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: lfaTepec K: TeOpHH · Heynpyrnx· B38HMO.Q9fiCTBHfi: 6biCTpbiX HOHOB renHSI 

C smpaMH B . H8CTOSIW99. BpElMSI CTHMynnpyeTCSI C03.Q8l!H9M ·_ny'IKOB Bb!COKO-. : 
> aH.epreTH'I9CKHX a -'IaCTH~~ Ha yCKOpHTenSIX ( B 'I8CTHOCTH1 :: B: ,Uy6ae) 1 a,.T8K)K9 

B8)KHbiMH npHKna.QHbiMH 38.Q8'I8MH paciieTa pa.QH8UHOHHOfi 38WHTbl OT KOCMH-

'I9CKOI'O H3nyqel!HSI., . ·. 
. - /1,2/ . . . . 
. · B pa6oTax. ·: - · .llnSI pacqeTa; aeynpyrnx BbtcoxoaaepreTnqecxnx· BsanMo-

.Qeil:cTBHfi- a.+ ·g.Qpo :5i,mn 'npe.QnpHHSITbl nonbiTKH· ricnonb3oaaTb ''MO.Qenb ·BHyTpH

SI.QepHblX K8CK8.QOB1 ' XOpOWO onpaB~aBWYIO .ce6si B cey'q~e:'.HyKriO~- H 'mroa-•:: 

st.llepHbiX cTonxHoBeanfi~ BsanMo.Qeil:cTBHe a .;;,qacTHUhi 6 BHyTplm.QepHbiMn ;.:o: 
... ,,, ~ '\. ~· '. 

HyKnOli8MH npH'STOM paCCMaTpHBanOCb K8K COBOKynHOCTb 'I9Tb!pex;HeCBSI38H-

Hbi~1Mem.Qy c~6o;i0 Kac~ai:lOBi HHifUHHposaiui:biX HyKnOHaM~ d_;qabT~Ubi. Taxon_ 

no.QXO.Q MO)KHO npnMe~SIT~;-~, Ka'IeCTBEl rpy6oro . npn6'im'iKeiiii5I"B ·'ilcicTaTO'IHO .·: 

or~aHHq~HHDfi o6nacTJi aaeprnfi. B tiacTHOCTH, npll aaeprnstx' BbiWe aecKon~:.:: 
'xrix· ra~/HyK~oa, a~o6~~~hliMo 'ip~H-HMaTb: :Bo·' BH~MaHHe 'miTep~epel!UHIO: .. ;,T.Qenb-

' \ . ' 
llb!X BeTBeil: BllyTpHSI.Qepaoro 'K:ac!Cai:la Ji;;··'ITO oco6eaao' cymec-TBeHHOi"cne.Qy:2.' 

ei y'IHTbiBaTh · yMeHhllieane nnoTaocTn· 'i:icn[i' HyKnoaoB · Sinpa-Mnwean ·a a cqeT 

Bbt6n8aalis1 nx· B npciuecce pasBIITHst Kacxan/
3.41; :Uim pac~JeTa' ~eim4Jepn·,;.r'-

· qecxnx -~~o~KJio~ea~il: a~o6xomi:Mo:ytl'nibtBaTb -T-aK)Ke xaaanbt · · · il.::ianMo.iien.::. 

c;~HSI;C .ci6pa~oBaHHeM'Siilep j ;it , 
3 He 

,, 

3 



Mbt 6y.neM npe.nnonaraTb, 'ITO Heynpyroe aaanMo.neilcTane a -'!aCTHUbi 

BHyTpn n.npa nponcxo.nnT nyTeM cTonKHoaeann (ynpyroro nnn aeynpyroro 

C o6pa30B8HHeM Me30HOB) O.UHOI'O BHyTpHH,nepl!OI'O iiyKnona C OllHHM H3 HyK

nOHOB a -'18CTHUbi, nnH OITHC8HHR T8KHX CTOnKHOBel!Hii 6y,neM ncnonb30B8Tb 
/5/ 

nomrnoM.uanhllbte annpoKCHMaunn na pa6oThi . , npn aToM cne.nyeT, KOHe'I-

Ho, Y'IH'l'blB8'l'b <lJepMHeBCKOe .UBH)I{eHne HyKnOHa H.Up8-MHIIJeHH H OTHOCHTenb

Hbiil HMnynbC HyKnOH8 BHyTpH a-'18CTHUbi1 KOTOpblil B CHCTeMe ITOKOH a-'laC

THUbi. onpe.nenHeTcn na pacnpe.neneann 

W(j,) - 'exp ( ;;:,p 2 I pf) (I) 

r.ne p0 =: 0, 16 Taa/ c, 

· .l.JTO KaCaeTCH TpeX•.UPYI'HX HyKnOHOB a-'18CTHUbi1' He HCITbiT8BllJHX·· 

CTOnKHOBeHHH C HyKnOH8MH H.Up8-MHIIJeHH1 TO nocnea~N B38HMO,[leHCTBHH OHH 
)! '~ 

_ MoryT BhtneTeTb HecanaaHHhiMH .npyr_ c .npyroM nmr )l{e B 'snne KoM6naaunii 

.-'N + d 1 ,,.f , 
3 'He •. npn aTOM aaeprnn H yi'nbi aTHX 'IBCTHU onpe.nenRJOTCH, -. ' .. • -: <... ' ~ < • • • < • - • 

·na. aa.KoHoB .. COJ;Cpan_ennH ?Heprnn _n. nMnynbca .nnH .cncTeMbi a +. HyKnon .. H.npa.:. 

MHIIJeHII, nnH pac.'leTa .:aepOHTHOCTeii aTHX,_l{BHanOB pe~KUHH. Mbl BOCITOnbayeM-: 

CR H3BeCTHbiMli aKCnepnMeHTBnbHbiMH ,[l8HHbiMH0 CBO.UKH KOTOpblX. npnae,neHb! 
•. ·. /6!•'.. . . ·-· ... ·.. . /2/ 
B pa6,oT~ :. , ·~.Ta_KOH MeT?.U IT03BOnH~'JCt B OTnH'!He_.OT pa60Tbl, _;· ,[lOCT8TO'IHO 

TO'IHO onncaTb aeynpyroe a-'N aaanMo.neilcTBne .a .nnanaaone aaeprnil .no ae-
.r, ' . . ' ' .. - . ..... . ' .. . . '. ·.- .. 

(;KDnhKHX ,neCH'l'KOB_faB,_. 
c : "~' 

r-: .... -·;__: 

.. 0THOCHTenhli8H BepOHTHOCTb 'ynpyi'HX a :-:N CTOnKHOBeHHil. onpe,nenHnaCb .. 
: •.. · .... ;_ •:>••. /7/ ' ...... /8/ · .. 

no aKcnepnMeHTanbHbiM. U p8C'IE7THbiM .UBHHbiM , 

[I~P~~eTp, .. ~l!PBKTepnayJOmnii_.paaMep, unnnn.npn'lecKoii ,o6nac:rll. BOKpyr , 

TpaeKTOpHII a, -'18C'l'HUbl: ( nnn •.'BTOpH'IHbiX .H,nep t < n 3He ) 1 BHyTpn KOT~poii .,, 
•. ·; •o 1 • •• • • • •• • • ·'" ••• • ~ ' ·- • s' ., • ~ ··-

npon:cxO.UHT CTOnKH,~B~HHR C HyKnOHa~n H)lPI:l.:~:MHIIJeJIU 1 Bbt6npanCH paBHbiM ,. 

r lnt = p + 1\ , r.ne 1\ - .nnnaa .ne6poli[leacKoii aonHhi. a ::·'laCTHUbi .( nnn t , . ; . .. . ' 

3He ) , p - He aaancgmaS! oT aaeprnn aenn'lnHa, no.n6npaeMaH na ycnoanH 

4 

'') 

aanny'IIIJero cornacng pea 

aT;;o-napaMeTpa'npn6nna 
3 .• ·'· . 

n He ) , 

Bae.neHne .nn<P<lJyaaoC.· 

pn'!eCK_ne npoueccbi Tnna · 

Bee ocTanhHbte ~eTa 
:. . . . '.:. ~ . -- ' ' ·-~ :;_; ., l 

Me30H-RJlepHbiX B38HMOtle_t 

KpoMe aToro H.a,Mn 'i 
M~I· 6y,neM H83biBaTh er~· 

H3 . HyKnOHOB a -'18CTHUbl M 
- • •'- • I • • ' 1 t ' ' " ~. • ~ ~ 

MHIIJeHH nnn BbliiTH H3 H.UI 

onpe,nenHeMb!MH CKOpOCThJ 

.UBH)I{eHHH na· pacnpe.neneHJ 

nono)l{eHHbiMH B aeplllnHax 
''·• - . 

.nnnaThl aepiiJHH onpe.nenHK 
. ;· .-.:.::;· c,l' .. 
noB B g,npe. He. 

noao6HO TOMY 1 K8K : 
: ~ ! ( ;.. ":. ~ 

y'IHTbiBBTb naMeneane· nn() 

B811HH HyKnOHOB H3 n,npa-~ 

.. . :.'.' ' ' : 
pa,nnyc· B38HMO,[leHCTBHH1 ll 

llyKnOli-H.UepHb!X B38HMO,[le 

. . . Cne.nyei no.n<lepKHYTI 

CH 3H8'1HTenhli0.5onee TO~ 
. /.1,2/ . 
B ' 

Bee npnae.neHHbie · Hn 

n.npy_ <PoToaMynhCHH, HcKm 

aaeMbiX cny'laH. Bbt6op <Po 
• • • ': ~ : ~ -. :1 

B H8CTOHIIJee , BpeMH ,npyrit: 



liOJleHCTBHe a -'lBCTllUbl 

roro nnn Heynpyroro 

:yKnoHa c onH~M na HYK

:nfi 6yneM ncnonbaosaTb 

3TOM cnenyeT, KOHe'l-

-MnmeHn n oTnocnTenh-

l CllCTeMe_ ITOKOSJ a -qac-

{ 1) 

bli' He HCITbiT8BllillX 

:..:.N B38HMonefiCTBllSJ OHll 

*e s'snne KOM6HH8UHH 

tCTHU onpeaenHJOTCH . 

~TeMbl a + HyKnOH Hnpa-

eaKUllH Mbl BOCITOnbayeM-: 

,Kll KOTOpb!X npHBeneHbl· 
- . /2/ 
pa60Tbl · .. JlOCT8TO'lHO 

1rraaoHe aHeprnfi no He-

;Hosennfi orrpenenHnacb. 

£eCKOH o6naCTH BOKpyr , 

fl.e ), , BHyTpH KOTOpOH 

•;: Bbi6npancH. paBHbll\t. 

a-:-:tJacTHUbi { nnn t. , 

Jn6npaeMaH na ycnosnSI 

Hannyqmero cornacnSI peaynhTaToB pactJeToB c aKcrrepnMeHToM. ( 3HatJeHne 
< •• --~ ";"' 

aTo.ro rrapaMeTp~· rrp~6nnanTenbHO paBHt? ?.annycy a -'laCTHUbi nnn Hnep. t 
3 -,,}, ··: . " .,_ ., ,, '' 

n He ) • 

Bsen~Hn~. n~c!>c!>yaHocT~ 1 ·~~eP.~ofi rpaHHUbi rro~sonHeT ytJHTbiBaTb rr~pnc!>e
pntJecKne rrpouecCbi Tnrra cTpnrrrrnHra. 

Bee ocTEinhHhie · neT ann Mo.aenir Te *e• tJ'i'o n s cnyqae nyKnon- n 
~'! • E ~ -. • 

_Meaon-:Hnepnhi~ 'saanM.oneficTBHft. 
,\, 

KpoMe aToro naMH 6bin paccMoT~en 6~nee rrpocTolt rroaxoa Jaanee 

6ya~M naabiB8Tb _ero "yrrpodi~~llc>u ~~aenblO" j ,"~p~ .K~Topo~ Ka~~~llt. 
~-- ._.-,.. . . . ·,- . Mbl 

H3 HyKnOHOB a -'laCTHUbl MOP He38BllCllMO HHRURllpOB8Tb K8CK8Jl' BHyTpH SIJlpa-
• w ~ .·:. ~.. •• '. • • - ' ~ -; - • • • • • ';;_ - '~ • 

Mnmenn nnn BbiltTH na HJlpa 6ea · BaanMoaeltcTBHH c aneprnefi n nMnynbcoM, 
( " ... ' t•: . .. ' ' .. ·. . 

onpenenSJeMb!MH CKOpOCTbiO a -'l8CTRUbl H HMnynhCOM ero OTHOCRTenbHOPO 
:·. • ·; :·, , t , < .... 1 •. :· :·.··· . --~ • :. ,:· ,. 'n·.~- , \_ ·:. · , · :; . . i 

asn*eHRH na pacrrpeaeneHnH { 1). _!-fyKn~Hbi a -qacTHUbi npeanonarannch pac-
• • • .. • ..:. ~ t_ ~--~ •• - :-;; • • . • - ' " • ' • . • 

nono*eHHbiMH B sepmnHax nponasonbHO opnenTnposaHHoro TeTpaaapa. Koop-
,_ •. :. .~.\: . - ""• . ' .. \ .· .. ' . 

anHaTbi sepmnn onpeaenHJOTCH na npocTpaHcTBeHHoro pacnpeaeneHHH nyKno-
' . "i' ., - .. _ .. ··"· ::• . -' ' . - . ,., 

HOB B S{Jlpe He. 
' .•.. '"' . ;---/34/ 

noao6Ho TOMY, KaK aTo · 6bmo cnenano s pa6oTa~. ' , Mbi 6yaeM 
/' ;:'• r " 

y'lHTbiB8Tb naMelieHn~ nnoTHOCTH BHYTPRSIJlepnhiX HyKnOHOB B npo~ec~':l B~I6n-
": ·~ 'L: 

B8HHSI HyKnOHOB H3 -SIJlp8-MHllieHn; npn 3TOM napaMeTp t , 
,.; ; '-:•' . . >;-·.:1:. •"7"",-_ -~:-.. ', :;~.,>~ . ~: ___ -:··-~-- ·~!' 

paanyc- saanMoaeficTBRH, HY*HO B~I6npaTh TaKHM *e• KaK n 
,:'- d ': ,.;~ ;: ~ !( .• 

onpeaenHJOWHlt •-

anSI cnytJaSI 
~ : •• .... ,-, : "':'t 

._, CneayeT noat!epKHyTh·,' ";~' ri~~~ TaKaSI ynpomeHHaH Moaen~ 
-CH -~~~'lHTenbHO Gi:)Ji-~~,~;O'lHhiM n!m6n~~e~neM:·'~~~ M~Jlenn, paccMoTpeHHbie 

''/.1,2/-'< ;':'t';. ,~ ·~ ·•" •' l . •. • ·,:' 

B • 

Bee npnseaeHHbie HH*e peaynhT8Tbi pacqeToB • c~~-Tse.~.~T.~Y,JOT cpeaHeMy 

Hapy_ c!>oTo~~ynhcnn:' 1-fc~~JO~~ii~e -~~~;~B~HJOT. n~~b asa cneunanbHo orosapn

BaeMbiX ~nyqag. Bbi6op c!>oT~~MynhCH.oHHbiX aaHHbiX '~6y9nosneH ,Te~, ~;~· ... 
"- !..; ~. o 0 0 ° ,· :": 0;: ; :: :•; 0 ~ "''; ; ) !, :. 0 :

0 

... 1 O :: T' ~. 

B H8CTOSIIUee BpeMSI apyrnx Jl8HHbiX He HMeeTcH._ 
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· Ha puc. 1 npnaeneHbi pac'IeTHbJe 3fiaqeHnsr cpenHefi MHo:lKeCTBeHHocTii ,. 
nHBHeBbiX H HH3KOaHepreTH'IElCKHX ~aCTHU, 

CTBHH a -iJaCTHU C SHeprneti: 'T faB/HyKnOH 

. < ~' . . '. .. ' 

o6pa3yJOIUHXCSI npn B3aHMO.lleti:-
·. . x/: 

C SI.llpaMH lfloT~~MynbCHH , . 

'06mnfi xapaKTep pacqeTHbiX naHHhiX ocTae?:csr TaKnM :lKe, KaK n B cny-
. . . . ., ... , ,. ·.. /4/:: . . 

qae B3BHMO.llefiCTBHH C. 6onee nerKHMH HOHaMH ; B 'IaCTHOCTH1 O'IeHb Ba:lKeH. 
:·; . ;--: 

alfl!fleKT yMeHbUJem1sr nnoTHOCTH srnpa-MnUJeHn: nMeHHo 6naronapsr aToMy alfl:.. . 

!fleKTy npeKpamaeTCSI. 6bi~Tpoe B03pacTaliHe MHO:lKeCTBeHHOCTH h -'IaCTHU npn 
' :· I . .·... ·. • .·., . : · .. •' . .. : , .. ." . .·: . ' : . . ... · , . : 

SHeprnsrx, 6onbUJHX HeCKOnbKHX raa. ITepexon K "ynpomeHHOH" Monenn He~ 
: . ~" ,• . - . ; : . , . 

CKOnbKO yMeHbUJaeT MHO:lKeCTBeHHOCTb pO:lK.lla!OIUHXCSI 'IaCTHU 1 O.llHaKO pa3-

nH'IHSI II~~ennKH, a nyTeM · Bapbnp~BaHnsr ~apaMeTpoB nx, no~~nnnMoMy, MD~:·. 
m) yMeHbniHTb erne. 

ITpn .'T: 100 Maa/H;Kh~H· T~·opeTnqecKoe. a~a~~~ne '!-,"' 3,5+0,2 corna-
. . . - . . : /9/ ,· ,. ·. ' .. 

cyeTcsr c ai<cnepnMeiiTanbllbiM n , = 3,8±.0, 7 • Hane>KHbie H3MepeHnsr cpenllefi 
.. .· ·. . :. ,• ... . .. . . ...... , : . _,., ·.. . . 

MHO:lKeCTBeHHOCTH .BTOpH'IllbiX 'IaCTHU npH 6onhUJHX SHeprHSIX OTCYTCTI3yJOT, . 
~ . ~ "' 

CpaBHeltne c onbiTOM pacc'IiiTamu.Ix pacnpeneneHnti: no qnc;:ny 3apsr:lKelJ-
• • , . .,., . '•l 

HbiX qa.CTHU W 
n 

npnaenimo Ha puc. 2-3. Pe:JY:nbTaTbi Bhi'IHcnelJHH no o6euM 

o6cy:lKnaeMbiM MonenHM 6nn3KH K · aKCJ~o pnMenTanbHbiM TO'IKa~. ITpn aToM . . . ~ .- ' ' "" 

pacnpenemeHnH ·wn nnH "'ynpomeHHoll" Mortonn ~.llBHHYTb; ·a cTopo~y 6onhUJeti: .• 

MHO:lKOCTBeHHOCT~, TaK KaK aaeprHH oonGy~tiOIIHSI ocTaTO'IHbiX SI.llep OK83bi-

aa10TCSI B aToM cnyqae l!eCKonbKo DhJUre, 'CnotiyeT OTMeTHTb TaK:lKe qya- .. '· 
' . \ ' ' 

· CTBHTenbHOCTb · pe3ynbTaToB pac'IeTa K m.rGopy ~apaMeTpoa Monenn n .K Kpn-
... ' ; . ·~ ., ' . ·;-..- ,. . , . 

~epHHM OT6opa c~6biTHtl, ~OTOpblO 110 BCOI"JlO TO'IIIO. oroaapHB810TCSI B !floTo-

a~~nbCHOHHb;X. ~a6oT~x: fio~~~anee ooc~·osrTO~bCT~O n~n~c;pn~;~:TC~ pe3Y:n~-
TaTaMn, npnaeneHHhiMH Ha puc. 3. 

Manag cTaTncTHKa n HeonpenonellllOCTb KflliTepnea oT6opa 3Be3n a lflo

ToaMy~bc~it .. iie ·~o3Borin~n, ;~ ·. co~anennK), -~n~nnT~ ~nK~~;..nu6o 'yaep~H~~~e· '' 
• • • ' , 0. • ~ '· ~ 

3aKnJO'IeHHSI 0 npH'IHHaX p8CXO:lK]:tOIIHSI TOOflHJ.I C SKCnepHMOHTanbHbiMH .llaHHbi-

x/ 
.3necb n nanee Mbi 6yneM npnneR:lKHBEJTbCSI TepMJ.tHonornn, o6menpn-

HSIToii B !floTOSMynbCHOHHbiX pa6oTaX, 

6 

,. 

l 

5 

l, 
'/ 

~ 3r ., . . 

2 

4 

. -... ...-,..,.,. .-. 

011 . I I I I 

2 0.5 

Puc. 1. 3HepreTn'IeCKI 
g-n h -qacTHU. Cnnou,x 

.CTBeHHO npn ycnOBHSIX 
pac'IeT npn ycnoanHx 

"";;' . 



peiUieil: MHO>KeCTB9HHOCTll 

OIIIHXCH rrpu B38HMonefi
·. · xl 
~~~ ~OT09MynhCHH , 

;t T8KHM >Ke 1 K8K U B cnr:
.S '18CTHOCTH1 ~'leHb B8>K9H 

1~o 6nar,onapH aToMy 9~:. · 
I'", ,•, • '• 

:::BeHHOCTH h -'laCTHU. rrpu 

'ITpomeaaofi" Monenu ne-
~- • • I~ •'' 

::H qacTuu, onnaKo paa-

os ux, rro-sunuMoMy, Mo>K-

!eaue '!-, = 3,5+0,2 corna

lne>KHhie H31\WpeHHH cpenaeil: 

9H9pi"HSlX OTCyTCTBYIOTf ' 

;nenuil: rro quc~y aap~>KeH-
"' . ' ' 

ii,i Bbi'IHcneauil: rro o6enM 

Ih!M TO'IK8M, flpH 9TOM . 
"J 

H~yTbi B CTOpOHY 6onhWefi 

~·c~aTO'IHbiX Hnep OK83bl-

OTMeTUTb TaK>Ke 'lyB-

paMeTpoB Monenu u K Kpu-
---- "·: < ~ . c 

D oroB~pHB810TCSl B ~OTO-

D unnrocTpupyeTcSI peaynh-

~g~'es oT6opa asean B ~o

KnKue-nu6o yaepeHHhie · 

::rrepHM9HTanhHbiMH naHHbl-

,TepMHHonoruu, o6werrpu-

l 

1 
l 
I 
I 

I 
I 

.. 
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Puc. 1. SaepreTH'IecKaH· aasucuMoCTh cpenaeil: MHo>KecTse'HaocTH ·s :- 1 

9':""H h -'laCTHUo. CrrnoWH8Sl H ;liiTpHx-rryHKTHpHaH KpHBbie paCC'IHT8Hbl COOTBeT
. cTBeHHO . rrpu ycnoBHHX n ,,~ 0 · u ri " 1>-. 2 •· TlyHKTHpHaH H · TO'Ie<iHaH · KpHBbie 
P.acqeT rrpu ycnosuHx n, .'~ 0 u n" ~~2 . B "yrrpoweaaotl:" Monenu • 

.... -:.. -:··.·,. ·:, ·;·.-; ... . . ', '"'··:· .. ;,"' 

\ .:' ~·~ I'. .: ; (' • •• ~ 

\ r~··. 



W,1o 

30 

20 

20 

....;_, 
I 
I 
I. 
I 
L_..:...l 

I 
I 

,.T =:: 87.) · MiJjuiJYtn. 
~ ---~. 

T~9ti M~/HYK~. 

I r:=== I I I T I I I __ .,. 

Puc, 2. P~~npenenenne q~~~a:: ~yqeli a cpoTosMynl,c~'o~~~i~')s.~~snd~, 'o6p·aao-. 
B8!1llb!X a -'laCTHU8MH C 9Heprneti:·'T , 3KcnepHMOHTanbHbl9 TO'IKH B3RTbl U3. 
pa6oT/9,10/, fHCTOrpaMMbl -: pesynhTaT pacqeTa, ilyHKTHpOM ITOK838Hbl 
pesynhTaTbi .. ynpomeaaoti: .. Monenn, 

·s 

~' 

J 

·W,% 

40 

fr_f: ~ 
I : 
I . 

.J .·. 

'O fl 
·'· 

20 

Puc. 3', PacnpeneneHne q 
C pa3liH'IHhlM 'IUCliOM ce~ 
'T -~ 95 .M sa/ HYKliO!I, 3Kc 

lliTpnx-nynKTHpHbie .· rMcT"al 
b ..::qacTHU BKliiO'IO!Ibl mfllll 

o6nana10T. snepl'ueti:,:TJHe. 

o6oslia'IOIIHH1 KaK Ha PH9• 



., 

1oHHhiX aBea.nax, o6p'aao:
nhHhre TO'IKU B3HTbi U3 
lyHKTUpOM IIOK838Hbi 

I 

l 
l 

.. '. ';:,,· 

j,, 

Puc. s'; P1cnpeneneHUe qeplibiX cne.noB '. B tPOTOSMynbCUOlilibiX 3Bea.nax 
C paanu•IlibiM 'IUCnOM. cepb!X 'cne.zioB n~ :3Hepriui: 'nepB'UttlibiX a..:.qacTUU' ;·. 
'T .= .. 95 .MsB/liyKnoH. ,3KCIIepUMeliTanbHbie TO'IKHB3HTbl U3 pa6oTbifl()/ • 

. W1-~ux-nyHKTUfJHhre' rnc.r;rpaMM~~-p~ccqn~anhr B npe.nnono>KeHuu, _'ITO B qucno 
. b -qaciliu· BKmoqeabr milllb' ie :.iieriHe HJ::ipa · rJ .~ t: ,' 1He u 4 'He, KoTop6xe ~ 

; o6na.n~J()T.~ sHepx:-uen,.,;TJ He', 4 H ,,< . 50 M 9B u ,·r rl, ,< 30 M SB. OcTanbHbie 

o6~aHa<ienHH, ~ax< .Ha .puc. 2. 
' • ! • ' " •• ·' ' -"· '" ~ ··: ·~· • • 
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. . --. I 12/ · 
M111 nonyqeHHbiM11 C ITOMOI!lhiO.KOCM11qecK11X a -qaCT11U ( CMo. p11Co 4 ,_11 5) • 

' . i ' 
PacqeTI!bie 3HaqeH11SI MIIO)I{eCTBeHnocT11 BTOp11qHhiX qacT11U MO)I{HO cymecTBeH-

ao ITOBb!C11T? 11: cornacoBaTh. f OITb!TOM, ecmi, nanp11Mep, Bb!5paTh 3Be3):lbl 

c n. ·> :3 11rm 'n h ;> 5. TaK11e I~P!fT~p1111 11CITOnh3YIOTCSI 11HOI'):la n/iil B~IaeneH11SI' 
B3a11MoaeiicTB11ii c TSI~enoii · ~oMnoaeaToii SIJ:lepnoii sMynhC:1111. Cn~ayeT noa

qepKHYTh·, · qTo 'xapaKTep KoppenSiunil: Me )Kay qacT11uaM11 nepeaa~fcSI Teo-
~ ' ' '·i . ' . ' ; . 

p11eil: npaB11nhHo. · i ' 
. . ! ·~ 

,'lJTo KacaeTcSI yrrioBbiX p~cnpeaenen11il: qacT11U, BbmeTarom11x. 113 Siaep 
' ' . 

noa aei1cTB11eM. BbiCOKoaaepre.T11qecK11X a -qa~".r11u; :X:~· KaK B11Ll~o 113 p11c. 

6-8, 9KCnep11MeHT H;Teo{m'g HaXO):lHTCH B -xopome'M cornacn11 •. 3To B 3Haq11-

Tenhn1oii 1 ~~~nea~ ·"·o6;cnosneao_ K~H~Ma;~·qe~KHM~ ·. np11q11HaM~, _ CBH3.aHHhiM11 

C pen,HT11B~CTCK11M C)I{8T11eM yrnOB B na5opaTOpHOll C11CTeMe KOO~):l11HaT. Eo-. 

nee n'oKa3aTeni:.abiM 5~mo 5bi cpasaea11e yrnoBbiX pacnpeaenea11ii·:s C11CTeMe 
J " '" ~ 

ueaTp'a Mace· Hapa-Mnmean n HYKno:aa 5oM5apnHp.yromeA a -qacTHUhi m:m pac-
] : 

npene_iiearm B cneunanhHhiX KoopaiumTax T11na log tg 0 • TaKne sKcnep11MeH-
' i 

TanhHbie ):laHI!bie ITOKl:i OTCyTCTBYIOT. 
1

Ha pnc. 9 11· 10 'np11Ben~H,hi1 
LlBOllHbie an!J>!f>epeaunanhHbie. pacnpeneneHIIH 

nnSI rpoTOIIOB, BbineT8IO!U11X ~:3 ~nep nAI 11 108 Ag. HecMo!pH~ Ha cpaBHH:

Tenhii'O ne5onhmyro sHepr11~ ~-qacTIIU ( ·r = 50 M ss/ nyKnoa),' sKcrrepnMen

TanhHbie ToqK11 xopomo: no)l{aTcH aa' paccqnTaHHhie 1 r~cTorpaMMhi •. 
. . '.. i ; ;,. -. ~ . 

:HaM11 5bmii Bhi~mcneHhi TaK)I{e' ceqeH11SI Bhixoaa neKoTophiX H3oTonoB. 
. . .• .. I , , . , . 

na)l{e. an5i'cioli.b neTani:.aoil: :xapa~TepnCTHKll . TeopHH ;,n SKC?nepnMeHT corna-

cyroTCH :a'ocTaTO~lHO x~pomo. OaHaKo STO cornac11e. Je CTOHT nepeoueH11BaTh: 

neo5xoa11Mo cymecTBennoe pacm11peaiie o5nacT11 11ccneayeMhiX Siaep, a TaK)I{e 

TI!laTenhHbifi aaa'n113. napaMeT~~~ o5cy~~~eMoii Moaen11. , ; ' 
: • '~ • •• •• • • - • ')_ ' : • ·~ '· '·.. • ' • ' • ~ '>• ~ 

TkK11M' o6pa30M, MO):lenh'' BHyTpimaepHbiX' KaCKa.tioB . ( ):lll)l{e 'B ee 'pac- .. 

CMOTpea~1~~ i ~~lUI~:. ynpomeHHOM aap11~H;e )~. ycnellia~ ~5'bHC~~~.; 1 ~3B;~TH~~~. ',. 
~ ' ; ~ • • -~ •• • • ~ ~- • :1 • • , • - - • - ~ , - '. • ' • • • ' ' 

9KCnep11MeHT8nhHbie naHHbie 11 Mo>i<eT 5b!Tb .HCITOnh30BaHa 'KaK OCHOBa · np11 

pacqeTe. Heynpyi'11X B3a11MO):leHCTB11fi Bb!COKOSHepreTHqecKHX a..:.qaCT11I{ c··na':..· 
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TH/
121 

(eM, pHC, 4 H 5), 

<I 
IJlHMep, Bbi6paTb 3Be31lbl 

a HHorna nnS! BbiileheHHH . 

aMynhCHH, CnenyeT non

HUaMH !:fepenaeTcH Teo-

IIU 1 BbineTaiOIUHX. H3 Hllep 

T0 1 K8K BHilHO H3 pHC, 

I cornacHH. 3To B auaqH-

lpHqHH8MH1 CBH38HHbiMH 

fi cHcTeMe KoopllHHaT. Bq

:~acnpeneneHHfi B cHcTeMe 

rromeft a -qacTHUbl_ HnH pac- . 

tg 8_ TaKHe aKcnepHMeH-

~HuHanbHbJe pacrrpeneneHIIH 

g. Hec~O!PH;Ha cpaBHH~ 

\aB/HyKnOH) 1 9KCrrepHMeH

! i. X::I{C'J'OrpaMMblo i 

i1a "ueKOTOpbiX H30TOIIOB, 

IIH ,n aKcrrepHMeHT corna-

~- He CTOHT rrepeoueHHB8Tb: 

ccnenyeMbiX Hllep, a TaK)I{e 
.. , 

nenH, 

iKanoa (nmK"e B ee 'pac~ 

tO 06'bHCHH9T . H3B9CTHbl9. · 

b30B8H8 K8K OCHOB8 IIpH 

~THqecKHX a~qacTHu'c nil-

-~,,-
1··_;' 

':t:: 

tL:. 
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·n·; s 
PHc: 5. KoppenSIUHSI cpeaaero 'IHcna cepbrx H: q·epabrx nyqeif B 3Bt;l3M 
C 'IHCnOM TOHKHX cne]lOB: n,=·f( n s). 3KCIIepHM9HTanbHbl9 TO'IKH B3SITbl 
H3 paOOTbl/ 12/ • llJTpHX-IIyHKTHpOM, IIOK838H. peaynbTaT pac'!eTa C KpHTepHeM 

n, •>5. OcTanbHbie o6o3Ha'leHHSI, KaK fila puc. 2. 
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PHc. ·a. YrnoBbre pacrrpeJiel 
HCnyme'aHbiX S1Llp8MH QJOTOat. 
·r = 87,5 Maa/ayKnoa.; 3Kc 

Bee 0003H8'19HHSI, xa.K .a~. p 



'< 

·n-: '__ .s 

IX ny~efi B aBeane. 
lbHbl9 TO~Kll :B3SITbl 

'BT pac~eTa C KpHTepHeM 

;.2Q. 

60 

PIIc~~ 6~' Y~noBbie p~crrpei:teiieHifs(. onHo- n nByxaapstnHhiX ( Ha ~cTaBKe) ~acTIIU, 
Hcrryme'HHhiX stn·p.aMH c!>oT09MynbcHif;:o6ny~eHHblX. a -~aCTHUBMH C aHeprnefi . 

·r.;. 87,5 MaBIHyKnoH.: 3KcrrepiiMeaTanbH~Ie,so<lKn BastThL na pa6oTbi/9/ •. ' 
Bee o6oaHa~eHIIst, . J{_aK _Ha .PH~. _2. . ... _ __ _ ' :. ... ·-- _, ... . .. ~ 

13 



... 
~ 

t·~:o. 

:~.'-;t 

-· .. "· 

t ~ 

30 

-15t,' 

o, 

,; Pile. 7. YrnoBbie pacrrpeJleneHHSI cepbiX H 'iepHbiX cneJloB, 'o6pasoBaHHbiX 
·' "a~'lacTuuaMH c ::JHepruell: 'T=:.95 MaBIHyKnoH;~8KcrrepHMeHTanhHbie TO'IKH 

·· Ji3; pa6oThx/10/. Bee o6osHa'iemiS!, KaK Ha puc. '2. 

'-;~·---"··-"""': 

fiJ ~~!~sF~. · W(ils) '\•t(es) 

60 

40 

20 

{~ ns ~3 4~ h5~ g. 
n 5 ~/0 

nl 'i ~· • · J ' ,..a- I I t l-'-'•'1· ===! -, • ·· ., ~-. 4 • I 
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30 '/£0 150 

Pnc. 7. 'YrnoBbie pacnpene_neHHSI cepbiX n qepHbiX cnenos, oopasoBaHHbiX 
··a-qacTnuaMH c :meprnefi ·r = _ 95 M:as/a:yKnoH;. 3KcnepuMeHTanbHbie TO'tKH 
ns. pa6oTbi/ 10/. Bee o6osHa'te}mg, KaK Ha puc. '2. . 

W(Bs) czlt) cull.: ... 
T . , .. 

'-"" 

60 
··--l-1 ~0~ I .• 4' ns ~3 4~ ns~g + I ns::;ID: 

' ., "., " 

20 

o' 
\......L.~ . ··-·' 4L_ • 

40 . . 
·.ace,&~ I • r---l I . r-1 

/0 

'I<: I f36 I >~(36 

60 60 

· PH:C:·. : 8: YrnOBbie; pacnpeneneHHSI · qacTmi B ¢oTo:aMynbCHOHHbiX sBeanax, • 
,.· o6paaoaaHHhiX KOCMH'teCKHMH a -'tacTnuaMH--c :aHeprHefi 'T•>l65 M:aBIHyKnoH. 

3KcnepHMeHTanbHbi9 TO'tKH B3HTbi H3 paoOTbi/ 11/ • fHCTOrpaMMbi .:;paC'teT. 
IlyH~Tl!POM noKaaaHbi peaynbTaTbi "'ynpomeHHOfiu MOnemr. 
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Pnc~ 9. 3aepreTnt!ecKne cneKTphi npoToHoB (B. M6/c.Y.ep. MaB),.BhmeTaiOIIIHX 
B yrnoBoii: HHTepsan· 11 (} na Sinep ;._2,7AI , o6ny'IeHHhiX.· '~--,a -"<JacTnuaMH c aaep
rHE!ii '1.=:= 51. M aBIHyKnoa. 3KcnepnMeHTanhiihle TO'IKH BSSIThi. na pa6oT!>I/ .1?/. 
Cmiomaasr .n nyHKTnpaasr rncTorpaMMhi - pac"<JeT. cooTBeTcTBeJIJio no· ocH~B:..· 
11oii n "ynpcnuea!l~fi" Monenn ... · ·· ·· · · 
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Tep. Mas),· BbineTaromux 

~;:~;' a -'18CTHU8Mlf C SHep

~ B3HTb! U3 paoOT!>!/}~~/, 
TB9TC::TB9llliOITOOCli~B_:- .. 

•'-

Puc, 10. To )1(9 1 'ITo Ha puc, 9, 
,.~;;.: >·~- -,\ ~?.·, !;; . 1'·.~ 
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paMII, llnSI: 6onee .neTanbHhiX aaKmo'leHIIli Tpe6yJOTCSI npe)l{.ne Bcero aKcnepii-
-· . ~-,·-<>-••~---- '·.··• • ~-~~,·- ·• ~ "~~--;~-···-·-• ; ,. I .. ~. "-· ' 

MeHThi·. B; o6nacTII aaepriili ~nopsu:lKa aecKonhKIIX raa/ayKnoa. 
• I 
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