1 cnOZHHJOI H'AP8IUI 38 npome'Amee 'A8CftTHA8THe IlpH

Beno K PW oqeH» B8llHYX peayn»T8TOB. CHHT88HpOB8HH HOBHe 

aneueHTH IlepHO'AHqecKOA T86XHnH, OTKPHTH HOBHe BH,lll,I pacll8'A8 

ff'A8P (CilOBT8HHOe 'A8AeHHe ff'A8P B HaouepHOM COCTOHHHH), npo

TOBHHI pacna'A P8.JtllO8KTHBHYX H'Aep. fflHPOKO H8B8CTH8 pon» peaK

n•A C 1118CTH8U TU8AYX HOHOB B HSBneqeHKH Cil8KTpocxon1qecxol 

HH~OpU8ltlfR O ff'AP8 (ueTO'A KYXOHOBCKOro B036y-.i,;eHHH), B CHHTe

ae TH:ae~ HSOTOilOB_xerKHX 3JI8U8HTOB (pe8KltlfH uyn»THHJMOH

HOA nepe'Aaqz). T.'A. 

OTU8THK, qTO 8H8'1U!Ten»HHe peayxHaTH 6HXH nonyqeHH B 

la6opaTOPRH H'AePHHX pealCIUII OIIIRH, aauHuam•el x1.Jt11pym•ee no

xo:aeH■e B STOA O6X8CTH axcnep111eHTMhHOA H'AepBOA ~H3HKH. 

Tax•• o6paaou, ,H8CKOTPH Ha 'AOBOX»HO KOPOTKJE HCTOplm cy

•ecTBOB8HHH, ~H3HK8 THZ8XHX HOHOB BO JIHOI'IJX cnyqallX OK838-

X8Ch oqeH» acW>eKTHBHHK HHCTPJK8HTOII Hccne~d:88HBR ff'A8PHYX 

nponeccoB. 9'ro BOBce Be oaHaqaeT, qTO HOBaH o6JiacT» nepeKpH

BaeT BO3KOJfflOCTH TP8'AHnHOHHYX HanpaBX8HHI. PeG H'A8T O neH-

BOK 'AOllOXBeBHH K npenxu ueTO'A8U axcnepHK8HT8JlhBOro HCCA8'AOB8HRH, 

OTKPHB8llll8U HOBH8 BOSKOZBOCTB. 

PaaBHTBe ROBOI o6JiacTH llPO'AOXD8TCH. Y:ae B R8CTOftlll88 

Bpee YCKOPHTenH 'A81l'l' XBT8BCHBHYe nyqKH TRZ8XYX BOHOB /I/ C 

aapa:.O11 'AO Z =Si. II/. 
QqeBH'AHO, qTO 'AXH TeopeTHqecKoro 8HMH88 ascnepHUeHTOB 

C yqacTH811 THZ8XYX HOBOB COBepmeBBO R8'AOCT8TO1lHO HCilOAh3OB8Th 

ueTO.ztH, paaBHTHe 'AXH onacaBHH ooxee npocTHX nponeccoB, npoTe

Kam.-x npH B8aHUO'AelcTBHB HJKJIOBa HH 'f -KB8HT8 C ff'APOII. 
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~3 llpHtUIH, o6ycnoBnHBaD~HX DOHBJieHJle HOBoro xaqecTBa, 

npe•~e Boero OTUBTHU 60nbmyD BenR'IIJIBy xynoHOBCKOro B381UO

~eRCTBRH ue•.JU' ~~aldl. 0 ero BenHqHHe UOZHO cy~HTb, Hanpmuep, 

no BHCOTe xynOHOBCKOro O8pbepa \'a , 'AOCTHram~eR B Pfl.lte 

cnyqaeB H8CKOnbKHX COT UaB. Hanxae CTOnb uo-,rwx cu He uo

•eT He CK838TbCH Ha xo~e npo~ecca CTOnKHOB8HBH .lt]lyx Kll8HTO

BHX CHCT8U. IlpH 8TOU xynOHOBCK08 B38HUO~elcTBHe DO llOBHTHHU 

DPHtUIHaU iranHBTCH KOnneKTRBHHU. lloaTouy 8CT8CTB8HHO OD1~8Tb1 

qTO xynOROBCKH8 CHnY B nepByD oqepe~b 6y"JI3T HR"JI:/IVIPOB8Tb KOn

neKTHBHHe uo~ ~BHZeHHH B !Ul:Pax. 

AHanorxqnye coo6pazeHHH uoryT 6YTb BYCKaaaHY Io fl.lt8P

Hou B88HUO~elcTBHH .lt]lyX cnOllHHX CHCTeu. ~elCTBHT8XbHO, uo

ueHTY BKJineHRH ff~8PHHX CHn COOTBeTCTBY8T HHTeHCHBHOe B3aH

UO'A8ICTBHe rpynn HYKJIOHOB nyx H~ep, Haxo~~XCH B HX llOBepx

HOCTHOU cnoe B o6nacTH conpHKOCROBBHIIH. IloaTouy H 3~8Cb UOJIHO 

OZH~aTb BOSHHKHOBeHHH, npe~e BCero, KOD8KTHBHHX .lt]IHZ8HHI B 

a~pax. 

naccepTa~H llOCBH1118Ha HU8HHO 3TBU BODpocau, qro H onpe

'Aen•no ee aaaBaHHe. 

C 'APyrol CTOPOHY, Hccne~OB8HH8 DpO~8CCOB CTOnltBOB8HIH 

.lt]lyX KllaHTOBHX CHCT8U - aa~aqa qpeaBYqalHO Tpy~B8H. STHU o6~
HCHH8TCH, qTO C'AenaHHHe BHBO~ qacTO HOCHT "xaqecTB8HBYI" 

xapaKtep. O,11HaKO 3TO H8H368EIO IlpH ~OpyY-

nHpOBK8 HOBHX llOJOtO~OB I uo~enel. 

n•ccepT8~H COCTOHT HS BB8~8HJIH, Tpex rnaB H 881CJlDqeHKff. 

B nepBol rnBBe Hccne"JI:IDTCH ~Ha1111qeoue ~KTY 1aue

H8HHH Jopw H'ABP B npo~ecce ynpyroro pacceHHHH. llocxonbKJ 

a~pa o6na~all'l' KOHeqaoft secTKOCTbD (B xonneKTHBHOI uo~en• oaa, 
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HallpHuep, llP8'ACTaBn8H8 napaueTpou KB8'APYDOnbHOI 'A8if>OpUHpyeuoc

TH C2), TO B peaynbT8T8 KYXOHOBCKOro B38HUO'A8ICTBHH, c6nH-

3HBmHCb Ha UHHHUaXbHOe paccTOHHHe, OHi, B llPHHnHDe, uoryT 

npHo6peCTH 'AODOnHHT8XbHyD 'AHHalfflqecKyD 'A8if>OPU8nHD. CBH38HHYe 

C 3THU HSUeHeHHH if)opw (aBneHHe ~HCTOPCHH) TOr'Aa 'AOnSHH Dpoa

BITbCH B B8PH8nHIIX BenHtDIHH i!"" ~ xapaKT~p•ayn~e• 3'MieK

THBHYI pa~yc CHXbHOro BaaHUO'AelcTBHff H'Aep. Tax KaK ~KTHB

·aoe B38HUO~elcTBH8 HBnH8TCff cyuuol H~epaoro H KYXOHOBCKOro no-

T8HitJl[UOB, TO BaEHO OllP8'A8XHTb IX OTHOCHT8XbHYI BIUia~ B BO3-

6yz~eHH8 H~ep, a Teu caueu H BenHllHHY i:"". 
B §§ 2 1 3 'ASH no,11po6HYn aHanHS ponH xynoHOBCKOrO 1 

a~epHoro uexaaHauoB BOa6y~eHHH B npo~ecce ynpyroro paccea

HHH. Ha ero ocaoBe w np1xo~•u K aaxnnqeaHn, qTo nonyqeHHOe 

1a axcnepHueHTOB SHaqeHHe i.,,,,,_ c nouo~n JeaoueaonorHqec

KHX onTmqecux UO'AeneR yze BKnmqaeT B ce6a Boa6ylO(eHHH cTan

KHBan~xca CHCT8U nocpe'ACTBOU xax a~epHoro, TaK H xynOHOBCKoro 

uexaRHSUOB. 

O~HaKO BKJia~ xynoHOBCKOro uexaHHaua, npoDOPnHOHanbHHI 

-(z.f ... (J1.j2J: paCT8T C AI 3HatUIT8XbHO 6YCTpee, qeu H'A8PHO-
I' .,, "') (' 

ro ~di, ~ A, • YtDITHBSH 3TH lf)aKTY, uowo 6wto 6e ou~an, · 

qTO 'AHH8UHqecKH8 'A8JOpUanHH npOHBHTCH llpH HCDOnbSOBaHHH nyq-

KOB ff'ABP, o6na~an~x 8HatUIT8XbHhlUH aapH'ABMB, xor~a KYXOHOB-

CKHe Clnhl peSKO BOspacTyT. TaKoro po~a 3KCllepHU8HThl 6wtH 

BhlDOnHeHhl H llpHBenH K CHCTeUSTBqecxouy yueHbmeHBD B8XHqHHhl .,,,,. 
?. C pOCTOU CTeDeHB CT8TBqecKOA 'A8~OPU8nHH H'A8P-

MMilleHea12tcnapaueTp C2 T8KHX H~ep YU8Hbm88TCH). 

:ztnH TeopeTHqecxoro 8HBXB38 Y'AO6HO 38 HCXO'AHOe aaaqeHHe 

i:,"'·npHRHTb BenBlDIHY, ycTBHOBneHHYD np1 pacceHHBB BOHS 
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UI 
Ha naz.lni 11araqecKoM, a noaT0IIY oqeHL zecTK0M H.itpe PA. 
IlpH !!TOIi HCCJI8},CY'llTCft 0TH0CHT8JILRH8 0TKJI0B8BH B8JIR1DIHY "(,:'f>'f ~,.. 
OT ~Pb • Ilocne.itBee o6cT0HTeJILCTB0 B 3B8'D!TeJILH0I CTe-

neBH CBHIISeT 0CTPOTY npo6JI8111,1 yqeTa BCK8Z8BRI TP88KT0PRI H0B0B 

ft,JtepBHIIH CHJISIIH, ll0CK0JILKY 8TJJ aiM>eK'l'H npHCYTCTBYIIT B paBB0R 

•epe NIH a.itep, 6JIH8KHX no aapw.. 

IlpJJ 8H8JIR3e axcnepJJMeHT0B Be06XOltlfMO yqecTL, ff0 H.itpa

llHmeBJI, BS KOTOPHX 06Bapyze& B8pR8ItJIH -z..llfllf'· 1 06Jia,1ta11T 

C06CTB8BBHII na.itpynOJILBHM MOlleBTOM, T.e. CT8TJiqecKOI .ite~p-

1181Uf81. B npaB1t11ne, 11 8T0 IIOSeT nocnyDTL npatDIBOI BeK0T0po

ro CHCTeM8TJiqecKoro R8MeBeHHH ~.~· C pOCTOM CTeneuR .ite(J)op

•alUIH R.itep-omeB~. HMeBBO noa,0111 B .it•ccepTSJ:tHR 3T0T Bonpoc 

paccMOTpeB oco6o. 

JqeT lUOJRBHR cTaTnecx.oR .1te(J)op11a1t11• ( § 4) Ba cneue ynpy

roro pacceaHRR 6HJI BHIIOJIBea .ztJIR nyx CJJyqaeB / 3, 4/: 

I)Ec.n ••• •¼; 2)Ec.n.11. >Va. 
J 

Ilpx Ec.n. 11.• Va , B corxacH c JI0I'IIK0I ltlf(J)pa1t1t110BB0I 110-

.1ten11, pacceHue 6y.iteT onpe.iteJIRTLCR cpe.itBH BBneBlleM pa.1t11yca 

( 'lo.,,,,. ) "TeBB" - npoeKitH 06.tacTR CIIJILH0r0 B88HO.ite1CTBRR 

Ra nxOCK0CTL, nepneR.ltllityJIRPRyll OCR CTOJIKHOB8RRR. Ycpe,JtReRRe 

CJie.1tJ8! npoR&BeC!R no Bee• OPR8B!8ItJID OCR CIID8!pRR R,1tpa

o■eB11. Mono npHRR!L, tff0 o6Jiac,L CRJILBOro B88R■O,Jt8IC!BRR C 

xopomel !0WOC!il) onacHBae,ca 8JIJil!llCOR,JtOM BP8.8RRR. Tor.its RR

terp8ll, Boauxa11111111 B npo1te.1tYJ)8 ycpe,1taeua, RMee, BR.it 
~, JI'/, 

RW- = f J S1118d1f[rr£/sin1~(&)1t:Ds',J"d!I (I) . . , 
rl{e 

a'. a [ 1- e1cos'81"' I'= I , - 60JILR8ft R M8Jl8R llOJIJ-

,: 
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OCH npoeKIUIH "ten" o6JI8CTH CIJILBOro B38BII0.ite1CTBHR, 

E .,,_ (l-1'/aif- ee BKCiteBTPHCHTet. 

BH'lllllCJieHBR, np0Be.1tea111,1e no (J)opa,yne (I),He npHBeJIH K .,,. - ,,.,, .,,,,. 
H8MeBeHJJH11 BeJIB'lfflBl,I 'l. , T.e. t. "' "f.pb C 

T0TDI0C!LE .JtO TpeTLero 8H8K8 BKJIEtDIT8JILH0. 

TenepL o cny11ae Ec.n.u • .,,. V. . IlpeQe Boero oT11eT1111, 

ffO Bae5nm.itaem 11acmTa6 0TBOCHTeJILB0ro HalleHeHHR BeJIH'IIHH 

i • .,,,.. llaJI H C0CT8BJIR8T ?-I()%. Pa3B0CTL ae noxyocel 

8JIJIHllC0H.lt8 8~KTHBHOI 3081,1 CHJILH0ro B38HII0,JtelCTBHR, C KOTO

pol, B npHHitHne, 11ory, 6HTL CBR38Hl,I B8PH8ItJIH BeJIHqn1,1 t.¥1'· , 

npx6JIHeHH0 paBHa I,2-2 § • 8TH ItH(J)p1,1 YK83HB81!'.r Ha Baa
B0CTL yqeTa (J)opw peaJILHHX (ityJIOHOBCltllX) TpaeKTOPRI qacTHit. 

C ,1tpyrol CT0P0BH, nocK0JILKY .itJIIH8 B0JIHl,I HSJieTam~ero HOBS B 

c.n ••• (c TSKOI aeonpe.iteJieBH0CTLE (J)■KCHPJIITCR K00PltlfB8T1,1 neu

Tpa Macc1,1 THenoro aoaa) A- ::: 0,1 f <<a-I, 11000 yTBepa.itaTL, 

ff0 TpaeKT0pHoe onacaHRe RUR8TCR .Jt0CT8T01UI0 xoppeKTHl,111 

npH6HzeHBe11. 

Ce•elC!B0 ranep6oJI np1 (J)BKCHP0BSHHOI anepraR B8Jl8T8E

•ero ROH& 0,lt1103H8'1lHO 0DRCHB88!CR napaReTpo11 .f(4f)-nepare

JI■e• ityJIOR0BCK0I op6R!Y. H B ,Jt8BH0M CJiyqae He06X0.ltllll0 BBITR 

,o 8H8'1l8De, (8, '/), DPR K0TOpOM Dp0RCX0ltlfT IC8C&HBe 8JIJIBD-

ca - ce11eHRft BORY R,Jtepuoro B8811RO,Jt8ICTBJJR DJIOCK0CTLII peax

J:tllR - ■ r11nep60JIY,'1 ycpe.ltJlll!i 8TO 8B8'1l8De no BCeM opR8HT8-

ItRD Rl{pa-1111■8O. IlpoBe.iteBBYI pacqeT RB 3'1'0M oxy11ae Be npa

BH K aaMeTHOMJ JMeHH8BII) BeJIHIIIIH i/f'f"• C p0CT0M napa

■eTpa KBS,JtpyDOJILHOI .lt8~P118.llllR R,1tep-■11■eHH (aanpaMep, ,ltJIR 

ll¥Sm(}.rtO)S)(~:jJ/R::o.s'!. ). 
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0Tll8THII IlpH STOii, trrO,KaK 6WIO IlOKS3SHO B ps60Te E.B.MBO

IlHHS / 5/, HaJIH,me KOJIJl8KTH11HOro ~BHZeH■ ff (BH6P8ltBOHHOro HJIH 

BpaotsTeJII,HOro) B ff~pe BCer~a IlpHBO~T K ~OilOJIHBT8Jll,HOJIY paa-

111,ITHIJ rpaHHUI,I ff.lips: A -- -X.• l::£ , r~e A. -napa11eTp 

~H~~Y3HOCTH rpaHHnl,I ff~pa (o~HH HS IlffTH nspaueTpOB, HCfiOJII,3Y-

e111,1JC ~ff 3S~8HHff 8Jl8118HTOB 118TPBUI,1 s. HS cnyqsl ff~ps C paa

Ml,ITl,III xpaeu). J!nff ceqeHHff ynpyroro pacceffHHff aTo oaHaqaeT, 

'ITO rs(,,}-eJ1,P(-~l1•const) nepexo~T B CT(ll-)-l!J(P.[·(a•laJ·ll•constJ, 

T.e. alW!eKT ~OilOJIHHT8JII,HOro p8811l,ITJtff ~elCTByeT B aanpaBJieH■H, 

o6paTBOII ~8KTY ~H811H'l8CKOI ~eJop11a1tBH. Jl,nff paCCIIBTPHB88MlilX 

H8MH cnyqaell H3118H8HHff OTHOW8HHJl 4 i.,,,./ i:.,,,.. H3-38 ~OilOJIHIIT8JII,

HOro pa311l,ITHff rpaHHUl,I ff~pa COCTaBnllllT npeae6peuwo 118.JI'Yll BBnH'lHHy: 

4t"!"/i:"=J0•4 -:- JQ·Sy. ~ 

IlOCKOJII,KJ HBJIH'lH8 CT8TH'l8CKOI ~eJOp118ltBH y ff~ep-MHmeHH 

He llPHB8JIO K llBPHBltBffll llBXHllHHl,I 1.."1¥ t 6Wl8 paCCIIOTpeua 

(§ 5) ~pyraff B03110ZH8.11 npHlll!HB - ~eJopwpye110CTI, ff~8P-MHW8H81/J, 4/. 

Jlnff aToro 61,!X HCfi0JII,30ll8H 118TO~, onzcaHHl,II JI pa6oTe / 6~,H yq

T8Ha,now110 ft -~eJOpllBIUil ,B03110llHOCTI, Jl08HHKHOJ18HHH r -~e-

. Jop11a1U1Ho IlpOffJIJIBHHff nocne~Hel CJl8~8T OD~8TI, np1 OpHeB

T8UHffX OCH CHIIM8TPHH .11~pa-wmeHH JI o6JI8CTH yrJIOB 8 Cl f . 
Qqe:eH~Ho, q'!'O H3118H8HH8 alWlBKTHJIHOro ps~yca CHJII,HOro 

ll3SHII0~8ICTJIHff, o6yCJIOBJl8HH08 BOSHBKH0ll8HH811 ~HauqecKOI 

~eJop11s1tBH, 11oaao aanzcsTI, B :ez~e 13,41: 
0 R ilf'7IJJ = R""'rB,}.,¥=0)- R¥frB,/J,¥J = 

: R01 (S/t,w.)tJ,{J.P, (Cosl})-JJl'z (Cosll)•JJ¥Sin 18) • 

Ilpe~Il0JIOll8HHe O KBS3HCTSTH'l8CKOII xspaKTepe npouecca 

8 

(2) 

CTOJIKH0ll8RH.11 Il03ll0Jlff8T lll,l'lfflCJIHTI, 3H8'l8HH.11 nsps11e'l'pOB ft H ¥ • 

nnff 8TOI nenH aeo6xo~Jtll0 npH KS~OII ~HKCHPOBSHBOII 8HS'l8HHH 

PSCC'l'0.11HHH /? 118ll~ HHIIH O'l'1,1CK8TI, /J H j' , o6ecne,m:es-

lJJIIJ[8 IIHHBIIBJII,Hyll ll8JIHllHHy aaeprHH, ffllJlffll!IIYIJC.11 CyYIIOft aaep

rHH ~eJopusnHH ff~ep H aneprHH HX KYJIOHOJICKOro ll38HIIO~elcTJIHff. 

B1,1paaeRHH ~f[ /J H "(' , JIXO~HB!He JI (2), ■1181JT l1Hi3, 4/: 

jJ ~[p.- ~P,(cossJ][t-i(f,lsin'eT~ (3) 

r= 1/ g Sin'o[,-/(t)Sin 48].LA-lPz (CosOJ] (4) 

r~e 
l.nl _ Jz.z,.e ~., ,,,,. -,,,. R .fT J 

K-z'{sii'(HWJJ, R = ~f' { /+ i!ft .P• Vfi f;(Cos8) 

Hal~ean1,1e TBKHII 06psao11 auaqeHilll napaueTpo:e JJ H Y HcnoJII,

aymcH ~anee ~ff npo11e~eHHH cne~1111tel HTepaJVIH HT.~. B HTO

re, nOJ.IJ'tDIB cxo~Hoteectt K onpe~eneanouy G R""'re) pemea11e, y~o:e

neT:eoptt11111ee YCJIOJIHIJ conpHKOCHOll8HJIH no:eepXHOCTel ~ep, aeo6-

XO~IIO ycpe~n•n ero no yrxy 8 • 

Ilpo:ee~eBHH8 pscqeTH ~anT Y~Oll'Jl.8'1'llOP■TeJII,HOe OilHCBH■e 

axcnep111eaTuI>mrx ~auaHX 121. 
B 3TOI CBH811 OTll8TBII, 11'1'0 :eap■a)VIR JleJin■HH ,,__,,,,,. 

neanaqHTeXbHH R COCT8JIJIHIIT :ecero H8CKO'Jf.~KO nponeHTOB (Ha

npz11ep, o'f 'l.6f'f'. , ycTaaoueHHoro :e peaKJV11t Ha 
10•pb ). 

C 8'flll Cllff38HH OCHOJIH!,18 TPY~HOCTH KSK BX 8KCilep■ll8HT8JII,HOro 

o6uapyzeHBH, Tax H TeopeT■qecsoro 8H8JIH88 pe3JJII,TaTOB OfiYTa. 

Hall npe~c'f8JIJIH8'fCH, qTO oxoaqa'f8'Jf.I,Hl,II Jll,IBO~ 0 peSJIH3SJ:tllH Hll

'Jf.8HHH l!BH811Hqecxon ~etopKa)VII MOZ8T 6H'fl, c~enaa JIH■b IlOC'Jf.e 

npo:ee~eDH oonee TOQHX axcnepH11eHTOB. Jl;n:tt aToro oqeHI, :eaa

no qeTso :e~e'lf.HTI, xaHan peax~••• B KOTOpoK npe~nonaraeTctt 
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06HspyDITL npOffBJl8HH8 ~e~OpKSUlfB H~ep. Ilo~qepKHe■ npH STO■, 

qTO XOTff a(Jlq)eKT H USJI, HO ero BayqeHH8 KOZ8T OKS8STLCff ~OCTS

TOqffO BSEHHK ~ff H8BJleqeHHff ~8TaJILHOI HB~OPKSUJIH O noBe~e

HBH ~e~opus~HOHHoro fiOT8BUlfSJIS (§ 6), CTOJIL BSaBOI B8J1Btffl

HH, HCfiOJIL8Y8KOI npH IlOCTP08HBI KOJIJ18KTBBBJ,IJ[ KO~exel ff~ps. 

B aaKnmqeHHe rxaBH ~SH SHSJIH8 BJIHRHHR CTeneHH BeS~SGSTlq

HOCTB HS npo~ecc pscceRHBff, S TsK•e CXO~HKOCTB HT8PSUIIOBHOI 

npone~pH OTHCKSHlff R.,i,. (YCJIOBHH C0ilpHK0CR0B8HJIH ff.-ep) • 

BT0PSR r~SB8 ~ccepTSIUIH TSK•e Il0CBff.8HS K0U8KTHBHHM 

8~8KTS■, RO oGyCJIOBJleHHHM y•e ~elCTBH8M ff.l{8PHHX CBJI. C~p

yYJIHP0BSBS M0,l{8JIL rxyG0KO Beynpyroro y.l{sps (ynoTpeGJlffR 

CJIOBS "rxyGOK0 HeynpyraR y,l{sp", UH X0THK Il0,l{qepKHyTL, qT0 

peqL H,l{8T O 8BS11HT8JILHHX no 8H8Pl'IIH KOU8KTHBBJ,IJ[ B0aGyQeBB

RX R~ps B OTJIHQ8 OT ycTSB0BHBmelcR TeplDlBOJI0rBB ~ff npo

neccoB Heynpyroro pscceRHBH, K0r,l{a HM811T B BH~ B0SGyQeBHH 

HHelmHx C0CT0HHJII H,l{pa). 

IlpH oGyqlfl,IJ[ YCJIOBBHX oGpsa0BSHHe K0KD&yB,l{-R,l{P8 ( G'c ), 

KSK IlpaBRJI0, flBJift8TCH BSH60Jl88 BHT8HCBBBH■ KSH8JIOM peSKIUIB 

C yqacTR8■ TR.8JIHX I0H0B. IlpB ST0M 8CT8CTB8HHO HayqsTL 0CH0B

HH8 88K0H0■8PBOCTH oGpsaoB8BBH so■nsya.--c■cTeMH B pess[UIB 

~8Jl8HHR ( 6j ), IlOCK0JILKJ ~ft ,l{8Jlll-■XCR ft,l{&p 6'1 ::C (S'c • 

CBCTe■aTBqecne 8KCil8pB■8HT8JILIDl8 BC~8,l{OB8DH, IlpOB8-

~8BHH8 B !RP OHRH,noxaa8JIB, uo OTHOC■T8JILHHI BHXO,l{ 0CKOll

KOB ,l{8Jl8H■R ■OUT 6HTL xopo■o OilBC8H ~IIK[Ulel rsyccs C 8,l{IIH

CTB8RBYM naps■eTpo■ <A'> - DOJIJDP■BOI M8CC0BOro pacnpe,l{e

Jl8DR. IlpR 8TOM GH.10 yCT8BOBJl9H0, uo C!8T■CT■•ecxaa ,eop■R 

paona,l{a He ,l{89T J,l{0BJl8!B0PBT8JILHOro 0D■CllHIIR DOB8,l{9R■R <A1> , 
,l{JIR OGJ18C!■ Zi), > 37 - 38 BR np■ K8KHX BSP■8[UIRX napa■eTpOB 
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B psayllHHX npe,l{8Jl8X. Boa■ODH P83JIBqHH8 pemeHBH 8TOI npoG

Jl8MH. B STOA rxaBe pscc■0TP8RS p0JIL npo~eCCOB npa■oro THilS 

B pe&KIUIH oGpas0B8HBH (§§ 2,3) C0CTSBBoro fflP8 Bero IlOCJl8~1)

~ero pacna,l{a / 9,IO/. 

I. XapaKT8PROA ocoGeHB0CTLE peBKIUIR C yqaCTB8M TffZ8Jll,IX 

HOBOB f!BJIH&TCH pe8JIH38IUIH G0JILIIJIX yrJIOBHX K0M8HTOB CHCTew. 

CT.8JIKBB8HCL C H~pou-UHmeHLE, Tft.8JIHI HOH BOBJl8KS8T ero BO BPS

~8T8JILB08 ,l{BHEHBe. IlpB 8T0M, KSK GHJI0 Il0K88SHO B paGoTaxfII-I2/, 

oGpaaOB8RH8ft T8KHM oGpaaou xpalae HeCT86HJILB8ft CHCTe■a, HS

lfflH8ft c HeK0TopoR BeJIHtDIHH ll!J. lq., no,. ~elcTBHe■ GoxLIDHx 

neHTpoGeSHHX CBJI ,l{0JI.H8 npeTepneBBTL GHCTPHI pa8B8JI. OqeBH,l{HO, 

qTo ceqeoe npauoro ,l{&Jl8HHff 6j.-"'·"· Gy.l{&T onpe,l{8JIHTLCH 

TOI qacTLE IlOJIHOro ceqeHBR °'~-~- , KOTopaa C0OTB8TCTBY8T 

CT0JIKB0B&HRRM C nepe,1tsqel yrJIOBOro MOM8HTS e ._ e.,_. C 

yqeTOM RCK8EHHA Tp88KT0PBA H8Jl8TSl)IJIBX ff~ep, BHOCBKHX Ky

JIOR0BCIOIM noxeu, ~ft 6j,-· B■ee■ BHpsaeHR8 

,,,,__,,_ Zal )_r.-::;r, I\ ~1-!l'-A'\ 
~ (E> 2 X(E) E J1t-r(o1.ceo,:r,:;.-A t-J:I' "/"¥•(5) 

• 
EeapsauepHSR B8JIBUHS fl BHPS•aeTCft qepea KPBTBqecK08 8Hsqe-

HR8 yrJIOBoro M0M8H!S: 

A.., e",,_/Ka, /(:-/; [2f'(E-V.)l ,._ (6) 

Kpo■e Toro, B-~OPIIJ'll& (5): 

{ 

(, BCJIB 

£ • ~I-N .. ,ecnH 

f < -.r,=-;r 
I 

( > {t- l\l •. 
(7) 

II 

" 



ButrncHeHHR, npoBe.1{6HHHe C yqeTOJI pe8JlH88IOIB KpHTHqecKoro 

yrnoBOro uoueHTa .l!JIR peaKnHI '2c , zo/1/e , 40Ai Ha u~, He 

npHB8HH K Y.1tOBH8TBOpHT8HllHOMY OllHC8HHn ,1{8HHHX no mHpHH8JI Jl8C

co:soro pacnpeJ{eHeHHR < 1/-> • 0CHOBH8R npHlDJH8 Jl8HOCTH BKJl8,1{8 

M8X8HH3K8 llpRYOrO .1{8H8HHR H3-38 e~,-. 38KJIEqaeTCR B TOY, 

qTO B HCCJl6~6111,1X peaKIU'[ltX RJ{po-MHmeHL Huee'l' 60HllmHe paaue

pu H BBC H, CJl6,1{0B8T8Jll,HO, ero YOYeHT HR8PUHH B8CI,Y8 BeHHK. 

IloaTOMY B ,1{8HHOY cnyqae neH'l'p068SHH8 CHHY B8CI,Y8 YSHH H He 

B COCTOHHHH "oTKpHTI," J{OCTaTO'IUIO IIBPOKO K8H8JI llPRUOro ,1{8Jl8-

HHR. QqeBHJ{B0 1 CJl8~8T HCK8Tll ,JtOllOXHHT8JlllHH8 ~KTOPH, YB8XB

llHB8EDUl8 ~KTHBBOCTI, STOro KaHaxa. 

2. B CBR3H C S'l'HU 6HXa paccKOTpeua JtpyraR B03YOD8R K8p

THB8 BKJlnqeHHR npRYoro K8BSH8 npH CXe,lO'EDUIX HCXOJ{HHX npe.1{

llOJIOll!8HHRX / 9/. 

a) TRS8XYI HOH B YOU8H'l' Y.1t8P8 nepe,Jt88'l' J{OXE CBOel Klil

B8TH'Q8CKOI aHeprHH HeKoTopol qacTB R.1tpa-11neuz M.,.,. . 3.1tec1, 

MOSHO npoBeCTH 8H8JIOrHn co B38HU0.1{8ACTBB8JI 8HeprB11HOro npo

TOH8 H RJ{pa: B nepBHI uoueHT llpOTOH C B8H6OJII,■81 B8PORTBOCTI,E 

If8P8.1{88'l' CBOn aueprHn OJ{HOyY 13 BYJUJOBOB, BO Be BCeyY fl.ltPY 

KSK nenouy. 

6) HaxeTeBmHR HOH norxo.aeTCR B 30B8 B38HJIO,Jt8ICTBBR. 

9TO npe.JtUoxoseHHe 6CT8CTB8HHO, T.K. ceqeHB8 pacceBBHR Ba 

60Jll,MR8 yrJIH Y8JIO. Tor.its, Ba OCBOBe 38KOHOB coxpaR8HIR 8B8P

rRH H HYllYJlllC8,H8TPY:ztHO BYtDICJIHTI, 3H8prHn .Jt:BIS8HIR T cryc~-

K8 ( Nlf"I' ... Ar ) B HanpaueuBR, napa.uenuou ocz cH1111eTp■- upa

YHmeHB. EcnR yrox Y8S,10' OCI,E CHYU8TPBH R,Jtpa H uanpaBJl8Bl8U 

y.Jtapa paBeB 8 , TO: 

i ~ Af Er Cos'S (8) 
M,,, .. 11, ' 

. ,,,~ 
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r.ite E1=Ec.n.u-V. - KHHeTHqecKaR aaeprHR B YOYeHT y~apa. 

B COOTHOmeHHH (8) Maqllp. YOSKO llOHHU8TI, H K8K BeHHllHHy; OllH

CHBanicn HHepIU'[OHHHe CBOIC'l'B8 RJ{pa-YHmeHH, BCllHTHBan.ero .1te

~OpY8IOIE KB8,1tpynOJ1I,HOro TBna (K8K H8H6onee HHT8HCHBHyn), HH

;11ynxpoBaHuyn TRS8HYU HOBOJI. 

B) Ilpe,JtllOJIO:UJI ,1{Mee, 'QTO 8T8 aBeprBR nepexOJ{HT B 8B8P

rHn /3 -KOH868HHI upa. IlocKOHllKY nep8.1{8HHHI B HanpaBH6HHH 

OCH CHYY8TPHH RJ{p8 HYllYHllC llOPOS'A86T J{BHSeHHe, KOTopoe HO

CHT opraHH30B8HHYI xapaKTep, T.e. HYeeT Bee qepTH KOHH8KTHB

Horo ,JtBHS8HHR, a RJtPO np11 He CHmKOU 60JII,fflHX 3HaqeHHIIX fz 
MOSHO paccuaTpHBSTI, K8K H8CDMaeyYn KallJln, TO 'l'8K08 npe,Jt

nonoseRHe npeJtCT8BJIR8TCR pasyYRHK. Teu 6onee, KSK 0Tueqanoc1, 

BO BBe.1{8HRH, B38HUO.Jt8ACTBHe ocy.eC'l'BJIR8TCR nyTeK Henocpe,Jt

C'l'B8RHOro KOHT8KT8 U8ll.lcy' 60JII,mHMH rpynna11H BYMOHOB. IlpH 

STOY 6y.1{ell ClfflTan, q'l'o 8CJIH nepe,1{8HH8ll OllHC8HHHU BHme cno

co6ou aueprHR YJtOBJl8TBOPR8T YCJIOBHE T - ~>0, TO RJtPO C 

Re06XOJ{HUOCTl,E nepeBOJ{HTCR B COCTORHHe, pacna.1tan.eecR no 

K8H8JIY ~8Jl8HHR ,1{0CT8T011HO 6HCTpo, T8K qTO CT8,1{JIR ycTaHOBXe

HHR nonHoro T8PU0,1{HH8UHqecKoro p8BHOB8CBR RBJlll8TCR COBepmeB

HO Re06R88TeJII,ROI. nxR ceqeHBR llPRKOro ,1{8JleRBR H8TPY.JtHO no

JlyQTI, BHpaseHHe / 9/ 
,=.,"P,.· J- !!al f.(ttzt:Sinf +Vt-€')-(""t:Sin(fCosB.,J 
vi (E - Z LI E f + 

.,. COtlBK,. r1-E'eo,'s"'.>"9xre) , (9) 

8. =au:tm[( A...£_)-~V.'n1 . 
"' !1~•11, 'f .J 

3,1{eCI, 8..,- K8KCHK8JII,BHA yrox (ero "KPIITHqecKoe" aHaqeHHe), 

npH KOTOpou llpRMOI uexaHBSK ,Jt8J1eHHR e~e BOSUOll!eHo 

B llpOTBBHOu cxyqae H8JlHllH8 6ap1,epa ~ npellRTCTByeT 

6HCTpouy paaBSJIY CHCTellH H peanHayeTCll uexaHHIIII ,Jt8Jl8HRR, 
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cy•eCTB8HHOI CT8,1{Hel KOToporo RBJIR8TCR o6paaoBaHHe TepM0,1{H

H8MHqecxoro paBHOB8CHOro K0Mll8YB.zt-H.Jtpa. COOTB8TCTBYDl!88 ce

qeHHe paBHO: 

GjC£)•fat['11cS';(tc,,s~J.,.CosD,,,.{f-tzCa.r~.)~ J X (E ). (IO) 

ABSJIHS 3KCilepHM8HTOB C noaanHI C~OpyYnHpOBSHHOI MO.ztenH npH

Ben K Y.ztOBneTBOPHT8n:&BOuy OilHCSBHII ,ll8HBHX O IlOB8,ll8HIIH < A1
) • 

8To 060TORTen»OTBO yK83lilB88T Ba BSSffYII pon1, npRIIIil DponeoooB 

B XO,lle peaKnHH onHRHHR onomrax R.ztep. 

B aaKn11qeHHe rnaBH paoOMOTP8H BOllpoo 06 yrnOBOM paonpe

.zteneBHH llpO,llyK'l'OB paona.zta COCTSBHOI OHCT8MH. IloOKOXltKY MO

,ll8Xlt llpe.ztllonaraeT B xaqecTB8 npouesyToqHOA CTS,llHII CXHRHHR 

R.ztep, To cne,llyeT ou.ztaT1t, qTo yrnoBoe pacnpe.zteneaxe npo.ztYK

TOB paona.zta B DPRMOM KaHSJI8 6y,1{8'1' ona6o OTnaqaTltOff OT ony

qaR, KOr,lla M8X8BB3M llpRMoro ,ll8X8HBR HrpaeT npeBe6peDMO M8-

ny11 pon1, • 

B TP8Tlt81 rnaBe ,llHOOepTaIUIB o6oyll,llallTOR 0n8,1{0TBBR, 

o6yonoBn8HHH8 llpRIIHM K8H8JIOM ,1{8X8HBR. B '18.0TBOCTB, ,ll8R K8-

q~cTB8HRHI 8B8JIB8 BOBMOUOCTH BBBJieqeBBR BRfOPM8IUIB O B8D-

1DIR8X 6ap1,epoB ,1{8X8BJIR llpOKBBDnltBID: R.ll8P /l3/ (§ l), a Taae 

BKOD8PBM8HT8Jllt111D: ,1{8RRHX O ,1{8X8BJIB 'l'RZUKl R.1t8P BS 'l'PB 

tparaeRT8 cpaBDMOI M8CCH (§ 2)/l4,lS/. B CBRBB O BOllpOCOM 

0 cpe.ztRel DR8TlqecxoR BRepl'l:B llpO,Q'K'l'OB ,1{8X8DR B llPRMOM 

K8RY8\ B (§ 3) paccao'1'p8HY R8K0'1'0pYe 8Cll8K'l'H ,llllB8DD pa&Ba

na '1'RD:lla R,ll8P II M8X8D8B paa6poca DPO.Q'K'l'OB ,1{8X8RIR (Dpo

necoa, B H8K0'1'0POM CMYCJle, 06pa,uoro CJIBRDII) no COCTORDRB 

KOXX8K'fBBBOro ,1na. Corxacao ,oue apeB■R I np■BRTOI B B8CTO-

. -.": 
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R•ee BP8MR /l6/, 06HQO nonaram, qTo aueprBR BOB6yM8HBR oc

KOXKOB .zteneHBR R,llep (BaDpzaep, B8ITPOH8MB aanol aaepraa), B 

OCBOBROM, o6ycnoBneHa BX .ztefopaanael B MOM8BT o6oco6neHBR. 

Haa6onee BHT8~CHBHOI KOMllOH8HTOI STOA ,1{8~PM8IUIB RBXR8TCR 

KB8,llPJDOXltH8R. B ,llMltRelme• MY orpaHHQMCR STBM np16J!HZ8HB

e• /IO/. 

Ilp• .zteneHJ111 o6paaymcR na R.ztpa-ocxonxa, •ew x0Topu11J1, 

_DOMBMO •o•HYX KYXOHOBCKIIX CBX OT'1'8JIKBB8HHR,.zt8ICTBYJl'l' H R.ztep

HY8 CBXH. q8CTlt B38BM0,1{8ICTBHR, 06yon0Bn8RH8R .ztefopaanael 

o.ztaoro •a R,1tep, npHB0.1tR11el x aaaeaeaa11 ero pa,lllyca R, ua 

B8H'IIHHy ll,(SJh)"J /J (COS 8) , · IIOZ8'1' 6HTlt 88llRCaHa B BB,1{8 /IO/: 

V. rRp)~ (S/4'/l)~ R. Pl(ase' qp.[(K-~,J . A. (II) 
.a. , oe. • , z \c r; { /+exP. ( 'ti. ·)J' .,, 

Tau• 06paao11 ,BB8HM0.1telcTnHe V,ra. ( fl,p) , IIB.zlYIUIPY•ee Boa-

6yir,1teH1e, B Hamea np116.1111zeHD HHBIHO DO Dapaae'l'py /J • 
Eon•, xpo11e Toro, orpaBB1DlacR rapaouqecua np•6JI•na1e11 

,l!XR BBeprHH .ll8WOPM8IUIB R,llpa-ocxoxxa, TO B08HBK88'1' H8B8CTB8R 

aa.ztaqa 06 OCIUIUR'1'0pe, Ha KOTOpHI ,ll8ICTBJ8'1' BB&mHRR CHXa, 

8UBCR.8R 0'1' BP8M8HH f • Ilo,1t06HaR CRTy8IUIR yze pacc11aTpH

B8X8Clt B pa6oTax /I?/ o ,llJIHaMBqecxol .ztewop•an-• R.ztep • xyno

aoncxoa ,ll8X8HBH. 8aBRCRIIOC'1'lt BBIIIM0,1t8IC'l'BRR OT BP8M8HB on

pe,1tenR8'l'CR 38KOHOM RH8H8HIIR 11( t) • 
BepOR'l'HOCTlt B086Jll,ll8HBR fll!.! BH6p8IUIOBBOro COCTORRHR 

0Dpe,1t8XR8'1'CR COO'l'HomeHHRD 

Wn • ~ ( 11~)" hcP (-~) 

'Ii' c.,.W• 1. (A a )1\1 
\. ZC • 2 C ,.,,·JJ•(D~ , 
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r,11e 
00 

JJ, = Tc J Y,,-a( R(t))Sin(w.t)d.t, (14) 
0 -P, =ff °¼a. ( R(t))[O$(w.t)dt, (15) 

0 

a C - KOajlq)HllHBHT ,11e~opMaUMH H,llpa-ocKOnKa. B ~op111ne (13) 

p
0

{0)0TYCKHB88TCH MS ycnOBMH 

jJ.(o) == V.,i~~ft=O)) (16) 

~nH R(t) IlpMHHTB mMpOKO MCnonLsyeuaH napaueTpMSBllHH KJXOHOBCKOA 

op6MTY /l8/: 
R :.0( (Ech Vl+I), 

t ~ fa sh W•W). 

BunonHeHHY8 Ha STOA OCHOBe pacqeTY H8llJIOXO cornacyDTCH C 

3KCnepMM8HTMLHYIIM ,ll8HHHMM no SHeprHM B086YE.118HHH H~ep-oc

KOnKOB .11eneHMH /l9, 2u1. 
C ,11pyroA CTOPOHY, npoBe~eHHYA aHanH3 BenHqHHY SHeprHH 

OCKOnKOB ,11eneHHH B npHMOM KBHane (E::~, IlpHBO~HT K H88H8-

qHTenLHOyY OTnHqHD OT BenH'IHHY (Ei!:T) B CT8THCTHqecKOM K8-

HBne. 

B KOHUB rnaBY (§ 4) paccuoTpeHY H8KOTOPY8 BOBMODYe 

npOHBneHHH ~HayHqecKHX 8(pq)8KT0B B xo~e cnHHHHH ~Byx KB8H-

TOBYX CHCT8Mo 

HTaK, cyMMHPYH pesynLTBTY, OTM8THM HCKJIDqHTenLHyD BBE

HOCTL MCCX8~0B8HHH ponx IlpHMYX npo~eccoB B ~•HaMMK8 CTOnK

HOB8HHH cnOEHYX H,llep. 

(17) 

B saKnnqeHHH ~HccepT81lHH MY OCT8HOBHnHCL Ha cneuH~Ke 

TeOpeTHqecKoro aHMHSa npo6new BS8HM0,118ACTBHH cnouux H~ep. 
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. I., 

OcHOBHYe pesynLT8TY ~HCC8PT8UHH co~epzaTCH B pa-

60T8X / 3, 4, 9,rn, 13, 151 H ~OKJI8~B8nHCL Ha xxn esero~HOM COB8-

.8HHH no H~epHoA cneKTpOCKonHB B cTpyKType 8TOMHOro H~pa. 
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