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PinieHHA lid 3a,aami Ansi - co < 0 < 00 i t 0 mac Bkirmsta [32,67]: 

C(X, t) =
_ I 	[ - ut )2 m vtilikt 2 exp 

4Ict 

Bci mo,aeni, suci po3rnmAarillcb, Mal0Tb pm,a 	 HOB'513aH14X i3 3a,Lkamis1m 

CICTIM1114X 110 1-1aTKOBHX yMOB i CKJIa,LIHHM14 wiropkrrmamll Ix p03B'513KiB 

[19,20,27,43,45,56,58]. Oxpim llboro mo,aeni cnpowyBanHcb, B pe3y.abTaTi moro 

p03B'513yETbC51 OsEIHOMiptia 3agat-1a p03110BC104pKeHH51 3a6pystuieHB 	OAHOF0 

TOIIKOBOr0 ,rpxepe.ria oaHopa3oBoro BkIKH,LIy. 3 'Aim meToto He06XLEIH0 CTB0pHTH Taxy 

npocTopoBy MOAe.11b, BKa 6 morna mo sttemoBani Hpouecn BHKH,LUB 3a6py,tuieHb 

6araTbox A>Kepen i 6araTopa3oBo. Taxi moAeni po3r.n5igaioTbc51 y HacTyrixomy 

naparpacki i po3Aini. 

2.2. Po3po6Ka maTemaTtrilloI moJeai npotleciB BunapoByBatuni B 

aTmoc*py llachironpolyicTiB. 

3a6e3netiexicrb pe3epmillm riapxom OCHOBHHM ckalcropom, MKH xapaxTemye 

plBeHb o36poexocTi Ta Hapo,rmorocno,aapcbxo'i e(PeKTHBHOCTi 

Hairronepepo6HoI npomllcnoBocTi. 

HecTatia pe3epmillx CMHOCTe11 HaHOCHTb 3Haifily nixo,ay HapogHomy 

rocno,EtapcTBy, cTBoptotot-in nepe6o1 B HocTatiamii C110>KHBat-liB, wrpaTn 

HaelyronpoAperiB, ripocToI Tpalicnovry, 3HH)KeHH5I 3aFa.TIbH14X eKOHOMilIHHX 

II0Ka3HHK1B y rany3i. Ha ,EkaHHIA mac B YKpaIHi pi3xo 3pocria Heo6xi,axicm y 

pe3epByapax, ripH3Hamem4x ,LtH51 36epiraxxm Hastrrll i Hagyronpo,ayKriB. 0,LIHaK 

36inbLileHH51 IXHbOr0 ncsia IlpH3B0,414Tb 	HiTIBHILIeHHA exarioritnioI He6e3nem4. 

Tomy He06XLEIHO 1113H,LUJIATH BenHxy yBary FIHTaHHIO 3a6pymieinim HaBKOJIHIIIHbOr0 

epeAomnua, i , oco6Jimio, aTmoccbepHoro HOBiTp51. PO3BHTOK Ha(1)T011epepO6HOI 

ROMHCSIOBOCTi 36iJmIuyc B aTmocszt)epi BeJIHKI4X MiCT i Hp0MHC51OBHX uefrupiB 

Koiluarrpauil HpO ,LyKTiB ABOOKHCy Byraellio CO2, cipm4 SO2, OKCHAiB a3oTy NO T, 

ByraBoAiB Ta iHLLIHX peoBnF1 , 51Ki yTB0p1010Tb npn 4:Kyroximitamx peaKilimx cmorm, a 















48 

BilK0p14CT0By10 1-114 Ifoopmysly Teopemll po3Kriai_iy ASIA Bllna,Ency Hecxixtiefixo'i K1JIbKOCT1 

1101110C1B [78] , nepeTBopexb oTpllmacmo 

A1- 1 	1 	* °° 1 [ 27 	. 27* 	 1  
fA(t). 	+ 	t - sin 	(t N )1+ 1  
u 	2At * 	k=i k 	N * 	N* 	1 	27 -(1

(2k + 1)(1 - cos 	 
N

3 

* sin
(2k  +1)z 

 t sin 	 n 
(2k +1)z 

i
(2k+1)z

(t+At* N ) -sin 
(

21c+1) (t+N*). (2.40) 
N

3 	
N

3 	
N

3

(t N
1
)+s 	 1 	N

3 

Tenep 3a4ama (2.37), (2.38) 3ank4uemc51 

1 dC 	2 

TD — 	 27 
dt +(cr fiL 2 	

Qo 	12 
+7)E = 	

i 
cos/1z z e  (fixi±)/Yi){  N 1  ± 

2At* 2 
1 00 1 [ 	7*  

	

1-j- Dp 	1 i=i 	
si 2n 	t 

	

z k=lk 	At* 

27* 	1 00 	 1 	 . 2k +1)z 	. (2k +1)z 
- sin— (t - )1+ -   sin (  t sin 	N ) + 

At  * 	71.  "(2k +1)(1 - cos(2k 1)z  At_ 	
At 	At*) 3 	

1 

At3 

4-sin 
(2k + 1)z 

 (t + At * At ) sin 
(2k + 1)z 

 (t + At*) , 	 (2.41) 
At 3 	

1 	At3 

C(fi,r,a,t) it_o  =0. 	 (2.42) 

PO3B'5130K 3aaqi (2.41), (2.42) 6yEte 

= 	Qo  
(1-e

__Ekt2+162+72
)+ 

y 	00 1 	1 
C=  	 , I • 	 d-,82 +2)* 

L./Lk-1k 
g(c? 	+?)2  + 47121(2  

N*2  

2zk 	2zk 	2zk 	22* 	2 zk 
* (sin 	* t sin At  * (t At, )) 	* (cos At  * t cos At  * (t At 

At * 

	

	
Q°  

At 

1  
1), 	( 	

1  1 4:(a2+,02+72)sin(2kN+1)7r  

	

03(2k+1)(1-corkN±
3
"-  At*) fA ct2 +102 +72)2 ±(2k -FlY"ff`" 	 3 

At2 
3 



49 

*t sin  (2k +1)7r it  At  \ , ,_, (2k +1)z  it+  . at *_ 
At 

)—ei ,, (2k +1)7r 
 (t +At*)i— 

(2k  +1)7r  [cos  (2k +1)7r  t  

At 3 	' "
i l' m ' In 	At3 	

` 	1 	'''' 	At3 	
At

3 	
At3 

-cos 
(2k + 1)71- 

(t At ) + cos 
(2k + 1)71-

(t + At * At ) cos 
 (2k + 1)71- 

(t + At*) }) ( Q0  * 
N3 At3 	

At3 
1 	 1 

 

00  1 * E  
k-1 k D2(a2 +182 

QO c° 	1 	 1  [D(c?+,62 +y2)(sill(2k+1)ZN + E 

	

	 At 	1 (2k+1)71-  , „ 2 (2k+lfz‘-  z H) (2k+1)(1-cos 	nr) AD4W +18- +r)2  + 	 3 
At3  

3 

(2k +1) 
+sin

(2k +1)71- 
(At* At1) sin 	At*)_ At*)- 

(2k + 
 (1 cos

(2k+1)7z- 
8 

cos 
	

7r * 	_ 

At 3 	
At3 	

At3 	
At

3 	
1- +1 	N 	8t1 )  

3 

1 
D(a2 + 162 + y2 ) sin 27*  At 

_ 	 At* 	1 
27* 27* 

(1 -cos 	)1+ 
+ 72 \2 

) 
. 4,z-2k 2 *

At1 At* 

1-  N*2 

(2k +  1)7z- 
At*) 	* e

-D(a2+fi2+2,2)t 
- cos 

At3 

0 	-N5  QO 	12 i(fix.+yy,) 
cos A 1  

'W  -0 271-j s 

BHKOHyCIVIO o6epHeHe KocHxyc-nepeTsopefam (13yp'e 

C (6, y, z, t)= 11-2rC(fi, y, a, t) cos 
7T 0 

Hpu ubomy oTpumaemo 

_ N co cosAz cosAz 1 	Tya2±p1,24 
)d 	f 

a; 00 00  1 
" a+- E 

2N* 1 	2 	2 2 (1 e

_ 	2+  

Oaa + 16 +7-) 	 27r Ok=lk 

(2.43) 

1 

D2(a2 +fl2 +72 )2 ± 47z-2k2 

At* 2 

	

ima  2 ± /6 2 + 7  2 )(sin  27rk  t sin  27rk 	 2n-k (cos  27th t cos  27th  (t At 1)) 1 *  
(t At 1 )) 	 

At* 	At* 	At* 	At* 	At* 

*cos a.cos az- c1.1, + —a1 7 c°E 	  
(2k + 1)7t 	 , ,,2 2 * 2 2 (2ft + 1) IT 

	

11-  0 k=0 (2k +1)(1 — cos 	 At*) 	D 2 (a 2 p 2 ± 	) 	  
At3 	 At3  

*ID(a 2 + 18 2 + 7 2 ) sin 
(2k +1)71- 

t sin 
(2k +1)7z- 

(t At )+ sin 
(2k +1)rt- 

(t + At * -At
1 
 ) - 

At
3 	

At
3 	

1 	At
3 
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BH3Hallefi11M), pe3yJIbTaTHB1-114M 1 macomm. 5Im110 ,215151 AaHo'i maTemaTniiHoI 

mo,tkeni npm pinieHHi 3a,aatii HeMONCIHBO CKJIaCTH TaKHjl anropwrm, KoTpHil 

BOJI0Ale ,aatIHMH BRaCTHBOCTAMH, TO 3a,aaqa c anropwrmigHo He po3H'5f3yHaHoto i 

He moxce 6yTH HHpimeHa Ha nepcollanbHomy KOMH'ioTepi. BpaxoHytoiim 

KailecKa3aHe, He06X1AHO CTB0pHT11 anropwrm, 51K11il 6yAe BM1111yBaTH HacTynHi 

KPOKH. TaKa HOCJI1A0BH1CTb C 3ara.TH,H010 cipyKTypoto anropHTmy. 

1. Bse,aemo AaHi npo pe3epHyapH: BHCOTy pe3epHyapy (B1AHOBiAHO BHCOTy 

po3minleHH5l KnanaHy) z, 1HTCHCHBHIECTb BHKHAy Q, ilac MDK BHKH,LtaMH At, xiac 

BHKH,Ily At, , HOTOLIHy KoopAHHaTy z i  Ta iHun Aonomixan napameTpn ,T(1151 

peani3auil.  moneni. 

2. (Dopmyemo macmBH imcen ARA nigpaxyHxy 111TeHCHBHOCT1 BHKH,TUB. 

3. 064Hcmocmo, B 3aJle)KHOCT1 B1,11 napameTpiH a, 18 liffeHCHBHiCTb BHKHAlB 

q10 ,  fI (6,y,z,t) (4)opmyna (3.2)) , a6o (1, 0 = f2 (fl,y,z,t) ((l)opmyna (3.3)). 

4. OpraHi3oHyemo mum no I. 

5. OpraHi3oHyemo HHICTI HO J. 

6. CTB0p1OCM0 HHKTI rio K. 

7. CTBOINOCM0 1111KJ1 no L. 

8. Bn3Hatiacmo gonombicHi napameTpH A1,BLE2,K2 . Ha ocHoHi 	H14X 

napameTpiH HH3Hatiaemo cymy HaK0111411eHb BHKH,LtiB ARA AaHOI M1011.WAKH. 

9. erHoplocmo HHK.TI no M. 

10. BH3Hatiacmo ,nonombmi KoectonneHTH Aj , B], El, K1. 

11. CTBOINOEMO 1111KJ1 HO N. 

12. 3ri,aHo maTemaTHimoI mo4teni HH3Hatiacmo napameTpu RO, R1, R2, R3, R4, R5 

13. IlpoHoAnmo cymyHaHHA SUM1,SUM2 . 

14. 3aKrwmacmo umxn no N. 

15. BH3Hatiacmo napameTpH R6, R7 , D1 

16. Ha ocHoHi gaHllx napameTpis 3HaXOAHMO SUM3,SUM 4 

17. BH3Haimemo HOB1 3HalleHH51 napameTpis Aj , Bj , El . 

18. Ha OCHOBi BH3HalielikiX napameTpiH 3HaXOAHMO SUM 5, SUM 6 
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19. 3aKpHBaemo UHKJI rio M. 

20. BH3Hamaem0 napameTpH D2,R 

21. Ha OCHOBi gam4x napameTpiB HaxonHivemo SUM7 

22. CTB0p1OCM0 UHKJI no KA . 

23. BH3Hamaemo SUM - cymapHi HaK01114 1.1eHH51 Ha BH3HameHomy piBHi 

(KoopAHHaTa z ). 

24. 3aKpmBaemo UHKJI 110 KA . 

25. 3aHocHmo iflikopmanho H0 1314KHAH Ha AaHomy piBHi B macHB. 

26. 3aKpmBaemo umcn no L . 

27. 3mifnoem0 Koop,m4HaTy z , TO6TO BHCOTy p031-10BC1040KeHH51 BHKH,EUB. 

28. 3aKpHBaemo UHKJI 110 K. 

29.3miHioem0 KoopAHHaTy Y - p03110BC1011)KeHH51 BHK14,L6B y rOpH3OHTaJlbHirl 

IITI011UHH1 Ha AesucHil KpOK (3a,LkaCTbC5I A0BLIMH0). 

30. 3aKpHBaemo UHKJI no J. 

31. 3mitHoem0 KoopAHHaTy X - p031-10BC10,4)KeHH51 BHKH,LUB y 1-0pH3OHTaRblilli 

nmouu4H1 (3a,rtama B 111351MOKyTHWA CHCTeMi. KOOpAHHaT X ,Y ). 

32. 3aKpHBaemo umcn no I. 

33. 3anHcyemo BC10 im:Popmailito npo BHKHAH B npocTopoBiii mo,rtemi B Cka17151, 

5IKHg 36epiraeTbc5i Ha 30BHULIHbOMy npncTpoI. 

aJIr'OpHTM cTBopeHHIA )1n51 HaK01114 11eHH51 BHKH,LHB y aTmoccl)epy ARA 

Bcix Awepen oxpemo, noTim Bci ,Emepema AO,Lkal0TbC51 i oTpHmyemo 3aram,Hy 

KapTHHy p03110BC1-04PKCHH5I 3a6py,rnieHb Ha Tepwropii niAnpHemcTB i Ix oTogylogy 

Tepwropito. TepHTopho IILLUIpHEMCTB mowHa 3aAaBaTH 6ygb-snwil KoHOrypauiI 3a 

AOH0M01-010 KOOpAHHaT X, Y . 3a cTBopeHHm cTpywcypHHm anropHTmom 

po3po6neHo 6.nox-cxemy, 3o6pa)KeHy B go,aaTicy E, Kowa peani3oBye ,rkaHHA 

aJIrOpHTM. 
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3.3. Pe3y.abTaTn aocaimicem. p03HOBC10,LPICCHH11 BHICHaiB 3 

pe3epByapiB y aTmoc4)epi 

MeTot° npoBegeHllx po3paxyHxiB i3 peani3aniI cTsopeHoI maTemaTHimoI 

mogeni Ta aHani3y oTpumaHlix pe3ysibTaTiB e BCTaHOBJleHH51 3aKoHomipHocTeil 

4)opmyBaHH51 xmapH 3a6pygHeHb y HOBiTp51HOMy cepegomuni, BHKJIHKaHHX 

BHKH,ELaMH BepTHKaTIbHHX CTa.TIbHHX pe3epByapiB, snd e napoBoto 4)a30fo 

mmapoByBaHHA Ha4)TH i HaltrronpogyKriB. 

Cnig 3ayBaN(HTH, IUO  KilaCHIIH010 3agailefo Aw4,y3ithioro 3pOCTaHH5IxmapH 

B aTmoakpi C 3agama, HaBegeHa B [2,3,14,29,31,47,57,66,67]. OgHax, npH ii 

nocTaHoBui Ta peami3auif He BpaxoByBanacb MHOWHHa ,a)Kepen, SIKi e HINPIHH010 

40pmyBaHH51 xmapH. Tomy MOACJII) y TaKik" nocTaHoBui He 3gaTHa BlATB0pHTH 

xapaKTepy 3a6pygHeHHA armocckepH gAcepenamH, KoTpi maioTh xapaicrepHe 

po3m1nieHH5I B npocTopi nepiogniiHo B aci. CTBopeHa HOB a npocTopoBa 

HecTauioHapHa maTemaTHima mogemb 3M1HH KoHneHTpaniI 3a6pygHeHb y 

amootoepi Big TOMKOBHX gmcepe.a, po3mialeHmx y npocTopi 3 3agaHumn 

Koeckiuiefframll i gitotmx y po3paxyHKoBi MOMeHTH qacy i3 3agaHolto TpHBalliCTI-0, 

AO3BOJIHTb BlATB0pHTH peambHy KapTHHy 400pmyBaHH51 xmapH napiB 

Ha(1)T011p0,UKT1B y parioHi pe3epByapHoro napxy Ta BCTaHOBHTH 3aKOHOMipHOCTi 

Al14Jy31i1H01-0 3a6pygHeHH5I aTmoccbepH. 

Peagi3anim maTemaTHqHoli mogeni 3giAcHfoBanacb ARA ymoB, MaKCHMaTIbH0 

Ha6J114)KeHHX go 36epiraHHA 6eH3HHy A-92 y pe3epByapHomy napxy 

Ha,L(BipH51HCI,KOF0 Ha4yronepepo6Horo 3aBo,gy B Axomy BCTaHOBJleHO y 

BiAllOBLELHOCTi JO Hopm npoelayBaHHA i npaBHg TexHigHo'i excariyaTang Haclyro6a3 

4 pe3emapH PBC - 5000, o6na,gHaHllx gMaJlbHHMH KaanaHamH 1-141KM-200. 

Tem-din-la xapalcrepHcmxa HAKM-200 

giameTp yMOBH0F0 npoxogy, MM 	 200 

THCK cnpawoBaHHA maimHy PH,  Ha 	 1470-1568 

BaKyym cnpamoBaHHA Ap 8 , Ha 	 176,4- 196 

flp011yCKHa 3,21aTHiCTb R, m3/roA. 	 900 
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Maca m , Kr 	 52 

TpaaHuiiIHHA nnaH po3m1tueHH51 micepen BIIKH41113 pe3epHyapiB HaBeAeHHrt 

Ha pHc.1.3 (Po3Ain 1). 

PO3paXyHKH 111DOBO,2IIHJIHCb 	M51 51 J11THb0F0 nepio,ay excrlayaralliI 

pe3epsyapHoro Hapxy, TemnepaTypHHA peXCHM perioHy B35ITO 3a CTaTHCTIV-IHHMH 

41aHHMH FiApomeTueifrpy YxpaIHH. By.11o npoBeaeHo pag cephI po3paxyHxiB no 

maTemaTaHHici MO,LICTI1, B 	 3 51KHX lapHilmaBcm pi3H1411 piBeHb 3a110BFICHH51 

pe3epByapy Haclyronpo,aywrom. 

Y po3paxyHicax BBaxcarlocsi, LUO 11-1TeHCHBH1CTb ,a)Kepefla 3a6pyAHeHb 

KO>KHOF0 3 LIOTHPbOX pe3epHyapiB oAHaKoBa. BoHa BH3HaTia.TIaCb 41.1151 KMICHOI cepil 

po3paxyHKoBHx ,Ekoc.ni,EUB y 3a.11eXCHOCT1 B141 PiBH5I Hacjyronpo,ayKry B pe3epHyapi. 

06'em 113oBoro npocTopy pe3epHyapa Y n  BH3HatIaBC51 51K 1313HH1_151 MbIC 3arambH14m 

o6'emom pe3eprwapa V i o6'emom Haclyronpogywry, iuo 36epiraBcm y HbOMy V„, „ , 

TO6TO 

V117  = Vre3 — VHI n 
	 (3.8) 

3aBAAKH BeJIHK14 11J1011111 ,a3epxasia Hallyronpo,rtywry B pe3epHyapi 

3Haimiii floc° maci P1BeHb npH 31‘411-11 Temneparrypll moxma BBawaTH npaKTHiwo 

CTaJIHM, WO Bi,21110131,4a€ CTMOCTi 06'EMY ra3oBoro npocTopy ni,Ek =lac "manHx" 

4111XaHb. Tomy npollec HarpiBaHHA ropmoBoro npocTopy pe3epHyapy BBa)KaCTbC5I 

130XOPHHM 

IlpH MiHiMaJ1bH1 	TemllepaTypi noBiTpg, xapaKTepHiii ,L1.1151 H1T-11-10F0 

nepioAy ,L106H, THCK y Fa3OBOMY npocTopi pe3epHyapy M1ll1MaJIbHHA 1 FIOB'513aHHII 

i3 TemnepaTypoto piBHAHHAM 3aKOHY MeRaemeeBa-KmaneiipoHa 

Prnin Vi p=M0 i  T.,. , 	 (3.9) 

,rke A/ 0  - maca naponoBiTpsffloI CYM11111 B Fa30B0My npocTopi, 

R ,„ - yHiBepcallbHa ra3oBa cTana, 



'7:3 

,u - monexy.ampHa maca ra3onoBiTp5moI cymiun, mica momce 6yTH BH3HameHa 

ARA 6eH3HHy 3a imnepHmHoto (1)opmymo10 BoIHoBa 

p= 60+ 0,3(t,,k  —30)+ 0,0001(tni, — 30)2 	 (3.10) 

ink  - TemllepaTypa noilaTicy KHIIIHH51Hacl)Tonpo,LkyKTy. 

BI4K0p14CTOBy1011H BeJ1141114Hy LUBH,LIKOCTI nporpiBaHHA ra3oBoro npocTopy 

[53,104], 3anHmemo 13113H51HH51 MeH,LIeJICEBa-KJIallegp0Ha Ansi momeHTy 

cnpamoBaHHA Allxallmioro KnanaHa: 

(3.11) 
273 

3BI,LIC H 

AT„ 	R 

273)
) = Mo 	 (3.12) 

a6o 

(Pmax pmin)vm m  oR ?
T 

Tmax Tann 

AT 
	

(3.13) 

1+ 	 

 

273 

Benwn4Ha Pmax  - Pmin  = Pc, - C THCK cripamoBaHHA ,LIHXBJIbH0F0 Kflanamy, 

npuBegenHA y tioro TexHiqHiui xapawrepHcamui. BBaxcalogH, no p = 1-11  e rycnnia 
V 

naponoBiTpmHoI cyminn, co,tkepicHmo 131BH51HH5I AJI5I B113HalleHH5I momarry 'lacy 

HarpiBaHHA ra30Boro npocTopyLO momarry cnpamoBaHHA AHxanbHoro Knanana 

1 
(pt.,  _ pinin ) 	p 1+  

273 

(3.14) 

3BigcH BH3Haimmo mac HarpiBaHHA naponoBiTpAHol cymiun B ra3oB0my 

ripocTopi pe3epByapy O cnpamoBaHHA ,EIHXaJIbH0f0 KnanaHa 
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Ha pncymcax 3.1-3.7 HaBe,EkeHi rpattsiimi 3aJle)KHOCT1 KoHueffrpauiI 

BHKHAiB i3 pe3epByapiB HO ruimui BngineHoI11510111aE1K14 ga5i 1:1:11KCOBaHHX MOMeHT1B 

'lacy npn pl3HHX 3HalleHH5IX aHJIiKaTH. 131,21J11K 'lacy HecTallioHapHoro npouecy 

11011HHaETbC51 3 momeHTy BLELKpUTT51 ,E1HXallbHHX K.rIanaHiB (y Bcix pe3epByapax 

ogHmiacHo). 

3aranbm414 aHaqi3 rpackixiB noxa3ye, Igo npollec (kopmyBaHHA xmap 

3a6pygHeHb y aTmoccbepi, BHKJIHKaHH171 BHKH,E1aMH 3 pe3epByapiB, e KOJIHBaJlbHHM 

npouecom 51K y npocTopi, TaK 1 B 4aci , npaqomy Bap To 3ayBa)Kwrn, LUO 3M1Ha 

aM11511Ty)21H npouecy CyTTEBO 6irn,ma B qaci , Hiw HO nnoun ropn3oHTaabHoro 

11013 .1Tp5IH01-0 mapy, ii pi3Ko 3MeHlilyeTbC51 ripn BigxnaeHHi anniKaTH 131)1 p1BH51 

Z =12m, sncomy BignoBigae piBeHb pO3MilHeHH51 gxcepen BHKHAlB. 

Ha pii3Hi z =12 m (pile 3.5), „Eke 41110Tb Ilompn TOLIKOBHX ,L1)Kepena BHKH,E1113, 

notinHaimin 3 momeHTy iiacy t = 0 KoHueffrpauisi BHKIV:11B y aTmoc43sepi 

nigmulyeTbcm mactwe piBHomipHo HO Bell lITIOL111 '1%1 Ha MOMeHT t = 2.4 Fog 

cKnagae 2.10 -6 , a B ueHTpi risioulag(n 3aJIHILMETbC51 memumo i cKmagae 3.44*10 6 . 

3a HacTynHnil npomix(ox 1-lacy At = 2.4 rog. KoHueHTpauisi B Taincax ,En1 gxcepem 

nigmuyeTbc51 LO BeJIHI1HHH 36.548*10 6, a B lleHTpi 11J101.1.1aL1KH 3a paxyHox 

cynepno3nuiI BHK14,L11B ycix pe3epByapis 361.TIbillyETbC51 o 38.21*10 6 . Y T011 we 

qac t = 4.8 ?oo Ha KyTax HJI0IIME1KH, 51K Ha HaA6i.nbill BiggarieHnx TOliKaX BLE1 

ueHTpy KoHueHTpauisi cx.ria,gae 18*10 6 . Y 1-10p1BH51HH1 3 MOMeHTOM acy t= 2.4 ood 

y IjHX nepwl)epiiiHnx Toincax KoHueHTpallim 3poclia Ha BeJ1141.1HHy 1 4*  1 0 -6 . 

3pOCTaHH51 KoHnieurpauiI BHKH,E1113 y aTmoc(Pepi cnocTepiraeTbcm B 

ueHipi naomagxn i cmagae 34.766* 106. BigX14J1eHH51 MaKCHMailbH0.1.  

KoHueHTpalliii AO 11 MilliMarlbH0F0 3HatieHH51 cKaagae 2.123. 

Y HacTyriHnii MOMeHT Macy t = 7.2 rog. cnocTepiraeTbcm TeH,geHuim 

Bl4p1BHIOBaHH51 KoHlleHTpalliI BHKH,L1113 no 11.1101.1.11 HJI011.1a):1KH. Y Hai;i6isibm 

BigganeHnx TOLIKaX Big lleHTpy 11J1011.1a,E1KH KOHI1eHTpalli51 BHK1/1411B 3pocna go 

20*10 6, a B ueHTpi BOHa CKJIa,E1aC 49.8855*10" CHOCTeplfaCTbC51 3H14)KeHH51 

KoHlleHTpauiI Ha BeJIHLIHHy 11.6795*10 6 . Y  Tomxax iI icepen BHKH,L1113 
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KoHuempallii: cagae 36.548*10 -6 . BlAHOLLIeHHAI maxcHmanbHoro 3HalleHH51 

icomieHTpauil.  go miHimambHoro piHHe 2.4943. 

3a HacTynHi 2,4 FOA., TO6TO y MOMeHT acy t =9.6 rog., criocTepiracmcm 

110,E1aJIbIlle BI4p1BHK)BaHH51 KoHlleHTpauil.  no IIJIOLIH npH 3aranHHomy ii 3pOCTaHlii. 

MiHimanbHa KomieHTpauist BHK14,£11B Ha xyrax AbleHR51 361J1b11114J1aCb 	40*10-6 , 

KoHuempallist B Totwax 	gwepen cxnagae 62.4982*10 -6, maxcHmaribHa B 'tempi 

,1111151HKH - gocstrac 76.7277*10 -6 . 131,L1H0111eHH51 MaKCHMa.TIbHOI KomteHTpallil.  go 

miHimanbHoI 1.9182. 

Y MOMeHT Macy t = 12 rog., To6To 3a HacTyrnii 2,4 FO,L1., 11p0,210B)KyETbC51 

Bllp1BHI0BaHH51 xotnieHTpaug BHK14,L11B HO 11J1011.11 Bllgi.neHoI TepwropiI 3 

OAH011aCHHM 3pOCTaHH51M IT BeJIHT4HHH. 1\411-11MaJIbHe 3HaqeHH5t KomteHTpaitil: y 

116111b11.1 131,ELLIaJleHHX 13141 HeHTpa Toqxax cx.11agac 51*10 -6 , a maxclimanbHe 

3HalleHH51 B HeHTpi 11J10111a,a104 95.297*10-6 . B1,21HOLLIeHH51 MaKCHMaJMHOI 

KoHueHTpaai MilliMaj113HOI cx.nagac 1.86856. 

13 meToto BCTaHOBJIeHH513axoHomipHocTeti (1)opmyBaHH51 xmapH BI4K11411B y 

aTmoutlepi tipH nepiogniTHifi Jul BHKKEHB naponoBiTp5moI cymilui 3 pe3epHyapiB 

npoBegeHo aHaniTHinii Ta qpicnosi ,goc.nigmceHHA Hpouecy Ha 17113HHX 

l'OPH3OHTallbH11X13113H51X 110 11J10111a,4111 BCTaHOBJ1eHH5lpe3epHyapiH. 

Ha piHHi z = 12 m (pmc 3.5), ge gitoTH itOTHpH TOI1KOBHX gwepe.11a BHKH,1:11B, 

110 1.1HHaI-011H 3 momeHTy qacy t = 0 KoHueHTpauist BHKKEHB y aTmocckepi 

111,LLBHInyETbC51 mathice piBHomipHo HO BC111 HJIOLLH 14 Ha MOMeHT t = 2.4 mg. 

cmagae 2.10 -6 , a B LteHTpi HJIOLIJP,LIKH 3aJIHH1aCTbC51 metnuoto i cmagac 3 .44*10 -6 . 

3a HacTyHHHA npombicox qacy At =2.4 rog. KomteHTpaitist B Toincax Julgwepen 

114(13141.11yETbC51 go BeJIHIIHHH 36.548* 106, a B HeHTpi 11JIOLLIaLIKII 3a paXyHOK 

;yriepnonntii: BVIKH,LHB ycix pe3epHyapiB 361JIMIlyETbC51,Lko 38.21*10-6. 
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PHc.3.6 — Pe3yaberaTH po3paxyHxy BmicTy napiB 6eH3HHy B aermocctlepi Ha BHCOT1 h=-13m 

a) t=2,4 roA.; 6) t=4,8 ma.; B) t=7,2 ro4. ; r) t=9,6 ma.; 4) t=12 roA. 
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Ha piBHi z =13 m (pHc 3.6), HOMHHal-01111 3 momeHTy qacy t = 0 , 

KoHueHTpanim BHKH,LkiB y aTmocckepi f11ABHLIVETEC51 mailwe piBHomipHo HO Bciii 

rmouli Pi Ha momeHT t = 2.4 rog. cmagae 6.95.10 4 , a B HeHTpi nnowagm4 

3aJIHI1aCTbC51 MeH111010 1 cx.gagae 1.1-10 7 . 3a HacTyrunifi npomiwoK macy 

At = 2.4 rog. KoHueHTpailim B TOMKaX rUI  gxcepem 111,4BHILWETbC51 go BeJIHMHHH 

2.86 •10 -7  , a B riefurpi arioula,Lum 3a paxyHoK cynepno3HLHI BHK14,41B ycix 

pe3epsyapis 361J1bLllyETbC51 go 4.75.104  . Y TOM we mac t =4.8 Fog. Ha KyTax 

11J101HaLkKH MK Ha Hati6i.abm BLEWaJleHHX Toqxax Bi,g HeHTpy KoHueHTpagim cKnagae 

9.5.10 -7 .Y 110131BH5IHH1 3 MOMeHTOM Macy t = 2.4 FOA. y uHx nep4epilififix Toqxax 

KoHneHTpauim 3pocga Ha Be.rnIqHHy 2.55 •10 -7  Haii6i.gmue 3pOCTaHH51 KoHuefurpauiI 

BFIKH,EtiB y aTmoc(Pepi cnocTepiracmcsi B neHTpi HJ101HaAKH I cKna,Lkae 1 . 63.10 6 . 
 

BlAXHJleHH51 MaKCHMaJlbHOI KoHueHTpana go II MilliMa.T1bH01-0 3HaMeHH5I cx.rmaae 

5.7. 

Y HacTyruffill MOMeHT qacy t = 7.2 rog. cnocTepiraeTbc5{ TeH,EkeHLtiR rjo 

BllpiBHI0BaHH51 KoHuempaua BHKHAiB HO HJI011.11 11J101.11aAKH. Y Hail6i.amn 

Bla,litarleHHX TOMKaX B1J HeHTpy LITIOLHarkKH KoHueffrpaum BHKH,EHB 3aTIHILIHJIaCb 

ripaxTllimo He3M1HH010, a B HeHTpi BOHa CKTIaAaC 0.71.10 -7 . CnocTepiraemcm 

3HH)KeHH51 KoHuempaulif Ha Be.gHlikniy 1.559.106.  Y TOMKaX gwepen BHKHAlB 

KowgeHTpauiI cKnagae 2.86.10 -7 . BigHOHleHH51 maKcHmanhHoro 3Hamemi51 

KoHilefurpauiI O miximanbxoro pimie 4.03. 

3a HacTylmi 2,4 roA., T06To y MOMeHT Macy t = 9.6 ro,g., cnocTepiraemcsi 

noganbthe BHOBH1-0BaHH54 KomleHTpaniI HO nnouli npH 3aragbHomy if 3pocTamli. 

MaxcHmasimia KomieHTpauim BHKH,LUB Ha KyTax ,LkiJleHHA 36151b1HHJIaCb jo 

1.77 •104  , KoHneHTpatim B Toqxax giI xicepen cmagae 1.1•10 -6 , a miHimambHa 

KoHlleHTpanim B HeHTpi ,a1J151HKI4 cstrae 0.78.10 6 . Bl4HOLLIeHH51 MaKCHMaJlbHOI 

KoHneHTpauFf ,go miHimanhHoI 2.27. 

Y MOMeHT Macy t =12 rog., To6To 3a HacTynHi 2,4 FO,LL., npo,tkomicyeThca 

Bkip1BHIOBaHH51 KoHneHTpalgi BHKH,L(lB no rulowi sll,rtimeHoI Tepwropii 3 

ogHoqacHHm 3pOCTaHH51M if BeJIHMHHH. MaKCHMa.TIbHe 3HaMeHH51 KoHnempanii y 
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Hati6i.abni BiartaneH11x Bi,11 11eHTpa ToallKaX cmarkae 4.86.106,  a MilliMaTIbHe 

3HalleHH51 B neHT131 rumma,tual 1.366.10 6 . BigHOUleHH51 MaKCHMa.TIbH01 

KOHUeHTpaIIII.  AO MilliMalIbHOIcKna,Lkae 3.56. 

Ha piBHi z =14Ai (pnc 3.7), notinHatoim 3 momeHTy macy t =0 

KoHllempauim BkIKHalB y aTmocctlepi IllaBHIIVETbC51 mailwe piBHomipHo HO Bcici 

n.nouri 11 Ha momeHT t = 2.4 roA. cKnarkae 7.10 -1° , a B IIeHT101 nnowa,111a4 

3ankn1acisc51 memnom i cx.ria,aae 4.8•10 -1° . 3a HacTynmA npomiwox tiacy 

At = 2.4 FO,LI. KoHueHTpauim B Totixax LUIAxcepen i Ha nepuctoepiI IllaBI4IIWCTbC5I AO 

BeJI14 1114HI4 2.64-10-7 , a B lleHTpi nfloulagxn 3 miHimanbHoI 3pocTac go 

MaKCI4MaJIbH0.1.  fl cKaa,11ae 7.6.10 7 . Y 110131BH5iHH1 3 MOMeHTOM Macy t = 2.4 rog. y 

UHX nepnotoepiriHnx Totwax KoHuewrpauisi 3pocna Ha Bemmimy 2.63•10-7 . 

Flagallbale 3pOCTaHH51 KoH11eHTpauiI BI4K14,a1B y aTmoatlepi criocTepiraeTbcsi B 

cxnagae 7.59-10 7 . 131,aX14JIeHH5I maKcmmanBHol.  KoH11eHTpaniiI 

Ao ii MililMaRbH0F0 3HalleHH51 cmagae 2.88. 

Y HacTyrmnti MOMeHT tiacy t = 7.2 rog. cnocTepiraeTbcm TeHaeH1115I AO 

BlIp1BHI0BaHH51 KOHLIeHTpalliI BI1K14,a113 110 IIJIOLIAl 3 ogHotiacHnm if 3pOCTaHH5IM. Y 

Haiii6inbm BlaaafIeHHX TOIIKaX Big ueHTpy flJ1oIIaKH KomieHTpallim BPIKI/IalB 

3pocaa go 5.5-10 7 , a B uempi BOHa cmagae 1.03-10 -6 . CnocTepiracTbcsi 3pOCTaHH51 

KoHlleHTpauii: Ha BeJIWIHHy Y TOLIKaX iI gxcepen BI4K14,a113 KoH11eHTpauiI 

npaicrwmo piBHa KoHueHTpauil: Ha nepwl:lepiii. BlaHOIIICHHA maxcrimanimoro 

3HalIeHH51 KoHuempauil go MilliMaJIbH0F0 piBHe 1.87. 

3a HacTyrmi 2,4 roA., To6To y MOMeHT Ilacy t = 9.6 rog., cnocTepiracTbcm 

no,ganbine BVIOBHI0BaHH51 KoHueHTpauiI HO nnoun I-1pH 3aranbHomyii 3pOCTaHlii. 

MiHimanhHa KoHueHTpauim B1,11C14,211B Ha xyrax allIeHH51 361JMIIIIITIaCb AO 5.5-10-7 , a 

maxcnmanbHa KOHIleHTpaL1151 B ueifrpi ,a1JISIHKI4 cArae 2.74.10 -6 . BlaHOIlleHH51 

MaKCHMaJIbHOI KoHueHTpauil go miHimanhHoi 4.98. 

Y MOMeHT acy 1 =12 F0a., TO6TO 3a Hacrymii 2,4 F0a., IIp0a0B>l<yETbC51 

B14013HI0BaHH51 KoHueHTpalliI BI4KHalB no nnomi Bn„gineHoI TepriTopii. MiHimanhHe 

3HalleHH5I KoHueHTpauil y Hai16inbm BiA,LkameHmx Big ueHTpa Totucax cx.riagac 
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6.4 -10 -7 , a maKcnmaabHe 3HalleHH51 B ueHTpi 1-1JIOLHa,LkKH 2.74 -10 6 . BlaHOUleHH51 

maKcnmaribHoI KoHueffrpauil. ;:to miHima.abHoI cmagae 4.28. 

Ha piEtHi z = I im (pnc 3.4), notinHatomn 3 momeHTy tiacy t =0 

KoHuempauist BHK14,4113 y aTmoccPepi 3H11)1(yETbC51 marme piBHomipHo no will 

FIJIOLUi B 110131BH5IHH1 3 piBHem z = i2m i Ha momeHT t = 2.4 fog. cx.riagae 1.63.10 -7 , a 

B ueHTpi nnoluagxn 3a.11141HaCTbC51 MilliMaJlbH01-0 i cKnagae 10 -8 . Y HacTynHni4 

npombKoK 'lacy At = 2.4 rog. KoHueHTpauim B Totwax i1 gwepen i nepepn 

IllABH11.WETbC51 AO BeJ1H4HHH 9.5•10, a B lleHTpi nnoLuagxn 3MellfflyeTbC51 AO 10 -8 . 

Y 1-100BH51HH1 3 MOMeHTOM Macy t = 2.4 1-0,a. y I.H4X nepwl)epiiiHnx Totwax 

KoHueHTpauisi 3pocna Ha BeJIHIIHHy 2.76.10* HaA61,1113111e 3pOCTaHH51 KoHueHTpauil.  

BI4KHalB y aTmoccPepi cnocTepiraeTbcm B Totwax Ail gwepen i cicia.)2(ae 1.23-10 7 . 

Big MaKCHMaREHOI KoHueHTpauil go ii M1H1MaJmHOTO 3HalleHH51 miagae 28,6. 

Y HacTynHnti MOMeHT tiacy t = 7.2 rog. cnocTepiraeTbcsi TeHgeHuim go 

HOLTI46IleHH51 HepiBHomipHocTi po3noginy KoHueHTpauiI BHKHalB no nnoun 3 

ogHogacHnm 3pOCTaHH51M IT Be.TIHITHHH. Y Har161.11bILI BlaaalleHHX T0I1KaX 

ueHTpy nnoluagxn KoHueHTpauisi 3pocna go 9.5-10 7 , a B ueHTpi BOHa CKJIaaaC 

10-8 . BlaHOLLIeHH51 MaKCHMaJibH0r0 3HalleHHA KOHLIeHTpala ,a0 miHimanbHoro 

piBHe 2. 

3a HacTynHi 2,4 rog., To6To y MOMeHT tiacy t = 9.6 , rog. cnocTepiracTbcm 

nogaribma TeH4eH1451 norm46.11eHH5I HepisHomipHocTi KoHueHTpauii HO 11.11011(1 npn 

3araabHomy if 3pOCTaHHi. MaKcnmarthHa KoHueHTpauim BHKHalB Ha KyTax alJleHH51 

361MALIHJIaCb ,a0 1.77.10-6 , KoHueHTpauim B Totwax gmcepen cKnagae 1.1-10 6 , a 

miHimanbHa KoHueHTpallim B ueurpi nsioutagxn cmagae 10 8. BlaHOffleHH51 

MaKCHMaJlbHOI KoHuempauil go miHimanbHo'i 177. 

Y MOMeHT I-lacy t =12 rog., To6To 3a HacTynHi 2,4 1-0a., 1-101-1HHaCTbC51 

BI4p1BHIOBaHH51 KoHueHTpaulii BHKHalB HO ETIOlgi BllailleHOI TepnTopil 3 

ogHotiacHnm 3pOCTaHH51M Ti BeJIHITHHH. MaKCHMalThHe 3Hatiei 	 —TTpauil y 

BiggafieHnx Big ueHTpa Totwax cmagae 4.85 • 
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3HalleHH51 B neffrpi nnonwaxn 1.366.10 -6 . BigHOL1JeHH51 maKcnmanbHo'i 

KoHnewrpainI ao miHimanbHoll cKna,aae 3,55. 

Ha pit3Hi z = tom (pile 3.3), notinHatogH 3 momeHTy macy t =0 

KoHneHTpauim BI4KH,a1B y aTmocckpi HiaBI4IIIyETbC51 mafixce piEmomipHo no BC1II 

115101W I Ha momeHT t = 2.4 roa. cKnaAae Ha nepHstoepiI 7•10 - ' ° , a B IleHTpi 

ILTIOILIaalCH 3aRkI1LIaCTbC51 MeHIII010 i cKnaaae 10 -11 . 3a HacTynm414 npombKoK 'lacy 

At = 2.4 roa. KoHneffrpallim B TOT-IKaX ,axcepen i nepwl)epii.  IllaBHLIVETbC51 

Be51111114HI4 2.6•10-7 , a B neHTpi IIJI0LaaaK14 ,aocArac maKcHmymy i cxmagae 7.6.10 7 . 

Har161JIMIIe 3p0CTaHH5I KoHnewrpaniI BI4K14a1B y aTmootlepi cnocrepiracTbcm B 

cmaaae 7.6.10 7 . BlaXIITIeHHS1 maKcHmanbHoi KoHneHTpauFf go 

ii miHimaabHoro 3HatleHH5I cKnaaae 2,92. 

Y Hacrynm414 MOMeHT Macy t = 7.2 roa. cnocTepiraeTbcA TeHaeHnisi ,ao 

1314p1BHIOBaHH51 KoHneHTpaniI BYIKH,a1B 110 flSIOIUl 3 0,21H0llaCHI4M 3p0CTaHH51M ii 

BeJ114 1-1HHH. Y Hact6inbat si,a,tkaaelmx Toincax Bi .L neHTpy 11.1101aaaK14 KoHneHTpanisi 

BI4K14,a1B 3pocna ao 5.51.10 7 , a B ileHTpi BOHa CKJIa4aC 1.03.10-6 . CnocTepiracrbcm 

3p0CTaHH51 KoHneHTpanil Ha Be.TI14 1.111Hy 2.91.10 7 . Y TOLIKaX axcepen BI4KHalB 

KoHneHTpaai cmaaac 3.65•10 7 . BlAH0LLIeHH51 MaKCHMaabH0F0 3HatleHH51 

KoHuieHTpaniYao miHimanbHoro ph:me 1,87. 

3a HacTynHi 2,4 F0a., TO6TO y MOMeHT Macy t = 9.6 roa., cnocTepiraerbof 

lloaanmue B14131BHI0BaHH51 KoHneHTpainI HO 11JIOLLI1 npH 3aranbH0my if 3pOCTaHfli. 

MiHimanbHa KoHneHTpanim BHKI4,a1B Ha nepnctoepil 361.1IbILINJIaCb AO 5.5-10-7 , 

KoHneHTpanim B TOliKaX ,a1.1 axcepen npaKTntmo Taxa )1C, a maKcHmanbHa 

KoHneHTpanim B neHTpi ,a1JI5IHKI4 cArac 2.74.10 -6 . BiaHOLUeHHA MaKCI4MaJMHOI 

KoHaeHTpaniI ao miHimanbHoI 4,98. 

Y MOMeHT 'lacy t =12 roa., To6To 3a Hacryrnii 2,4 F0a., IIp0a0B)ICyCTbC51 

BlIp1BHIOBaHH51 KoHneHTpanii BI4K14,a1B 110 IIJIOLIIi Bllal.fIeHOI TepHTopiI 3 

OAH011aCHI4M 3p0CTaHH5IM ii Be.TI14 1114HH. MilliMaAbHe 3HaMeHH51 KoHneHTpanii y 

Hail6inbui BiaaaneHnx BiL neffrpa Toincax cKnaaae 6.41.10 -7 , a miHimanbHe 
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3HameHH51 B lleffrpi 11.1101gagM4 	2.74.10 6 . B1,41-101.11eHH5l MaKCHMaabH0 .1 

KoHlleffrpallil.  go miHimaRbHoI cicriagac 4,27. 

Ha piBHi z= 9m (pmc 3.2) o momeHTy macy t = 4.8 clliABHILJeHH51 

KoHlleHTpanii.  IlpaKTIVIHO He cnocTepiraeTbcm. HolinHarotill 3 momeHTy tiacy 

t= 4.8c KoHlleHTpauisi BI4K14,LUB y aTmouPepi ni,ammyeTbcm mailwe piBHomipHo no 

Bcii anoilli j Ha momeHT t = 2.4 rog. cmagae Ha nepwkepiI 5.2•10-H , B lleffrpi 

IIJIOLIaLkK14 10 -12 . 3a HacTynHnii npombKoK 'lacy At = 2.4 ro,a. KoHlteHTpanisi B 

lleffrpi 11J101.11a4K14 361.T1bILlyeTbC31 	4.42.10-8 , a Ha nepnotlepiI cKnaLkae 5.2.10 - ' 1 . Y 

110piBH5LHH1 3 MOMeHTOM 'lacy t = 2.4 rog. y lleffrpi 11J10111a,aKI4 KoHlleHTpalliA 

3pocma Ha BeJ1141114Hy 4.42•10-8 . BlAH011leHH51 . MaKCHMaIlbH01 KoHlleHTpauiii j_to ii 

miHimaribHoro 3HatieHHA cmagae 850. 

Y HacTynHnii MOMeHT Ilacy t = 9.6 ro,rk. cnocTepiraeTbcsi TeH,EkeH11151 

BllpiBMOBaHHA KomleHTpaai BI4K14,11iB no allowi 11J1011.1a,4K14. Y HafiarIblil 

131,MaJleHI4X Totncax B1L ueHTpy HJI011.11a4K14 KoHueHTpauisi 3pocma ,ao 7.6.108,  a B 

LieHTpi BOHa cKria,aae 4.42.10-8 . BlAHOLLIeHH51 maKcHmaabHoro 3HaxieHHA 

KoHlleffrpallii ,lo MiHiMaJlbH0F0 pisHe 1,72. 

3a HacTynHi 2,4 roA., To6To y MOMeHT 'lacy t =12 rog., cnocTepiraeThcm 

nogaahme BklpiBHI0BaHH51 KoHllempallii.  HO FIJIOLH1 ripH 3aranbHomyii 3pOCTaHHi. 

MiHimanbHa KoHlleffrpallisi BFIKHAlB Ha nepllckepiI 361.11bLUICIaCb AO 7.6.10 8 , 

KomieHTpauisi B ToLiKax iI Kepen cicia,aae 18.5.10 8, a maKcHma.abHa 

KoHlleffrpalliA B ueHTpi AinAHKH csirae 5.98.10 -8 . Bl4HOIlleHH51 MaKCHMaTII,HOI 

KOHIleHTpalel LO MiHiMaJlbHOI 2,43. 

Ha pimi z =8A4 (pHc 3.1) ,ao momeHTy 'lacy t = 7.2 rog. IllaB141.1.1eHHA 

KoHueHTpalliI npaKTHilHo He cnocTepiraeThcsi. n01114Hal-0 1.114 3 momeHTy 1-lacy 

t = 7.21'0A. KoHueHTpallisi BI4K14A1B y aTmoakepi niaBunweTbcA mailmce piBHomipHo 

HO Bciti namui Ha momeHT t = 7.2 roA. cx.na,Lkae Ha nepno:PepiI 4.9.10 - ' 4 , B Totwax 

Ail BI4K14,41B 1.225•10 -12  B lleffrpi 11J1011=K14 3aJIHIllaCTI3C51 meHmoto i cKsia,aae 10 15 . 

3a HacTraHHA npombKoK '-lacy At = 2.4 ro,rk. KoHueHTpailisi B ToLwax j1 ,21)Kepesi 

IllABHUVETbC51 ro BeJ114 1114H14 1.22•10- ' 2 , a B HeHTpi 11.110111aAKI4 361.TIbIllyeTbC51 
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2.25.10-10  . Y Tog >Ke qac t = 4,8 rog. Ha nepnctoepiI 11J1011.1a41K14 KoHnempanim 

cxnagae 4.9.10 14 . B141X11J1eHH51 maxcHmarthHoI KoHneHTpaai go if miHimanbHoro 

3HaMeHH51 cKnaJkae 24,89. 

Y HacTynraill MOMeHT qacy t =12 rog. cnocTepiracmcm TeHgeHnim 410 

Bilp1B1110BaHH51 KoHneHTpaug BHK14,11B no nnonn 11,1101.11a,L1K14. Y Har161.TIMII 

13141aarleHl4X Totwax Big neHTpy nnornagxn KoHneHTpanim 3pocna AO 5.89-104 , a B 

newrpi BOHa cmagae 2.05 -10-8 . BlAHOILleHHA maKcHmanbHoro 3HalleHH51 

KoHneHTpanif go miHimanbHoro piHHe 1,44. 

3a pe3y.aurarramll peaRi3aLHI crHopeHoI mo,rteni no6yAoHaHo rpastiiimi 

3ajle>KHOCT1 ripollecy orkopmyHaHHm xmapH 3a6pyAHeHb aTmoubepH B14K1441aM14 3 

pe3epByapii3 naponoBiTp5moI cyminki 41J151 " xapalcrepHllx TOOK nnoknagxll 

pe3epByapHoro napxy (pHc. 3.8 — 3.10). 

Ha pc. 3.8 HHBeaeHo 3a.j1e)KHOCT1 KoHneurpaniI Bi,rk qacy 415151 TOOK 

nnoulagxH, B 51K14X po3minleHi gmcepena B14K14411B. 31K B1441110 3 rpactiiKiH, Ha piHHi 12 

(y Tomui po3miuleHH5i ,wepe.ria BHK14411B (pm. 3.8a)) B1416yBaCTbC51 KOJIHBH1414 

npouec 3M1HI4 KoHnewrpaniii B qaci , npHqomy KOJII4BaHH51 341111CHIOCTbC51 HaBKOJI0 

0C1, 1110 C 3pocTakoqoko npmmoio H B14X04114Tb 13 noqamy KO0p4114HaT. 

CnocTepiraeTbcm cHogaTicy 3pocTatotia ifia3a KOJIHBaHH51, a noTim cnagatoqa (npn 

3aranbHict TeHgemnI LO 3pOCTaHH51 KoHlleHTpallii.). KOJIHBaTIbH1414" ripouec He e 

rapmoHNHHm, Rom ammaiTy4ka i qaCTOTa 3M1H1010TbC51 B qaci. flepio,a llemoro 

KOJI14BaHH51 cxna,rkac 9 ro,a. (qacToTa — 30,8*10" no, a amrunTygHe 3HaMeHH51 

KoHneHTpainI — 22% Hi,Ek cepeAHboI Bef114 1114H14. Apyre KOJII4BaHH51 

xapawrepH3yeTbcm nepiogom 11,2 ro,EL. (qacToTa 24,8*10' FL) i amarliTy,aom 14% 

B141 cepegHboro 3HalleH1151. Ha HiAmiTui 13 M (BHCOTa 1 m Hag gwepenom BHK1441y 

(pm. 3.86)) TaKO)K cnocTepiraerbok KOJIHBHHrl nponec. IIpH 3aranbHomy 

3pOCTaHH1 KoHneHTpaniI xapaxTep KOJIHBaHH51 3HaX04114TbC51 B ripoTw4a3i 3 

nponecom Ha pimi 12 m, llpHmomy amalliTyAa KOJI14BaHb B141110CHO 3pocTatot1o1 

oci, Igo 11p0X041HTb Ilepe3 nogaTox KOON114HaT, 3MeHLIWCTI3C51, a nepiog KOJIHBaHb 

3pocTae. all51 nepakoro KOJIHBaHH51 amnniTyga cKnagae 30,5 % BU cepegHboro 
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3HalleHH5I KoHnempaniI, a nepio4 — 11,1 FO,L(. (tiacToTa 25*10 -6  FL). HacTyrnie 

xonnBaHHA mac amnniTygy 20,2%, a nepiog 14,6 rog. (qacToTa 19*10 -6 FH). 

Ha piBHi 14 m (BHCOTa 2 m Ha,4 ))Kepes1om BI4K14,4y (pile. 3.8B)) KOJIHBHHil 

npollec xapawrepH3yeTbcm 3MeHILIeHHAM tiaCTOTH i amnsiiTy4H, ripHilomy 

criocTepiracTbcsi cHw4ia3HicTb i3 nponecom Ha pisHi gxcepena i 3MilIleHHAM ITO 4a3i 

Ha 5 rog. flepiog nepuloro KOJIHBaHH5I cluiagae 36 cog. (qacToTa 7,7*10' F11), a 

maxcHmambHa amim1Ty4a — 27,1% Bia cepegHboro 3HalleHH51K0HueHTpani .1. 

Ha pc. 3.8. (r, 4) ripnBegeHi xapaxTeppicTHKH KOJIHBalIbH01-0 nponecy Ha 

piBHsix 11 m i 10 m, To6To Ha 1m i 2 m po3mimeHHA gwepesia. 

AHaThi3 rpaa:PixiB (pile. 3.8) noxa3ye, LH° xapaxTep Ilp0T1KaHH51 nponeciB 

Ha I(HX p1BH5IX IlpaKTIVIHO cniBnagae 3 aHanoritummll KOJIHBHHMH npouecamm Ha 

piBHi 13 m i 14 m (pi3H141(51 T1JThKH B a6COMOTHHX 3HalleHH5IX BeJIHIIHHH 

KoHneHTpauiI). Ha pile. 3.9 noKa3aHo xapawrep 3M1HH KoHuempauiI BHK14/4iB i3 

pe3epByapiB y aTmocotlepi AJI51 reomeTpHiiHoro HeHipy ariomagxll pe3epsyapHoro 

Hapxy. Cni 3ayBaxcHTH, WO xapawrep KOJIHBallbflOTO npou,ecy B Uhl Tomni 

ripaKTHimo HOBTOplOC KOJIHBaHHA KoHueHTpalliI B TOUi  BHK14,E(iB. AMA piBlISI 12 m 

(BHCOTa po3miineHH5I gwepena) xapawrepHi K0JIHBaHH5I 3 110 11aTKOBHM nepiogom 

10 rog. (tiacToTa 27,7 *10 -6  F11) i notiaTxoBoto amnfliTygoto 24,5%. HacTraHe 

KOJIHBaHHA mac nepiog 12,8 rog. (qacToTa 21,7 *10' FL() i maxcHmanbHy 

ammiTygy 15,1 % Big cepe,4Hboro 3HalleHH51 KoHueffrpainI. CMi ,rI 3ayBaNCHTH, no 

cnotiaTicy cnocTepiracTbcm 3MeHLLIeHH51 KoHueHTpalliI, a noTim ii picT. Ha piBHi 

13m KOJIHBHHA npouec CHH(1)a3H14ii i3 nonepegHim. Ilepiog nepinoro KOJIHBaHH51 

cxmagae 16 , 1  rog. (tiacToTa 16,9*10-6  Fu), a maKcHmambHa amrmiTyga 23,7% Big 

cepegHboI KoHlleinpauiI. Ha gpyromy KOJIHBaHHi nepiog 3pocTac 4o 19,3 FO,EL. 

(qacToTa 14,3 *10-6  F11), amnniTyga 3memuyeTbc51 go 11,25 B14 cepe4Hboro 

3HalleHH5I KoHuewrpaui.i. 

Ha pHc. 3.10 npHBegeHo xapawrepHcTHKH KOJIHBaTIbH0f0 npouecy B 

nepwpepiiiHHx TOLIKaX IIJIOLIMAKH pe3epByapHoro napxy, TO6TO B Totwax 

Haii6isibru Bi,L(AaJIeHHX B14 reomeTpkix-moro neHTpy 111101L(a4KH. Xapawrep 

npoTixaHHA K0JIHBajIbHOI-0 Ilpouecy 11OBTOME 3aKOHOMipHOCTi B 
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xapawrepHllx Toqxax npll meHumx a6COMOTHHX 3HalieHH5IX KoHlleHTpauiI. Ha 

BiumiTui 12 M KOJIHBaJMHHCI npollec II0uIHHaCTbC5I 3i 3MeHILIeHH5I KoHllempallii.  B 

nepioui i nouaribmomy ii 36isimlleHH1. flepio,u nepLuoro KO.TIHBaHH5I CKJIaAaC 11,1 

TOA. (macToTa 2,5 *10 -6  no, LI40 a6COMOTHO Bi,unoBivae npollecy B lleHTpi 

imoillauxH. AMIIJIiTyaHe 3HaileHH51 nepllioro KOJII4BaHH51 cKna,uae 19,1% Big 

cepeuHboI KoHlleHTpallii.  il 3MeHIllyETbC51 Ha upyromy KOJIHBaHHi AO 9,2 % Bia 

cepeuHboI KoHneHTpalli.i. Ha pimi 13 M KOJIHBallbH1414 npouec 3HaXOAHTbC5I B 

upoTH4)a3i 3 nonepeuHim, CIOF0 tiaCTOTHa xapawrepHcTifica HignoBivae npollecy B 

ueHTpi nnoulauxH, a amnRiTyua nepuloro KonvmaHHA cKnaAae 14% Big cepeuHboI 

KoHlleHTpallini Pi Ha HacTynHomy KOJIHBaHHi 3MeHLllyeTbC51,a0 6,2 %. TaxHm 4HHom, 

All(Py3ii;nnig npollec itoopmyHaHHA xmapH 3a6pyuHeHb aTmoc(PepH Hepi0A14 1-1H14MH 

BI4K14,aaMH 3 pe3epByapiB C iHeplliiiHHm npollecom. Y II011aTKOBi MOMeHTH lIacy B 

ycix TagKaX 06'emy aTmoc(PepHoro II0B1Tp51 nepiouw-mo niumnuyeTbcsi 

KoHuieHTpauisi 3a6py,uHeHb i3 3aracaromoto ammairry,uoto i I-IaCTOT010. AHaRi3 

po3paxyHKiB noKa3ye, WO Ilep104( KOJIHBaHb 3pocTae Hiu 8-9 rou. ,aJI51 nepilloro 

KOJIHBaHH51 ,LIO 40-46 roA. AAA uteTBepToro, npll llhomy amnsiiTyua 3MeHLUyeTbC51 

Biu 22-30% A° 1-1,5% BiA cepeuHboro 3HalIeHH51 KoHileHTpalli.i. 3pocTaHHA xmapH 

3a6pyuHeHb C 3racaloimm npouecom HaBiTb npH nepiountiHiiiiIuwepen BlIKH,L6B. 

FlpOTSIFOM 40-46 ro,a. cnocTepiraeTbcsi aKTHBHHA picT xmapH, a B 3araimHomy 

36ijIbILIeHH51 11 B aTmoakepi 3M1HIOCTbC51 Ha 1-2%. 
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131,11 Macy ,THI51 p13HHX BHCOT (HarlaTIMII 131,VaJ1eHHX B1,L1 tieturpy): 
a) BHCOTa Z=12m; 6) BHCOTa Z=13m; 13) BHCOTa Z=14m. 



95 

3.4. 	Bn3Hagetnisi 	Ta 	Ilp011-103yBaHHS1 	Be.1111911H 	BHICH,LOB 

3a6prunotoqHm peqoBHH 3a aonomorolo o6po6KH HaTypinix Ta 

occnepHmewrambHHx aamix meTo,3amH maTemaTH9H0I 

Hpo&new,' 	BrumBy 	BeJIHKHX 	ni,EuipmemcTB 	Hatlyronepepo6Ho1 

Hp0MHCJI0B0CTi Ha HaBKOJIHIIIHE cepeAoBHute OCTaHHiM qacom Ha6yBaroTh Bce 

6imbilloro 3HaqeHH51 [10,21,40,44,50,54,55]. OCO6JIHBO rocTpo CTOITb III4TaHH51 

3a6pyrtHeHH5I 	 pi3HOMaHiTHHMH BHKH,LIaMH. OCHOBHHM ,11)Kepenom 

IIIKLEIJIHBHX pemoBHH, 5IKi HocTynatoTh B aTmoc(1)epy, e npoAyKTH ropiHng i 

llepepo6KH opraHiqHmx naJIUB , Tom)' 06'EKTH Ha(1)T011epepO6HOI CHCTeMH, 

o6ria,rwaHH5im 5IKHX HaJIHBHi i 3.TIHBHi arperaTH i3 HpHBoaamH (ABHryHamH 

BByTpiumboro 3ropaHHA, nepexagyBaabHi HacocH), noTpe6poTb Ao,rkaTKoBoI 

yBarll B p03pi3i BHBIleHH51, aHani3y Ta 3MeHilleHH51 BIIJIHBy LIIKL/IJIHBHX BHKH,L6B Ha 

HaBKOJIHMHE cepeaom/Hge. 

ni,Ek qac CrIaJII0BaHH5I opraHigHoro HaRHBa B eHepreTHqHmx yCTaHOBKaX y 

aTmoutlepHe II0BiTp51 pa30m i3 Ammommll ra3amm Ha,LIXO,LIATb 3a6py,runoloqi 

peqoBHHH Ta HapHHKOBi ra3H, TO 5IKHX BLEIHOCHTbC51: pellOBHHH y BHI-JI5Lai 

cycHeHAoBaHHx TBep,aHx IlaCTHHOK, OKCHTIH CipKH SO„ y nepepaxyHxy Ha AioxcHA 

CipKH a6o cipqHcTHA aHriApHA SO,; OKCH,LI Kap6OHy CO; Ba)KKi meTarm Ta IX 

CHOJIyKH; ,LIi0KCH,LI Kap6OHy CO2 ; meTaH cH4 ; HiTporeHy (I) OKCHA a6o OKCHA 

Aia30Ty N 2 0. 

X0Ila OCHOBHHMH npo,EkyKTamm 3ropaHH5I e OKCH,LI Byr.riewo Ta Bo,ua, 

404LaTKOBI npo,rkyKTH, He AJABJI5IIIHCb Ha Te, HA° yTB0131010TbC51 B 3Hallf10 mefnumx 

KofflAeHTpauiax, HaA3B14IlagH0 BaNCJIHBi 3 TOIIKH 3opy exonoriI. ,TIoBeaeHo, wo 

OKHCJIH a30Ty NO Ta NO, (pa3om Ha3BaH1 NO, ) OCHOBHHMH peareHTamll ripm 

yrBopeHHi (1)oToximigHoro cmory. Kpim Toro, peaKun , B SIKHX 6epe yqaCTb NO , 

CIIpH5110Tb BH,T(aJIeHHIO 3i cTpaToccbepH 030Hy. TaKHM iumom, ripo6siema 

3MeHnIeHH513a6py,4HeHasi HaBKOJIHIIIHbOI -0 cepeAormula OKHCJIaMH 30T 

I KJII0 110BHX AMA exanoriCi. )IJI5I TOR), U.I06 3HaXOLI4TH HOBi IIIJIAXH 3MeHLI.IeHH5I 
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eMicil OKHCJIiB, Heo6xi,21Ho q1TKOy5IBJ15ITH mexaHi3mH Ix yrBopeHHA, F1p0BO,LIHTH 

HaTypanbHi BHMipH BHKHgiB Ta ,ilocnimicyBaTH ,Ekho (1)awropiB, BIIJIHBal0Tb Ha 

pe3y.nbTyro1-Iy BenHimHy. 

IFILLIHM acnewrom y Heo6xiAHocT1 npoBegeHHA HaTypanbHmx 3amipiB 

BHK144(iB LIIKLEIJIHBHX pellOBHH Ta 3,ELifiCHeHH51 CTaTHCT14 111-101 o6po6KH pe3ynbTaTiB 

AocniAxceHb e 3aTBep,EpKeHHA HocTaHoBoio Ka6iHeTy MiHicTpiB YKpaIHH J ■12303 

BiA 01.03.99 p. oflopm,aoK BCTaHOBJIeHH51 HopmaTHBiB 36opy 3a 3a6pyAHeHHA 

HaBKOJIHMHb01-0 npHpogHoro cepe,Ekomiga» i CT51FHeHH51 Hboro 36opy, 3ri,1Ho 

51K0F0 nnaTa 3a 3a6pyAHeHHA 3,aicICHIOCTbC51, BHX04151 11H 3 1121aKTIVIHHX 06C51FiB 

BHKH,M1B. Y ,rtaHH11 mac BH3HalleHH51 o6cAriB BHKH,LIiB y armocotsepy 110J151FaC B 

3acTocyBaHHi 110Ka3HHK1B IIHTOMHX Luo, 3Bawaioin4 Ha pi3Hi yMOBH Ta 

pe>104MH p060TH Ha41TOBHX arperaTiB, He e K0peKTHI4M. 

Be33allepel1H0, camoio 06'CKTHBH010 011iHK010 BeJIW1HHH BHKH,L1iB 6y,ae Ix 

HaTypanbHHil 3amip, alle pe3y.awryroin. BeJIHI1HHa 3aI1e)KHTb Bi,LI 6araTbOX 

13IIJIHBa10 11HX Ha Hei: (toaKTopis, KOTpi, 51K i cam BHTOK, 3M1H101-0TbC51 B qaci Ta pi3Hi 

no BaFOMOCTi BIIJIHBy Ha napameTp, IILO AocnimKyeTbcm. flpouec npoBeAeHHA 

sHmipiB BHTOKiB, 3BamcatoqH Ha Ix Benpixy KiJIbKiCTb Ta Ba)KK0AOCTy1IfliCTb, 

AOCTaTHb0 Tpy410MiCTKIA i He mowe BHKOHyBaTHCb 6e3IIepepBHO B qaci. Tomy, 51K 

OCHOBa 6y,LIb-51K0F0 excnepHmeHTy Ta HaTypHmx 3amipiB, BHHHKaC HeO6XLE(H1CTb 

CTaTHCTIPIHOI o6po6KH 3aMipAHHX BeJIHIIHH, pe3yJIbTaT0M 5IKOI 6y,LIe 1-106y410Ba 

maTemamiffid mo,aeni, LILO 06'CAH)/C anpiopHy, lexcnepHmeHTanbHy 

ifickopmauho [42,45]. 

Ha BHK0HaHH51 BmineBHxna,neHoro npoBeAeHo ,E1OCJILLI)KeHH51 BeJIH 1114H11 

1311KH,L1iB Bi,LI OCHOBHHX Awepen Ha4rronepepo6Horo 3aBogy. 

)IJJTM peani3aniii 	MOTH npoBeAeHo aHani3 BHKOpHCTaHH5I 

nimpozHoro ray ,E1J151m4nycKy npo,rtynnii IliAllpHCMCTBOM (Ta6n. 3.1). 

,Etn51 npoBeAeHHA aHani3y JIlHi HOl Kopenswa 3a excnepHmeHTanbm4mH 

AaHmmn, no6yaom4 MII1HHJ4X p1BH51Hb IIp5IMHX perpeciti, 3HaX0A)KeHH1 

3a11e)KHOCTi cepeAHboro 3HalleHH51 BeIGPIHHH BHK14,E1y NO BiA cepeAHhoro 

3Ha1leHH51 BHTpaTH nanHBHoro ra3y BH6paHo yeTaHOBKH, 5116 Harl61nbale 
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C110>M4Bal-OTb npHpozumil ra3: EJIOY ABT-2, EJIOY ABT-3, niaroToBKH 

Cl4p0B14H14, 	KaTaniTHLmoro 	pectopmmiry, 	CII0B1J1bHeH01-0 	KOKCyBaHH51, 

TepmoxpeKiHry, Teanoemempolleinpanb. 

gocsii,EpKeHHA npoBeAeHi axpeAwroBaHoto eKOJI0Fill11010 na6opaTopiero 

"Halyroximix 11pHicapnaTTA" npHcrpoem ,LV151 BHmipy 3a6py,EmeHb nij ac 

nepepo6KH Hal)TH B Hact•Tonpo,rkyKTH HpH CliaJ110BaH1-11 ripmpowforo ra3y ((HI 

FLOW Sampler» BHp06HHHTBa ckipmll «Bacharach». 

Taanwag 3.1. 	Pe3y.abTaTH Harypailblifix 3aMipiB npm BI4K14,aaX 

3a6pyAmolotwx petIOBHH (Nor ) 3a 2009 pix. 

Micsmi Bcboro 	• BI4K14,414 3a6py,unorotifix pegoBHH 
(No r ) 

3aranbimil 	o6'em 
CI4p0B14H14 	(B 

TOHBX) 

Bwrpam 	narama 
(v13/1"0,4.) 

r/c T/piK 

1 259375 8816 4.31 248 
2 258924 8908 4.56 272 
3 174495 6858 3.98 196 
4 240257 7756 4.07 218 
5 345571 9154 4.68 299 
6 250085 7484 4.06 210 
7 395511 10183 5.32 314 
8 404682 10920 6.34 364 
9 393178 10850 6.12 342 
10 256134 6353 3.4 178 
11 233871 8530 4.48 260 
12 274674 7579 3.92 202 
BCIDOTO 3459757 103391 4.6 265 

ARA 3'51CyBaHH5I 3alleXCHOCTi MbIC BeJ1141114H010 BI4K14,Lky (11) Ta BkrrpaTom) 

namBHoro ray (4) ITOBOXITII4Cb 3amipH ripoTArom poxy, 	HoTim 

iwrerpyBanHcb. Cepe,rmi BeJ114414H14 1.114X 3HatieHb no micsiumx HpHBe„EkeHi B Ta6J11411 

3.2. 

3Ha1ieHHA BHTpaT IlaRkIBHOF0 ra3y, 1.1.10 AOCJILEPKyBaJIHCb, KOJII4Bal0TbC5I B 

mana3oHi Bia 6353 m3/r0A. Ao 10920 M3/F0,4., 3HalICHH5I BeJI14 1114H BHK14,EkiB — Bi,a 

3.4 r/c Ao 6.34 ric. 13 meToto cmagaHHA Bnop5mxoBaH0ro iffrepBanbHoro 
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Bapiauirmoro psLay AJI51 3HalleHb BI4K14,a1B 3a (kopmy.nolo erep,Ekweca BFI3HaLlaCTbC51 

MITHMaJlbHa BeJ114414Ha iffrepHany: 

- rnin  

1+3.21gn 
(3.44) 

po3paxyHxy 011THMaJ1bHI4X iffrepHaniB ARA 3HatIeHb Hkrrpar 	520 

m3Iro,a.) Ta BI4K14A113 ("---z 0,4 r/c) urpHmyxyrb Kope.nAuiPiHy Ta6.runuo (Ta6n. 3.3), y 

KJI1THH1 51K01 HKa3aHa K1.T1bK1CTE. 3amipiH, uuo ripHrwae Ha B143Hallelii 

Alarla30H14 BeJI14 1114H 3HameHb Bwrpar Ta BI4KH41B (tmc.ria ma ) : 

Ta6m41151 3.2 3HameHHA BeJ114 1114H14 1314K14,ay 131,a BI4TpaTI4 Fla.1114BH0F0 Fa3y Ha 

BAT oFlastrroximix IlpificapHarrso) y 2009 p. . 

BkapaTa nanHatioro ra3y, m3/roa. 

BFIKI4A, 

m3/rostk. M3/ro.z. 
6350- 

6870 
7390 - 

7910 
8430 - 

8950 
8950- 

9470 
9990 - 

10510 
10510- 
11030 

m, 

3.4-3.8 1 1 
3.8-4.2 1 3 4 
4.2-4.6 3 3 
4.6-5.0 1 1 
5.0-5.4 1 1 

5.4-5.8 0 

5.8-6.2 1 1 

6.2-6.6 1 1 

/ m, 2 3 3 1 1 2 12 

IlpH po3paxyHxy CTaTIWTHITHI4X xapalcrepHcmx B14614pal0TbC51 3HalieHH51 

BwrpaT, llO noriazaloTb y ,LtaHHA iffrepHan, p1l3H14M cepe,Eumi ci uboro iffrepHany, a 

BeJ114 1-1HHy 1314K144y - piHHy d 1  cepeAHHi BiAnoHi,ruioro iffrepHany. Po3paxyHoK 

B146113KOBI4X cepeAHix, AHcnepcill i KoectiilliCHTa Kope.r151U11 3,aiilcmoio 3a 

4)opmy.nampi (3.45) i (3.46) : 

- 	/
\ 2 

X V x 	-2  + 0 5 S 1 = V2 	 
n —1 

-,,(v 2") 2  n 
y 	+ yo  , s = V 2  

n —1 

(3.45) 
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E M "V 
.1 	I 

vç = 1=1 	
n

= 
 J=1 

, V  

k 	 A 

E in:1 4 /2 	
rr 2 Em / v / 

v' - 	 
2 - 	, V2  = 	, 

n —1 

E my u,v, -nv;v," 

k =  ' .1 (3.46) , 
(n — 1 

-- 

 .V2  

Ha6.11koKeile 31w-fern-i5I KoectliuieHTy perpecii: 

— 

P( 	
cr(n)  

q/ = 	, 17) 	R 	; 	 (3.47) 
0-() 	s, 

PiBEI5IHH5lemnipmtmllx rip5Imi4x perpecifi mac Bnr.a5LEL: 

(3.48) 
S I  

,aJ151 po3paxymcy 	, 	, 	 Ta 	cicia,Ekaemo Bi gonomixcHi Ta6sU4Li 

(Ta6n.3.3,Ta6n.3.4), nplltimaloin4 X0  = 8690 Ta y o  = 5,2, To6To u, = c, —8690 Ta 

v, = d, —5,2 

Ta6.111411513.3. gonombnia Ta6smil5Inigpaxylncy cepexiix BH6ipKOBHX 

Homep 
iHTepBany 

Cepe,amia 
iffrepBarly C, ,LLJI51

3HameHH51 BHTpaT 
ray 

u  

' 
/ 

MI  //, 
2 

U, * M, I  M,
/ * 

U,
2 

1 6610 -2080 2 4326400 8652800 -4160 
2 7130 -1560 0 2433600 0 0 
3 7650 -1040 3 1081600 3244800 -3120 
4 8110 -580 0 336400 0 0 
5 8690 0 3 0 0 0 

6 9210 520 1 270400 520 

7 9730 1040 0 1081600 0 0 

8 10250 1560 1 2433600 2433600 1560 

9 10770 2080 2 4326400 8652800 4160 

Cyma 12 16290000 22984000 -1040 
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Ta6J1141151 3.4. gollombluia Ta&Hu rii,apaxylwy cepeaxix BH6ipic0mx 

Homep 
iirrepaany 

CepegllHa 
iinepBany a 7  , A5151 

3H ameHH51 ByrrpaT 
ray 

_ 
v  .1 

i m 
V 1

2 * 	I v 	in 1 1
2 * 	

1 
V 	117 

1 3,6 -1,6 1,0 2,56 -1,6 2,56 
2 4,0 -1,2 4,0 1,44 -4,8 5,76 
3 4,4 -0,8 3,0 0,64 -2,4 1,92 
4 4,8 -0,4 1,0 0,16 -0,4 0,16 
5 5,2 0 1,0 0,0 0,0 0,0 
6 5,6 0,4 0,0 0,16 0,0 0,0 

7 6,0 0,8 1,0 0,64 0,8 0,64 

8 6,4 1,2 1,0 1,44 1,2 1,44 

Cyma 12,0 -7,2 12,48 

13 Ta6n. 3.3 ARA 3HBXO,TOKeHH51 perpecii1HoI 3aJleXCH0CT1 3M11114 BknpaT ray 

() Bi .L BHTOK1B 3a6pywiefib oTpllmyemo: 

9 

Em;., 

	

-1040 	
86 ; v' = 	 1 12 

5 

v; =  i=1 22984000 208945; 
n -1 	11 

+x0  = -86+ 8690=8604; 

	

(v;) 2 // 	86*86 

	

= v 2 	= 208945 	 200876; 

	

n - 1 	 11 

V200876 448; 

13 Ta6JI.3.4 	3HatleHH51 BeJIHIIHHH BHTOKy (q) 3HBX0AHMO: 

8 

M ff  V J J 
J =I  

1 1 = 	 = 
- 7.2 -0.6; 

12 

5 

lni" V 2  
.1 J 

	

1 =  I 	12.48 
V 2  =    1.14; 
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+ y0  = -0 .6 + 5.2 = 4.6 ; 

-2 	I ) 2  n 	(-0.6) 2 * 12 
S 2  = V 2  	= 1 .14 	 0.747; 

n-1 	 11 

= 	=  

AJI51 WApaxyHKy 	u, v culazaemo HOBy Ta6I1H1410 (Ta6.1 -1.3 .5 ). Y 
1 , I 

KO)KH1P1 KII1THH1 (npaBopyq) BKa3aHO FICJ1O m u  , 	Mae °Atli ci Ti )1( cami 

3HatleHHA u, Ta v i  , a 35I1Ba BKa3aHO RO6yTOK m 0  u , v1 . OCTaH11111 CTOBIP-1HK 

CKI1aaaCTbC51 13 cymH BC1X m u  u,v, HH HOCT1171HOMy j. 51K BH,LkHO 3 Ta6JIHU1 

E mu u,v i  =4148 

Ta6JIH1151.3 .5 . Ta6JIH1.151 ni,apaxyincy Koecliuietrra Kopeslinig 

U, 

-2080 -1560 -1040 -580 0 520 1040 1560 2080 Cyma 

-1,6 0 

-1,2 2496 0 2496 

-0,8 1248 0 1248 

-0,4 0 

0 0 

0,4 0 

0,8 0 404 404 

1,2 0 

Cyma 1 4148 

BHKOplICTOBy10 1-1H otopmy.ay (3.46), 3Hati,aemo E11461pK0m411 Koestlillian 

KoperimuiI: 

Em o u,v,—nv;v; 
4148 -12*(-0/6)*(-86) 

0,76 = 	  
(n - 1) j 2 	11*448*0.865 



102 

Ho niHirmomy K0e(1)ill1ewry Kopermuli macmo 3mory 0H1HHTH xapaicrep 

3B'513Ky. 

OCKiJIBKH 3HariAeHHil KOel[billiEHT Kope.rumiI JIMHTb y 41arm3oHi 

0,7 TO M1H1IIHa 3aJleWHiCTb C AOCHTb BHCOK010 - 3B'5130K H5IMH14 CHJIbH141, 

,E(JI51 BH3HalleHH5I TOFO, Ha CIC1J1bKH BlACOTK1B y cepeAHbomy Bapiaui.g 

pe3yJIbTaTHBH0r0 ripH3HaKy HO5ICHIOCTbC51 3a paxyHoK BapiaLUI ctialcropHoro 

ripH3HaKy, 3Harmemo KoectliuieHT 

D 	2 •100% 

D= 58,3 % 

3a ckopmyliamil (3.47 ) 3HaXO,LH4M0 Ha6.1-mKeHe 3HaLleHHA KoectoillieHTa 

perpeciI: 

Cr(77) 
----

g)  

	

0

'

865 

 0,0014674 
(:)  

448 

3a (Popmysioto (3.48) 3Haitgemo emnipHime p1BH5IHH51 ripsimoI perpeciI. 

PlBH5IHH51 ripmmoI 17 Ha mac BHFJ151,11: 

y - 4.6 = 0.0014674 * (x -8604) y = 0.0014674x-8.026 ; 	 (3.49) 

Y 4:lopmymi (3.49) x moilesnoe BHTpaTH IlaJIHBH0F0 ra3y, ay - BellH 1-1HHy 

KIKH,L6B y aTmoal)epy. 

Taimm mHHom, 3a Aonomorolo oTpHmaHoro p1BH5IHH51 ARA AOCTILEpKyBaHHX 

06'EKT1B, Aid BHKOINICTOBylOTb HaJIHBHH171 ra3 y BHpo6HHHTB1 ii snd 3a6py sEH4IoloTb 

HaBKOTIHMHE cepeaomme, moNcHa HpH pealThHHX 3HalieHH5IX BHTpaTH HaJIHBH0F0 

ray BH3HallaTH BeiffiliHHy BHKH,LUB y aTmoc(1)epy NO 6e3 ripose,aeHHA 

Tpy,aomicmix 3amipis. 



5,30 

7:300 	R:300 	9:300 	10300 

BwrpaTa namsHoro ray 

Pnc.3.1 1. giarpama p03C110BaHH51 BHK1441113 NO, Ta po3xogy HajIHBH01-0 ra3y. 
• 

- ClJaKTHIIHi gani 3amipiB BHKKEHB IIIK1T1.1114BHX pemoBnn; 

— - po3paxyfflmBi AaHi 31-141110 aHaJuTFIqHol 3ajle)KHOCTi. 

Ha pnc. 3.11 3o6pawena Aiarpama p03C11-0BaHH51 BHKH,L1113 B1 BeJ114 1114HH 

Bkapani HaTIHBHOF0 ra3y, o,rkepwannx Hi tiac 3amipiB. Tam >Ke naneceno 

Teope-rnimy minito perpeciI 3aTle)KH0CTi BHKPLEHB NO BiA BknpaT Haulm-for° ra3y. 

Ha ocnoBi po3po6nenoro SIFOHTM MO)KJIHBO npoBecili po3paxynKn i 

no6y,AyBaTn maTemaTnimy MOst1eJlb i AMA 11-1LIMX THI-1113 06'EKT113, 51K1 3a6py,Ennoxyrb 

ROBK1J11151 Apyrnmn BHKHZaM14, TaKHMH 51K CO,S02 . 

3.4 BEICHOBICH 410 powliay 3. 

1. 	g ocm,a)Keno 	Ta 	ripoanagi3oBano 	pe3yJIbTaT14 	po3paxynKiB 

p03110BCI-0,21)KeHH51 BHKH,LHB i3 pe3epByapiB y aTmocci>epy. HOKa3aHO, LL10 npouec 

BunaposyBamni HOCHTb nepioAntninn xapaKTep i 3a6pygneFu5i aTmocctlepn 

3iA6yBacrbcsi unKnitfflo 3 pi3noto amnniTyTkoro i 4>a3010 B IiHKJIaX HO BHCOT1 i y 
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2. ,EjocmixiceHo BeJIHIIHHy BHKH,EHB IIJK1LJTHBHX peiloBHH npH CrIaJHOBaHHI 

upHpo,aHoro ra3y, AKIA BHKOpHCTOByETbC51 	nepepo6KH HatPm, Ha OCHOBI 

Hb0F0 po3po6.11eHo maTemaimmHy MO,LIeJIb. 

npH CTBOpeHH1 mo,aeni BHKOpHCTaHO MeTOAH o6po6KH HaTypHHx Ta 

excnepHmeHTambHHx AaHHx. Ha ocHoBi mogemi mowma nporHo3yBaTH BHKI4,414 HO 

KIJIbKOCTI cnamoBaHoro npHpoztHoro ray Ta 6yAyBaTH KapTorpamH 

3a6py,Ektuotommx Tepwropiii 6e3 Ber114K14X 3aTpaT Ha npoBHHA aHarli3y 

aTmoccPepH npo6 rpywris i Box)Awful. 

3. Po3po6.11eHo 6JI0K-CXeMy H JW0pHTMH po3paxyHxy cTBopeHoli 

npocTopoBoI maTemaTHilHoi moAemi, Axy pealli3oBaHo Ha anropwrmiiiHiA moBi 

(DopTpaH-IV. gaHi nporpamil ,a03BOJI5110Tb 0611HCMOBaTH KoHuempaLai BHKI4,a1B 

rlapiB 6eH3HHy B aTmoukepy npn 36epiraHHi tioro B 	 KIJIbKOCTI 

pe3epByapiB npopirom cBiTnoBol.  nopH _LIMA pl3HHX MOMeHTIB Macy, BeJIIIIIHHH 

notu4Hatomm B1L AO6H, TH>KH51, MICALUI I T.,a. IlpH Hbomy BpaxoBaHo 

cHmbHoocukunotomi niAiHTerpaabHi 
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PO3JUI 4 

HPOMHCJI0B0-JOCJII,111HA ALIPOBAHISI 3AHPOHOHOBAHHX 

METOMB PO3CHOBAHH51 BHHAPOBYBAHb HAOTOTIPOAYKTIB Y 

ATMOC(DEPI 

Ha JHHI 	ac HoBepxxeBi 51B14ILla i IliHOaKTHBHi pellOBI4H14 (HAP) 

BH3HalIal0Tb Ba>KJIHBi TeXHOSIOTillHi H npmponxi npouecH Ta BHKOpHCTOBylOTbC51 y 

Bcix rasiy35Lx rocnogapcTBa. 0,E1HiCIO 3 OCHOBHHX oanacTeil BHKOpHCTaHH51 

IliHOaKTHBHHX peti0B141-1 y xa4Tonepepo6xici 11p0MHCJIOBOCTi C CII0B1JIbHeHH51 i 

3MeHH1eHH51 BllnapoByBaHb Ha(1)Toripo,nywriB 3a ,L101-10M0F010 IIJIiBOK Hep03 1-IHHHHX 

HAP [52,53]. 1151 06J1aCTb BHHHKJIa y 3B'5I3Ky 3 . npo6siemamH exanoriI ii y AaHH1,1 

tiac ,LkOCTaTHb0 aKTFIBHO p03BHBaCTbC51, ripoTe Lue maw BHBgeHa. 3 Him meToio 

Heo6xi,rHie ripoBeAeHHA ,nocsii,a)KeHb 3aJIe>KHOCTi IIIBHAKOCTi BmnapoByBaHH51 HAP 

i mowsumi mexaHi3mH CLIOBiJIbHeHH51 BllnaporlyBamisi, Taxi 5IK faCiH1-151 XBHJIb Ha 

noBepxHi H 3MeHLIIeHH51 II5101ui noBepxHi ,E1OTHKy petioBHH, nto BmnapoByloThcA, 3 

Hamankauxim cepe,aom4mem. 

4.1. 	MeTarim 	3meinueima 	it1TeHCHBHOCTi 	BHKHLIIB 	napiB 

11a4)T0np0,ayKTiB 13 pe3epByapiB y aTmoe4)epy. 

flpoanema cxopotiemisi BTpar Hatt•Tonpoarcris B1L BkinapoByBaHHA 

6araTOTpaHHa. HarlBa>KJIHBiLIIHMH ii acneKTamH e eKOH0MNHHII Ta 

Bawxo 01_11HHTH, xoTpHA i3 1114X acnexTiB no mipi 36HTKOBOCTi CMi p03MiCTHTH Ha 

nepinomy micui, ane e 011eBH,E(HHM, WO  i rapaTH Hastrronpo,,nywriB, i 3a6py,nHeHHA 

TIOBlaTI5I51 C 3a,aatiamH riemuoileproBol Ba>KJIHBOCTi. 

OCHOBH Teopil BTpaT HatlyronpoAyKris Bi BkinaposyBamisi 3 pe3epByapis 

6y.1114 3aKsia,neHi B ripausix IlepHiKixa B. 4. [104] i B 110,AaJIMII0My p03B14HeHi iloro 

yinisimm E,nirapoBHm C. F., 51KOBJIEBHM C. I., K0HCTaHTHHOB141-1eM M. M., 

A6y3oBoio O. I. Ta ix. Y HHX BCTaHOBJIeHi OCHOBH1 3aKOHOMipHOCTi 

BkinapoByBaHHA piAHH (3oxpema xagyroripo)ywriB) i BeHTY151511111 ra3oBoro 
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ripocTopy pe3epByapiB, 11.10 lipH3BOAHTb 	BI4K14,L11B napiB Hatlyronpo,oywris y 

aTmo4epy. 

ByinapoByBaHHA — ue nepexiA HatlyronpogyKTiB i3 pigxoro ,00 

ra3onogi6Horo cTaHy rip m TemnepaTypi H14)10-111i, HbK TemnepaTypa KHII1HH51 npH 

AaHomy THCKy. LUBH,L1K1CTI3 BHnapoByBaHHA 3aJIe>ICHTb B1,E1 THCKy Haarlem,ix napiB, 

(kpaKuinHoro maa,ay, cepe,rumoI TemnepaTypH K141-11HH51 1 KoeOuieHTa 

THCK HacHtieHmx napiB —ue THCK napiB, llO BiAnoBi,oae AHHamigHill 

piBHoBa3i mix( pirucoto i napoBoio (1M30K) Hallyronpo,EkyKry ripH 4aHlIi  

TemnepaTypi. 

5IK1110 TkICK HacHgemix napiB npH .raHii TemnepaTypi BHLL114171 

napuianbHoro THCKy npm Till comic' TemilepaTypi, TO Hati)TonpoAyKT 6y,tte 

sHnapoByBaTHcb THM 1HTCHCHBH1111e, quM 61JI131.11a Ta p13H141_151. 411m BH11114171 THCK 

HaCHIleHHX napis, THM 61J1b1111 BTpaTH Ansi BHnapoByBaHHA ripm imukix ymoBax. 

arm 1H,L114131,E1yalThHHX plAHH THCK HacHileHmx napis — (1)i3HilHa KOHCTaHTa, 

WO 3aJle)K14Tb B1,./ monexy.nsipHllx BflaCTHBOCTeil 4aHo1 piAHHH i BiTh TemnepaTypH; 

AJI51 piAHH Heo,aHopi,aHoro CKJIa41y, TaKHX, Haripmma,a, 51K H4Ta 1114 6eH314H, THCK 

sacHtieHHx napiB npH TemnepaTypi e CKJIa411-1010 4/yHK111C10 CKJ1aJIY piAHHH i 

3aJ1e)1(14Tb B1,21 06'emy npocTopy, B 51Komy 3HaX041HTbC51 napoBa cba3a. Ue 

1-1051CHIOCTbC51 THM, 1110 npH p13HHX o6'emax y napoBy (1)a3y 6yge nepexoAHTH 

pi3Ha K1J1bK1CTb KOMII0HeHT1B 13 Hail6i.abumm 3HageHH51m THCKy HacH4em4x napiB, 

i BixioBigHo CKJ1a41pi,LIco1 4a3H 6y,ae TaKWK p13HHM. TaKHM 11HHOM, )21J151 KO>KHOF0 

CII1BB141140111eHH51 Ta napoBoI 4:1a3H piBHoBara napiB 6yge BCTaHOBJII0BaTHCb 

13 1211411H010 ifnuoro cma,ay, a ue BIIJIHBaC Ha Bes1Hpu4Hy THCKy HacHmeHol.  napH. 

011eBHAHO, 31 361J11)ifleHHAM TemnepaTypn H4TonpoAyKTiB pe3epByapi 

3pocTae THCK Horo npywHkix napiB, HO 1-113H3BOAHTb O 361J1b1.1IeHH51 

1HTeHCHBHOCT1 BllnapoByBaHHA Ta 3pOCTaHH51 KoHueHTpauil.  mapiB 

sal)TonpoAyKTy B ra3oBomy npocTopi pe3epByapy. Kpim TOFO npH 3pocTaHHi 

TemnepaTypn pi,oHHH B pe3epByapi BiA6yBaeTbc5I 361J1131.11eHR51 ii o6'emy, LLO B 

ymoBax i3o6apHoro npouecy 1113H3B0,L114Tb o 3MeHLLIeHH51 o6'emy ra3oBoro 

npocTopy. Besmtama, Ha sixy 3MeHII1HBC51 o6'em ra3oBoro npocTopy pe3epByapy 
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BHaCJIi4OK 4060BOTO TemnepaTypHoro nepenaAy 	 Ha314BaCTbC51 maallm 

Al/IXaHHAM pe3epByapy H e Bel-1141114HW° BlIKHAy naponoBiTp5moI CyM1W1 B 

aTmocstsepy. 

Taimm imHom BeJ114 1-114Ha BHK144y naponoBiTp5moI cymimi 3 pe3epByapy B 

aTmoakepy 3alle)KnTb 1314 3aranhHol.  (cepexiboAo6oBoi) TemnepaTypll 

HatlyronpootkyKry B Tpy6onpoBoAi Bi ,LAo6oBoro nepermAy Temneparyp. 

THCK HacHtlefifix napiB Halyronpo,aywry B 3aJle)KH0CT1 BU TemnepaTypH 

B143HatlaCTbC51 3a emnipHimoto ckopmysioro, LIJO mac BHI-J1514 [104]. 

P„ =56519 expP 0.026(t„ k  - t)], Ila 	 (4.1), 

,Eke tnk  - TemnepaTypa nomaTxy KH1-11HH51 npo,ayKTy. 

3meHmeHHA THCKy npy)KHHx napiB ripH3Be,rke 40 3MeHILleHH51 

iliTeHCHBHOCTi BilnapoByBaHHA Hatinonpo,aywry cI , (mice, 40 3MeHLLIeHH51 

BeJIHIIHHH InKi4JIHBHX BHKH4iB y aTmocct•epy. 

IcHyrogi MeT04H 3MeHLLIeHH5I LIIK14J1HBHX BPIKH4iB napiB HartoTonpogyKTiB 

i3 pe3epByapis y aTmoaDepy moxma yMOBHO p034i.TIHTH Ha otleKiJIbKa rpyn. 

1. MeTo,rm, 110B'513a1-11 3i 3MeHilleHH5IM TemnepaTypm Hactrronpo,aywry i 

Ao6oBoro TemneparypHoro nepenaAy. 	rpyrmCMLI Bi)mecTH 4ap6yBaHH1 

pe3epByapiB y cpi6mAcTHA (comreBiakurroBxpoimil) xanip, TemnepaTypHy 

130J151Hi10 ra3oBoro npocTopy, cnopy,weHHA HaniB3arny6rrem4x pe3epByapiB. 

2. KOHCTpyKTI4BHi meTogH. C104H Bi4H0C5ITbC51 CTBOpeHH5I 

excnnyaTarrim pe3epByapiB niABHmeHoro THCKy, pe3epByapis i3 110HT0HaMH, 

pe3epsyapiB i3 nnaBaroimm Aaxom, ynpoBaxicemrm ra3oBoI 06B'513KH pe3epsyapis. 

3. MeToAH, cnpAmoBaHi Ha 3HIDKeHH51 npywHoro THCKy npy)KHux napiB. 

)...(co mix MeT04iB Bi4HOCATbC51 110KpkITT51 noBepxHi Hatinoripo,aywry B pe3epByapi 

inapom memix (rumBatotinx) cpi6m4x HpegmeTiB (Hanpllmag, niH01-151aCTOBI4X 

KyJIbOK), 406aBKH 40 Ha4)TH 1TH npo,aywry K0M110HeHTiB, 51Ki CyTTC130 31414)1(p-0Tb 

THCK HacwieHnx HapiB. Cnig 3ayBa)nrrn, llO B nepmomy Bkma,axy npm 

BllicagyBami npogyicry 3 pe3epByapiB icHye He6e3nexa 1-10TpanJ151HH5L TBep4HX Till 

y npoTotniy maCTI4Hy Hacocy, a B gpyromy — Hopymemisi KoHglluifixocTi 

upogywry. Y KOXCHOMy KoHxpeTHomy Bkmamcy CJIi4 3Ba)KHTH Besminmy 36HTKiB 
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Big Bkmapi-oBaHHA Ta HeKoHnHuhlHocTi nponylay i BH6paTH Haii6ijIbLll 

OTITHMaJlbHHil BapiaHT. 

4.T151 Bkmanxy 110KpHTT51 noBepxHi Haet•TonponyKTy B pe3epByapi 3aXHCHHM 

mapom imud pinHHH Heo6xinHo, wo6 pinHHa noxpknialotioro mapy mana meHnly 

rycmHy Bin Hal)TonponyKTy, 51KHA BOHa 3axHwae. Kpim Toro, pinHHa 

noxpllBaTotioro Illapy T1OBHHHa maTH HackToBy OCHOBy, I.1106 He ncyBaTH 511(1CTb 

HaclyronponyKTy, K0TpH14 36epiraeTbcm. B TaKomy BHnanxy Temneparrypa not-ma-Icy 

K14111HH51 pinHHH noxpimatotioro wapy 6yne meHmolo 3a TemnepaTypy notiamy 

KIIIHHH51 Hatt•Tonpo,nyKry, 1110 36epiraeTbcm, j y BinnoBinHocTi no 4)opmym4 (4.1) 

THCK HacHtlem4x mapiB pinHHH noxpuBalomoro mapy, 51KHA 110BHHeH 6yT14 

TOHKHM, ILIBHAKO BkmapyeTbcm i BTpaTHTb 3aXIICHi ckymaa. 

FlponoHyeTbcA 3 meToto 3MeH11JeHH51 BkmaposyBaHHA 3 pe3epByapiB 

nepionwmo 3a110BH51TH fa301-10BiTp5IHHII npocTip pe3epByapy niHoto, onep)KaHoto 

111,1151X0M aepaLui B0,T1HHX p03 14141-11B IliHOyTB0p1010qHX 110BepXHeB0-aKTHBHHX 

pei-loBHH (11AP) Ha Hacfrl'oBiH ocHoBi. B n0tiaTK0B1ffi MOMeHTCy (TliCJI51 

3aKiligeHH51 ra3onoBiTpmHoro npocTopy) napuianbHHA THCK 114114 

nepeBmgyBaTHme THCK npyx(HHx napiB Ha(I)TonponyKTy, LUO npaKTHimo 3Be„ge 

BkmapoByBaHHA. CTitiKiCTb H1HH BH3HallaCTbC51 tiacom, 3a SIKHP IT 06'em 

3MeHLUyETbC51 Hal-M.)10BHHy. Tomy HackTonpo„nyKT 6yne 36epiraTHcm npaKTHimo 

6e3 BkmaposyBaHHA npoTsfrom macy, 1110 1113116.11H3H0 ,EkOpiBHIOC 110,HBifiHicl 

CTirIKOCTi rIIHH. HiCH51 110BH0F0 OCi,HaHH51 IliHH Ha noBepxHi Hacl)TonponyKTy 

yTB0p14TbC51 map p0311-1HHy HAP, 51xml 6yne nwtoyH,gyBaTH B riTH6HHy 

Hati)TonponyKTy, yTB0p101-01114 cymim, THCKH HacHtieHmx napiB 51KOI 3HaHH0 

meHmHii THCKy HaCHIleHHX napiB HatlyronponyKTy. OT)Ke, rIic.rI51 OCiAaHH51 111H14 

neBHHti qac , ILO riunrac BH3HaileHH10, mmaposyBaHHA HagnonponyKTy 6yne 

meHm iHTeHCHBHHM. 

Hexati o6'em ra3oBoro npocTopy pe3epByapy cKaanae Vin , a THCK 

HacHgeHHA napiB y Hbomy cmagae p„ npH TemnepaTypi T IT/ . Toni maca napiB 

HatkTonponyKTy B ra3oBomy npocTopi (monexyampHa maca ) cmanae 
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P HK V  
M  n 	 (4.2) 
	 T rll  
PG 

,Eke 
R 

- yHiBepcaribHa ra3oBa maria. 

5IKLI.10 B fa3OBIA npocTip pe3epByapy BBeCTH aepoBaHHA p031114H HAP i3 

KpaTH1CTIO 1-111-114 K ripH napHiaabHomy THCKy P11 	P Hll  TO B rpaHHimomy BHIla,aKy 

mammemo 

V  IMP • K  P 17A1) = M  IMP 	/1 7'  IMP 
	 (4.3) 

P RAP 

011eBHAHO, 	C1-1113B1AHOILleHH51 napHiaribm4x THCK1B 1 TemnepaTyp A.1151 

KONa101-0 KOMHOHCHTa HOBHHH1 6yTH p1BHHMH,TO6TO 

R , 	R nAp 
	— 	 

P 	PIMP 

Toni onepwcHmo 

RAP 
M nAP = M H 

H 

(4.4) 

Taxlim qFIHOM , BHTpaTa HAP 3alle)KHTb B1,L1 mac napiB Hafirronponyicry B 

ra3onoBiTp5mig CyMilui pe3epByapy i CH1BB1,1JkHOHleHH51 manexy.nApHkix mac 

noBepxHeBo-axTHBHoI pell0B141-114 Ta napis Hafirronponyicry. 

13H6ip Heo6xinHoI KoHLiarrpallii.  HAP y BO,L1HOMy p03 11HH1, a TaKO)K camoI 

ripHponll pemoBHHH, BH3Hallal0Tb TexHanorlio cxopoi-iefflisi BHKH,E11B 13 

pe3epByapis. Tomy AAA peani3aai uiix 3anati Heo6xinHi ,L10,E1aTKOB1 

excnepHmeHTanbiii nocninweHHA xapaicrepy 31V1. 11-1H THCKy Hacwietwx napiB B 

cymiLui Haclyronponyicry i HAP HpH 1313H14X TeMilepaTypaX. 

4.2 EKCHepHMeHTaJ1131-11 JOCJILLPKeHHH BJ -laCTHBOCTefl 1-11H0aKTHBHHX 

petioBHH. 

0„EkH1C1-0 3 Ba)KJIHBFIX BrIaCTHBOCTeg pem0B14H C noBepxHemil HaTsir, a ,L1J15I 

xapaicrepHcTHKH HAP usi B.11aCTHB1CTb C OCHOBH010. MaTeplaTI HO noBepxHeBomy 

HaTsiry HpeACTaB.TI5ICTbC51 y BH1'1151,a1 K0e4311111CHT1B p1BH5IHH5I, Axe orwcyc 
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noBepxHeBnil HaT5If MK 4:•ymailio TemnepaTypH y BH3HaileHomy TemnepaTypHomy 

iffrepBani: 

(5= (5 b t= (30+(c jt, 
dt 

(4.5) 

,Lte co  - noBepxHemil Hann' npH 0°C; t - TemnepaTypa , °C; `L°-  =-b - 
dt 

TemnepaTypHHA KoeckillieHT noBepxHeBoro HaTmry B cHcTemi p1gHHa-ra3. 

ExcnepHmeHTaabHo BCTaHOBTleHO, ILO nosepxHemil HaTsif 3aTle)KHTb Bi sq THCKy 

HacwieHoro napy P: 

a =a „,-RTh in P, 	 (4.6) 

ge a„, - noBepxHermii HaTSIF npH p1; h - Koecl:linieHT nponopuicniocTi. gaHe 

plBHAHH51 orrpHmasm npm iHTerpyBaHHi piBH5THH5Iagcop6iiii Fi66ca 

do-  = TRTdln Ny 
	 (4.7) 

npn ymoBi: 	- const (Ha noBepxHi icHye HOCTigHHII map). Ilpll ifrrerpyBamii 

oepicyemo: 

a =a n7-RTconst In Ny =o - „,-RTh In P 	 (4.8) 

N - Kolillarrpaiiim, MOJIbill A0111; y - K0e4:1114CHT aNTHBHOCTi. 

IHHIOIO xapaicrepllcnixoto HAP e crirmicrb n1m4. 11AP — lle AkICHepC1171H1 

cHcTemn, SIKi mo>KHa KJIaCH(1)1KyBaTH 3a HeBHHMH o3Haxamll. 3ri,Ellio x.riacllckixauil: 

AllcnepciPhimm cHcTem 3a arperaTHHm cTaHom stoa3 llifill — lle LJHdHepc1IiHi cllcremn 

y AKHX Allcnepciia 4a3a ra3, a Allcnepcicille cepe,Liomille — piAlltia. Crifixicrb 

111HH BHMiplOETE.CSI tiacom iCHyBaH1151 HeBHOF0 06'emy, SIKHcl 3aJIMHTb TifIbKH 

MinHOCTi HJI1BOK, p03,En.T15110 1-1HX nyxllpill ray [1,99,100]. ARA AOCJILMKeHb 

BH6paHo BHCOKOMOJleKyJillpHi CHaTlyKH: 11EF-6000,11EF-8000 Ta ereapoxc-6. 

ARA 01411KH 51KOCTi niiioymorgototillx po3tilliiiB i ripllroToBsieinix i3 HHX 

11111 KOpHCTylOTbCSI pl3HHMH KpwrepimmH: 06'emom till BHCOT010 CTOBIla HiHH y 

BeBHHX ymoBax npoBeAeHHA excnepHmeHTy, Bi,LkHOLIIeHH51 06'emy till BHCOTH 

CTOBIlaHiHH AO acy if HOBH0F0 pyi4HyBaHHA, 3MiHH o6'emy llifill B qaci. AO 141301-0 

liacy yHiBepcaribHoro KpHTepho niHoymopeHHA, 5IKHH6H 04H0llaCHO Onlin0BaB 

yci cmcremll, illo yTB0p1010TE. niHy 3a 6yAb-51KHX yMOB He icHye. 
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nixormopmy 3,EkaTH1CTb AMA Haumx AOCJILIPKeHb BH3HallaJIH Ha 

na6opaTopHiii ycTaHoBui (pnc. 4.1), OCHOBHHM enemeHTom sucol: e Tpy6Ka 

,EIOMICHH010 1100 mm, AiameTpom 65 mm, npn KimHaTHiti TemnepaTypi. 

Y 500 MJI AHCTHJIbOBaH0.1 BOAH p031314H51CM0 0,2 r HEF-6000 i ilepe3 

AOCJI1,11)KyBaH1114 p03 1.IHH 6ap6oTyemo II0B1Tp51. KOWHOI XBH.TIHHH 3amipmemo 

BHCOTy yTBopeHoro CTOBIIa 1111114. KOJIH BHCOTa yTBOpeH01-0 CTOBIla II1HH 

3aJIHIL1aCTbC51 CTa61IIbH010, I1HIIHH5ICM0 6ap6oTyBaHHA i 3aM1p5ICTIIC5I CT1c1K1CTb 

111HH. rlepe,4 KOWHHM fIeBHHM BH3HalleHH5IM Tpy6Ky npomnBaemo ,LkHCTHJII30BaH010 

B0)1010. Bepemo 0,5 r FIEF-6000 i p031114H51040 B 500 MM Al4CTI4J1b0BaHOI BOAH 1 

3H0By 6ap60TyCM0 HOB1Tp51. Bci iHmi AOCJI1)114 HOBTOpI-010TbC51 TaK camo, AK I 

nepmnil, T1.1IbKH 3mimolotin KoHueHTpaulio posimHiB nAp. 

0Aep)KaHi pe3yRbTaT143aHeceHo JO Ta6anui 4.1. 

aim II0p1BH5IHH51 II1HOTB0p 1-10.1 CT1rIKOCT111EF-6000 3amiHem41,1 p031-1HHHHK. 

BH61p p031114HHI4Ka o6ymoarieHnil THM, 61JIMII1CTb TeXHOJI0F1MHHX npoueciB 

Bi,16yBaeTbc5l y Bo,Eti pi3HoI TBep,aocTi. 

P031-1HHACM0 TaK1 )1( macn FIEF-6000 y TBervkiii Bogi i npoBoAnmo 

6ap6oTyBaHHA II0B1Tp51 Kpl3b p0311HH. KO)KHOI XBHJIHHH 3aM11351CM0 BHCOTy CTOBlia 

I111-114; oTpnmaHi 	3aHeceHo 	Ta6m41i 4.2. 

AHaJ7101'1 11H1 ,LkOCJI1,EPKeHH5I 11130BOAHJIHCb JT5I p13HHX HAP: 11EF-8000 Ta 

CTeapoKcy-6. ,EtaHi npnBegeHi y Bi,anoBigHnx Ta6m4umx 4.3 -4.6 

3a OTpHMaHHMH AaHHMH no6yAoBaHo rpa4MKH (pncymm 4.2-4.4). 

HacTyrmi AocnixiceHHA nonsiraroTb y BH3HalieHH51 noBepxHeBoro HaTmry 

petiOBHHI4 3a Aonomoroto TopcitiHoI Barn. CnotiaTicy Bn3Hamaemo cTarly TopcitMoI 

Barn. Bepemo AHCTHJIb0BaHy BoAy i Bn3Ha1iaemo excnepnmeHTaribHy curly, 

Heo6xi,rmy AJI51 BiAppmy Kinbum npn KimHaTHiii TemnepaTypi piBHill 16 °  C. Cluny 

TopcigHoI Barn BH3HailaTIH 3a (kopmynoto: K = Fla =1,16. nOBepXHeBHg HaT5IF 

BOAH 6paJIH 13 A0B1AHI4Ka. BH3HaLlaEMO excnepnmeHTaimHy cnny, Heo6x4my ASIA 

BiApnBy K1JIbI151 p031.1HH1B 11EF i ereapoKcy 6. Bn3Hamaemo nosepxHeBnii 

HaT5Ir KO)KHOI 13 peon m 3a ckopmynoio 
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u =F/k Pe3ysibTani excnepHmeHTanmioro gocnig)Kemisi 3atiecelio go Ta6J1141ib 

4.7-4.8. 

Ta6allusi 4.1. — 3a11eNCHiCTb allaCTI4B0CT1 Him4, yTBopewii ripm p031114HeM-11 

FIEF-6000 y APICTFIJMOBaffill B0111. 

ilac 

T 9 C 

KoinieHTpauisi 

C5 % 

fillcoTa 1111-111, 

H0, MM 

CTifiKiCTb nimi 

C 

60 0,03 20 12 

60 0,09 15 8 

7 40 
i 

0,4 15 8 

240 0,8 8 1 

240 1,6 8 1 

240 3,1 0,5 1 

240 5 0,2 1 

Ho, mk4 

4 

T94 

Pm. 4.2 - 3anexmicTh BHCOTH IliH14 CFICTeM14 BAP - Boga ripm Komjeturpailii.  FIEF 

-6000 B TBepgiii (---) Ta AFICTI4J1b0BaHlil 	BOAi 

1-0,03%; 2— 0,09%; 3- 0,4%; 4 — 0,8 — 1,6%,5- 3,1 — 5%; 6 — 0,03%; 7 0,09%; 

8 — 0,4%; 9 — 0,8% 



7 

ilaMii e Op 

1 - eoolma &mil; 2 -ija; 3 - KputaKa;4 — aetimunb; 5 — Kpaa; 
6 milaaamemp; 7— Kaimpecop;8 — inepuocmam; 

3 

5 
6 

2 

.000111•10.  
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PliCyHOK 4.1 J1a6opaTopum yeTaHomca JAM B143HaLleHH51 KpaTHocTi i 
CTifiKOCTI ll1t114. 
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Ta6.1-1Hum 4.2. - 3anexcHicTb BRaCTHBOCTi Il1H14, yrBopei-Kii npki p031-114HeHHi 

FIEF-6000 y TBepgiii BoAi. 

ilac KonmeHTpauisi 

C,% r , C 

 BHCOTa Ill1114, 

Ho, MM 

CTifildeTb Ilifill 

C 

120 0,03 16 2 

120 0,09 13 15, 

120 0,4 7 1 

120 0,8 5 1 

Ta6J1141.151 4.3. — 3anewlicrb B.TlaCTI4BOCTi I111-114, yrBopeHoI npll p031114Hefilii 

REF-8000 y AFICTI4J1b0BaHlil BO,Lki. 

Ilac 

r , C 

KoHuieinvauisi 

C,% 

Bllco-ra num, 

Ho, MM 

CTifildeTb HillIli 

C 

300 0,03 15 38 

300 0,09 11 1 

120 0,4 2 0,5 

120 0,8 2 0,5 

- 1,6 - - 

- 3,1 - - 

- 5 - - 
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Ta6m41151 4.4. - 3a.TleNCHiCTb allaCTIMOCTi 1111-114, yrBopeHoI npH po3Lipmemi 

11EF-8000 y TBeAttiti 

ulac 

r , C 

KoHueinvaulin 

C,% 

Bnco-ra 11i1114, 

Ho, mm 

CTifiKiCTb IliHil 

c 

240 0,03 15 3 

240 0,09 15 3 

240 0,4 18 3,5 

240 0,8 15 3 

240 1,6 10 2 

240 3,1 10 2 

240 5 " 	10 2 

Taanntm 4.5. — 3anewHicTb 13.11aCTHBOCTi nhin, yrsopeHol.  ilpil p031114Helifil 

CTeapOKCy-6 y AHCTI4J1b0BaHlii BOW. 

'lac 

r,C 

1Colluein-pandsli 

C,% 

1311COTa Ilialli, 

Ho, mm 

CTirlKiCTb Ililiti 

c 

720 0,03 950 660 

600 0,09 950 900 

540 0,4 950 1380 

420 0,8 950 4500 

360 1,6 950 5160 

240 3,1 950 5866 

180 5 950 6400 
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Ta6J-inusi 4.6. - 3a.1ewHicTb BJIBCTI4BOCT1 	yrsopeHoI ripll p031114HeHlii 

CTeapoKcy-6 y TBepJuII BoAi. 

'lac 

r 9 C 

KoHuenTpaulisi 

C,% 

BncoTa nimi, 

HO, MM 

CTiiiicicrb Hill11 

c 

600 0,03 950 420 

540 0,09 950 720 

420 0,4 950 900 

360 0,8 950 1380 

300 1,6 950 2400 

240 3,1 950 4660 

180 5 ' 	950 5280 

Ta6smusi 4.7. — Pe3yabTaT14 Bil3HalieHH51 noBepxHeBoro HaTsiry 1111114 B 

cllcTemi HAP - BoAa 

HAP Piiixosa Bo,aa, a PitIKOBa BOAa i Caa2  , a 

11EF-6000 76,7 79,3 

11EF-8000 81,03 77,5 

Cereapoicc-6 56,17 55,03 

Taarmum 4.8. — Pe3y.11bTaTH B143HalleHH51 KpaTHOCTi 1111114 B cHcTemi HAP - 

BO,Lka 

HAP PNKoBa Bua, 8 PitiKoBa BoAa i CaC12 9 # 

11EF-6000 0,00039 0,0009 

1thr-8000 0,00039 0,0009 

CTeapoKc-6 1,89 1,888 



180 	260 	360 	600 	720 ;c 

140,mse 

950 

700 

500 

300 

100 

8 	7 
7 

T,C 

Pile 4.3 3a.ne>micTB BHCOTH 111HH CHCTeMH HAP — Boga ripH KoHilempailif 11E1 — 

8000 y TBepgill ( 	) Ta gl4CTI4J1b0Baliiii 

1- 0,03%; 2— 0,09%; 3- 0,4%; 4 — 0,8 — 1,6%;5- 3,1 — 5%; 6 — 0,03%; 7 0,09%; 

8 — 0,4%; 9 — 0,8% 

Pile 4.4 3aj1eNCHiCTb BHCOTH 1111414 CHCTeMH HAP — Bo,Tka ripn KomiefurpauiI 

ereapoiccy — 6 y TBepgill ( 	) Ta glicTuaboBaHill (---) Bogi 

1- 0,03%; 2 — 0,09%; 0,4%; 3- 0,8%; 1,6; 4 — 0,4 — 0,8%;5- 0,03 — 0,09%; 

6-1,6%; 7 3,1%;8 — 5%; 
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13 o,,EkepwaHHx pe3ymbTaTiB ,LkOCJI1,4>KeHH51 mowHa 3p06HTH HacTyrnil 

BHCHOBKH, LUO FIEF He B0J10411-0Tb CHJIbH01-0 111HOTBOpT1010 3,LkaTH1CTIO. 

BH3Ha1aJoim InHoTBoply 3,aaTH1CTb 1 1-11HOCTii1K1CTb Greapoiccy-6, momma 3p0611TH 

BHCHOBKH, WO  31 36151131ileHH5IM KoHueHTpalliI 361.11bIllyeTbC51 111HOCT1rIK1CTb 

3MeHillyeTbC51 mac yTBOpeHH51 111HH. 

13 excHepHmeHTy BHAHO, 	Hai4Kpaulolo niHoyTHornotomoto 3,aaTHICTI-0 Ta 

HiHocTiiiKiCTIO B0510,a1C CTeapOKC-6, TOM)' lioro moxcHa 3acTocoByBaTH B 

Ha4yronepepo6Hiii Hp0MHCJIOBOCT1 AJI51 3MeHtheHH51 BHKH,a1B ripoAyKTiB 

Hatlyronepepo6KH B HaBKOJIHLIIHE cepe,rtomme. 

4.3. 	EiccnepnmeHTa.ribun 	a0Ca1MICeHHS1 	BH.1111By 	HAP 	Ha 

allnaposyHaHHH npo,ElyKTiFt. 

MeTwo npoBe,aeHmx excriepHmeHTanumx Aocmi,LpiceHb e BCTaH0BI1eHH51 

3aKoHomipHocTeil BHJIHBy HAP Ha xapaicrep npouecy BnnapoByBaHH51 

HakTonpo,ilyicriB, 3oxpema Ha BeJIHIMHy THCKy Hpy)KHHx napiB [48,52,92]. 

)10CJILLPKeHH51 Hp0B0,EtHJIHCID 13 Aonomorolo cTaHAapTHoroHmaAy ASIA 

3H3HaLleHH51 TI4CKy HacHmeHmx mapiB Halyronpo,vicry — 60m6n Pekaa, cxema 

sucoro HaBeAeHa Ha pHC. 4.5 

arm npoBeAeHHA Aoc.11iAy roTyBanacm npo6a HatlYronpoAyicry 3 

BH3HalieH010 TemnepaTypoio nomaTicy KH111HH51 tnk  , jO AK0f0 AogaBanacA neBHa 

maca HAP BH3HatieHoro THIly ASIA ,a0C5ll'HeHH51 neBHoI macoBoI KoHlleHTpauiI, mica 

BH3Hamanac51 3a ckopmymoto 

M H M HAP 

arm AOCSIFHeHH51 BH6paHoI KoHueHTpauil HAP y Hal)Toupogywri Ha 

ocHoBi (4.4) BH3HaITHJIaCb Heo6xigHa maca HAP 

M 1141 , C II?  = (4.4) 
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4 

- eodRita oanx; 2 -,,siernale6uu anapam (6om6a); 3 - pm ynuiuu mono-
memp; 4 - mepmocmam; 5 - i'a30611174 Kpaii: 6 - iltnem; 7 floc/m imic' 
Kamepa: 8 - na.iniesHa Kattepa 

Pllcrunc 4.5 - ripllaa,E1 13113HalleHHS1 THcicy HacHgemix napis 
(a-cxema nptLia)1y; 6-4om6a») 



[20 

C. 
(4.5) al 	=112 

In 

11.11' 	
1 —  C 

Benwinnia mH  cTaH,LtapTH3oBaHa Ta BeJIHITHHa M nAp  po3paxoBaHa 3a (4.5), 

Bllmipi-oBagacb 3a ,E10110M0F010 aHaJliTIVIHHX Bar. 0,E1ep)KaHa TaKHM 1-111HOM npo6a 

HomimaJlacb y 6om6y Pea, Axa, B CB010 epry, onycKanacb y TepmocTaT. 

YHaCJILL1OK Toro, wo pi3H141.151 B rycTHHax HAP i Half•Tonpo,ayKTy 6y.ria 

He3HailH010, npli BHFOTOBJleHHi npo6H AMA npoBe,LteHHA Aocfligy HAP Hankmamacb 

O Hacf)TonpozyKTy TaKHM 1-11/1HOM, 1.1.106 Ha noBepxHi OCTaHHb0F0 yTBoploBariacst 

TOHKa 11J1iBKa HAP. 

Bom6a Permy TepmocTaTyBanacbLO 3agaHoI TemnepaTypH t, nic.rm 110F0 

BllmiptoBanacb MaHOMeTp0M BSIHHH THCKy HaCIVIeHFIX napis npH BH3HalleHirl 

TeMllepaTypi B MOMeHT IlaCy T=0. Hpo6a 3annuamach y TepmocTaTi Ha Aesnani 

qac r 1 , I1iCJTM T-ioro 3H0By BHMiplOBaJlaCb Be.IIHT-mHa THCKy HacHTieHHx napiB. 

3ayBa)Kmo, ato 3a paxyHoK npouecy AkH1)3T3iI 3a qac r, BiA6yBalloch 

B3aCM011p0H14KHeHH51 pinH, yHac.ni,rtox Tioro BeJIHT-114Ha THCKy HaCHT-leHHX HapiB 

miHmnacb. 

40CJI1.E(14 	Flp0BO,L1HJIHCb 	i3 	0,E11-114M 	THHOM 	HAP 	,E1.1151 	pi3H14X 

H4Tonpo,EtyKTiB, LUO Biapi3H51.T1HC51 TemnepaTypoto nomaTicy KHrl1HH51, 41J151 pi3HHX 

npombicKiB T-1 a C y ,E1144)y3irlHOF0 IlepeMilllyBaHH51 Ha(1)T011p0,L1yKTy i HAP, AJI5I 

pi3HHX TemnepaTyp TepmocTaTyBaHHA Ta npn pi3HHX 3HaLleHH5IX macoBoI 

KoHneHTpaniI HAP. flmaHyBaHHAgocsii,,EHB i o6po6Ka Ix pe3yJIbTaT1B 11p0BO,L1HJIHC51 

Ha ocHoBi paujoHampHoro n.aaHyBaHHA, excnepHmeHTy, 3ariponoHoHatiol .  

IlpOTOAMIKOHOBHM M. M. i Te,rtepom P. I. [87]. 

SIK He3amewHi 3MiHHi 6y.rni BH6paHi: 

- macoBa KoHneHTpauim HAP y cyminn 3 Ha(1)Tonpo1LyKTom ; 

- TeMllepaTypa HOLIaTKy K14111HHA lIncToro Ha4yronpo1rtyKTy; 

- TemnepaTypa TepmocTaTyBaHHA cyminti t ; 

- Llac AH4y3iiiHoro nepemiwyBaHH51 K0M110HeHT113 r. 



















































































































S2 = e6 ei7 b7 ±b8;q10 ---- S2 / 1173 

FPZY = q10  noaepnemisi B 

OCHOBHy nporpamy 

KIHEUb 

Brim( — cxema niwiporpamn FPX1 

1101-1ATOK 

Bsin x,,g,INTG!,a 

ri =x—a12;r2 =x+a12 

r3  = cos(fl * ); r4  = cos(fi * r2 ) 

r, = (r, + r4 )* INTG1 

FPZY = r5  nosepnemim B 

OCHOBHy nporpamy 
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KIHEUb 




























