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HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

Maremaruka. Puzuka

YIAK 511.33
Adanacsena E.C., besiozepuesa M.H.
Boponexckuil rocyqapCTBEHHBIN 11€1arorn4eCKUii yHUBEPCUTET
r. Boponex, Poccus

JIOTAPUDPMBI

Kak TONbKO IIKOJIBHUKH JOXOIAT O TEMBI JIorapu(MBbl, Y HUX BO3HHUKAET BOMpocC «3ayem?
3aueM HYXHBI JJOTapu(Mbl U KTO UX npuayman?y». Tak qaBaite pazdepemcst UIs 4ero k€ OHU ObUIN
BcE-Taku co3faHbl. Victopus norapudmoB HaunHaercs emé ¢ AnTuyHocty. Emeé Torna 3Hanu, uto
IIPY TIEPEMHOKEHUM CTENEHEN C OIMHAKOBBIM OCHOBAHMEM I10KA3aTENIM CTEIEHEH CKJIAAbIBAIOTCH.
OTO ¥ MOCTYXHJIO TOIYKOM K TOSBJICHHUIO Jiorapudma. Bombmiyto pois B pa3BUTHH MaTeMaTHKH
ceirpasia Dmoxa Benwkux reorpaduueckux OTKpbITHH. TpeboBanock MPOU3BOIUTH JIOBOJIBHO
IPOMO3/IKME BBIYMUCICHUS, KOTOpPbIE B CBOIO O4Yepedb OBLIO CIIOKHO COBEpUIMTh. Tak Kak
KaJbKYyJIAITOpa Ha TOT MOMEHT He ObUIO0, TO Yy4Y€HblEe CTajJM MCKaThb YHPOIIEHHBIH CrOCO0
NepeMHOKEeHUsT 00bIuX yucesn. Muxasp Ltudens B 1544 romy omyOIHKOBaI PEBOIIOIMOHHYIO
UJCI0 TIepexoa OT LENbIX IMOoKa3zaTele ApoOeil K MPOU3BONBHBIM pallMOHANBHBIM YnciaM. Ho B
JAJIBHEHIIEM CBOIO TEOPHIO OH pa3BuBaTh He crajd. Ha 3ToM moucku ynpoméHHOro Merona
MIPOBE/ICHUS CIIOKHBIX pacuy€ToB HEe 3akoHUYMWIKMCh. B 1614 romy mominanackuii marematuk J[xoH
Henep onyOnukoBan «Onucanue yiuBUTENbHOM Tabmuipl Jsorapupmony». OcHOBHas wujaes
MaTeMaTHKa 3aKJII04Yanach B TOM, YTO €CJIM BEJIMYMHBI 00Pa3yIOT FEOMETPUUYECKYIO ITPOrPECCUIO, TO
UX Jorapugmsl Taxke Oy1yT 00pa3oBbIBaTh F€OMETPUUECKYIO POIPECCHIO.

B nanbHeiimeM MaremMaTuku pa3palaThlBajii HOBBIE CBOICTBa, METOABI M CHOCOOBI
npuMeHeHnust jorapudmoB. Hampumep, B 1620 rogy OnMyHA VYHHTEUT MPEMIONKUIT MOJIETH
norapu(MHUUEeCKOr JTUHEHKH, a Diliep OKOHYATEeNIbHO Y3aKOHWII, YTO JIOTapu(MHpPOBAHUE — ITO
MareMaTu4eckoe JecTBre, KOTopoe 00paTHO BO3BE/ICHHIO B CTETIECHb.

Ho «Otnom norapugmosy» npunsaro cuutars [xona Henepa. UtoOsl perienne gsorapupmMoB He

BBI3BIBAJIO 3aTPYIHEHHI IPY PEIICHNH 33/IaHUM, CIEAYeT 3HaTh CBOMCTBA JIOTapu(MOB:

llog,a =1,

2log,1=0,

3.log, bc = log, b + log, c,
4.loga§ = log, b —log, c,
5.log, b? = plog, b,
6.loga% = —log, b,
7.logkb = logy b, k # 0,

__logeb

8.log, b

" logca’
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1
logpa’

9.log, b =

JlokakeM HEKOTOpbIE CBOMCTBA.

b alogab
logaz = log, (W) = log, (a'°82P~108a¢) = log, b — log, c.

log, (bc) = log,(a'°8al - glo8ac) =1og,(a'°8ab+108ac) = log, b + log, c.
PaccMOTPHM HEKOTOPBIE CIIOCOOBI PEICHH S JTOrapudMOB Ha MPUMepax.
3amaya 1.

Pemmre ypauenue log, ,, log, log,,3(11x2 + 46x + 48) = 0.

Beenem O/13:
{x > -2
x +—1

Ha Belpaxkenne 11x2 + 46x + 48 He HakiablBaeM OrpaHMYEHMIl, Tak Kak OHO BCeraa
MOJIOKUTENBHO.
log, log,43(11x% + 46x + 48) = (x + 2)°,
log,+3(11x? + 46x + 48) = 2,
(11x? + 46x + 48) = (x + 3)2,
11x%2 + 46x + 48 = x> + 6x + 9,
10x% +40x+39=0,

—204+v/10
KopHsMu 1TaHHOTO ypaBHEHUS ABIAIOTCA X1 , = T
" —20+v10
C yuérom O/I3 pemiearem ypaBHEHUS OyJIET X = 0
—20+/10
OtBet: x = .
10
3agaua 2.

Pemwte ypaBnenue log,, 2 - logy 2 = logy 2.
16 64
O6o3naunm O/I3: y > 0,y # 1,y # 16,y + 64.
JI7nst peneHns TaHHOTO YPaBHEHHMS BOCIOIB3YEMCS CBOWCTBOM

1
log, b = gy @’ a TaKke BBeJeM 3aMeHy log, y = t.
b

1 1 1
tt—4 t—6
t?—5t+6=0
t;=3,t, =2
Cnenaem oOpaTHYIO 3aMEHY.
log,y =3,
y=23=8.
log, y = 2,

y =22 =4,
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C yuérom O/I3 xopHsAMH ypaBHEHUS SIBISIIOTCS 4 U 8.
OrtseT: 4; 8.
3ananue 3.
Pemure HepaBeHCTBO
8=2)(z+4)logps(z—1) = 0.

Ool3: z > 1.
B8-2)(z+4)(03-1)(z—-1-1)=0,
B8-2)z+4)(=z-2)<0O.
+ - + -
4 2 8 "z

C yuérom O/13: z € (1; 2] U [8; +0).
Otser: z € (1;2] U [8; +00).
3aganue 4.

Pemute HepaBeHCTBO log, s (25 — x2) — 1—16l0g§+5(x —-5)?2>2.

HepagenctBo onpeneneno, ecinu

25 —x2 >0,
x—5>0,
x+5#1,
(x —5)%2 > 0.

Pemim qanHyro cucTeMY, Toiry4daeM, uto X € (—5; —4) U (—4; 5).
1
l0gy+5(5 = x)(5 + x) — 7 logg,slx = 5 2 2,
1+ logyss(5 — x) — logg,slx — 5] = 2,
1
logy4s(5 —x) — Zl0g§+5|5 —x|—-1=0,
YMHOXUM 00€ YacTH HepaBeHCTBA Ha 4.
4logy,s(5—x) —log2, 5|5 —x| —4 > 0.
Beeném 3ameny logy,s(5 —x) = t.
t?—4t—4<0,
(t—-2)*<0,
JleBast yacTh HEPABEHCTBA HEOTPHIIATENIbHA, CIIEIOBATEIBHO,
(t - 2)2 = Oa
t—2=0,
t=2.

BozBpamaemcst K HICXOIHOH 3aMeHE

l0gX+5(5 - X) = 23
5—x=(5—-x)7%
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5—x=25-—10x + x2,
x% + 11x + 20 = 41.

—-11++v41
KopHsMu 1TaHHOTO ypaBHEHUS ABIIAIOTCA X1 , = —
. —11+V/41
C yuéToM ycnoBHS pelIeHMEM HEPaBEHCTBA SABISAETCA X = pa—
—11+V41
OtBeT: x = —
3aganue 5.

Pemnre cucreMy ypaBHeHMi
( X 14
| 5+10g2;=1—x,(1)
4 082 %
x
(1ogs (5~ 2) ~logzy = 2logsy + 1) @)
O/13:

X
[ Z>,
y

X
{=—-2>0,
y

y >0,
\y +1>0,

x
—-> 2,
y

y > 0.

Pemum BTOPOC YPAaBHCHUC CUCTCMBbI

x
logs (1, — 2 ~ loga y = 2logs(y + 1),
x
log, (; — 2) =log, vy +log,(y + 1),

x
log, (; - 2> = log,(y + Dy,

L o2=y7+
—Te=y ).
y
Pemum nepBoe ypaBHEHME.
5 4 logy ~ = —=
08, — = X
Y log,=
82 y
Cnenaem 3ameny log, g =t.
54t=-
t
t> +5t—14 = 0.
VYpaBHEHME NMEET CleAyIoIue KOpHU t; = —7 u t, = 2.

. o X
Bepuémcs x oOparHoii 3amene log, v —7.
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x X 1
Tak xak 1o YCJI0BUIO ; > 2, TO ; = FS HC ITOAXOOUT.

X
[ToncraBum 5= 4 B mpeoOpazoBaHHOE HAMH BTOPOE ypaBHEHHUE.

S-2=y"+y,
4-2=y%+y,
yi+y=2,
y2+y-2=0,
y1=-2uny; =1
C yuérom ycnoBus y = 1.

X
IToncraBisgeM 3HaueHNWE B 5 =4,

Orcrona nomyyaem, 4to x = 4.
Ortset: (4;1).

Ha naHHBIX mpuMepax pacCMOTpeNH pa3Hble BUJbI 3a/laHui ¢ orapupmamu. Jlorapupmer —
3TO OYEHb Ba)KHasl TeMa, KOTOpas BKJIIOYEHa B HIKOJIBHBIN Kypc [1]. JlorapudMbl MOXXHO TPUMEHATH
B YKU3HU, Be/Ib OHU JIeTal0T €€ HaMHOTO rnpoiie. Kax/plii U3 Hac JOHKEH B COBEPUICHCTBE 3HATD ATY
TEMy, IMOCKOJBKY JOorapu(pMbl OYE€Hb YACTO MPHMEHSIOTCS Ha TMpakTHKe. Takxke 3adaHus ¢
HCIIOJIb30BaHUEM JAHHOW TEMBI BCTpedaroTcst Ha EI'D, OHM MOTyT cTaTh OJHUM U3 YCIIEIIHBIX [1aroB

K BBICOKHMM OaJliam.

Jlureparypa
1. IlpoceeroB I'N. Crenenu, kopuu u norapudMel. 3amauu u peuieHus. M.: Anbda-mipecce,
2010. 594 c.

© Adanacnena E.C., benozeprera M.I., 2022
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YIK 51:37.016
Adanacnena E.C., beio3zepuesa M.U.
Boponexckuii rocyqapCTBEHHBIN 11€1arorn4eCKUii yHUBEPCUTET
r. Boponex, Poccus

OCHOBHBIE METO/IbI PEHIEHUA 3AJIAY C IAPAMETPAMM

Hnst Toro yto6s! cnare EI'D mo mpoduinpHON MareMarnke Ha HAWBBICHIMKM Oai, YUYECHHKY
HEIOCTaTOYHO 0a30BBIX HIKOJIBHBIX 3HAHUM, TaK KaK HEKOTOpBIE 33aJaHHs TPEOYyIOT YrIIyOJIIeHHOTO
n3yyeHus npeamera. OIHUM M3 TaKMX 3a/laHUM sABIseTcd 3ajada ¢ mapameTrpoMm. ExeromnHo 3to
3aJJaHMe pelaeT HeOOIbIION IPOLEHT YUEHUKOB, TaK KAK OHO MOYKET BbI3BaTh CJIOKHOCTH. [IpH 3TOM,
pELIUB 3TO 3aJaHie, MOXKHO TOJIYYUTh J0 YeThIpeX MEepPBUUHBIX OayuioB. B uém ke 3akmodaercs
npobiema yueHHKOB? IIpocTo 3T0# TeMbI HET B IIKOJIBHOM MporpaMMe. BpIBaIOT CIIOKHBIE 3a7a4H C
napaMmeTpoM, Ho Ha EI'D BecTpeuaroTes 3ajaHus 10 CHUJIaM BBIITYCKHHKAM.

Maremaruka siBisieTcs Npo(QUIbHBIM MpeaMeToM Bo MHorux BY3ax, a ans moctymieHus B
6onee npectmwkHbie BY 361 TpebyeTcs HaOpaTh O0JIBIIOE KOJIMYSCTBO OAJLIOB.

Cy1ecTByeT HECKOJIBKO CIIOCO0 pelIeHHs 3a1au ¢ napameTpoM. PaccMOTpuM KaXkJIblii U3 HUX
Ha IIpUMepax.

1. AHanUTHYECKUI METO/.

OTOT MeTOJ 1o/Ipa3yMeBaeT NPsSMOE peLIeHKE, TOBTOPSIOIIEE CTaHAapTHOE O€3 mapamMeTpa.

x?+9x—7a

m == 0 HMECT POBHO JBa

3aoanue Nel. Ilpu xkakoM 3HAau€HUU a ypaBHEHUE

Pa3IUYHBIX peIIeHus?

Pemenne. Ilepeitnem k cucreme

{xz +9x—7a=0, (D

3x2 + 7ax — 6a% # 0. (2)
U3 (1): x2+9x—7a=0,= D=81+28a>0.
Ilpna > — % ypaBHEHUE UMeeT OoJiee IByX KOpHEH.
IIpna < — % YpaBHEHHUE UMEET OJJUH KOPEHb UJIM HE UMEET KOPHEH.
W3 (2): 3x2+7ax — 622 £0,=> x# —3a, X # .
Torga noyyaem:
1) mpu x = —3a

(—3a)2+9-(—3a)—7a =0,

9a®? —27a—7a=0,= 9a% —34a =0,

2)npnx=?
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OtBeT: a € (—2—;;0) ] (O;E)U (%;%4) U (3—:;+00).

2. I'padmueckuii meTos.
[Ipeanonaraer nmocrpoeHue rpadrika B KOOPAMHATHON TIIOCKOCTH.
3azanue No2. HaiiuTe Bce 3HaUEHUS apaMeTpa a, IPU KOTOPBIX CUCTEMA YpaBHEHUI
{10g0,5(36 —y?) = logos(36 —a’x?),
x? +y? =4x — 6y.
HMMEET POBHO J[Ba Pa3IMYHbBIX peIIeHUs?

Pemenue. [lepelinem Kk paBHOCWIBHON CUCTEME

36 —y? =36 —a%x?, y? = a%x?,
36 —y*>0, y—6)(y+6) <0,
36 —a%x? >0, a’x? < 36,

x? +y* =4x — 6y, x?—4x+4+y*+6y+9=13,
y-aog+ao=0, ([JT=ZY 3
—-6<y<6 y'l'ax_é 6

’ -6<y<6,
6<ax<6, —6<ax<6,

=2+ @+3)* =13 | _ 24 (y432-13 @

I'padukoM mepBOTO ypaBHEHHS SBISAIOTCS ABE npsimblie (Y = aX, y = —ax) npu a # 0 u ogna
npsvast (y = 0) mpu a = 0. Bce 3Tu npsiMble IPOXOAT Yepe3 Hadaio KOOPIUHAT.

(x—2)? + (y +3)? = 13 - ypaBHeHHE OKPYXKHOCTH € LIEHTPoM B Touke (2; —3) u paauycom
V13, npoxomsimeii uepes Touky (0;0).

N300pa3um B koopauHaTHOH mockoctu X0y rpaduxu ypaBHenuit (3) u (4) ¢ yuéroM yciaoBus
—-6<y<6.

®Y

Puc. 1
[Ipu a = 0 npsamas y = 0 uMeeT poBHO JIBE TOUKH MEPECEUEHUS C BUAMMOMN 1yTrOi OKPY>KHOCTH
(pucynok la). 3HauuTt, a = 0 yAOBIETBOPSET YCIOBUIO.

Paccmotpum ciydaii a > 0.
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[IpsiMast y = ax MOXKET UMETh OJTHY WJIH JIBE OOIIHE TOYKH C BUAUMOM TyTOH OKPY>KHOCTH, OFHA
13 9TUX TOYEK — Hadajo koopauHar (puc. 10).
(x—2)2+ (ax+3)? =13,
(1+a?)x?+ (ba—4)x =0,
x((1+a®)x+ (6a—4)) =0,

6a—4
1+a2 ’

Xx=0wm x=—

6a 2
EI[I/IHCTBCHHOG pemeHuc 6yIIeT, €Clin T+az =0 , TO €CTh a4 = 5 .

2 . .
Ecima # 3 TO B OTOM Cllydae npsiMas y = aX MMEET JIBE TOUKH TIEPECEeeHUs C BUIMMON JIyroi

OKPYXHOCTH.
EnuncrBennas obmast Touka Oyier mpu a € [aq; +00), a;- Takoe 3HaYCHHE IMapameTpa, Mpu

KOTOPOM MpsiMasi y = —aX MPOXOAUT uepe3 Touky (4; —6).

IIpu a > 0 3HaueHnun napamMerpa a € {— g} U E ; +00).

[Tpu a < 0 3HaueHuu nmapamerpa a € (—oo; — %] V) {%}

Otget: (—oo; —%] U {ig; 0} U E, +00).

JlaBaiiTe pacCMOTPUM 3TOT NPUMEP €€ aHATUTHIECKUM CIIOCOOOM.

36 —y? =36 —a%x?, ( y? = a%x?,
36 —y2>0, y—6)(y+6)<0,
36 —a%x? >0, a’x? < 36,
x? +y?* = 4x — 6y, x?—4x+4+y*+6y+9=13,
( y—ax =0,
(y—ax)(y +ax) =0, — 0
—6<y<6 yrax=9
Y=o, —6<y<6,
—-6<ax<6, 6 <ax<6
— 2 2 ]
="+ +37 =13, l(x—2)2+(y+3)2=13.

1)PaccmoTpum ciyyaii, korja y = ax
x? + a?x% = 4x — 6ax

x%(1+ a®) =x(4 — 6a)

4—6a
Xx=0wmx=—;
1+a

4a—6a2
1+a2

B nannom cnyyae nonydaem,utoy = 0uny =

D)llpuy = — ax
x% 4 a%x? = 4x + 6ax
x2(1+ a%) = x(4 + 6a)
4+6a
1+a2

x=0ux=

4a+6a2

CootBercTBeHHO nontydaeMy = 0uy =

1+a2
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. 4-6a 4a—6a’
Pemienusimu  naHHOM cuctembl Oynyt crnemytonme mnapel yucen (0;0), T 1z )
4+6a 4a+6a’
Toa2’ 13a2 )» AU KOTOPBIX JIOJKHO OBITH BBITNIOJIIHEHO ycioBue —6 <y < 6.
Just mapst (0; 0) yciioBUE BBITIOITHSETCSI.

3
a>—-
YCJIOBHE IIPUMET BUJT 2

12a2—4a+6>0
Tak kak pemeHueM HepaBeHcTBa 12a — 4a + 6 > 0 spisgerca M0060e YUCIO, TO OCTAETCS

4-6a 4a—6a”
1+a2’ 1+a2

Jnst mapel (

3
yCJIOBUE A > — >
a<?
2
12a2+4a+6>0
Tak kak pemeHueM HepaBeHcTBa 12a% + 4a + 6 > 0 spisgercs Mob6Oe YUCIO, TO OCTAETCS

4+6a 4a+6a”
1+a2’ 1+a?

Jliis mapsl ( ) YCIIOBUE MPUMET BU]L

3
yciaoBue a < >

4+6a 4a+6a’
Iapsi (0; 0) n (1+a2; 1+a2
4-6a 4a—6a’
1+a2’ 1+a?
4+6a  4a+6a’ 4-6a 4a—6a”
1+a2’ 1+a? ) (1+a2' 1+a2

3
) COBIAAANOT IIpU A = — E

[Mapsr (0; 0) u ( ) COBIAJAIOT IIpU @ = %

ITapsr ( ) coBnazgart npu a = 0.

3 2 3
Cuctema OyneT MMETh /1Ba Pa3JIMYHBIX pEIIeHus Npu a € (—oo; — E] U {i 3 0} U [E; +00).

MOXHO 3aMETUTh, YTO JAHHBIA HNpPUMEpP rpapuYecKuM CIOcOOOM MOXKHO PEIIUTh HAMHOTO
ObICTpee, YeM aHamuTHIeCKUM. TeM 0oJiee, 31eCh JIETKO 3ayTaThCsl B BBIYUCICHUSX U TIOTEPATH 3HAK,
M0ATOMY HaJ10 00JIee aKKYpaTHO MPOM3BOIUTE BHIUMCIIUTEIbHBIC JCHCTBHUSL.

3. Ucnonb30BaHNE MOHOTOHHOCTH.

[Tpu Kakux 3HAYEHHSX MapaMerpa a ypaBHeHue |X + 5a| + [x — 14| = 7a + 3 umeer poBHO
7IBa perieHus?

Pemenue.

O6parum BHUMaHKe Ha QYHKIUIO y = |x 4+ 5a| + [x — 14|. BeipaxkeHus, KOTOpbIE CTOSAT O
3HAKOM MOJYJIS, MEHSIIOT 3HaK B TOUKax X = —5aux = 14.

Mex Iy TaHHBIMH YHCIOBBIMH 3HAYCHUSIMH MOJIY/IM PACKPBIBAIOTCS PA3IMYHO U 3HAYCHUS X
COKPAILAFOTCSI, CIISI0BATEIbHO, (PYHKIIHS HA ITOM ydacTKe MpeaCcTaBIsier co0oi KOHCTaHTy 5a + 14
npu —5a < 14 u —5a — 14 npu —5a = 14. [Ipu KaXI0M U3 ITUX CIy4yaeM 3TO 3HAYCHHE MOXKHO
3ammcarh CleayronmM obpasom: |5a + 14|.

2x+5a— 14 npux = 14,x > —5a;

y = |5a + 14| npu x mexxay 14 u — 5;
—2x—5a+14npux <14ux < —5a.

I'padukom Takol QyHKIMM OyneT «KOpbITO» (pUc.2) mpu —5a # 14 u «ranouka» («yroiaok»)

(puc.3) mpu —5a = 14 (B aToM cityuae y = 2|x — 14]).
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y = |x +5a| + |x —14|

y=Ta+3 \ /

Y

Puc. 2

=7a+3 \\' //
y \/

0 14

by

r

y =2)x—14|

=Y

Puc. 3
[Mosy4yaem, 4TO KCXOMHOE YpaBHEHHE UMEET J[Ba pelieHus, ecii 7a + 3 > |14 + 5a| (rpaduk
¢byakmun y = |x + 5a| + |x — 14| umeer aBe o6IIHe TOYKHM C TOPU3OHTAIBLHON TPAMOI y=7a+3).

Ecnu 7a 4+ 3 < 0, To HepaBeHcTBO 7a + 3 > |14 + 5a| He umeer perieHHi.
3 N
Ecnmmxe7a+ 3 > 0(toectba > — ;), B TaKOM CJIy4ae BO3Be1EM 00€e yacTu HepaBEeHCTBa 7a +

3 > |14 + 5a| B kBaapar U MOTyUUM:
49a% + 42a+ 9 > 196 + 140a + 25a%;
24a%> —98a — 187 > 0.
JIJ151 5TOTO HYKHO PENIUTH JONONHUTENBHOE ypaBHeHue 24a? — 98a — 187 = 0.
Jlns Havasa HaliiéM TUCKPUMHUHAHT YpaBHEHHUSL.
D =98%+4-24-187 = 4(49% + 24 - 187) = 4(2401 + 4488) = 4 - 6889 = 22 - 832

U3 5TOro CIIEyET, 4TO KOPHAMHM ypaBHeHHs 24a? — 98a — 187 = 0 snsrorcs

o,  98%166,
12 ™ 48

A, = 17_a _51
1= 12’ 2 2"

)

Pemennem HepaBeHcTBa 24a” —98a — 187 >0 Oymyr 3HadeHus a € (—oo; —%) U
(5,5; +00).

C yuéroM orpanuueHus a > —g nojay4uM, uto a € (5,5; +00).

Otget: a € (5,5; +).

Ha sTux npumepax MOXHO 3aMETHUTh, YTO JUIS PELICHUs 3aJad C MMapaMeTpoM Ba)KHO YMETh
MBICITUTb, PACCYX/IaTh, T. €. IMETh JIOTHYECKOE MBIIUICHNE. J[aHHbIe 3a71a491 HENb3sI PEIINTh, IIPOCTO
3ayauB Bce (opmynsl. Kaxkmoe 3amaHme mMeeT COOCTBEHHBIM IMOAXOA K PEUICHUIO M SBISETCA

YHUKAJIbHBIM. Henp3s pemarsb 1o CAMHOMY 06pa3uy, 9TO HpI/IBeI[éT K HCTIPAaBUJIbHOMY PCILICHUIO. Bo

BpCEMs 3K3aMCHa CTOUT HCKATb Ooitee KOpOTKI/Iﬁ croco0 peIICHHUA U COKOHOMUTL BPCMS, TAK KakK

Kaxxaasd MUHYTa UMCCT 60J'II>IHyIO LIOEHHOCTD JIA BBIITYCKHHKA.
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O BO3SMOXKHOCTHU CO3JAHUA AJITOPUTMOB ABTOKOMIIOHOBKH ITPUBOPOB
METOAOM BA3BUPOBAHMUA 110 ITPEABIAYIIEMY OBBEKTY

B mpouecce pa3BUTHS TEXHOJIOTHMH aBTOMATH3HMPOBAHHOTO IPOCKTHPOBAHUS BO3PACTaeT
PEATMCTUYHOCTh MOJETUPYEMOil cpebl. B To ke Bpemsi, CTpeMsCh COXPaHUTh YHUBEPCAIbHOCTD
MPOrpaMMHOT0 oOecriedeHusl, HO MOJUUHASCH MOTPEOHOCTSIM B OTPACIEBOM CHElHaln3alluu,
pa3paboTUMKK JOJDKHBI CIIEOBaTh MO IYTH CO3JaHUS TUOKHUX BBIUMCIUTENBHBIX cUCTEM. B
YaCTHOCTH, O3TO KacaeTrcs NpOorpaMMHOro oOOecreueHus aBTOMAaTH3MPOBAHHOTO pa3MEMICHUS
6oproBoii ammapatypsl (BA) B orcexkax xocmuyeckux ammapaToB (KA), morpeOHOCTE B KOTOpOM
MMeeTCs Ha MPEANPUITHSX, TOCKOJIBKY MPOoIlece pa3padoTKH KOHCTPYKTUBHO-KOMIIOHOBOYHBIX CXEM
710 CUX TIOp SIBJISIETCS SBPUCTHUECKUM. JTO CBSI3aHO C TEM, UTO K 33/1a4e MPEAbIBIIACTCS JOCTATOYHO
MHOTO Pa3HOPOAHBIX TEXHHUYECKUX TpeOoBaHuil. CyIIeCTBYIONIME aIrOPUTMBbl aBTOMATH3AIUU
MOCTPOCHBI Ha METOJax CiiydaiiHoro mowucka [3, C. 48], momHoro mepebopa, MmocjeIoBaTeIbHbIX
npubmwkenni [2, €. 83] wiu ¢ moMorbio rogorpada GYHKIMH MIOTHOTO pasmerienus [4, ¢. 207].
OHHM He YyYMTBHIBAIOT BCE OCHOBHBIC TPYIIbI TpeOOBaHUI, U MO3TOMY MX OO0JAacTh MPUMEHEHUS
OrpaHUYEHAa paHHUMH dTanamMu npoekTrupoBanus KA.

YrtoObl anropuT™MBI OBLITH IIPUTOTHBI HA 00JIee MO3HUX CTAINUAX, UX MAaTeMAaTHIECKAE MOICITH
JOJDKHBI HOCHTBH 000OImaronmx xapakrep. B oxHoit u3 pador [1, €. 67] ObUIO yCTaHOBIICHO, YTO
TEXHOJIOTHEH, CIIOCOOHOM o0ecreynTh MOCTPOEHUE TaKMX MOjeNeH, sBisercs Tomosiorus. B eé
TEPMUHAX TPOCTPAHCTBO  OTCEKA  CYMTACTCA  TOIOJIOTHYECKHUM, IIOCKOJIBKY  oOJjamaer
WHBapUAHTHBIMH ITapaMeTPaMH, K KOTOPBIM OTHOCATCS, B IEPBYIO OYEepPeb, 00JIACTH JOITyCKaeMbIX
3HaYeHUH TMEepeMEHHBIX M IMOJIOKEHHE IIEHTPAa MacC KOHCTPYKIIMM OTCeKa, a Takxke oOIuee
konnyectBO BA. KoMIOHOBKa SIBIII€TCSI MHOTOCBSI3HOM T'HMIEPIOBEPXHOCTBIO, Ui KOTOPOM
CYIIECTBYET TOMEOMOPPU3M — OTOOpaKeHHE, KOTOPOE OJHO3HAYHO M HENPEPHIBHO MpeolOpasyeT
MPOCKTHYIO CXeMy pa3MenieHusi B pabouyro. OCHOBHas 3ajaya 3aKIIOYaeTCs B TOM, YTOOBI
nofo0paTk 3TOT ONEpaTop M MCKIIOYUTh HEOOXOTUMOCTh €ro MNEepecTpOWKH MpU H3MEHEHUHU
MCXO/HBIX JaHHBIX. Tak Kak Juisd MOMCKA pEeIIeHUs] UCTIONb3YIOTCSI CHCTEMbl BEKTOPHBIX YpaBHEHUN
C TOTIOJIOTHSIMH, TO MOJIETTh KOMIIOHOBKH Ha3bIBACTCS MATPHUIHO-TOTIOIOTUIECKOH.

[Ipemmaraercs paccMOTpeTh TepMeTH4HBIM OTceKk KA KoHWYeckoil (Qopmbl, B KOTOpOM
TpeOyeTcst pa3MeCTHTh HECKOJIbKO pubopoB. [TycTs mpogonbHas ochk OTceka napamuienbHa ocu OX
6a30Boii cucteMbl kKoopauHat KA, nmpuBs3aHHOM K OJJHOMY M3 €ro IJIOCKUX JHHII. K KOMIOHOBKe
MPEIBSBISIOTCS TEXHUYECKHE TpPeOOBaHMS IO OOECTICYSHHIO TapaHTHPOBAHHBIX MOHTAXKHBIX
3a30pOB, COOJIIOJICHHIO JIOIYCKAeMOTO TEIJIOBOTO PEKUMa, HAMMEHBIIIEMY OTKIIOHEHHIO MacCOBO-

HECHTPOBOYHLIX XAPAKTCPHUCTUK OT HCXOAHBIX U MHHUMAJIbHBIM I[C(l)OpMaI_II/ISIM CTCHOK OTCCKa OT

JeicTBUSL BUOPOYIaPHO-aKYCTHUECKUX HArpy3oK.
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K nentpy macc kaxaoro npubopa MokeT ObITh IPUITHCAHA €0 CBA3aHHASI CUCTEMa KOOPIMHAT.
BA crpemsarcs pasMecTuTh Tak, 4ToObI 0Ch X.i coBMmaaanga ¢ ockto OX, MOTOMY YTO 3TO MO3BOJISIET
paccunTaTh MOMEHTHI HHEPIMH MTPHOOpoB 1o Teopeme [ toiirenca-1lIteiinepa npu omeHke MaccoBo-
[IEHTPOBOYHBIX XapakTepucTuK. OJHAKO, TEIUIOBOE JABWKEHHE U (hopMa KopIryca oTceka, eciiu bA
KpPEMUTCS K €ro CTeHKaM, MPEeNATCTBYIOT 3TOMY, M3-3a YE€ro YrjoBas OpHEHTalus MpubopoB B
KOMIIOHOBKE CTaHOBUTCA XaoTW4YHOW. IIpu pa3zmemieHun ke BO BCEM IPOCTPAHCTBE OTCEKAa B
KOMIIOHOBKE IOSIBJISIETCS  BBIJIEJIEHHOE HAIIPaBJIEHHWE, BJOJb KOTOPOTO0 IPEUMYIIECTBEHHO
OpPHEHTUPOBAHBI IPUOOPHI, YCTaHABIMBaeMble Ha (hepMEHHBIE KOHCTPYKLIMU WK cTeiutaxu. Ho B
mo00OM ciy4yae pacopelielieHHe LEHTPOB Macc NpuOopoB ocTaércst XaoTWyHbIM. (CKa3zaHHOE
MPOWJTIIOCTPUPOBAHO HA PUCYHKaX 1.

CrouT OTMETUTb, 4YTO JAOIYCKAIOTCS Majble OTKIOHEHUs oceil BA oT HampasieHuil,
napajieNIbHBIX ¢ MPOJOJIBHON OChi0 oTceka KA, 4To cBsizaHO ¢ KOjJeOaHHsIMH OT BHOpOyZapHO-
aKyCTHUYECKOTO BO3/1eHCTBUsA. Takke OT BIMAHUSA T€OMETPUU OTCEKA, TEIUIOBBIX U MAarHUTHBIX IIOJIEN
KOMIIOHOBKa BA Bcerga HeogHOpoaHA. DTO 3HAYUT, YTO IUIOTHOCTH KOMIIOHOBKHM BA mocreneHHo
MEHSETCSl OT TOYKM K Touke. ONHCaHHOE pacHpelielieHUe €JUHUYHBIX BEKTOPOB X Ha3bIBaeTCS

OCCBBIM BCKTOPHBLIM I10JIEM.

Puc. 1. IlpumMepsl 0ceBBIX BEKTOPHBIX MOJIEH
B KOMIIOHOBKE OTCEKOB KOCMHUYECKHUX aIllapaToB

[TockonbKy co3/1aBaTh ANTOPUTMBI UTEPAIIMOHHBIX BRIYUCICHUH MTPU OMMCAHHBIX TPEOOBAHMIX
TEXHOJIOTUYECKH 3aTPYAHHUTEIHHO, TO 37€Ch MOXET MOMOYb Tomojorusi. MHTepec mpeacTasisier
noabop omepaTropa romeoMopduzmMa, KOTOpPIM B 0a30Boil cucteme koopauHat KA mis BekTopa
MOJIOKEHHSI IIEHTPa MacC KOMIIOHOBKM B IPOEKTHOW CXEME pa3MEeIleHUs W BEKTOpa €ro HOBOTO

IIOJIOXKCHHUSA B pa6oqel71 CXCMC pPasMCLICHUS, HAXOAAIICTOCA B obactu AO0IMYCKACMbIX 3Ha‘-IeHPII>i,
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paccuuThIBa€T KOOPAMHATHI YCTAHOBKH MPHOOPOB 0€3 MX T'€OMETPUUYECKOTO MEPECeUCHUs] MEXIY
cobolf M co cTeHKamMH OTceka. Kak mpaBwWiio, TakoW oOmepaTrop CTPOMTCS Ha OCHOBE MeETO/Aa
0asupoBaHus 1O MpeapaymeMy oo0bekry. HeoOxomumo BBISIBUTH, Korja oprpad anroputma
SIBJISIETCSl  YHUKYPCAJIbHBIM, TO €CTh B KaKUX CJIy4yasXx MOXKHO CO3/1aTb KOMIIOHOBKY 3a OJIUH
MOCJIeI0OBATEIBHBIN TPOXO0/T BCEX KOOPIMHAT IIEHTPOB Macc BA 6e3 Bo3BpaToB.

[IycTh B MpOCTpaHCTBE OTCEKAa UMEETCs IPOU3BOJIbHAS pabouas cxema pasMenieHus bA, ubu
BeKTOpa Xci 00pa3yroT 0ceBoe BEKTOpHOE ToJie. Ecinu B3sATh U MEPEHECTH UX MapaljIeIbHO CaMUM
cebe Tak, 4TOOBl OHM HAYMHAIUCH U3 OJTHOM TOYKH, TO MX KOHIIbI OyIyT JIEKaTh HA TIOBEPXHOCTH
cdepsl enuHUYHOTO paaunyca. CieoBaTeaIbHO, 0CEBOE BEKTOPHOE MOJIe 0TOOpaKaeT TOYKHU LIEHTPOB
Macc BA W3 CBS3aHHBIX CHCTEM KOOpPIMHAT Ha IMOBEPXHOCTHh NaHHOW cdepbl. IlosicHUTEIbHBIM

PUCYHOK 2 IIPEICTABIEH HHUKE.

N\

e -

Puc. 2. ITapannenbHblif mepeHOC €TUHUYHBIX BEKTOPOB
U3 CBSI3aHHOM CUCTEMBI KOOPJMHAT Ha cepy

AHAJOTUYHO TapaUICTBHBIM IEPEHOCOM Ha cdepy OTOOpaKATCS TOYKUA CIUHUYHBIX
BEKTOPOB TMOJIOKEHHsI EeHTpoB Macc BA wu3 0aszoBoit cuctembl koopauHaT KA. CoeauHss ux
COTJIACHO HYMepaluu MNpUOOpPOB, HAa MOBEPXHOCTH ChEepbl MOXKHO MOJIYYHTh KOHTYp, 00pazom
KOTOPOTO B MPOCTPAHCTBE OTCEKA BHICTYIAET OKPY>KHOCTD, MapajuiesibHas Muento ceueHus KA. 9to

MOKa3aHO Ha PUCYHKE 3.

Puc. 3. Ilony4yenune KoHTypa Ha cdhepe
0 €TUHUYHBIM BEKTOpaM U3 6a30BOH CHCTEMBI KOOPAHHAT

Kak M0OXHO BHI€Th, 3TOT KOHTYp pacroiaraeTcsi CTporo Ha MOBEPXHOCTH NoTychepsl TOTOMY,
9TO OocH 6a30BOM CUCTEMBI KOOPJAUHAT MPUBSI3aHbI K IIEHTPY JOHHOTO (MUEIEBOT0) CEUEHUS OTCEKa
KA. Ero nocnenssist Touka coeJMHEHA ¢ HaYaIbHOM, 5KBUBAJICHTHOU LIEHTPY Macc KOHCTpYKIHH KA.

CTOUT OTMETUTH, YTO BO3MOXKEH Cyd4ail, KOrja KOHTYp MOXET OBbITh CTSIHYT B TOUKY LIEHTpa Macc
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KA Ha cepe. D10 03Hauaer, yTo Bce NPUOOPHI pacronararoTcs CTpOro Ha MpoAOIbHO OCH OTCEKA.
Takoli BapMaHT XapaKTepeH I HEKOTOPhIX HAHOCIYTHMKOB, M TOria oprpad ajiropurMa
ABTOMATU3UPOBAHHOI'O pa3MCIICHUS GYI[eT JII/IHCﬁHbIM, a, 3BHAYUT, YHUKYPCAJIbHBIM.

OcTaércst yCTaHOBHTb, SIBIISIOTCS JIU BCE OCTAJIbHBIE Oprpadbl AITOPUTMOB YHUKYPCATEHBIMHU.

B oceBOM BEKTOpPHOM II0JI€ MOXKET CYILECTBOBATh BblAEICHHOE HampaieHue. Kak Oblio
CKa3aHO BBIIIIE, B YACTHOM CiIy4ae JUIsl KOMIIOHOBKM HaHOCITYTHUKOB OHO TaK)K€ CYLIECTBYET U IS
BCKTOPOB IIOJIOKCHHUA HCHTPOB MaAcCC BA. CHGI[OB&TGJIBHO, HAJIMYUC BBIACJICHHOI'O HAITPABJICHUSA
MOJKET BIUATHh HAa KOH(DUTYPALIMIO KOHTYpa Ha cepe eNMHUYHOTO paguyca.

Kak 13BeCTHO U3 TONOJIOTUH, €CIIM KOHTYp Ha cepe OyAeT He3aMKHYTBIM, TO 3TO PABHOCHIIBHO
TOMY, 4TO oprpad airopurma He OyAyT YHHKYpPCAJIbHBIM. DTO BO3MOXKHO B Cllydae, KOIJa O0CeBoe
BCKTOPHOC ITOJIC ABJIACTCA YaCTUYHO HAIIPABJICHHBIM. To €CTb, 4aCTh BCKTOPOB ITOJIOKCHHUA ICHTPOB
Macc BA nomxkubl pacnionaratecs Ha ocu KA. Torna HeoO0XoMMO NMOHSThH, B KAKOW Mepe 3TO I0Jie
JIOJKHO OBITh HAIIPABJICHHBIM, YTOOBI KOHTYp CTall HE3aMKHYTBIM Ha cgepe. Beero cymectByer nBa
BapHUaHTa, KOTOpbIE MpeJCTaBlIeHbl Ha pUcyHKe 4. B nensax 06o0menns Hayano 0a30BOH CHCTEMBI

KOOpAUHAT NEpEMEIICHO B TOUKY HECHTpPA MaCC KOHCTPYKIIMHU OTCCKA.

Puc. 4. BapuaHTbl KOHTYPOB 110 HAPaBIEHHOCTH BEKTOPOB
MIOJIO’KEHMS IIEHTPOB Macc MPHOOPOB

ITo pucynky 4 rpaduveckn MOXKHO YOEAWTHCS, UTO B MEPBOM BapHUaHTE KOHTYP OCTa&TCA
3aMKHYTBIM Ha chepe eIUHHYHOTO paauyca, IIOTOMY YTO MpH 00X0Jle Hadasia KOOPAWHAT BOKPYT
npooisHOM ocu KA 1o 4acoBoii cTpenke Wik IPOTHUB YaCOBOM CTPENKU YAa€Tcs clielaTh MOTHBIH

O60pOT. Bo BTOpPOM BapHAHTC JTOro CACIaTb HC YI[aéTCSI. HCpGHOC Hauajia 0a30BOM CHCTEMBI
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koopanHaT KA Ha JOHHBIN cpe3 OTCEKa yMEHbINAeT JUIMHY PAacCMOTPEHHBIX KOHTYPOB BJBOE, U
IIOTOMY SIBJIIETCS] YACTHBIM CIIy4aeM.

[Tomy4aercsi, 4TO KOHTYp OyJeT He 3aMKHYTBIM, €CJTU MPHUOOPBI Pa3MEIIAI0TCS TOJIBKO C OJHON
CTOPOHBI OTHOCUTEIBHO NpoAoiabHOH ocu KA. OgHaKko KOHCTPYKTUBHO 3TO HEBO3MOXKHO, TIOTOMY
4YTO He OylIeT BBINOJHATHCA LIEHTPOBKAa oTceka. [103ToMy MOXXKHO clienaTh BBIBOJ, YTO Oprpadsl
QITOPUTMOB pa3MelieHuss BA ams BceX BO3MOXKHBIX Ha IPAKTHKE KOMIIOHOBOK SIBJISFOTCS
YHUKYpCAJIbHBIMHU.

Takum o6pa3om, B pe3ysbTaTe NPOBEAEHHOIO MCCIENOBAHUS OBLIO YCTAHOBJIEHO, YTO MJIS
co3JlaHusl pabouux cxeM pa3MmelleHus: bBA B aBTOMaTU3MPOBAHHOM PEXUME BO3MOXKHBI AJITOPUTMBI,
BBINOJIHAOLIME 3TOT MPOLIECC 3a OJIUH MOCIEA0BaTEIbHbIN TPOXO BCEX KOOPAUHAT LIEHTPOB Macc
BA 6e3 Bo3BpaTOB. DTO I03BOJIIET CTPOUTH MAaTEMAaTUUECKUE MOAEIH OIEPaTOpPOB roMeoMophu3Ma,
OOBEIUHSIOMNE METOM TOCIIEA0BATEIFHO-OIMHOYHOTO Pa3MEIICHUST W METOJl Oa3upoOBaHHS II0

IPEbIAYIIEMY OOBEKTY.
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OB O/IHOM HEJIOKAJIbHOM KPAEBOM 3AJAYE
JIJISI MHOTOMEPHOT'O YPABHEHUS TAPBOJIMYECKOI'O THIIA OBIIEIO BUJA

Hccnenyercst HeloKanbHast KpaeBasi 3aJa4a il MHOTOMEPHOTO YpaBHEHHsI TapaboIn4ecKoro
TAMa OOIIero BHJA C TEepeMEeHHbIMU Kodddunuentamu. [IpemiokeHa I0KaIbHO-OTHOMEpHAs
(pxoHOMHUYHAs) pa3HOCTHas cxema. Jloka3zaHbl €IMHCTBEHHOCTh, YCTOMYMBOCTH M CXOJUMOCTH
pelIeHUs Pa3HOCTHOW 33Jlaud K PEIICHUIO0 MCXOIHOW 3a/1a4d CO CKOPOCTHIO PABHOM IMOTPEITHOCTH
anmpOKCUMAIIHH.

1. IlocmaHoska HenoKanbHOU Kpaesotl 3a0adu.
B 3amknyTo#i 00nactu Q. = G X [0 < t < T] paccMOTPUM HEJIOKATBHYIO KPAEBYIO 33124y JUIs

MHOTOMEPHOTO YpaBHEHHS IMapaboIMuecKoro THIa o0Iero BUa ¢ IepeMeHHbIME K03 puimenTamMmu

Lu+ f(x,t), (x1t)€Qy, (D

ou
at

ko (x, t)jT”a = B_qulle ¥, ) + [ p(6, DUl ¥, )dT — p_g(x,), X, =0, 0 <T,

ko (6, 0) 72 = Bratt = Hra(X,0), Xo =l 0 S ST, @

u(x,0) = uy(x), x €G, 3)

e Lu=YP_, Lou, Lyu= aaTa(k“(x’ t) ;—;) + 1,(x, t) ;Tua — q,(x, O, 0<cy<
ko(x,t) <cy,

|72, O, [, (8, O, |15, (6, )], 19, O, Ip (&, D, |Bra(x, B)| < €2, (4)

k,(x,t) € C3Y(Qr), 1.(x, 1), qu(x,t), po(x,t) € C*1(Qr), a =12,...,p,
Co, C1, C; — TOJIOXKHUTEbHbIENIOCTOSIHHBIE, Q7 = G X (0 <t < T],

G = {x=(01x2,...,%p):0< x4 < lp,a = 1,2,...,p},5 = G UT, tae I' — rpannma obnacty.

2. Ilocmpoenue noxanvHo-ooOHomepHoul pacsnomcuou cxemwl (JIOPC).

BBeneM paBHOMEPHYIO CETKY 10 KaKIOMY W3 HampaBieHUuH 0 X, ¢ marom hg:

@p = Pey @, @n, = 8% = ighgiiq = 0,1,..., Ny Nghg = ly,a =12,...,p},

hy, ig=12,...,N, —1,
na={

he .
7", ip =0,N,.
Ilo ananoruu c [1; 2] na orpeske [0,T] BBoguTCA paBHOMEpHAs Ce€TKAa Wy = {t; = jT, joT =

T, j=0,1,...,jo}. Otpe3ku [t;, tj,1] pazoOuBarOTCA TOUKAMH tj+% =t + T%, a=12,...,p—1nHa

p vacreil. YUepe3 A, 0003HaYUM MOTYHHTEPBAI (tj +aT—1, t; +%], rmea =1,2,...,p.
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IMpencraBum (1) B craeayroneM BUIE ZZ=1 E,u=0, £,u= _a_u —Lou—fyrne  fo(x,t)—

HEKOTOpbIe (PYHKIIMU, KOTOPbIE 00IaJat0T TOH e IIaIKOCThIO, UTO U f , 1 YIIOBJIETBOPSIIOT YCJIOBHIO

HOPMHUpOBKH Y0, fo = f.
Ha A, npu a = 1,2,..., p Oynem pemars 3a1auu

£a0a=; 3t — Loy — fa =0, x €G, telA,a=12,...,p, (5)
619(0() ! t !
k, = B-aay(la X', ) + [ p(t, D)V 0y (Lo, ¥, )AT — p_o(x, 1), Xo =0, ©
6
09 (4
—k, 6( L = .B+a19(a) Ura(xX,8), g = g,

roJiaras pu 3Tom [2, ¢. 522]
Yy (x, 0) = ug(x), I(a)(x, tj+aT—1) = Ja-1)(x, tj+aT—1),a =23,...p, (7)

19(1)(x, tj) = ﬁ(p) (x, tj), ] = 1,2, A 'le'
BMmecto ypaBHenus (5) HoMmepa a B JanbHeimieM OyeM paccMOTpUBAaTh ypaBHEHUE C

BO3MYIIEHHBIM oriepatopoM L [2, cTp. 167]:
l 619(“)

o0 = La9@) + fly t€La @=12,...,p, (8)
Lad(@ = g (Jea6 ) F2) + 7, ) 512 = g (x, D9,

1 __ 0.5h4]|1q| _ Peii
Hy = TRy Re=—7 — pa3HoCTHOe 4Yuc0 PeilHOMIBACA,

+
S =050, +1Ir]) =0, =0.5(, —|r,]) <0,b} = %,b; = %,ra =1t +r;, alld =

k
Aip+1s Ag = k(x(xia—l/z' £) = ka(x1,..-, Xig-10Xa — 0.5hq, Kig+1re- xp: £),
hy, ipg=12,...,N, — 1, ~ )
he = {h_a i —O0N d, = qa(xl-a, t), Pa = Pa(t,5), (pa = fo(x,0), t=
2’ a — Y Vo
v,

VYpaBHeHue (8) HOMepa @ aNIpPOKCUMHUPYEM Ha (tj et +2] HEABHOH cXeMOH M molyuum
p p

LIENOYKY U3 P OAHOMEPHBIX Pa3HOCTHBIX ypaBHEHUH [3; 4]:

. a a-1
Jry_ Jt— o a j+e
r= i/ - —Aay]+P+<Pa P, a = 1;2)""29' xaewha' (9)
. a . oa—1
( y1+5 — yJ+T _ (a) —
0.5k, . =AY+ U xe =0,
B B (10)
I Y=y
|0:5R, = 05y + Uy X = L

T
y(x,0) = up(x), (11)
Koy @ = 0 (@0, + bSOy 4 bragy® — duy @,

: .
Ay @ = %@l Y\ = L Ps VN, T — Beahy — oY s Xa = 0,

Ng
Aoy @ = =100y = B I = 0.5k B Py Ry Yo = la,

ﬁ_a =U_gt O-Shafa,o' Uypg = Hia T O-Shafa,Na» Hiaq = Mia(tj)'
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. a .
j+e s
o _ (Ng) 1 (a) _y P-y P
B+a - B+a + OShada ’ ;yf - T )
1 (0) 1 (Na)
H_, = , <0, u,,= , T >0
@ 05hglr D)’ & ta 05hgrV@)) @
=5 M= W05y
a a

CnpaseinBa cieayronas
Teopema 1. Ilycmov evinonnenvt ycnosus (4), moeoa cxema (9)-(11) ycmotiuuea no npasoii

yacmu U HaA4anbHLIM OAHHBLIM, MAK umo 01 pewenus 3aoaqu (9)-(11) npu © < 19 umeem mecmo

OyYeHKa
j 2 j p jrs o
Iy N, @S MIZS =0 T20=1 197 7 I, @+
+ Zj‘r:o TZZ=1 Zilg;tia (.uza(o' X’, tjl) + H%—a(la' X’, tjl))H/ha'Hl yO ”%Z(E)h)]'
e M = const > 0 He 3aBUCUT OT hy U T, X' = (X1, X2, -+, Xg—1, Xq+1 .,,xp)

3. Cxooumocmo JIOPC.

L 2 L @ L
[lycts 27 = yj »—u’ P, tae u— peumenue 3anauu (1)-(3). Ioacrasmsist y~° P = 2777 +
'+E j4—
u e (9)-(11), momyunm 3aa4qy JUIsl IOTPEITHOCTH A
. . oa—1
jt—  jr—— La i+ &
P— P ~ +£ Jjt
=R Y, T (12)
o
O.Sth = Az +_p,x, =0,
o
0.5hy —————=A5z® + 1,0, x, = g,

z(x,0) =0,

rae
Y_oq = 0.5h 2, + Y2,

Vo = Yo + o Yo =0Q), Pz=0(h;+1),
Yia = O-Sh(xl/)-(l)-(x + Yia lpi(x = O(hé + 1), lpia = 0(1), Z§=1 lpia = 0.

Ilo ananoruu ¢ [2, c. 528] npencraBum penienue 3ana4u (12) B BUAE CyMMBI Z(g) = U(q) +

Lo
Ny Z(a) = 7 P, TI€ 7)(q) OTPEICISIETCS] YCIIOBUAMH

Na)~N(a-
%=¢a, X €wp, +Yhaewa=12,...,p, (13)
l/)aixa € whai
n(x,0) =0, Yo ={Y_q x4 =0,
Vi Xg = lg
Uz (13) cmenyer /"' =ngy =0/ + 1+ ot +P,) =10/ =..=n°=0, n =
TPy + Yot+... +YPy) = —T(Waqr1t. .. _H/)p) = 0(1).
DYHKIHS V() ONPEICIACTCS YCIOBUAMU
Via)y—V(a— ~ ~ ~ .
()f(l) = Aav(a) + Yo, Yo = Aan(a) + g, x € Wh, (14)
O-Shaw = AEU(a) + J)—a: J)—a = A:zn(a) + Yl xq =0, (15)
(16)

V)=V a— ~ ~ .
0.5h, % = sz(a) t Y0 Via = AJ&U(a) + Vi Xg = L
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v(x,0) = 0. a7

" — 2%u
Eciu cymecTBYIOT HENPEPBIBHBIE B 3aMKHYTOH 0071aCTH Q. TIPOM3BOJIHBIE vz O F B, 10
adXp

Kan(a) = _TKa(¢a+1+---+¢p) = 0(1), Agn(a) = 0(1).
OnenuBas permenne 3anauu (14)-(17) na ocHoBanuu Teopems! 1, OTyduM OLEHKY TSl U

j+1 2 j D ~J ’+% 2
N L, @< MIEj 1m0 T2a=1 1 e © L@yt
o Ty Sty (B2a(0,2, ) + P20l ¥, ) H /g, (18)

Tak kak )/ = 0, 1y = 0(1), | 2/ II<Il v/ |l, Torna ¢ yuerom (18) cupasemsa ciexyromast

Teopema 2. Ilycmv e@vinoanenst ycaogusi (4), 3aoaua (1)-(3) umeem eduncmeenuoe

nenpepuistioe 6 Q.. pewenue u(x, t) u cyuecmeyiom nenpepuishvie 6 Q. npoU3E0OHbLE
0%u  0*u 3u 03k 0%r 0%q 9%p
0t?'0xZ0x3’  0xZot’  Oxex3’  0x3’  0x3’  0x3’
ﬁ 1<apB<p, a#p
oxz’— — T ’

mozoa JIOPC (9)-(11) cxooumcs k pewenuio ucxoowoii 3aoauu (1)-(3) co ckopocmuio O(|h|? +

T), mak umo npu 00CMAMOYHO MAAOM T UMEEN MeCcmo OYEHKa
Iy —w* @< M([h|* + 1), 0<T1<1,
rue |h|* = hf + h3+...+h].
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YIK 536
I'a3un P.P., Ucaamrynosa I.D.
Y dbumckuii rocyaapcTBEHHBIN HEPTIHON TEXHUYECKUH YHUBEPCUTET
. Ya, Poccus

MATEMATHYECKASA MOJEJIb TOPHAJ1O

Llenb paboTh: AaTh MOHATHE OMPEICICHUIO TOPHAI0, PACCMOTPETh €ro KIACCH(HKAILHUIO,
pailoHbl BO3HUKHOBEHHS, pa3oOpaTb MeXaHU3M 00pa30BaHHUS U COCTABUTH €r0 MaTeMaTU4YeCKYyHO
Mozenb. ATMocdepa Hallel TUTaHeThl MPEACTABISIET COO0M BO3YIIHYIO CpeAy ¢ HEpaBHOMEPHO
pacupenesneHHOM BHUXPEBOM HHTEHCHBHOCTBIO. Kak mpaBwio, B HEH CyIIECTBYIOT, Kak
KpYyITHOMAaCIITaOHbBIE, CPETHNE, TAK U MEJIKHEC BUXPEBBIC SIBJICHUS, TAKUE KAK: [IUKJIOHBI, TA(yHBI,
TOpHA0 U Oosee Menkue cmepuu [1].

Topunago mnpezacrasnseT coboil 0co0oe BHXPEBOE aHOMAJbHOE SIBICHHE, O0O0Jamaroliee
OTPOMHBIM 3aIlacOM Ta30JAMHAMHUYECKON SHEPruy M paspymurenbHou cuioil. [lo ompenenenuro,
TOPHAJI0 — 3TO arMOoc(epHOe SBIICHUE, TPEACTABIISAIONIEE COOO0M BPAIIAOIIHICS C OTPOMHOM CHIION,
OTHOCHUTEIIbHO CBO€HM TPONOJIbHON OCH, CTOJNO BO3AyXa, KOTOPBIA 3aMBIKA€TCA MEXIy Tak
Ha3bIBAEMbIM MAaTEPUHCKUM OO0JIAKOM M IIOBEPXHOCTHIO 36MJIM MJIU e BOAbI [ 1, c. 64].

B coBpeMeHHOU Hayke BBIICIISIOT MHOXKECTBO PA3JIMYHBIX BHJIOB arMOC(HEpHBIX BHXpeid. B

MPEICTaBICHHON paboTe pacCCMOTPEHBI CaMble OCHOBHBIE, OHU IIPUBE/ICHBI B Tabimie 1.

Tabnuma 1
Buael cmepueit
Bun Onucanue
BuuernonoOHbIi Camblii KJTaCCUYECKUN U HAMMEHEE OMACHBIM, 10 CPABHEHHUIO C OCTAJIbHBIMU BUAAMH,

BHJI TOPHAJIO, CXOKHU ¢ KHYTOM WJIH e OmdoM. Kak mpaBuIto TaHHKIN BUJT BUXPEBOTO
SBIICHUS 3apOXKIAETCsl W HAONIOMAIOTCS HaJl MOPCKOM TMOBEPXHOCTHIO, KOTOPHIH B
JANbHEWIIeM TponBuraercs B Tyob cymm. C BHIy OHHM JIOCTaTOYHO Y3KHE U
W3BUJIUCTEHIE.

PacnubiBuateie Bun cMmepueii, ClocOOHBIX HAHOCHTH KOJIOCCAIBHBIN YPOH BCEMY OKPYKAIOIIEMY 3a
cdeT ocoboro cTpoeHms. HamomMuHarOT oOrpoMHBIE O00JNaKa, COCTOSIIUE W3
HECKOJIbKUX BOPOHOK, MOCTOSHHO BEPTSIIMXCS C HEBEPOSATHOM CKOPOCTBHIO, HAJ
CaMoOi NOBEPXHOCTHIO 3EMJIH.

CocraBHbIe Bun cmepuelt moxokmx Ha npensiaymmii.  CoCTOST W3 HECKONBKHX KHYTOB,
OTHOBPEMEHHO  BpALAIOUIUXCS BOKPYT OCHOBHOM LEHTPAIbHOM BOPOHKH.
PacripoctpansroTcst Ha OOJIBIITNE TEPPUTOPHH, YHUUTOXKASI BCE HA CBOEM ITyTH.
3emIIstHBIC Bujn penxo BcTpedarommxcsi TOPHAA0, KOTOpble 00pa3yroTcsi Ha (JOHE Cephe3HBIX
MPUPOAHBIX KaTakin3MoB. C BUAY, KaK U MHOTHE APYTHUe TOPHAI0, OHU OUYEHb Y3KHE,
TTOX0)KUE Ha KT'YThI.

ITecuansie OO06pa3yroTcs OHHM KakK MPaBWIIO B IMMYCTBIHHBIX PETHOHAX IMPHU CHIIBHBIX MEpEerpeBax
3eMJId B MayiooOyauHyr0 moroay. Ilo BpeMeHM MaHHBIA BHJ BHXpeH CrocoOeH
CyLIECTBOBATH OT HECKOJIBKHUX CEKYHJ 10 Tapbl MUHYT.

CHexHbIe OO0pa3yroTcst B CEBEpHBIX PETHOHAX HAIEH IJIAaHETHI, BCICSICTBUE CUITBHBIX MeTelei
Y BbIOT. Takue cCMEpUM OUYEHb OINMACHBI JUIsl AJIIIMHUCTOB, UMEHHO OHU HaxXOASATCA B
30HE PUCKA U 3a4acCTyI0 MOrH0alOT, BCTPEUYasiCh C JAHHBIM SIBICHUEM
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B Hame BpeMs y4eHbIMH 10 CUX IIOP HOJTHOCTBIO HE N3y4€HBbl IPUUMUHBI 00pa30BaHUs TOPHAJIO,
OHU JIMIIb MOTYT YKa3aTh OCHOBHBIE CBEAEHUS, HauboJIee XapaKTepHbIE Ul JAHHOTO IPUPOAHOTO
sBIeHNA. VI3BeCTHBI TPH OCHOBHBIX 3Tara 00pa3oBaHus TOpHAA0. Ha HauaapHOM 3Tare, U3 rpo30BOTo
obnaka oOpa3yeTcs BOPOHKa, 3aBUcAloIIas HaJ 3emieid. Haxomsach Hax 00JaKoM, XOJIOIHBIE CIOU
BO3/lyXa OIYCKAIOTCS BHU3 HAa CMEHY TEIUIbIM, KOTOPBIH B CBOIO OYepelb YCTPEMIISIOTCS BBEpPX.
ITorennuanbHast SHEPryus JAHHOM CHUCTEMBI NEPEXOJUT B KMHETHUYECKYIO SHEPIHIO BPAIlaTeIbHOIO
JBUKEHUS BO3]lyXa, CKOPOCTb KOTOPOrO Bo3pacTaeT. Tak mpoTeKkaeT BTOPOM 3Tall CylleCTBOBAaHUS
TOpHAJ0. DTarm, B KOTOPOM C(HOPMHUPOBABIIUICS BUXPh, IPHHUMAET CBON KIIACCUYECKUIN BHIl U C
OFPOMHOM MOIIHOCTBIO JIBUXKETCS B XAOTHYHOM HAIpaBICHMU. B 3aximrounTesnbHOM 3Tane
IIPOMCXOIUT Ocla0eBaHue M B JajibHEHIEeM IOJHOE pa3pylleHHe BUXpsA. Ta Mol M cuia,
npuoOpeTeHHas 10 3TOr0, YMEHBIIAETCS, BOPOHKA CYXKAETCS M OTPBIBACTCS OT 3€MJIU, ITOCTEIIEHHO
00paTHO MOAHUMASICh B MaTepuHCKOe 00ako. Bo BpeMeHHBIX paMKax, CyIIeCTBOBAHHE KaXIOTO M3
ATANOB MOXKET KOJIe0aThCsl OT HECKOJIBKMX MUHYT J10 HECKOJIBKHX 4acoB. CpefiHss CKOPOCTh TOPHAI0
TaK K€ He IMOCTOsHHA U KosiebneTcs B npeaenax oT 30 mo 60 km/4, B peakux ciydasx gocturaer 210
Kkm/4 [2, c. 3].

Ha nameii ruianere mMectom, e HanOoJiee 4acTo 3apOKIAIOTCs TOPHAIO, SIBISIETCS MaTepUK
CesepHass Amepuka. VIMEHHO Ha HEM €XerofHo (PUKCUpPYeTCs MX MAKCHMaJIbHOE KOJMYECTBO, a
MMEHHO B LeHTpanbHbIX mTarax CIIIA. YueHbiMu OBLJIO YCTAHOBJIEHO, 4TO y ocTpoBOoB dropuia-
Kuc TopHago BO3ZHMKAIOT 4yTh JIM HE Ka)KJbli JI€Hb, C KOHIIA BECHBI O CEPEAMHBI OCEHH, 32 YTO
TAHHBIA PETHOH ObUT Ha3BaH KpaeM BOISMHBIX cMepuel. M3 ucrtopuu MoxHO ynomsiHyTh 1969 rox,
MMEHHO TOT/Ia B TOM CaMOM pernoHe Obu10 3aUKCHUpoBaHO 395 Mo100HBIX BUXPEBBIX SIBICHUM.

CrnenyromumM MECTOM Ha Hallel 3eMie, KOTOPOE YCTYNAeT CEBEPOaMEPUKAHCKOMY KOHTUHEHTY
[0 KOJIMYECTBY TOpHAHO, sBisercs EBpona, 3a uckmoueHuem Ilmpeneiickoro momyoctpoBa. K
COKaJICHUIO, B HAIlleH CTpaHe Takke HaOmromaroTcs moaoOHbie siBieHus. Kaxapiidi rox B Poccun
peructpupyercs okosio 100-300 cmepueii B rof, oHu, 6€3ycioBHO, MeHee onacHbl, yeM B CIILA, HoO
OHU BCe K€ MMPOUCXOIST U HEPEJKO HAHOCAT OrPOMHBIH yiiepo. Tak ske moJ00HbIe BUXPEBBIE SBICHUS
HaOo1a0TCd B cleAyromux crpaHax: Aprentune, ABcrpanuu, FOAP u B npyrux pernonax, B
KOTOPbIX BO3MOKHBI (POpPMHUpOBAaHMSI YCIOBUM i1 WX BO3HMKHOBeHMs. Ha pucyHke mecra
o0pa3oBaHUs TOPHAAO BbIIEICHBI TeMHO — cepbiM 11BeToM (https://clck.ru/ecLhD).

Takum o0Opa3oMm, MOXKHO cJenaTb BBIBOJA, YTO TOPHAJ0 Ha Halled IJaHeTe B OCHOBHOM
MIPOUCXOAT B YMEPEHHBIX HIMPOTaX, O0OUX MOTYIIaApUHi.

OObpamiasicb K UCTOPUH, OQUIIHATBHO 3apETUCTPUPOBAHHBIM, CAMBIM CMEPTOHOCHBIM 32 BCIO
HCTOPHUIO YEJIOBEUECTBA, MOBJIEKIINM 3a co0oii 6oee 1300 cmeprei, siBisieTcst TopHano Jdaynarmyp-
Carypus. Ilpomsonuto Bce B banmmangeme, oxpyre Manukranmk, 26 ampens 1989 rona.
OO6pazoBaBuIMiicss BUXph JAep:Kall HalpaBJI€HHWE CBOErO ABM)KEHHUS Ha BOCTOK CTpaHbl M HaHEC
MaKkcUMabHbIN ynap no roponam Jlaynarnyp u Carypus. Torna, mo HEKOTOPBIM JaHHBIM, TOCTPAAIO0
B o0meit cioxkHoctu 12000 yenosek, a 6e3 xuibs octanock okoiao 80000. YueHble MpearnonoxKuiIm,
YTO IPUYMHONW BO3HHMKHOBEHUS JAHHOTO SIBJIEHMS B TOM MECTHOCTH HOCIYXXWJIA 3aTsDKHAs 3acyXa,

JUTMBILIASICS K TOMY BPEMEHHU 110 MaJIbIM MEpKaM OKOJIO nosyrofa. B tabnure 2 npuBeaeHsl Hanbosee

KpymHbIe 3aUKCUPOBaHHBIE cMepuH [3].
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) WECATR

c-,§& —_—
,, C=
BeNnKabpuTanusX
pnaHana ;
ORERIINE) 1=~

ADPUKAHEKAR :
Pecnybnmka

Puc. Mecrta 00pa3oBaHus TOPHAI0 HA KapTe MHUpa

Tabmmma 1
Camble KpyNHbIE TOPHA/IO 32 HCTOPHIO YeJIOBEYECTBA

Hasganue Crpana Ton Kommectso xeprs
(uemn.)

Toprazo Mazaprarik- Basraem 1996 700
Mpu3zanyp

TopHazno Tpex mTaroB CIIIA 1925 695
Toprazo Matkrart k- Banrmnazenr 1973 681
Cunraiip-HaBabranmk

banrmamemnm (Ha MOMEHT WHIIMICHTA-

TopHazno B Jlakke Takncran) 1969 660
Toprano B JIa-Banerra Marnbta 1551 600

Mamemamuueckas mooenb mopHaoo
PaccmMoTpuM MmareMarwueckyro MOJENb aKTUBHOW Cpelbl TOpHAAO. B cuHepretuke, ais
OMMCAaHUs aKTUBHOM cpeapl, KaK TPaBUIIO, TPHHITO HKCIOIb30BaTh CHCTEMbl HETMHEHHBIX

nruddepeHnranbHBIX YpaBHEHHH MapaboInyecKoro THIA:

Vi :
E = Fi(Vi,...,Vn) +D1AV1 (1 = 1, ...,n),
rae V; — nepemennsie, F; — Henuneitnsie pynkuuu, D; — xoaddunments quddysum,
0%V, 0%V, 0%V
= +

AV 0x? +6y2 0z2
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B nanHnoit pabote paccMoTpeHa cucTeMa U3 ABYX YpaBHEHHI
aVv. V.
S =Fi(VL V) +D1AVy, =5 =F3(Vy, V) + D;AV; .

B kauecTtBe MOICIIN aKTHUBHOM CpCAbl B BEIYUCIIUTCIBHOM 3KCIICPUMCHTC OBLIM MCIIOJIb30BaHbI

ypaBHenus dutuxsro-Harymo [3, c. 115].

dv, V3
E=V1—?—V2 +I+D1AV1
dv,

E = S(a - V]_ + sz) + DzAVZ

e Vg, Vy — KOMITOHEHTBI CKOpPOCTH, I, a, b, € — mapameTpsr: a = 0.7,

b =0.8,1 =0.142,D,, D, —koadPuuuents! nuppy3uu.

B nanHO# MareMaTHyecKoi MOJENH, BUXpPEBas BOPOHKA TOPHAIO BO30OY)KIAeTCs BOTHYTHIMU
CIMpaJIbHBIMU BOJHAMHU. B nmanpHeiimem Juisi MaTeMaTndecKoro OMHMCaHusl 0Opa3oBaHUsl BUXPEBOM
BOPOHKH TOPHAJO, s MCHOJb30Ban ypaBHeHue HaBbe-CTokca, ONMCHIBAIOLIEE ABM)KEHUE BS3KOU
HEHBIOTOHOBCKOM JKMJIKOCTH. B BEKTOPHOM BHIE [UIsl HECKMMAEMON JKUIKOCTH, YPaBHEHHS,

KOTOPBIMHU OHO IMMPEACTABJICHO, 3AIIMCBIBAIOTCA CICAYIOIIUM 06pa30M:

w_ (G- V)T + vAT Lop 47
Frie v V)u + vAu pp ’

V-u=0,

e U = (Vy, ..., V,) — BEKTOPHOE I0JI€ CKOPOCTEN, p — AaBinenue, V — oneparop I aMuibTOHa,

A — oneparop Jlamnaca, t — Bpemsi, v — k0d(PPUITMEHT KUHEMATUYECKON BS3KOCTH, P — TUIOTHOCTD,

-

f — BekTopHOE mone MaccoBbIX cuil. Takke B cucteMmy ypaBHeHudl Habe-CTokca n00aBisOT

KpaeBHe " HAYAJIbHBIC yCJ'IOBI/IH
Ulga =0, Ul=o = Vg

Pacuer BuxpeBbIx pemieHuil ypaBHeHHs: HaBbe-CTokca mpoBOIUTCS B KpPYroBoil oOiactu,
KOTOpPOW aNMpOKCHUMHUPYETCs MaTepuHCKas o0nacTe BHUXps. [Ipy 4YucCiIeHHOM MOAETUpPOBAHUU
MIPOBOAT CIIMBAaHUE PEIICHHI B aKTUBHOM CpeJie M Ha TpaHuLie KpyroBoii oonactu [3, c. 115].

B 3axiroueHne oTMeTHM, TOPHAJIO0, KaK sIBJICHUE, 0€3yCIOBHO, SIBJISETCS OJHUM M3 CHIIbHEHIIINX
U CaMBbIX OIACHBIX JUIsl YeJaoBedecTBa. EskeroqHo OHO yHOCHT KM3HH COTHH Jitoel. HecmoTpst Ha To,
YTO M3y4EHUEM INOAOOHBIX SBICHHUH y4€HbIE CO BCETO MUpPA 3aHMMAaroTcs okoio 140 yetr, MHOrHe
acTeKThl MX BO3HMKHOBEHMS O CHUX IOp OCTAIOTCS 3aragkamu. B cOBpeMEHHOM MHpe HMeeTcs
HEMaJioe Tpe/CTaBlIeHue OO0 YCIOBHUAX WX BO3HMKHOBEHHs, HO, TeM HE MEHEee, 3TOro elle
HEIOCTATOYHO JJISl UX NPOTHO3MPOBAHUS, MOITOMY HAHHBIM BOIPOC CTOUT B LEHTPE BHUMAHUS
MHOTHMX HCCIIEA0BaTelIel U y4eHbIX Bcero mupa. [IpemioxkeHHas 31ecbk MOJellb TOPHAI0 MO3BOJISET
aJIeKBaTHO OTPa3UTh HEOOJIBIIYIO YaCTh CBOMCTB pealbHOro TOpHa0. B OyayiemM ydeHbIM yaacTces

MMPOTrHO3UPOBATH AAHHOC SBJICHHUC U BO3MOXKHO HAYUUTHCHA Cro MOAABJIATH, YTO IMO3BOJIMT CIaCaTb

SKU3HU COTHU JIIOHEH.
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IKCHEPUMEHTAJIBHOE NIOATBEPKJAEHUE 3AKOHOB OMA U KUPXT'ODA

OnekTpuueckas 1enb — Habop MpuOOpPOB, COCTABIAIOIINX, PACCUUTAHHBIX JUISl IPOTEKaHUs
TOKa, NIEKTPOMAarHUTHBIE IPOLIECCHl KOTOPOTO MOXHO OIMCAaTh C HCIOJb30BaHUEM TEPMHHOB
HanpspKeHus: ¥ Toka. ['paduueckuil BUA CXeMbl HA OCHOBE HA3BaHUI €€ 3JIEMEHTOB HAa3bIBAETCS
NPUHIUIHATIBLHON CXEeMOM MoAKiIoYeHus nenu. Kak mpaBuiio, cxema MOXET COCTOSTh M3 JII000ro
KOJIMUECTBA aKTUBHBIX U ACCUBHBIX 3JIEMEHTOB, a TAKXKe OBbITh U3 OT/IEJIbHBIX Y3JI0B U BETBEH. Y3el
aNeKTpUYecKoil nenu (puc. 1) — y4acTok Lenu ¢ MajbIM 3JIEKTPUYECKUM COIPOTHBICHHUEM, B
KOTOPOM COEIMHEHBI TPHU IEKTPUYECKUX IPOBOJHHKA JJIEKTPUUYECKOM LENHU OT IIEKTPUUECKUX

aneMeHToB [1].

yiea yien

Puc. 1. V3en sanexrpuueckoit 1ienu

BetBb anekTpuueckoil 1ien (puc. 2) — y4acTOK 3JEKTPUUECKOM 1IeTH, 10 KOTOPOMY ITPOTEKaeT
HEU3MEHHBIN TOK. Ha anekTpudeckux cxemax BETBb - yUaCTOK IMOCPEIN ABYX y370B [1].

BETBB

_. BETBB ._

Puc. 2. BeTBb anmekTpudeckoi memnu

3akon Oma 00o03Ha4aeTcsi B pOJM TJIABHOTO 3aKOHA, MCIOJIB3yeMOTO MPHU pacdere Ieneit
MOCTOSTHHOTO TOKa. 3aKoHbI Win npaBuia Kupxroda npeacraBisror co0oif mpuMeHenue 3akoHa Oma,
HCIIOJTE3YEMOTO JIJIS TIOJICYETa HEMTPOCTHIX ANMEKTPUICCKUX IETIeH HENMPEePhIBHOTO TOKA.
Paccmotpum Gopmyitel it 00IIETO MPEICTaBICHHS KPAaTKOW TCOPHH.
Cuta Toka
Aq

[ =
At

3axkoH OMa
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Tox (I) omHOpPOIHOTO MTPOBOAHMKA B YACTH ILIETH MPsIMO mponopiioHaneH Hanpsbkeruio (U) B

ATOM YacTu U 00paTHO MPOMOPIIMOHAICH colpoTHBiIeHUIO (R) mpoBoaHMKa.

Pe3ucTtop - 3TO KOMIIOHEHT JJIEKTPUYECKOM LENH, KOTOPBIA IIPOTUBOACUCTBYET TOKY,
IIPOTEKAIOLIUI Yepe3 HETo.

Ugr = IR - HanpsbxkeHne HA pE3UCTOpE.
_ ®1—@r+Eq
I - s
R
TJI€ (P M P, — MOTEHIIUAIBI KOHIIOB YYacTKa, €1, — J/IC Ha JaHHOM y4yacTKe LeIu.

€
[=—,
R+r

rine € — OJIC ucToyHrKa HanpsbKeHHs, R — CONMpOTUBIEHHE BCEX BHEIIHUX AJIEMEHTOB IIEMH,
I' — BHYTPEHHEE CONPOTUBICHNUE UCTOYHUKA HAIIPSIKEHMUS.
Pa3BeTBneHHas LeMNb - 3TO AEKTPUUECKAs LEMb, COAEPKAILasl y3JI0BbIE TOUKHU.

B 1-om 3akone Knpxrmba aJIre6paI/IquKa;1 CyMMa TOKOB BeTBeﬁ, CXOQAIIUXCA K KaKAOMY Y31y

Zlkzo

2-i  3aKOH: CymMMa 3HAYCHUM BHEIIHETO COIIPOTUBJICHUSA MW TOKa 4YEpC3 BHYTPCHHEC

LIE€NIY, paBHA HYIIO:

COIIPOTHBIICHHE BCEX YacTel 3aMKHYTOH LIETM paBHA anreOpandyecKoil cymMMme 3HaYeHWI BHEIIHEH
OJ1C, conepxarieiics B 1eMu:

2 Ik Ry = X Ex.

[Ipu oneHke pa3BETBIEHHOM CXEMbI TOK, MPOXOASIIUN OT OJHOTO y3Jia K APYroMy uepe3 Bce
MIOCJIEIOBATENIHO MOKIIOUEHHBIE 3JIEMEHTHI, TOJDKEH OBbITh YKazaH MHJekcoM. Hampasnenue Toka
MOKET OBITh CBOOOHO BHIOpAHO.

IIpu cocraBnenun ypaBHeHM TOokM U OJIC AOMKHBI OBITH HOAMMCAHBI C BBIOPAHHBIM
HarpasjieHueM 00Xo/a.

Yucno ypaBHEHUH B IEPBOM 3aKOHE JIOJKHO OBITh Ha €JMHMILY MEHBIIIE YUCIIa y3JI0B B IIETIH.
Uucno cBOOOMHBIX YpaBHEHHI BTOPOTO 3aKOHA JOJDKHO OBITH BHIOpAHO TakuM 00pazoM, YTOOBI
CyMMa YpaBHEHMH DPE3YyJIbTHPYIOIIEH CHUCTEMbl YpaBHEHHH Oblja paBHa YHCIY Pa3JIMYHBIX TOKOB.
CnenoBarenpHO, KaXkJ1as HOBas CXEMa JIOJKHA BKIIOUYaTh, 0 KpalHEH Mepe, OJHY YacTb CXEMBI,
KOTOpasi HE BKJIIOUYEHA B YK€ IPOBEPEHHBIE CXEMBI.

B nanHoit pabote OyzeT uzydeHa sneMeHTapHasi MOJCNb PA3BETBICHHOM AIEKTPHUECKOMN TSI,
3aKJIrodaroniascs U3 Tpex ucTouHUKoB DJIC, BKIIFOUEHHBIX NAPAJUIETBHO PE3UCTODY.

Lenbto paboThI ABISIETCS 03HAKOMIICHHE C LIETISIMH HEM3MEHHOTO TOKa M SKCIIEPUMEHTAILHOE
noATBepkaeHne 3akoHoB Oma u Kupxroga. CocTaBuM SKBHUBAJIEHTHYIO cxemy Ienu (puc. 3),

pa3MecTUB MCTOYHMKU OJUH TOJ JAPYIMM M YYHUTHIBas HaJIM4W€ BHYTPEHHETO CONPOTUBIICHHS Y

KaXJIOTO UCTOYHHKA. Taxke n300pa3uM HalpaBiIeHUS TOKOB B Kak10M ydacTke u 3Haku JJIC [2].
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Puc. 3. DxBuBasieHTHAs CXeEMa LEITH

B nmocnenyromux pacderax Bo3bMeM caeaywoommue 3HadeHus OJIC u  BHyTpeHHero
COMPOTHUBJICHUSI UCTOYHUKOB:
€ =8B; ¢, =—4B;e3=6B;R; =10M; R, =30m; R; =10m.
CocraBuM CUCTEMY ypaBHEHUH, JIUIS TOTO, YTOOBI HAUTH TOKU Ha KAKJOM y4acTKe.
I == Il + IZ + 13
82—£1=11'R1—12'R2
82_83 =I3'R3_12'R2
_83:I'R_I3'R3
( I = Il + 12 + 13
_ LRy + (&2 —#)

1

=
\—e5 =(I; + 1, +13) R+ 13- Rz
( [=L+L+];
=12'R2+(€2_€1)
Ry

_ L "Ry + (&2 — &3)
3 T R;

_ <<(€2R—151) + (SZR_;S)> "R+ 32)
I, =

\ (1+§—i+§—§)-R+R2

I,-R, + (g, — ¢ I,-R, + (g, — ¢ I,-R, + (g, — ¢
—s3=(2 2+ (g2 1)+12+2 2+ (&2 3))-R+<2 2+ (& 3))-R3
Ry R;3 Ry

1

(2 —%1) (g2-— S3)) ( R, Rz)
‘R 1+—+—|'L,R+L,'R —
( Rl + R3 + + Rl + R3 2 + 2 2 + (82 83)

(g2 — 1) (g2 —&3) R, R,
_S3=( Rl + R3 )R‘l‘ (1+R_1+R_3)R+R2 'Iz+(€2_€3)

R, R _ (82 —&1) | (82 —€3)
<<1+R—1+R—3)'R+R2>'12——(( R1 + R3 )'R+82)
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_ (((521;151) + (821;383)> ‘R + 52)

R, R
1+52+52
( R; " R3
OnpenenuM 3Ha4eHUS] BCEX TOKOB, B35IB CONPOTUBIEHHUE pe3uctopa Harpy3ku R =1 Om, R =

20M,R=30MuR =40m.

" )-R+R,

Jdns R =1 0wm:

I, = =18A
(1+%+%)1+3
1,8:3+(—4-06)

13 = 1 = —4,6A
1,8-3+(—4-18)
[, = 1 =—6,6 A
[=—-66+18+(—46)=—-94A
Jnsa R =2 Om:

I, = =2,8A
(1+%+%)2+3
1,8-3+(—4-6)

13 = 1 = —4,6A
1,8-34+(—4-18)
I, = 1 =—6,6 A
[=-66+28+(—46)=-84A
Jns R = 3 OmM:
_ (((—41— D A6 4 (_4))

I, = =29A
(1+%+%)3+3
1,8-3+(—4-6)

I; = n =—46A
1,8:3+(—4-18)

I, = 1 =—6,6 A

[=-66+29+(—46)=-83A

Jiia R = 4 Om:
_ ((—4—8)+(—4—6)>_4+(_4)
1 1
I, = =3A
(1+%+%)4+3

1,8-3+(—4-6)

I; = 1 =—46A
1,8-3+(—4-18)

I, = =—6,6A

1 1
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[=-66+3+(—46)=-82A

Pesynbrarel 3THX BBIYMCIICHUH 3aMulIeM B TaOnuIe.

Tabnwuma
HN3meHeHus Toka
R, OMm I;,A I,,A I3, A LA
1 -6,6 1,8 -4,6 9.4
2 -6,6 2,8 -4,6 -8,4
3 -6,6 2.9 -4,6 -8,3
4 -6,6 3 -4,6 -8,2

B 3axmroyeHnu OTMETHM, MpOJENaB JaHHYI padOTy M COCTaBHMB IPEACTABICHHE O LEMIX
MOCTOSIHHOTO TOKa, M3y4nB 3akoHbl Oma u Kupxroda, OblIH BIIOCIEACTBUN MPOU3BEACHBI PACUETHI

BCEX 3HAUCHUU TOKOB IIpU pa3JIMYHBIX COIIPOTUBJICHUAX HAI'PY3KH.

Jlureparypa
1. Mururanuesa JI.0. Ilpumenenue mnepBoro 3akoHa Kupxroda B 371eKTPOIHEPreTHUECKO
cucreme // Hayka, Texnuka u oopasosanue. 2019. C. 31-32.
2. Kpyrmsax HO.A. Hanosnektponuka «CHU3Y-BBEpX»: BOSHMKHOBEHHME TOKA, OOOOIIEHHBIH
3akoH OMma, ynpyruid pe3ucTop, MOJIbI ITPOBOIMMOCTH, TepMOdJeKTpruecTBo // Scientific Journal
«Science Rise». 2015. Ne7. C. 76-78.

© T'umantaunoBa A.J., Ucnamrynosa [.®., 2022




XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

VIK 514.01

I'peuxas A.H., Bponnukosa JI.M.
AnTalicKuil TOCYIapCTBEHHBIN NEAArOTMUYE€CKUN YHUBEPCUTET
r. bapnayn, Poccus

JABA OCHOBHBIX HEPABEHCTBA. HEPABEHCTBO
MEXKAY CTOPOHAMMU TPEYTI'OJIbHUKA

JIBa OCHOBHBIX '€OMETPUYECKUX HEPABEHCTBA CBA3aHbI C TpeyrojbHUKamMu. OQHO U3 HUX —
HEpPaBEHCTBO TPEYroJibHUKAa OylaeM Ha3bBaTh ero cBoicTtBo 1.1. BTopoe — 3T0 He coBcem
HEPAaBEHCTBO, HO OHO TMpPEACTaBIseT cOOOW BakHOE HAOIIOIEHHE OTHOCHUTEIBHO T'€OMETpPUU
TPEYrOJIbHUKOB, KOTOPOE YKa3bIBACT, YTO €CJIHM 3HA€M HAaWOOJIBIINI Yroj TPeyrojibHHKA, TO 3HACM,
Kakasi CTOpOHA TPEYrojbHHUKA caMasi [UIMHHAs; 9TO HaOtoneHne OymeT 0003Ha4aThCsl Kak CBOHCTBO
1.2.

Csoticto 1.1. Ectu A, B u C — Touku Ha mi1ockoctu, To AB + BC = AC.

Bonee Toro, paBeHCTBO CpaBeIMBO, TOLJA U TOJIBKO TOTAA, koraa B nexur Ha otpeske AC.

CgoiicTBo 1.2. B TpeyrosnbHuKe camasi JJIMHHAS CTOPOHA TPOTUBOIOIOKHA HAUOOIBIIIEMY YIITY
1 Ha00OpOT.

CrnenoarensHo, eciii B Tpeyroibauke ABC numeem £A > 4B, to BC > CA.

VYopaxunenue 1.1.

(a) Ecim a, b, ¢ monoxxutensHble yncna, rnea < b+ c¢,b <c+auc < a+ b, 1o cynecrsyer
TPEYTOJIBHUK C JUTMHAMHU CTOPOH a, b U C.

(b) UT0OBI TOCTPOWTH TPEYTOJBHUK CO CTOpoHaMH a < b < c, J0CTaTOYHO YTOOBI
BBINOJIHAIOCH YcioBHe € < a + b.

(c) MoxHO TIOCTPOUTH TPEYTOJIBHUK C ATUHAMH CTOPOH a, b U ¢, Torna u TONbKO TOrna, Korna
CYIIECTBYIOT TaKHe TIOJIOKHUTEIbHBIC YUCNIA X, Y, Z, 9Toa =X+ y,b=y+zZ uc=z+x.

VYopaxunenue 1.2.

(a) Eciiit BO3MOXHO MOCTPOUTH TPEYTOJIBHUK CO CTOpOHAMH a < b < C, TO MOXKHO ITOCTPOUTH

TpeyroapHuK co croporamu va < vb < +/c.
(b) O6parHoe K (a) HEBEPHO.

(¢) Ecnu BO3MOXXHO MOCTPOMTH TPEYTOJbHHK C JJIMHAMU CTOpOH a < b < ¢, TO MOXHO
1 1
B nu .
(a+b) " (b+c) (a+c)

MOCTPOUTH TPEYTOIbHUK C JTMHAMU CTOPOH

Yopaxuenue 1.3. I[ycth a, b, c,d u € — JUIMHBI IATH OTPE3KOB TaKUX, YTO MOXKHO ITOCTPOUTH
TPEYTOJIbHUK, HCIIONB3YS JIIOOble TpU W3 HHUX. JlOKaXHTe, YTO OHH OOpa3yrOT OCTPOYTOJIbHBIH
TPEYroJbHUK.

MNHorna ko4 K pemeHunto 3aaun 3aKITI09aeTCsl B CIIOCOOHOCTH Pacno3HaBaTh OMpeIeIeHHbIE
BEJIMYMHBI, KOTOPBIE MOTYT OBITH CBSI3aHBI C TEOMETPUUECKUMH H3MEPEHUSIMHU, KaK B CIEAYIOLIEM

IIpUMepe.

Ipumep 1.1. Eciau a, b, c-nonoxurensusle uncaa a + b% —ab = c?, pokaxure, uro (a —
b)(b—¢) < 0.
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[Mockonbky c? = a2 + b2 — ab = a% + b? — 2ab cos 60°, MmoxkeM aymarh, 4To a, b, C - JIMHEL
CTOPOH TPEYTrOJIbHUKA, TAKOTO YTO YTOJI, IPOTHBOIOJIOKHBIN CTOPOHE JJIMHOM C cocraBisier 60 °.
Yroer  TpeyronpbHuka ABC  ymoBnerBopsitor  TpeboBaHmsM LA < 60 °u £B = 60 °,unum LA >
60°u 2B < 60°.

CrnenoBarenbHO, HCIIONB3YS CBOMCTBO 1.2, MOXkeM BbIBeCTH, yTo a < c < bwmma =>c=>b. B
ar0boM ciy4ae ciaenyet, uro (a —b)(b—c¢) < 0.

Ha6monenue 1.1. Takke MOXeM pelIUTh IPUMEp BhIIIe Oe3 COIOCTaBICHU a, b U ¢ ¢ ;ymmHaMu
CTOPOH TPEYrOJIbHUKA.

CHauasa npeanoaokum, uto a < b, 3uaunt tot dakr, uto a? + b% — ab = c? noapasymenaer,
yro a(a — b) = ¢2 — b? = (c — b)(c + b), cnenoarensHo, c — b < 0 nomyuaercs, uro (a — b)(b —
c) <0.

AHanoru4so, a = b moxpasymeBaer, uro ¢ — b > 0 u, ciie0BaTeNbHO,

(a=b)(b—-c)<0.

Eme oana curyamnus, Korga HE OUYEBHUIHO, YTO MOXKEM COIOCTaBUTh JJIEMEHTHI C
reOMETPUUYECKUM HEPABEHCTBOM WJIM YTO, HCIOJIB30BAHHUE TEOMETPHUH MOXKET OBITH MOJIE3HO,
MOKA3aHO B CIIEIYIONIEM IIPHUMEPE.

ITpumep 1.2. Ecnu a, b, ¢ — nonoxxuTenpHble Yucia, TO

Va? +ac+c? < /a2 —ab + b2 + /b2 — bc + ¢2

Panukansl npenmnonararoT UCIOIb30BaHKE 3aKOHA KocuHyca ¢ yriamu 120° u 60° ciegyromumm
06pazoMm: a’+ac+c?=a%+c?—2accos120°,a%? —ab + b%? — — 2abcos 60° ub? — bc +
c? =b? + ¢? — 2bccos 60°.

A x

B C

Puc. 1. Yepréx, k npumepy 1.2

3arem, eciu paccMmoTpuMm uetbipexyroabHuk ABCD, rae 2ADB = £BDC = 60° u £ADC =
120°,takyto AD = a,BD =buCD =c¢, wmoxem BwiBecTd, uro AB =+va%?—ab+ b2 BC=
Vb?% —bc + c? u CA = va? + ac + c2.

Z[aHHOC HEPAaBCHCTBO CTAHOBUTCA HCPABCHCTBOM TPCYT'OJIbHUKA JIA TPCYTOJIbHHUKA ABC.

HepaBeHnctBa, Kkacaromuecsi JJIWH CTOPOH TPEYrOJIbHUKA, 4YacTO BCTpEYaAlOTCs Ha
MaTeMaTH4ecKux onumnuanax. OauH BHUI 3a7ay 3aKIOYAeTCsl B TOM, YTO Bac MPOCAT JI0Ka3aTb
HEKOTOpOE HEpPaBEHCTBO, KOTOPOMY YIOBIETBOPAIOT JUIMHBI CTOPOH TpeyroibHuka. Hinke

paccMOTPHUM MIpUMED.

[Tpumep 2.1. IiuHBI CTOPOH TPEYroJbHUKA @, b U C yIOBIETBOPAIOT YCIOBUIO
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a(b+c—a) < 2bc.
[TockonbKy HEpPaBEeHCTBO CHUMMETPUYHO BbH C, MOXeM MpPEANoNOXuTh, 0€3 MoTepu
o0mHocTH, 4To ¢ < b. JIokakeM 3TO HEPABEHCTBO B CIEAYIOUINX CITydyasX.
Cayuaii 1. a < b.

[TockonbKy OHU SIBISFOTCS JITTHHAMHU CTOPOH TPEYroJIbHUKA, 3HaeM, uto b < a + ¢, torma b +

b
c—a=b—a+c<c+c=2cs%.

Caiyuaii 2. a = b.

B stom cnywae b —a < 0, a mockonbky a < b + ¢ < 2b, MmoxeM BbIBeCTH, 4T0 b +c—a =
ctb—a<sc< ZTbC.

Jpyroit Tun 3ama4, CBS3aHHBIX C JUIMHAMH CTOPOH TPEYTrOJbHHKA, — 9TO KOIZa Hac MpPOCAT
J0Ka3aTh, YTO HEKOTOPas CBSI3b MEXKAY YHCIIaMH a, b ¥ ¢ focTaToyHa Ajsi MOCTPOCHHUS TPEYrOJIbHUKA
CO CTOPOHAMU OIMHAKOBOM JUTUHBI.

[Tpumep 2.2.

(1) Ecin a,b,c — NoJOKMUTENbHBIE YUCIa M YIOBIETBOPAIOT ycinoBuwo (a? + b% 4+ ¢%)? >
2(a* + b* + c*), T0 a,b ¥ ¢ — AIMHBI CTOPOH TPEYrONBLHUKA.

(2) Ecim a,b,c,d - monoxuTensHele uncna M ygoineTopsiorT (a? +b? + c? + + d?)? >
3(a* + b* + c* + d*), Torma, ucnons3ys MOOBIE TPU U3 HUX, MOXEM IIOCTPOUTH TPEYTOIbHUK.

Jlnst actu (1) goctarouno 3ameTuts, uto (a? +b% +¢?)?2 —2@*+b*++cH) =(G@+b+
c(@+b—-c@a—-b+c)(—a+b+c) >0, a 3areMm o0OpaTuM BHUMaHUE, YTO HH OIUH M3 ITUX
(aKTOpPOB HE SBISETCS OTPHLIATEITHHBIM.

Jlist vactu (2) MOkeM cienaTh BBIBOJ, YTO

a?+b%?+c? a?4b%?+4c? 22
5 + > +d

3(a* + b* + c* +d*) < (a® + b% + ¢? + d?)? =<
a2 +b% +c2\°  [a?+b?+c?\’ 2
() (T L gl (v3)
2 2
Bropoe HepaBeHCTBO clenyeT u3 HepaeHcTsa Komm-1lIBapua [2]. CienosarensHo, a* + b* +

4 (a2+b2+c2)2
c* <*——— Hcnonp3yd MNEpPBYK YaCTh, MOXKEM CJeIaTh BBHIBOJA, 4TO a,b M C MOXHO

WCTIONB30BaTh JUISI TIOCTPOCHHS TPEYrodbHUKA. [IOCKONBKY WCIONB30BaHHBI HAMH apryMEHT
HEU3MEHHBIN 1pH a, b, ¢ ¥ d, momy4yaeM pe3ynbTar.

CymecTByeT METOA, KOTOPBII MOMOTraeT mpeodpa3oBaTh OHO HEPABEHCTBO MEXAY JIUHAMU
CTOPOH TPEYrOJIbHHUKA B HEPABEHCTBO MEXKAY MOJIOKHUTEIFHBIMU YHCIaMH (KOHEYHO, CBSI3aHHBIMHU CO
CTOpOHaMM). DTO Ha3bIBACTCs MoOACTaHOBKOM PaBu [1].

Ecmm Bnucannas oxpyxsocts (I, r) B Tpeyromsauk ABC kacaercs cropon BC,CAu AB B

toukax X, Y ¥ Z coorBercTBeHHO, TO X = AZ = YA,y = ZB = BXuz = XC = CY.
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Puc. 2. OkpyXHOCTB, BIIUCAaHHAs B TPEYTOJILHUK

Jlerko 3ametuth, YT0 a=y+zb=z+xc=x+yx=s—ay=s—b u z=s-—
a+b+c
2

c,raes =

[TocMoTpuMm, Kak KUCIIONBb30BaTh NOACTAaHOBKY PaBu [1] B ciieayromem npumepe.

[Tpumep 2.3. IuHBI CTOPOH TPEYTOIBHUKA 3, b U C yIOBIETBOPSIOT

(b+c—a)(c+a—b)(a+b—c) <abc

Bo-miepBrix, y Hac ectb (b+c—a)(c+a—b)(a+b—-c)=8(s—a)(s——b)(s—c) =
8xyz, ¢ apyroii croponsl abc = (x +y)(y + z)(z + x).

Takum 00pa3om, HEPaBEHCTBO PaBHOCUIBHO

8xyz < (x+y)(y+2z)(z+x) (1)

Ipuwmep 2.4. [4] ITycts a,b, ¢ - JIMHBI CTOPOH TPEYroONbHUKA, JOKAXKHUTE, 4To Va + b — ¢ +
Vvb+c—a++vVc+ta—-b<+a+ Vb+e

Ecmu mpenmonoxum, uto a =y +2z,b =zx,c =X +y, MOXeM BBIBECTH, 4TO a + b —c =

2z,b+c—a=2x,c+a—b=2y. CrenoBareibH0, HEPABEHCTBO PABHOCHIBHO V2X + /2y +
V2z< \[x+y+ y+tz+Vz+x

Tenepp, mNpUMEHSE HEPABEHCTBO MEXKAY CpEeIHUM apu(MEeTHYecKUM U  CPEeIHUM

KBaJApaTUYHBIM, ITOJTyHacM

+2z 2z +V2x
2 + 2

2x+ 2 2y + 2z 2z + 2%
S\/ - Y_I_\/ Yz _|_\/ > =\/X+y+\/y+z+\/Z+X.

bonee TOT0, PAaBCHCTBO BBITIOJIHACTCA TOrAa M TOJIBKO TOraa, KOrjaa X =y = Z, TO €CTbh TOTJla U

\/ﬂ+\/2_y+\/2_=m;“/2—y+‘/2_y

TOJIBKO TOTJIa, Kornaa = b = c.
Kpome Toro, MO:KHO BBIpa3uTh IUIOMAAL TpeyroasHuka ABC, ero paanyc, paguyc onucaHHON

OKPYXHOCTH ¥ MOJyHepuMeTp uepes X, y, z. [lockoabky a = x+y, b=y +z u ¢ = z + X, cHayana

NoJydaeM, 4To p = ahte — x4 y + z. Ucnionw3ys hopmyny I'epona aiist ruiomaam TpeyroyibHUKa,
HOquaeM
S=,pp—a)p-b)(p—c) = (x+y+z)xyz (2)

®opmyna S = pr npuBOIUT K




XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

S Jx+y+2)xyz Xyz
r=—= - .
p X+y+z X+y+z

abc
Hakownern, u3z S = g lornydaem

R EINGHDEHX)
4 /(x+y+ 2)xyz
[Tpumep 2.5. Ilycth a, b, ¢ — nunb cropon Tpeyronsauka ABC. Ecinu mocTponmM TpeyroiabHUK

b c a 9
A'B'C’ co croponamu a + > D+, ¢+ 2, nokaxem, uT0 Sppicr 2 ; SaBc:

[Mockonbky a =y + z,b = z + X v ¢ = X + y, amHbI ctopoH Tpeyronbauka A'B'C’ paBubr a’ =
X+2y+3z _ 3x+y+2z _ 2x+3y+z
2’ b= 2 7T 2

TPEYrOJIbHHUKA, [OTy9IacM

j3(x +y+2)2x+y)(2y + z)(2z + X)
SAIBICI - .

Ucnone3ys ¢dopmyny lepoHa nnsi HaxoKIEHUsS IUIOIIATH

N 16
Ipumennm HepaeHctBo AM — GM [3], 4To6BI moka3ath, uto 2X +y > 33/x2y,2y + 2z >

3 3
3Vy?z, 2z + x = 3Vz?X, IOMOXET JOCTUYh HEPABEHCTBA

3x+y+2)27(xyz) 9
SAIBICI = =

16 _Z ABC*

JlaHHbIi naparpad ycTaHaBIMBAaEeT MOCIIEIHEE PABEHCTBO.
JlaHHBIE HEpaBEHCTBAa CIOCOOCTBYIOT HE TOJIBKO pPa3BUTHIO HABBIKOB HAXOXKICHUS
ONITUMAJIbHBIX T€OMETPUUECKUX KOHCTPYKLIUMN, TO €CTh Pa3BUTHUIO IPOEKTHBIX U UCCIIEI0BATEIbCKUX

KOMITETEHIIUI 00y4aromuxcsi, HO U (GOPMHUPYIOT LIEIOCTHOE BOCIPUSITUE TEMBI

JInteparypa
1. babunckas U. JI. 3agaun MaTeMaTnaecKuX OIMMITHAI: COOpHUK 3a1a4. M.: Hayka, 1975. 109

2.Tyces B.A., Kynanun E.Jl., Mskumes A.T., ®enun C.H. I'eometpus. [IpoduiibHblil ypoBeHb:
yuebnuk i 10 xnacca. M.: BUHOM. Jlabopatopus 3nanwmii, 2010. 311 c.

3. Andreescu T., Feng Z., Lee G. Mathematical Olympiads 2000-2001: Problems and Solutions
from Around the World. 2003. 271 c.

4. Coxeter H., Greitzer S. Geometry Revisited: New Math. Library. 1967. 205 c.
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VIK 514.01

I'peuxas A.H., Bponnukosa JI.M.
AnTalicKuil TOCYIapCTBEHHBIN NEAArOTMUYE€CKUN YHUBEPCUTET
r. bapnayn, Poccus

OYHIAMEHTAJIBHOE HEPABEHCTBO TPEYTI'OJIBHUKA

[Ipon3BOIbHBIN TPEYTOJIBHUK OJHO3HAYHO ONPENEIseTCs YuciaMu p,Rur, npu sToM R > 2r.
JlokaxkeM, 4TO P HAXOJUTCSI B HEKOTOPOM CErMEHTE, KOHIbI KOTOPOT'o SIBISIIOTCS PYHKUIUAMU OT R 1
r. Jlns sToro cHauana OMMILEM BCE TPEYTOJbHHUKH, Y KOTOPBIX PaJlyC OMUCAHHOW OKPYKHOCTH
paBeH R, a paguyc BIHCAHHOW OKPY>KHOCTH PaBeH I, TA€ R U r — IPOU3BOJIbHBIE MTOJIOKUTEIIbHbBIC
uycna takue, 4o R > 2r . [Tycts d = +/R* —2Rr . PaccMOTpUM OKPYKHOCTB paguyca R ¢ LEHTPOM B

touke O. [Tycte M — npousBoiibHas Touka takast, uto MO =d . [IpoBeneM OKPY:KHOCTb paguyca r

C LIGHTPOM B TOUKe M.

Puc. 1. U300paxenue cerMeHTa AJis OMynepuMeTpa

[Mockonmeky d+F < R, T0 MeHbIIas OKPYKHOCTH JIEXHT BHYTpU Gonbmied. Ilycts TS -—

JuaMeTp OOJbIIel OKPYKHOCTH, MPOXOA[IIUI dyepe3 TouKy M, A— MpOU3BOJIbHAS TOYKA OOJNBIIEH
oKpyxkHOCTH U AB, AC — KacarelbHbI€, NTPOBEICHHbIE U3 TOUKU A K MEHbBIIEH OKPYKHOCTU U
kacarorquecs ee B Toukax L, K coorBerctBenno. Jlokaxem, uto BC toke kacaercs Menbieit
okpyxuoctu. ITycte @ = ZBAC u AQ — xopaa Gombliei OKpy»KHOCTH, TIPOXOAAIIAS YEPE3 TOUKH A

uM.
r

Torza 4QBC=%,TM ‘MS = (R—d)(R+d)=R*~d?=2Rr = AM -MQ = -MQ.

.o
SIn—

2
Otkyma crnemyet, dYTO MQ = 2Rsin % =TQ. CrnenoBarenbHO, TPEYroabHUK  QBM sBisieTCs

paBHOOeApeHHBIM U ZLQBM = ZQMB.
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Tak Kak /QBC :%: /BAQ, to ZCBM =ZABM u BM - Guccexrpuca yrma ZABC,T. e.

MCHbIIAA OKPYKHOCTb KaCa€TCsd CTOPOHLI BC Hu, CJICAOBATCIbHO, ABJISACTCA BIIMCAHHOM B
tpeyroasunk ABC .

BrlmenpuBeieHHOE pacCyI€HUE TOKAa3bIBACT CIEAYIOUINE YTBEPIKICHHS:

1) mpu R >2r(r. e. mpu d=+R*—2Rr >0) cymecrByeT OECKOHEYHO MHOIO
TPEYTrOJILHUKOB, ISl KOTOpbIX R — pammyc ommcaHHOW OKPY)KHOCTH, a I — paanyC BIUCAHHOM
OKpYKHOCTH (IIp1 R = 2r TpeyroyibHUK SIBJISIETCS MPABUIBHBIM U CTOPOHBI €r0 PaBHbBI R\3 )i

2) uymcna R um I SBISIOTCS COOTBETCTBEHHO pajMycaMH ONMCAHHONM M BIUCAHHOM
OKpPYXXHOCTE# HEKOTOPOTO TPEYroJIbHUKA TOT/Ia ¥ TOJIBKO TOra, Korma R >T.

BbisicHUM panee, B KakuX Ipefenax MOXET M3MEHATHCS IMOJIyEpUMETp TpPEyrojbHUKA C
¢ukcupoBaHHBIMUA TapamerpamMu R u r. CuuTas, 4YTO BepmiMHA A HAXOIUTCS B BEpXHEU

MOJIYTJIOCKOCTU OTHOCHUTEIBHO Jauamerpa 7., moaydum, 4To TpeyroibHuk ABC 0IHO3HAYHO

oIpeenseTcs AIUHOI otpe3ka X =AM, tneR—d <x<R+d, d =+R*+2Rr? =OM .

Nmeem, uto AL=p—a u p=(p-a)+a=AL+a=+x*-r’+a=
’ 2 2
=X* —r? + 2Rsing = x* —r? +4Rsin%cos§ OV IFCRPE N1 B St Y VORI (1+4—R2r).
X X X
Toctponm rpaduk dyrkun P = p(X) Ha cermente [R—d, R +d]. [TOCKOJIbKY UMEEM, YTO

p(x)

_ X' —4Rrx* +8Rr®

, TO IPOU3BOJIbHAsT P’ (x) oOparaercs B HyJlb B TOYKaX X, =, /2R (R—d)

X3\/X2 _r?
U X, =J2R(R+d) .
Tak Kak p(R—d) = p(x,) = /2R? +10Rr —r? —2(R — 2r)/R? — 2Rr u

p(R+d)=p(x)= \/ZR2 +10Rr —r? +2(R—2r)vYR? —2Rr , TO, YUHThIBas 3HAKU QyHKIMA P’ (x)
B untepsanax (R—d,x ), (X,X,), u (X, R+d), nomyunw, uro B Toukax R—du X, dynxkuus p(X)
JIOCTMTa€eT CBOETO HAMMEHBIIETO 3HAYEHNs, a B Toukax R+du X, — cBoero HanbosbIIero 3HaYeHHMS.

CrnenoBarensHo, rpaduK GyHKITUH p(X) MMeeT BU/I, TPUBEJACHHBINA Ha PUCYHKE 2.

Urak, nokaszaH cieayronyi pe3ynbrar.

Teopema 1. Yucna p,R,r oxHo3HauHO ompenenstor TpeyroabHuk ABC, mnpu stom

>2ru 2R? +10Rr —r2 —2(R—2r)VR? = 2Rr < p? <2R?+10Rr —r? +2(R—2r)JR?=2Rr. (1)
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B

Puc. 2. Uzo0paxenue 1yisi HAUMEHbBILETO 3HAYCHUST QYHKIHN

W3 nokasarenscTBa Teopemsl 1 cienyet, uyTo mpu (ukcupoBaHHBIX uyMciax R, r (R>2r)

napamerp p’ Haumenbimee  3uadenne 2R +10Rr —r? — 2( R- 2r) R*-2Rr  pocruraer s

paBHOOepeHHOrO TpeyroabHuka ABC (puc. 3),

Puc. 3. I'paduk pyHknum

a HanbobIIee 3HAYCHHE 2R? +10Rr —r? +2(R—2r)+/R? —2Rr mapamerp p’ JOCTHraer s

paBHOOepeHHOrO TpeyroabHuka ABC, (cMm. pucyHok 4).
Hepasenctna (1) 6pimu mokazansl B 1851 1. E. Pome. HepaBernctra (1) MoxHO mepenucarh B
BUJIC:
p?> —2R?—10Rr +r?)? <4R(R-2r)’ (2)
HepaBeHnctBo (2) Ha3biBaeTCs «(yHIaMEHTAIbHBIM HEPAaBEHCTBOM TpEYroabHuKa» [1].

CnenctBue 1. Jlns  TOpOM3BOJILHOTO  TPEYrojibHUKAa  BBINOJIHEHBI  HEpPaBEHCTBA

ENER
2

27r? <16Rr —5r2 < p? <4R? +4Rr +3r?2 32747R2, N3rr<p<
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Puc. 4. U300pakenue st HANOONBIIETO 3HAYCHUS (YHKIIUN

HpI/I O9TOM KaXXJ10€ HCPABCHCTBO IIPCBPAIACTCA B pPAaBCHCTBO TOIITa WM TOJIBKO TOTJAd, KOTJa
TPECYI'OJIBHUK ABJISICTCA IIPABUIIBHBIM.

HoxkazarenscTBo. MiMeeM uto
2
2R? +10Rr —r? +2(R—2r)\/R* —2Rr = —(R—Zr—»\/Rz —2Rr) +(4R® +4Rr +3r?) < 4R* +4Rr +

+3r2u 2R* +10Rr —r? + 2(R—2r)WR? = 2Rr = (R—2r —y/R? — 2Rr)? +16Rr — 5r2 > 16Rr — 5r2.

HpI/I 9TOM B OTUX HEPABCHCTBAX JOCTUI'AKOTCSA PAaBCHCTBA TOJIBKO B CIIydac, KOTla R= 2r wiu

KOTJa MCXOJIHBIA TPEYTONBHUK sABJIseTCA MpaBunbHbIM. Tak kak R>2r, to 16Rr —5r? >27r® u

4AR? + 4Rr +3r? SZTZRZ-

CrencrBue qOoKa3aHo.
Crnenyrouiee HepaBeHCTBO JTokazaHo B. biyngonom B 1965 1.

Cnencreue 2 [2, 3]. [dnsa m060ro TpeyrojpHUKa CIPaBEUIMBO  HEPAaBEHCTBO
pszR+(3J§—4)r.

JlokazaTenbCTBO. YuuThIBasg TeopeMy 1 §3, 1ocTaTouHO IPOBEPUTH, YTO
2
2R +10Rr 1 +2(R~2r)JRP ~2Rr < (2R +(343 4] )

(R—2r)WR? —2Rr < R? + (64/3) —13)Rr + (22—123)r2. (3)

Ecau ucxoaHblil TpEyroJbHUK IIPABUIIBHBIN, TO 1 = R

p =@=2R+(3\/§)—4)r.

Wnaue, R—2r >0u, Tak xaxk,
R” +(64/3 ~13)Rr +(22-12/3)r’ =(R—2r)(R—(11—6J§)r),

TO HEpaBEHCTBO (3) PABHOCHIILHO HepaBeHCTBY v R? —2Rr < R— (11— NOIE

Bo3smeMm B KBagpar JICBYIO U IpPaByrO 4aCTH MMOCJIICAHCTO HCPABCHCTBA:
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R? —2Rr < R? —(22-124/3)Rr +(229-1324/3)r*. (4)

Tax kak 201243 <0 1229-132/3 >0, To HepaBeHCTBO (4) BepHO.

Takum 00pa3om, cieicTBHE J0Ka3aHO.

(p? —2R?~10Rr +r?)" <4R(R—-2r)’
Ha3BaHO OCHOBHBIM

Hepasenctso
(«fundamental»). 910 00yciioBIEHO OOJNBLINM YUCIOM €ro cieAcTBUil. OHO OBLIO JOKAa3aHO elle B
1851 r. E. Pomre. Camo HEpaBEHCTBO U €r0 JOKA3aTEIbCTBO HE BKIKOUEHO B LIKOJIBHYIO IPOTrPAMMY,
HO BCE K€ TPECTaBIIsIeT OONBINON HHTEepeC. B mocnennue AecATHIIeTUs 3a]a4U Ha €r0 IPUMCHEHUE
BCTpeyaroTcs B )kypHasnax American Mathematical Monthly, Crux Mathematicorum.

[Ipumenenue pyHIaMEeHTaIbLHOTO HEPABEHCTBA TPEYTOJbHUKA K JI0KA3aTEIbCTBY Pa3IUYHBIX
HEPaBEHCTB IMPEIoJIaracT XOpollee 3HAHUE Kypca TeOMETPHH, TPUTOHOMETPHUH, TUIAHUMETPHUA U

HEKOTOPHIX OCHOB aJIT€OpHI.

JInteparypa
1. Blundon W. Problem E1935 // Amer. Mat. Monthly. 1966. Vol. 73. P. 1122.
2. Bottema O., Djordjevic R., Janic R., Mitrinovic D., Vasic P.Geometric Inequalities /.
Groningen: Wolters — Noodho, 1969. 254 p.
3. Crux Mathematicorum / Carleton-Ottawa Mathematics Association-Ottawa. 2006. Vol. 32.
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YK 51-74
HBanosa U.B., Ucramryaosa [.D.
Y dbumckuii rocyapcTBEHHBIN HEPTIHON TEXHUUECKUH YHUBEPCUTET
. Yoa, Poccus

OUHAHCOBASA IINPAMUJIA U EE MATEMATUYECKOE OIIMCAHUE

Lenp paboThl: pa3o0paThCs B TOM, YTO TaKoe «(pUHAHCOBAsE MUPAMUIAy», Y3HATh IPUHIUIIBI €€
paboThI, KaKoe BIMSIHUE OHA OKA3bIBAET Ha pa3HbIe c(hephl rOCyNapCcTBa, COCTABUTH MATEMAaTHYECKYIO
Mofenb. BocTounas nocnosuua riacut: «Bce B Mupe 605TCS BpeMEHHU, HO BpeMst OOUTCS TUPaMUT».
Cro kameHHBIX mupaMu]l papaoHoB Obutn B Erunte 3a 6osee natu Teicsd JieT. CaMblil KpYITHBIA U3
Hux, Benukuii [Iupamuna Xeornca, nepBoHayanbHO UMEBILas BbICOTY 146,6 MeTpa, HO B HacTosIIEe
BpeMs €ro BbICOTa cocTaBisgeT okoio 138 merpoB. EcTh mpenmonokeHue, 4To €Ciid Imupamuia
MPOAOJDKUT «BpPAcTaThy» B 3€MJIIO MPH 3TOH CKOPOCTH, TO OHA MCYE3HET C MOBEPXHOCTH 3eMIU
npuMepHo dyepe3 78 Teicsy neT. Ecnu ydecTs, 4To 1moyBa 1noji nupaMuoi MaKCUMaIbHO YIIJIOTHSAETCS
1 3aTE€M IPOLIECC «BPACTAaHU» 3aMeIISIETCS UM TIOJIHOCTBIO MpeKpalaercs, To Benukas nupamuia
Xeorca (Kak ¥ Bce MUPaMUbl B 3TOM TOJUHE) MOXKET MPOCTOSITh MUJUIMOHBI, & MOKET U MUJLITUAP]IBI
ner.  MoXHO TpeABHIIETh COBEPIICHHO pa3Hble MNEPCIEeKTUBBl A (MHAHCOBBIX MHPAMUIL.
Hcnons3yemble B HUX OM3HEC-CXEMBI TpeOyeT nepepacipe/ielieHusl CPeACTB TeX YJIEHOB, KOTOpbIE
HaxomsTcsa B «Huzy» mupamMuibl TeM, KTO HaXomuTcs Ha camoil «BepmmHey. MiHBecTopam obemaror
OTPOMHBIE JIOXOJbl 32 CYET BKJIAJOB APYTUX YYaCTHUKOB, KOTOpBIE MPUCOEIMHUINCH MO3kKe. Bee
YYaCTHHUKH YO€XKJI€HBI, UTO, €CIIU OHU MPUCOEAUHATCS paHbllIe JPYTUX, 3TO MPUOIN3UT UX K «Bepxy»
U, KaK CJIEJICTBUE, YBEJIMYUBAIOT CBOU IIAHCHI HA OJyYE€HHUE MAKCUMAaJIbHOM BBITOJIbI [10 CPABHEHUIO
¢ apyrumu. Otinune (UHAHCOBBIX NMHUPAMUJ OT peajbHBIX 3aKIIOYAETCs B MCTOYHHMKAX BBIIUIAT.
Besikuii pa3, korna cymMMma IUlaTeskeil MOCTOSIHHO MPEBBIMIAET CyMMY NPHOABOYHON CTOMMOCTH,

KOTOPYIO 3TOT OM3HEC MOXKET MPeJ0CTaBUTh, (PMHAHCOBBIN MPOEKT MPECTABISAET COOON MUpaMuay

[1].

Ilpupooa u mooenu gunancogvix nupamuo

W3ydenue mpupoasl (UHAHCOBBIX MUPAMHA MO MX KOHCTPYKIMU TIO3BOJHIIM BBIACITUTH
CJIEIyIOLIME BUJIBIL:

1. ®unancoas nupamuaa [lonmwy;

2. MHoroypoBHeBas MMPaMUJIa;

3. 3amackMpoOBaHHAs MUPAMU/IA.

1. Kapno Ilserpo JIxoBanum I'ymbensmo TeGampau Ilonmu Yapne3 - momHOE uMSs
MepBOOTKpbIBaTeNs (MHAHCOBBIX nupamuia. Utanbsuckuit ummurpant npuexain B CILIA, umes iBa ¢
IIOJIOBUHOW [JIOJUIAPOB B KapMaHe, CO3Jal CaMyl0 I€HUAJIbHYI0 IMHPAaMUIY Ha OCHOBE JIBYXCOT
JI0JIIAPOB, B3ATHIX B JOJIT Y 3HAKOMOTO TOProBIla MeOesbo. J[pyruMu ciioBamMu, OH HE MOTPaTUII HU
[IEeHTa COOCTBEHHBIX JEHEr Ha ee co3AaHue. EMy B rojioBy mpuiuia Hies: HadyaThb M3/1aBaTh

MEXKIYHApOOHbId KypHau. llonum mnpumen k VcnaHCKkoW KOMIAHUM C MPEIJIOKEHUEM O

coTpyaHndectBe. Kak MonoXKuTenbHBI OTBET, OH MOJYYHJI MEXIYHAPOAHBIM OOMEH KYIMOH. DTOT
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KYIIOH MOX€ET OOMEHSATH J1F000H 4eI0BEeK Ha MAPKU B IIOYTOBOM OTAEICHHUU U OTIPABUTh ajipecary.
Tak nosiBuiIack uaest 3apaboTarh Ha pa3HULE MEXIY LIEHOW KYIUIM-IIPOIaXH B PA3JINYHbIX MECTax,
KOTOpBIE OBUIM Ha3BaHbI MPOCTPAHCTBEHHBIH apOutpax. [lpuBenem mpumep: @upma X moxymnaer
pyay B Uanuu s npoxaxu B Snonun. Arent ¢upmbl X B Slnonuu umer nokynarens Ha 20 TOHH
pynbl u Tpedyer oT MHmuiickoro dummana i 3aKynKy 3To pyasl. Jlemo B Tom, yto B MHauu pyna
IOKyHaeTcs 1o 6osiee HU3KOM 1ieHe, a B SlnoHun npojaercs 1o 6osee BHICOKOH LieHa. PazHuna mexay
HU3KOW TMOKYITHOW IIEHOW M BBICOKOM MpOJa)kHAs IeHa - 3TO cHocod mosydeHus goxoaa. Yapiss
[ToH1M XOTEN cenarhb TO )K€ CaMOo€e ¢ MEKyHApOAHBIMU KyIIOHAMU: MIOKYIIKa KyrnoHa B Mcmanuu no
IIeHe ofHoro IeHTa mocie ero oomeHna B CIIIA Ha mMapky 3aBepliniach MPOJaKeH 3TOH MapKu 3a
LIECTh LICHTOB.

OcHoBaresb 3T0H CXeMBbl BKJIa/IbIBAET CBOU JIEHBI'M, IIEPBbII U BTOPOU YPOBHH MOIY4AIOT 10XO
U3 CPENICTB OCHOBATEINb MUpaMubl. Habop HOBBIX HHBECTOPOB OCHOBAH Ha CITyXaX M PEKOMEHIAINX
0 «HOYy-Xay» OpraHu3aropa, 4YTO IIOATBEP)KIAETCS CJIOBaMHU JIOJEH, KOTOpBIE YK€ MOJIy4HIIU
npubbLIb. MTak, nupamMuia CTAHOBUTCS BHITOJHON, HHBECTOPHI MOIYYArOT JOXOJ OT IPUBJICYEHHBIX
CPEICTB OT HOBBIX y4aCTHUKOB. Kaxkaplii MHBECTOP 3TOM mupamMuibl BXOIUT B HEE 3a MPUObUIM U,
MOCKOJIBKY €€ OpraHW3arop 3aHMMAaeTCsl TOJBKO HaOOpPOM HOBBIX MHBECTOPOB, Kpax 3TOW CXEMBI
HaNpPsSMYIO IPONOPLUUOHAIBHO KOJIMYECTBY BHOBb IIPUBJICUEHHBIX HHBECTOPOB.

Kak 310 00BbIYHO OBIBAET cpa3y Mociie 3TOro, OCHOBATEIb MUPAMU/IBI ITOJIYYaeT BCE CPE/ICTRA,
BJIO)KEHHBIC Y4acTHUKaMH. Takas (puHAHCOBasl MMpaMuja MPHUHOCUT OTPOMHBIE JTOXOBI TOJBKO €€
OpraHu3aropy.

2. Kaxap1il yqacTHUK MHOTOYPOBHEBOM CXeMbl (P MHAHCOBOW MUPAMUIBI BHOCAT ONpeIeIeHHBIN
CYLIECTBEHHBI BKJIAJ, IIOCIE 4YEro pa3BUTHE IHUPAMHUIbl CBOAUTCS K TOMY, 4YTO €r0 YJIEHBI
3aHUMAIOTCS MOMCKOM M BEpPOOBKOI YHaCTHUKOB CIIEAYIOLIET0 YPOBHS, TaK KaK MX JOXOJ HAPSIMYIO
3aBHCHUT OT KOJMYECTBAa HOBBIX MHBecTOpoB. Kak mpaBuio, «CTpOUTENbCTBO» TAKOH NMUPAMMUIBI
3aKaHYMBAETCS HA MATOM-LIECTOM YPOBHE, TaK KaK C KaKIbIM HOBBIM IIIarOM IPUBJICYEHUE HOBBIX
MHBECTOPOB CTaHOBUTCS Bce Oosee u Oojee mpoOneMaTnyHbIM. MaKkCUMalIbHBIA JTOXOJ MOJydaeT
BEpILIMHA MUPaMHbl U TEpPBHIA-BTOPON YpOBHU y4yacTHHKOB. Cpok ciayxObl Takod (rHaHCOBOU
MUPaMH/JIbI TOBOJIBHO KOPOTKHM.

3. CkphbIThle (pHAHCOBBIE MUPAMU/IbI MPOABUTAIOTCS KAK MHOTOYPOBHEBBIN MAapKETHHTOBBIN
6usHec. [[pyrumu cioBamu, Takue TUPaMUIbl IPOJAIOT PA3JIMUYHbIE TOBAPHI WM YCIYTH. Y YaCTHUKH
MPUXOAAT K 3TOM MUpamMuIie U UILYT JI0eH, KOTOPHIM OHH MPOJAIOT 3TH TOBAPhI WM YCIYTU. 3a 3TO
UM BBIIJIAUMBAIOTCA KOMUCCHOHHBIE. TOBaphl U yCIYTH - 3TO NPUKPBITHE JUIsI PUPMBI BO U30€KaHNE
MOJI03PEHNUI U OOBHHEHUH B OpraHu3aluy (pUHAHCOBOW MUPAMUJIBI.

Bce nepeuncnennsle (pUHAHCOBBIE MUPAMUABI IIUPOKO BCTPEYAIOTCS B COLMANBHBIX CETAX.
JlocTaToyHO 3aiTH B COLMAIbHBIE CETH, YTOOBI cpa3y MOJYy4YUTh UH(POPMAIMIO O TOM, KaK OBICTPO
3apaboTaTh- MOSIBSTCSI COOTBETCTBYIOIIME CCHUIKH, 110 KOTOPHIM MOKHO mepeiTH. EcTp ycneninbie
WHBECTULIMOHHBIE (DOH[BI, TMPOTHO3BI IO pe3yjlbTaTaM CHOPTUBHBIX COPEBHOBAHUH, Jpyrue
reHUalbHbIe CIOcoObl 3apaboTka mrofei. TouyHO Tak Ke MOIICHHUKH JEHCTBYIOT IOJ BHJIOM

MHTEPHET-Mara3uHoB: MOKYyMaTelb X0UeT NOMyYUTh He0OXOJUMBIN TOBap, MEPEBOAUT OIMPEIEICHHYIO

CyMMy JleHEeI Ha yka3zaHHbIM cdyer. Ho kak Toimbko HabepeTcsi MOCTAaTOYHOE KOJIMYECTBO
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«UHBECTOPOBY», OpraHai3ep MPOCTO HCYE3aeT C JeHbraMH. JTa «XUTPOCTbY» AJIs 3apabaTblBaHUs
JICHET T0JIy4HJia 0COOEHHO LIMPOKOE PaclpOoCTPaHEHUE B pe3ynbTaTe pa3BuTus MHTEepHeTa: ofHa 3a
Apyroil (MHAHCOBBIC TUPAMU/IBI CTAJH MOSBIISATHCS B COLMANBHBIX CETAX. M 3TO ecTeCTBEHHO, BEb
co3arth (PMHAHCOBYIO NMHUPAMUIY HAMHOTO MpOILNE, YeM KIACCHYECKYI0 CETeBYIO KOMIaHuio. B
WuTepHere mnpome HaOUpaTh YYaCTHUKOB IUPAMUIbI, IE€PEBOJAS CBOM (PMHAHCHI CpPEACTBA
JIEKTPOHHBIX ACHET, HE TOBOPS YXKE O MONICPKKE HABA3UNBON pEKIaMbl, a MUMEHHO: IPUITIAILICHUS
10 TI0YTe, OECKOHEYHBIE BCIUIBIBAIOIIME OKHA HA CaliTaX ¢ 3aMaHYMBBIMH IPEAJIOKECHUSIMH, CIIaM U T.
1. Kpome Toro, MOXXHO aHOHUMHO OpraHM30BaTh ()MHAHCOBYIO nHUpamuay uyepe3 Mutepuer. U kak
CIIEZICTBUE, CTAHOBUTCS IPAKTUYECKHM HEBO3MOXKHO OTCIECAUTH JCHEKHBIE ITOTOKH, IIPUBJICYb
OpPraHHU3aTOPOB K IOPUINYECKON OTBETCTBEHHOCTH WIIM BEPHYTh JE€HBI'H. DTO HABOAUT HA MBICIIb, YTO
WuTepHeT npezsiaraeT caMble BBITOAHbIE YCIOBUS IS JKEIAIOIIUX OBICTPO 3apaboTaTh.

B kadectBe nmpumepa MoHO Ha3Bath psan MatepHer- nupamuast: Global, Intergold Recyclix,
MMM 2016, Currency Systems. ITo opuumanbHoit cratuctuke 6bu10 okono 2500 ¢guHaHCOBBIX
nupaMusl pasindHbix Mmozenei B Poccuiickoit denepanuu 3a nociennue 15 ner. B apabekux
roCyapCcTBax CMEpTElbHAas Ka3Hb — 9TO HaKa3aHWE 3a OpraHu3alui0 (UHAHCOBBIX HHUPAMUI.
KoHeuHo, numieHne >XU3HU SBISETCS HE JIYYIIUM pPEIIeHHEM, HO 3TO 3()(EeKTUBHBIA CIIOCO0
IPEAYIPEAUTh IPaXkaaH O BO3MOXHOM OMACHOCTHU, YTPOXKAIOLIEH UX (PMHAHCOBBIM BO3MOXKHOCTSIM.
Haubonee >pdekTuBHBIMU MepaMu SIBIISIOTCS MEPONPUSATHS, OPraHU30BaHHBIC I MOBBIICHUS
(MHAHCOBOW TPAMOTHOCTH M OCBEIOMJICHHOCTH O HACEJICHHS O MOCTOSHHO BO3HUKAIOIINX HOBBIX

cxemax (1)I/IHaHCOBI>Ie nrupaMubl.

Mamemamuueckoe onucanue QuHaAHCOBbIX NUPAMUO

OCHOBHOH MOJX0J MaTeMaTUYECKOro OMHCaHus (prUHAHCOBBIX mupamuj mnpemioxeH C. B.
Hy6oBckum [2, 3].

BBenem ocHoBHBIE 0003HavYeHus. bynem cuntaTh, 4To prHAHCOBAs MUpaMUa HAYUHACTCS B
MOMEHT BpeMenu t = 0.

G (t) — HenorameHHbII K MOMEHTY BpeMeHH t 00beM IIEHHbIX OyMar (MHAHCOBOI MUPaMU/IbL.
Ota U AanbHeNIe BeIMUMHbI BBIPAXKEHBI B YCIOBHBIX €IMHUIIAX.

V(t) — noxox Opranuszaropa GUHAHCOBOI MHUPAMHUIBI.

W (t) — noxon BKJIaJUUKOB (PMHAHCOBOM MUPaMM/IBI.

g(t)— o0beM pacrpoaHHBIX B MOMEHT BPEMEHH t IICHHBIX Oymar.

@ > 0— ¢dukcupoBaHHBI CpPOK, 4Yepe3 KOTOPBIH HACTYIIAaeT MOMEHT BBITIOJTHEHUS
obs3aTenbeTB Opranu3aTopa, OTCYUTHIBAEMBI OT MOMEHTA UX MPOJIaXKH.

g(t — @)— o0beM TOTAllIEHHBIX B MOMEHT BpeMeHH t IeHHBIX OyMmar, MpOIaHHBIX
OpraHu3aropoM B MOMEHT BPEMEHHU t — @

cg (t) €[0; 1]— ueHa, BeIpaxkeHHAs B AOJAIX OT HOMHHAIIA, 110 KOTOPOH IPOUCXOIAT IIPOAAKH

LIEHHBIX Oymar.

Hcxons U3 S3KOHOMHYECKOTO CMBICIIA 3allMCaHHBIX paHeeC BECIIMYNH, MOKHO ITOJIYYHUTb, YTO
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d_G_{ gMt< o  coy=o

dt ~ lg@®) —gt—o)t=¢

av c t),t <

_{ gg() ¢ V(0) =0
dt (cgg () —gt—0),t =0

aw 0,t< o

E{(l —c)gt—@)t=¢ w(©) =0

W3 3Tux ypaBHEHHI MOXKHO MOJTYYHUTh pacueTHbie hopmynsl Benuuun G (t), V(t) , W (t) [5] mo

u3BecTHO# GyHkuuu g(t):

t t t
60 = [ 9@z~ [ gc-wd= [ g@dz
0 ) t—¢@

t t t t—¢@

v = [ ce@di- [ ge-pde= [ o@di- [ g@az
[ 0 0

0

t t—¢@
w© = (- eeE-nd= [ - co@de
(4 0

Takum o00pa3oMm, C MOMOIIBIO MaTeMaTHYECKOW MoJenu (UHAHCOBONH MUpPaMUABI ObUIM
IIPUBEACHBI IMPOCThIE aHATUTHYECKUE (OPMYNBI, ¢ MOMOIIbIO KOTOPbIX MOXHO HaWTH BpeMs
CYIIECTBOBaHUs (PMHAHCOBOW MUPaMUJbI, a TaKke BBIPYUKy ee OpraHusaropa U ee BKJIATYNKOB B
3aBHUCHMOCTHU OT BPEMEHH.

@deHoMeH (UMHAHCOBBIX MUPAMUJ HAKJIAJbIBAET HEraTHBHBIN OTIEYATOK HA MOJIMTUYECKUH,
COLIMAJIbHO-OKOHOMHYECKHI M WMHBECTULIMOHHBIA MOPTPET CTpaHbl, €CIM HE NPUHUMAIOTCS
JIOCTaTOYHBIE MEPHI IS NMPEAOTBPALIECHUS NIPUYMH UX BO3HUKHOBEHUS. YCTAHOBJICHHBIA 3aKOHOM
3ampeT Ha QYHKIIMOHUpPOBaHNE (PMHAHCOBBIX MMUPAMUJ] U YTOJIOBHOE MPECIEIOBaHIE UX cOo3aTenei
HE MOTYT OBITh TNpPHU3HAHBI AOCOMIOTHBIMU TapaHTUSIMH 3alllUTHl HACEJIEeHUs OT JeicTBUi

OpPraHHU3aToOpOB MUPAMUJ] BHE MPABOBOTO MOJIS.
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YIK 521.1

HUcayenkos H.IO.

SlpocnaBckuii rocynapCTBEHHbIN MEAArOrMYECKUI
yHupepcuteT uM. K.JI. Yimmnnckoro

r. flpocnasne, Poccus

OIIPEJEJIEHUE HAYAJIbHBIX YCJIOBHI
ITPHU ITOJIETE KOCMHUYECKOI'O AIIITAPATA
IO TPAEKTOPHUM «3EMJISI-TYHA-MAPC-TJTABHBIN MTOSIC ACTEPOHUIOB»

B monenu orpanndeHHON MJIOCKON KpyroBo# 3amauu natu ten «Coinnie-3emus-JIlyna-Mapce-
TEJIO C HHUYTOXKHO MaJOW Maccoil» ONpPENeNsIOTCs HadalbHbIE YCIOBHSA, HEOOXOOUMBIE U
JOCTAaTOYHbIE JUISl 3allyCKa KOCMHUYECKOIO ammnapara ¢ MOBEPXHOCTH 3€MIIM, IOCIEI0BaTEIbHbIX
TECHBIX COJIMKEHUH KOCMHYECKOIO ammapara ¢ nmoBepxHocThio JIyHbsl, Mapca, U ¢ mocieayromum
noctxkeHueM [maBHoro nosica actepouioB. C MOMOIIBIO T0A0Opa HayalbHBIX YCIOBUI U MeTOnA
YUCJIICHHOTO MHTErpupoBaHusi PyHre—KyTTbl yCTaHOBJIEHBI TPAcKTOpHsA II0JIETA KOCMHUYECKOTO
anmnapara, MUHUMaJlbHas CKOpPOCTb 3allyCKa C IIOBEPXHOCTH 3€MJIM M MHHHMAJIbHOE BpeMs
OJHOUMITYJIbCHOTI'O II€pelIeTa KOCMUYECKOI0 arapara Ipyu MUHUMaJIBHOM CKOPOCTH CTapTa OT 3eMJIU
1o I'maBHOTO Mosica acTepoOUI0B.

B nanHoli pabore wucciemyercs ABMKEHHE KOCMHYECKOTO armrapara, CTapTYIOIIEro ¢
MIOBEPXHOCTU 3eMJIM, B paMKax 3agauu nsatv ten «Comnue—3emis—Jlyna—Mapc—Teno ¢ HUUTOXKHO
MaJIOM Maccoi» ¢ MmociieI0BaTeIbHbBIMU TECHBIMU COMMKEHUSIMU ¢ ToBepXHOCTsAMU JIyHbl 1 Mapca,
a TakXe JOCTM)KEHHMEM [JaBHOro mosica acTepoMJOB, HAXOASILIEr0 HA pPACCTOSHUM 3
acTpoHOMHUYecKue enuHuibl oT CoiHia.

Lenb: mompbop HauanbHBIX YCIOBUN monoxkeHui 3emnu, JlyHsl, Mapca u MuHUMalIbHO
BO3MOYKHOM HAYaJIbHOM CKOPOCTH KOCMHMUYECKOTO arapara JJis IepejieTa KOCMUUYECKOro arapara ¢
3emun K [maBHOMY 1nosicy acTepon0B. AKTyallbHOCTB: BCE Yallle C HAllleH IUIAHETHl 3aIlyCKaroTCs
KOCMHMYECKHE ammnaparbl Jid pa3iuyHbIX Lenedl. OJHOMMITYJIbCHBIA TOJET €O CONIMKEHHEM C
HECKOJIbKMMHU TIOBEPXHOCTSIMH KPYIHBIX HEOECHBIX Tl IMO3BOJSET YBEJIMYUTh CKOPOCTh
KOCMHMYECKOTO amnmnapara OTHOCUTENbHO COJHIIA U CHU3UTh PACXOAbI TOIUIMBA, & 3HAUUT CHU3UTH U
¢uHaHCOBBIE pacxoAbl Ha mepeser. Vcrnonb3yemble METOABI: KOMIbIOTEpHas anrebpa (cucrema
«MAPLE 17»); mnpoBeneHHEe YHCIEHHBIX OKCIIEPUMEHTOB; YHCJIEHHOE WHTErpUpOBaHUE
muddepeHInanbHbIX  ypaBHeHUH MetonoMm Pynre-KyrTtel. HayuyHo-mpakTuueckoe 3HaYeHHE:
pe3ynbTaThl paboThl MOTYT OBITH MCIIOJIB30BAHBI B MPAKTUKE MEXKIIJIAHETHBIX MEPENIETOB, a TAKKE B
HAyYHO-UCCIIEI0BATEIbCKOM, y4eOHOW U METOMUECKON paboTe mpernojaBaresieil acTpOHOMUH.

Ocnosnoe ypasHenue. llpencraBum BeKTOpHOE AuddepeHnanbHOe ypaBHEHUE JBUKEHHS

TeJa ¢ HUYTOXKHO Masioil Maccoii B popme (1) — ¢ onHOIM He3aBUCHUMON iepeMeHHoM ve [2, c. 130].

(1)

(dzr) (1)2 _ _Gmgr Gmg(r-rg) _ empy(r-rg—rgpy) _ Gmy(r-ry)
—_— £ =
dv}

r3 lr—rg|3 [r-rg-rgml3 [r—r413
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3nech Fr, rg, ¥4 — TEIUOICHTPUYECKUE PAJNyC-BEKTOPbl KOCMHYECKOTO ammapara, 3eMild U
Mapca, COOTBETCTBEHHO. Fgy — F€OLEHTPUUECKUI painyc-BeKTOp JIyHbL. ms, mEe, my U m4 — Macchbl
Connna, 3emmnu, Jlyasl 1 Mapca, COOTBETCTBEHHO. VE — CPEIHSs J0JTroTa 3eMIIM, f — YIJIOBas
CKOPOCTh OPOUTATTLHOTO IBMKEHUS 3€MITH, PABHOMEPHO BPAIIAIOIICHCs 0 KpYroBoi opOuTe BOKPYT
Connua. Op6utsl Jlynel u Mapca Takxke cyuTaeM KpPYrOBBIMH, a HMX CpPEIHHE JOJTOTHI
nponopiuoHansusl ve [1, ¢. 211].

B nanHoi HeOecHOMEXaHMYECKON MO Vi, V4 — CpEeIHUE AONToThl 3eMin, JIynsl 1 Mapca,

COOTBETCTBEHHO. G — rpaBUTallMOHHAs nocrosHHasi. Panmycsl 3emnum, Jlynsl u Mapca paBHbI
COOTBETCTBEHHO:
e 200 6 =(0.00004263803482a.¢., Rym——oo—a.e.=0.00001161781099 a.c.,
149597888.999 149597888.999
RE———27 ___36=0.00002270753968 a.e. (National Aeronautics and Space Administration.
149597888.999
https://clck.ru/aeUNL).

Hauanvnvie ycnosus, pacyemwvr. Hadano orcuera cpegHUX AOJITOT PacCMarpUBAEMBIX Tel
COBIIAQJAE€T C HAYAJIHHBIM TOJIOKEHHEM OSTHX Tell. Vcrmonmp3yercss clieAyromas CUCTeMa eIWHUI]
M3MEPEHUil: eAMHUIA JUIMHBI COOTBETCTBYET 1 aCTPOHOMUYECKOW eIWHUIIE, CMHHIIA MACChl paBHA
macce ConHla, eIMHULIA BpEMEHU paBHa | 3BE€3AHOMY TOAY, VE, Vi, V4 U3MEPSIOTCS B paauaHax [1, c.
212].

dVEske — HadambHast CKOPOCTh KOCMHUYECKOTO arnapara ¢ IOBEPXHOCTH 3eMIIM OTHOCUTEIBEHO
ConHia, mpeicTaBIseT U3 ceds CIoKEHUE CKOpocTer 3eMii OTHOCUTEIbHO COMHIIA U KOCMHYECKOTO
anmnapara oTHOcUuTeNnbHO 3eMiu. dVeske=dVEes+dVie, tne dVes — ckopocTh 3eMIM OTHOCUTEIbHO
Connna, dVke — HadaabHast CKOPOCTh KOCMUYECKOTO armapara OTHOCUTEIbHO 3eMIIH.

[TonOepeM Takwe Ha4dalbHBIE YCIOBUS cpenHuX gonror JIyHel m Mapca, Tpu KOTOPBIX
KOCMUYECKHI ammapar, CTapTylouuid ¢ 3eMiad, He CcOIM3UTCS Ha JOCTarOYHOE PAacCTOSHUE C
MOBEPXHOCTAMHU A3TUX IUIAHET M CKOPOCTh KOCMMYECKOIo ammapara oTHocuTesnbHo CojHIa He
M3MEHHUTCS WM M3MEHUTCS He3HAYMTeIbHO. Toraa Juisl Ha4aiabHBIX YCIOBHUH, paBHBIX: Ves=0 paf,
vmo=1 pan, vac=1 pan, x;=1+Rg a.e., yo=0 a.e., dVes=29780 wm/c, dVke=13150 wm/c, Tpaekropus
KOCMUYECKOT0 ammapara npeacrasieHa Ha puc. 1 (National Aeronautics and Space Administration
(https://clck.ru/aeUNL).

N3menenne pacctostans Mexkay CoNHIIEM M KOCMUYECKHM alIapaTroM (B 3aBUCUMOCTH OT VE)
MOKa3aHO Ha pHCYHKe 2. MUHUMaNbHOE paccTossHre MKy JIyHOH M KOCMHYECKUM ammaparom (B

3aBUCUMOCTH OT VE) IIOKa3aHO Ha PHUCYHKC 3. MuHuMAaIbHOE pPacCTOAHUC MCIKAY MapCOM )51

KOCMUYECKHM anmnaparoM (B 3aBUCUMOCTH OT Vi) TIOKa3aHO HA PUCYHKE 4.
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207
157
101
5_
1 12 14 16 18 2 22 24
(2 +3"2)M1/2)

Puc. 1. TpaekTopust ABMKEHHSI KOCMUYECKOTO Puc. 2. Paccrosinne mexxay ComnHuem u
anmapara oTHOCUTeNbHO CONHUA. VEma: = 20 paf. — KOCMHMYECKHUM allaparoM B aCTPOHOMUYECKUX
MaKCHMaJIbHOE 3HaYeHHE CPeAHEN JOITOTh 3eMITU eauHunax. vEmax = 20 paja. — MakcuManbHOe

3HaUYEHHE CPEAHEH OIAroThl 3eMIIu
0.00509607 2.2385257
0.00509557
2.2385207
0.00509507
0.0050945 2.238515-
0.0050940 T . . r . .
0.002227383562 0.002227383570
{(x-1.00000000000000000000000*cos(v) 2.238510 T T T T
~256035407718025363702350e-2%¢cos 0.15053148363
(13.3087852212628038308040%v+1))"2+ ((x-1.52363000000000000000000%*cos
(v-1.00000000000000000000000%si( v (331714917472074621081781%v+1))"2 +
- 236055407718025363702350e-2%s5in 1-1.32363000000000000000000%sin
(13.3087852212628038308040™v+1)1"2)"1/2) (33I7140917472074621681781*v+1))"21"(1/2)
Puc. 3. Paccrostane mexty JIyHOH M KOCMHUYECKIM Puc. 4. Paccrosinue mexay Mapcom u
anmapatoM. MUHUMalbHOE pacCTOSHUE KOCMUYECKHM arnmaparoM. MuHIUMaIbHOE
paBuo 0.002227383558 a.e. >>RM) paccrostaue paBHo 0.15053148355 a.e. >>RA) npu
npu vE=0.0050951 pan vE2=2.238517 pan

Kax BuaHO M3 prcyHKa 2. KOCMUYECKHUH ammapar He JOCTUTHET [JTaBHOTO mosica acTepOUIOB,
He cOnmsuBIIKCh ¢ noBepxHOcTAMU JIynel 1 Mapca. Ero makcumanbHoe oTkioHeHue oT ConHia
cocraBuT =2,5 a.c.

Teneps nmogdepem Takue HadallbHbBIE YCIOBUS cpeaHUX noaroT JIyHel 1 Mapca, mpu KOTOpPBIX
KOCMHYECKHI ammapar, CTapTyIOUIHi ¢ 3eMITu, COMU3UTCS MOCIEI0BATENHHO C TOBEPXHOCTSIMHE JIyHBI
u Mapca.

Jlnst HavanmbHBIX YCIOBHH, paBHBIX: Ves=0 pam, vme=2.012306 pan, vao=0.96343455 pan,
xo=1+Rg a.e., =0 a.e., dVgs=29780 m/c, dVkr=13150 m/c, TpaekTopuss KOCMHUYECKOTO ammapara

npencraBiena Ha  pucynke 5 (National — Aeronautics and Space  Administration.
https://clck.ru/aeUNL).
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N3menenue paccrosiHus Mexay ConHIleM U KOCMUYECKHUM arlaparoM (B 3aBUCUMOCTH OT VE)

MOKa3aHo Ha pUCyHKe 6. MuHMMalbHOE paccTosiHie Mex1y JIyHOH M KOCMHYECKHM amnmnaparom (B

3aBUCHMOCTH OT VE) IOKa3aHO HA PUCYHKE 7.

MuHuMalibHOE paccTOsIHME MEXTy MapcoM M KOCMHYECKHM anmnaparoM (B 3aBUCUMOCTH OT

vE) oka3aHo Ha Puc. 8. MuHUManbHOE BpeMs 1oJieTa KOCMHUYECKOTO arnapara, He00X0IUuMOro s

JocTrxkeHus [T1aBHOro 1osica acTeporI0B MOKA3aHO Ha PUCYHKE 9.

Puc. 5. TpaekTopus ABM>KEHUS KOCMUYECKOTO

anmapara orHocuTensHO ConHia. vEmax = 20 pag.

— MaKCHMaJIbHOE 3HaYE€HUE CPEIHEHN TOITOTHI
3emin

0.01037741
0.01037727
0.01037701
0.0103768+

0.0103766+

0.0000116198 0.0000116204

(- 1.00000000000000000000000%cos(v)
-.2569354977180925303792350e-2*cos
(13.3687852212628638368040%v+2.012306))"2+4
(v~ 1.00000000000000000000000%si(v)
-2569554977180925363792350e-2%sin
(13.3687852212628638368640%v+2.012306))"2)
(1/2)

Puc. 7. PaccTosiaue mexnay JIlyHOM 1 KOCMUYECKUM
annaparoM. MUHUMaJIbHOE PACCTOSHUE PABHO
0.0000116198 a.e. >*RM) npu vE1=0.010377 pan

207
157
101
5_
oS | | : .
1 1.5 2 2.5 3
(2 +1AN112)

Puc. 6. Paccrosnue mexxay ConHueM u
KOCMUYECKHM aIapaToM B aCTPOHOMHUYECKUX
equaUax. vEmax = 20 paa. — MakcUMaabHOE

3HaUEHHE CpeaHel JoNToThl 3eMIu

2.40465607

2.40465557

2.40465507

2.40465457

2.4046540

0.000022690 0.000022692
((-1.32363000000000000000000*cos
(. 331714917472074621681781*v+.96343455))"
(v-1.52363000000000000000000*sin
(33I714017472074621681781*v+.06343455))"
{1/2)

Puc. 8. Paccrosaue mexxny Mapcom u
KOCMUYECKHM arnmaparoM. MUHUMaIbHOE
paccrostaue pasao 0.000022689 a.e. (>RA) npu
vE2=2.4046549 pan
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9.0725490

9.07254857

9.07254801

9.07254757

9.0725470 %
3 3.00000006

("2 +y"2)%1/2)

Puc. 9. Bpems nonera KOCMHUECKOTO ammapaTa oT 3eMiu 1o I 1aBHOro nosica acTepouios,
HaXOSIIEro Ha PacCTosiHUM 3 a.e., coctasisieT VE3 = 9,0725477 pan

3Has yroiji, Ha KOTOpBIfI IIOBECPHYJIACh 3eMiIsi OTHOCUTEIIBHO CTapTa KOCMHUYCCKOro alirapara ¢

MTOBEPXHOCTH 3€MJIM, MO>KHO [TOCUUTATh: BPEMs, 32 KOTOPOE KOCMUYECKH anmnapar npuOIn3uTcs K

_0.010377 Paﬂ;165'2564 2 = 0,603239516 cyTok ~

MMOBEPXHOCTH Jlynbt (ver=0.010377pan.
~ 14 4acoB 28 muHyT 40 cekyH/1); BpeMs, 32 KOTOpO€ KOCMUUYECKUI armapar mpruOIu3uTCs

K IoBepxHOCTH Mapca nociue cOmpkeHust ¢ ToBepXHOCThIO JIyHbI (Ve2-vE/=2.4046549pan. - 0.010377

2,3942779 -365,2564
pax. = 2,3942779 pax.= = =

=139,185029 cyrok~ 4 mecsaua 19 cyrok 4 yaca 26

MUHYT 26 CEKyHI); BpeMs, 3a KOTOpOE€ KOCMHUYECKHU ammapar JJOCTHTHET [JaBHOro mosica
aCTepOMJIOB TIOCIIE COMMKECHHS ¢ TTIOBEPXHOCTBIO Mapca (Ve3-ve2=9,0725477 pan. - 2.4046549 pan.=

6,6678928 -365,2564
= 6,6678928 pall‘: paﬂzn CYyTOK

=387,620355 cytok~1 ron 22 cytok 8 4yacoB 44 MUHYTbI
6 cexyH), a o0IIee Bpems 1MoJieTa KOCMUYECKOTO arrapara oT IMOBEPXHOCTH 3emiin 10 [J1aBHOTO

9,0725477 pan.-365,2564 cyTok
= Yo —527,408623 cyTok~1

I0sICa acTEPOUAOB COCTaBUT Vi3 = 9,0725477 pan.=

ron 5 mecsnes 12 cyrok 3 yaca 39 munyt 12 cexynn (ConneuHo-3emHast @usnka. CipaBouHuk MI'Y.
https://clck.ru/acayV).

1. VYpaBuenue (1) mnpeacraBmser co0oil BekTopHOEe HenuHelHOe nupdepeHIaIbHOe
ypaBHEHHE BTOPOTO TOPSIKA, HO C ONHON HEW3BeCTHOW (yHKIMEH r, 3aBUCAIICH OT OMHOI
HE3aBUCUMOM MEPEMEHHOM VE.

2. Ilpm cOmMKeHWW KOCMHYECKOTOo ammapara ¢ mnoBepxHocTsmMu Jlyaer u  Mapca
(TpaBUTAIIMOHHBIN MaHEBp WJIM TPaBUTAIMOHHAs TIpallia) MPOUCXOAUT 3HAUYUTEIBHOE YBEIHMUECHUE
CKOPOCTH KOCMHUYECKOTO ammapara oTHOCUTENIbHO CoJHIa, KOTOpOE MO3BOJISIET N0CTUYD [J1aBHOTO
MOsICa ACTEPOUJIOB.

3. MunHMMaNbHOE BpeMsl OJHOMMIYJIBCHOTO TepeieTa KOCMHYECKOrO armapara Mpu

MHHHUMAaJIbHON CKOpPOCTU CTapTa OT 3emmn g0 ImaBHOro mosica aCTCPpOUAOB COCTABIIACT VE3=

=9,0725477 pan. = 1 rox 5 mecsaues 12 cyrok 3 yaca 39 munyt 12 cekyHa.
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VIK 521.1
HUcayenkos H.IO.
SlpocnaBckuii rocynapCTBEHHbIN MEAArOTMYECKUI
yHupepcuteT uM. K.JI. Yimmnckoro
r. flpocnasnb, Poccus

OIIPEJEJIEHUE ONTUMAJBHON TPAEKTOPUU 1 MUHUMAJIBHOM CTAPTOBOM
CKOPOCTHU KOCMHMYECKOI'O AIIITAPATA ITPU OJHOUMITYJIbCHOM ITOJIETE
O TPAEKTOPUM «(3EMJISA-TYHA-BEHEPA-MEPKY P »

B mMomenu orpaHuueHHOM IUIOCKOM KpyroBod 3amaum mectd Ten «CousHie-3emisa-JIyHa-
Benepa-Mepkypuii-Teno ¢ HUYTOXKHO Majioil Maccoi» ONPEAeNSIOTCS HadalbHbIE YCIOBUS,
HEOOXOIMMBIE M JIOCTATOYHBIC JJIS 3allyCKa KOCMHMYECKOTO ammapara ¢ IOBEpPXHOCTH 3eMIlH,
IIOCJIEZIOBATENIbHBIX TECHBIX CONMKEHUI KOCMUYECKOI0 anmnapara ¢ nosepxHoctsimu JlyHol, Benepbl
U C MOCJEYoUM JocTikeHneM Mepkypus. C momoIibsio moadopa Ha4aubHbIX YCIOBHHM U METO/a
YUCJIIEHHOTO0 MHTEerpupoBaHusi PyHre—KyTThl yCTaHOBIIEHBI TPAEKTOPHM II0JIETA KOCMHYECKOTO
anmapara, CTapToBas CKOpPOCTb 3allycKa C IOBEPXHOCTH 3€MJIM M BpEMs I0JIeTa KOCMUYECKOIo
armapara ¢ 3emutn 10 Mepkypus. B nanHo# pabote uccnemyercst IBMKEHIE KOCMUYECKOTO arrapara,
CTapTYIOLIEIro C MOBEPXHOCTH 3eMJIM, B paMKax 3anauu mectu ten «Connue-3emns-Jlyna-Benepa-
MepKypHii-Teno ¢ HUYTOXKHO Majod Maccoi» C IMOCIeN0BAaTEIbHBIMU TECHBIMU COMMKEHUSIMU C
nmoBepxHOCThIO JIyHBI M BeHepbl, a Takke IOCTM)KCHHWEM IutaHeThl Mepkypwmii. Llens: momdop
HayaJbHBIX YCIOBUM monoxeHus 3emuid, JIlyHsl, BeHepsl 1 MUHMMaIbHOW Ha4yajJbHOW CKOPOCTHU
KOCMHUYECKOTO arapara Jyisi ojieTa KOCMUYECKOro amnmnapara ¢ 3eMiu K MepkypHio. AKTyaJIbHOCTb:
3alycK KOCMUYECKOTo amnmnapara Ha MepKypuit MOKeT OBITh OCYIIECTBIIEH ISl U3YYEeHHUsI TUIAHETHI,
NOOBIYM PECYPCOB C MOMOIIBI0 POOOTOB U JaXKe 3aXOPOHEHHE PATUOAKTHBHBIX WM XMMHUYECKHX
0Tx0710B. OTHOMMITYJIBCHBIH MOJIET C MOCJIE0BATEIBHBIMU TECHBIMU COMMKEHUSIMU C TIOBEPXHOCTHIO
Jlyapl m BeHepbl MO3BOMUT J0JETETH A0 MeEpKypus C MHHUMAJIBHO BO3MOXKHOW CTapTOBOM
CKOPOCTBIO OTHOCUTENIBHO 3€MJIU, a TAK)KE€ YMEHBIIUTh PACXO/Ibl TOIIMBA, U KaK CJIEJICTBUE, CHU3UTD
¢uHaHCOBBIE 3aTpaThl Ha nepeneT. Mcmonmb3yemble METObI: KOMIIbIOTEpHas anredpa (cucrema
«MAPLE 17»); mnpoBeneHHE YHCIEHHBIX OKCIIEPUMEHTOB; UHCJIEHHOE WHTErpUpOBaHUE
mudepeHInanbHeIX YpaBHeHHH MeTooM Pynre-KyTTel. HoBu3Ha: pacduet BpeMeHH U OnpeieieHue
MUHHMMAJIbHOW HauyaJlbHOM CKOPOCTH JJIsi OTHOMMITYIBCHOTO NoJieTa ¢ 3eMiu k Mepkyputo. Hayuno-
MPaKTHYECKOEe 3HAYeHHWe: pe3yabTarbl pabdoThl MOTYT OBITh HCIOJNb30BAHBI B  IPAKTHUKE
MEXIUJIAHETHBIX TEPEJIETOB, a Tak)Ke€ B HAYYHO-HCCIIEIOBATEIHCKOW, YIECOHOM M METOIUYECKOU
paboTe npenoaaBaresneil aCTPOHOMHH.

OcnosHoe ypasuenue. llpencrtaBum BekTOpHOE nu(p(depeHIInalIbHOEe ypaBHEHUE JIBUKEHUS

TeJa ¢ HUYTOXKHO MaJioil Maccoii B popme (1) — ¢ ogHOIM He3aBUCHUMON iepeMeHHoM ve [2, c. 130].

(dzr) 02 = —Gmst _ Gmg(r—rg)  GMyoon(r—TE—TEMoon)  Gmy(r—ry)
2 E —
dvig r3 lr-rEgl3 lr—TE-TEMoon|? lr-ry|3

CMmpyrerc(r—7perc)

(1)

[r=rpercl®
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31eCh F, FE, IV, FMere— TEIIMOIICHTPUYECKUE PAJANYC-BEKTOPbI KOCMHUYECKOTO afapara, 3eMIu,
Benepsl u Mepkypusi, COOTBETCTBEHHO. FEMoon — T'€OLEHTPUUYECKUN paaunyc-BeKTop JIyHbl. ms, mg,
MMoon, My U Myere — Maccbl Conuua, 3emiu, Jlynsl, Benepsl u Mepkypusi, COOTBETCTBEHHO. VE —
CpeaHss noarora 3eMiH, g — YIJIOBask CKOPOCTh OPOMTAIILHOTO JBMXKEHHS 3€MJIM, PAaBHOMEPHO
Bparmiaromieics mo kpyrooit opoure Bokpyr Comnnma. Opoutsr JIynsr, Benepsl 1 Mepkypust Takxke
CUUTAEM KPYTOBBIMH, & UX CPEJHUE JAOITOTHI IPONOpUMOHaNbHbI Ve [1, c. 211].

B nanHoli HeOeCHOMEXaHUUYECKOH MOJENHN Vioon, V¥, VMerc — CPEIHME JONTOTHI JIyHbl, Beneps!
1 Mepkypusi, cooTBeTcTBeHHO. G — rpaBuUTallMOHHAas nocTosiHHas. Paguycel 3emiu, JIynsl, Benepst

1 Mepkypus paBHbI COOTBETCTBEHHO:

p=—2371 e =0.00004258749935 ac.,
149597888.9
Ritoon = —=—"—a.e. = 0.00001161380025 a.c.,
p=—S0L8 e =0.00004045377939 a.c.,
149597888.9
RMerc=% a.e. = 0.00001630838 a.c.
(https://clck.ru/aeUNL)

Hauanvnvle ycnosus, pacuemwr. Hadyano orcuera CpeaHMX JOJITOT PACCMaTPUBAEMBIX Tel
COBIIQJIA€T C HAYAJIHHBIM TOJOKEHHEM OSTHX Tell. Vcrmomp3yercsi cliefyromas CUCTeMa eIWHUI]
M3MEpEHU: eMHHIIA JJIMHBI COOTBETCTBYET | aCTPOHOMHYECKOH eIMHHIIE, €IMHUIIA MacChl paBHA
Macce ConHIla, eIWHUIIA BpEMEHH paBHa | 3BE3THOMY TOMY, VE, VMoon, VV, VMerc U3MEPSIIOTCS B
paguanax [1, c. 212]. dVkr — HadasibHasi CKOPOCTh KOCMHYECKOTO arlfapara OTHOCUTEIBHO 3eMITH.

[TonGepem Takue HayaJIbHBIE YCIOBUS CpeHUX 1oaroT 3emi, JlyHnsl, Benepst u Mepkypus, a
TaKkke MHUHUMAIBbHO BO3MOXHYIO CTapTOBYIO CKOPOCThb, NMPU KOTOPBIX KOCMHUYECKUH ammapar,
CTapTyIOLUi ¢ 3eMiH, JoJAeTUT 10 MepKypus.

orya Juisi Ha4aJIbHbBIX YCIOBUM, paBHBIX: VE)=0 paauaH, Vioono=4.4771325 pan., viy=5.28472895
pan., Vumer0=5.2135 pan., xp=1 a.e., yo=—Rg a.e., dVke=11686 ™M/c, TpacKTOpHs KOCMHYECKOTO
ammapara fpeJicTaBieHa Ha pucyHke 1.

N3menenue paccrosaus Mexay CoHIIeM B KOCMUYECKUM allaparoM (B 3aBUCUMOCTH OT VE)
MOKa3aHO Ha pUCYHKe 2. MUHUMaNbHOE paccTossHre MEXTy JIyHON M KOCMHYECKHM ammaparom (B
3aBUCHUMOCTH OT V) TIOKa3aHO Ha PUCYHKE 3.

MuHuMalbHOE pacCTOsSHUE MEXKIy BeHepoi M KOCMHUYECKUM ammaparoM (B 3aBUCUMOCTH OT
VE) TIOKa3aHO Ha PUCYHKE 4.

MuHumabHOEe paccTosiHue MeXIy MepKypueM U KOCMUYECKHUM anmaparoM (B 3aBUCUMOCTH

OT VE) TIOKa3aHO Ha PHUCYHKE 5.
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ko
Lo

Ln

P

1.5
1 .
05 1
* 0.5
04 05 06 07 0B 0% 10
"I+ 3N
Puc. 1. TpaekTopust ABMKEHUS] KOCMUYECKOTO Puc. 2. Paccrosaue mexny ConHiieM 1
anmapara oTHocuTenbHO ConHua. ves = 2.903388 KOCMHMYECKHUM alaparoM B aCTPOHOMUYECKUX
pan. — MaKCUMaJIbHOE 3HAYECHUE enuHULAXx. vez = 2.903388 pan. — MakcUMallbHOE
CpeIaHe JONTOTH 3eMITH 3HAYEeHNE CPEIHEN JONTOTH 3eMITH
0.01797607 1.8709001
0.01797581 1.870898
0.01797541 1.870804-
0.01797521
1.8708924
0.0179750 r . : | : .
0.00001204200 0.00001204220 1.870890 ; ; ; ' ' Y
((x-1.00000000000000000000000%cos(v) 0.00004085 0.00004089
- 256055407718025363792350e-2%cos (-, 72333 1900000000000000000*cos
(13.3687142454532477847270%v+4.4650083))"2- (1.62552013564602635001820%:+5,28472895))"2-
(v- 1.00000000000000000000000*sin(v) (v-.723331900000000000000000%st:
. 2560554077]18025363702350e-2%5in (1.0255201356460263500]820%y+5,28472805))"2)
(13.3687142454532477847270%y+4.4650085))"2) (1/2)
(1/2)
Puc. 3. Paccrostnue mexay JIyHOH 1 KOCMHUYECKHM Puc. 4. Paccrosinue mexy Benepoit u
anmnaparoM. MUHUMaIbHOE PACCTOSHUE KOCMUYECKHM ammaparoM. MUHUMAalIbHOE
pasuo 0.0000120419 a.e. (>>Ruoon) paccTosiHue
ipu vg;~0.0179756 pan pasuo 0.00004083 a.e. >>Ry)

pu vez = 1.870896 pax
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2.9034001

2.9033951

2.903390

2.9033857

2.903380

0.00001640 0.00001660

((x-.387008030000000000000000%*cos
(4. 15200003488728084073035%v+5.2135847))"2 -
(1-. 38700803 0000000000000000*sin
(4. 15200003488728084073035%v+5.2135847))"2)
(1/2)

Puc. 5. PaccrosiHue mexiy MepKypreM U KOCMUYECKUM arlapaToM.
Kocmuueckuii anmapar qoaeTut 10 Mepkypust uepes visz =~ 2.903388 pan

3Has yroJi, Ha KOTOPbIM MMOBEPHYIACh 3€MJISI OTHOCUTEIILHO CTapTa KOCMUYECKOTO anmapara ¢
MMOBEPXHOCTH 3€MJIA, MOKHO MOCYUTATh: BPEMsI, 32 KOTOPOE KOCMHUYECKUM ammapar, CTapTYIOIIUN C

MUHHMAaJbHO BO3MOXXHOH HAuaJbHOM CKOPOCTBIO, NPUOMU3UTCS K TOBEpXHOCTH JIyHBI
0.0179756 paj.:365.2564 CyTOK
(ve/=0.0179756 pan. = =2 Y28 = 1,04496408 cyTok ~ 1 nenb 1 uac 4 MunyTEI 45

2T

ceKsz[); BpEM:, 3a KOTOPOC KOCMHUYECKUH arirapar, CTapTYIOH_[I/Iﬁ C MUHHMAJIbHO BO3MOXKHOM

HayaJIbHOU CKOPOCTBIO, MPUOIM3UTCS K IOBEPXHOCTU BeHepsl mocie cOMMmKeHns ¢ MOBEPXHOCThIO

TTyser (ve2 - vei=1.870896 pam. - 0.0179756 pam. = 1.8529204 pan. = ~2222204Paa-365,2564 oyrorc _

2n
=107,714639 cyrok =~ 3 wmecsina 17 muerr 17 yacoB 9 MUHYT 5 cekyHH); BpeMs, 3a KOTOpPOE
KOCMUYECKHH aIlapar, CTapTyIOLIMHi ¢ MUHUMAaJIbHO BO3MOXKHOW HA4aJIbHOM CKOPOCTBIO, JOJETUT J10
Mepkypus riocse cOMuKeHHs ¢ MOBEpXHOCThI0 Beneps! (ves - ve2=2.903388 pan. - 1.870896 pan.= =

1.032492 -365,2564
1.032492 pax. = e =

=60,0211982 cytok ~ 1 mecsi 29 nueit 14 yacoB); ob1ee

BpeMs II0JIETa KOCMHUYCCKOTO allrapara, CTapTyroumero ¢ MHUHUMAJIbHO BO3MOXKHOM Ha4daJlbHOMU

CKOPOCTBIO, OT TOBEPXHOCTH 3emind 10 Mepkypusi coctaBuT vez = 2.903388 paxg. =
— 2:303388 paq;3;165,2564 SALLE 168,780801 cyrok ~ 5 mecsiieB 16 nueit 14 vacoB 10 munyT 30 cexyHa
(https://clck.ru/aeayV).

1. VYpaBuenue (1) mnpeacraBmser co0oil BekTopHOEe HenuHelHOe nupdepeHIaIbHOe
ypaBHEHHE BTOPOTO TOPSAIKA, HO C OJHOW HEeW3BeCTHOW (yHKIMEH r, 3aBUCAIICH OT OMHOM
HE3aBUCUMOM MEPEMEHHOM VE.

2. Tlpu mocnenoBaTebHBIX TECHBIX COMMKEHHSIX KOCMUYECKOTO armapara ¢ TOBEPXHOCTIMH
Jlyner 1 BeHepsl (rpaBUTAllMOHHBIA MaHEBP) MPOUCXOAUT YBEIMUYEHUE CKOPOCTH KOCMHUYECKOTO
anmapara oTHocuTenbHO CoONHIIA, KOTOpOE MO3BOJISIET AOJETETh A0 MepKypusi ¢ MUHMMAJIbHO
BO3MOKHOM CKOPOCTBIO CTapTa.

3. MuHHUMAaJIFHO BO3MOKHAS HadaJIbHas CKOPOCTH AJIA ITOJIETa KOCMHUYCCKOTI'O arrapara ¢ Semnu

10 Mepkypus cocrasisier 11686 m/c.
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4. MuHHMaJIbHOE BpEeMs OJHOMMIYIBCHOTO TIOJNIeTa KOCMHUYECKOTO ammapara IpH
MUHUMAaIbHON ckopocTH cTtapta (11686 m/c) ¢ 3emnu 1o Mepkypus cocrapuseT ves=168,780801

cyToK = 5 mecsueB 16 nueit 14 yacoB 10 munyt 30 cexyHI.

Jlureparypa
1. Tlepo H.M. O HebGecHBIX Temax, mepecekarommx opoutel Mapca, 3emun u JlyHbr //
Maremarnka ¥ MHQOpPMATHKa, acTpPOHOMHUSI M (U3MKA, SKOHOMHKAa M COBEPIICHCTBOBAHHE HX
npenoaaBanus: Marepuansl MexayHapoanoit kondepenuuu. Spocnasns: PUO ATTIY, 2017. 280 c.
2. Poit A. [Ismxenue nio opoutam. M.: Mup, 1981. 544 c.

© Hcauenkos H.1O., 2022
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VIK 521.1
HUcayenkos H.IO.
SlpocnaBckuii rocynapCTBEHHbIN MEAArOTMYECKUI
yHupepcuteT uM. K.JI. Yimmnckoro
r. flpocnasnb, Poccus

OIHOUMITYJIbCHBIN MOJIET KOCMHUYECKOTI'O ATIIIAPATA
C TPETBE KOCMHUYECKOM CKOPOCTBIO OT 3EMJIM K IOIIUTEPY
B PAMKAX 3AJTAYM HNIECTHU TEJI

B monenu orpannyeHHOM MJIOCKOM KpyroBoi 3ajauu mectu ten «Connne-3emsi-JIlyna-Mapce-
IOnuTep-Teno ¢ HUYTOXKHO MaJIoil Maccoi» ONpeNesAloTCs HayaJlbHbIE YCIIOBMsI, HEOOXOAUMBIE U
JOCTAaTOYHbIE JUISl 3allyCKa KOCMHUYECKOIO ammnapara ¢ IMOBEPXHOCTH 3€MIIM, IOCIEI0BaTEIbHbIX
TECHBIX CONMKEHUII KOCMHYECKOTO amnmapara ¢ noBepxHoctsimMu JIlyHsl, Mapca 1 ¢ mocieayonmm
noctxkenueM mianets! FOnutep. C nomolnpto noadopa HayaabHbIX YCJIOBUN U METOAA YUCIEHHOTO
uHTerpupoBanus Pynre—KyTTbl ycTaHOBIIEHBI TPA€KTOPUS MOJIETA KOCMUYECKOTO anapara U BpeMs
moJjieTa KOCMU4ecKoro ammapara ¢ 3emun a0 Onurepa. B nanHoi paboTe uccnenyercs: IBHKCHHE
KOCMHMYECKOI0 ammapara, CTapTYIOLIEro ¢ IMOBEPXHOCTH 3€MJIM, B paMKax 3a/Jauyd IIEeCTU TeJ
«Connue-3ema-JIyna-Mapc-lOnuTep-Tesno ¢ HUYTOXKHO MaJIod Maccoi» ¢ IOCIeN0BaTeIbHbIMU
TECHBIMU COMMXKEHUSMHU C TOBEpXHOCThIO JIyHBI 1 Mapca, a Takke JoCTHKeHUeM 1iaHeTsl Fonutep.
Lenp: mogbop HavYampHBIX yCIOBHM monoxenust 3emuw, Jlynel, Mapca, lOmurepa s mosera
KocMHueckoro anmapara ¢ 3emun K lOnurepy ¢ TpeTbell KOCMHUYECKOM CKOPOCTHIO IIPHU CTapTe U
OIIpE/IETICHUE BPEMEHU IIepesieTa. AKTYyalbHOCTB: 3allyCK KOCMHYECKOro ammapara Ha Onurep
MOXET OBITh OCYILECTBJIEH JJISi U3YYCHMS IJIAHETHI, JOOBIYM MOJIE3HBIX MCKOMAEMbIX C MTOMOILBIO
pOOOTOB U Jja’ke 3aXOpPOHEHHUE PATMOAKTUBHBIX UM XUMHUYECKUX 0TX0/10B. OJJHOUMITYIbCHBIM MOJIET
KOCMHMUECKOT0 afmapara ¢ MocJe0BaTeIbHBIMU TECHBIMH COMMKEHUSIMU C TIOBEPXHOCThIO JIyHBI U
Mapca no3Bonut nonerets a0 FOnurepa 6picTpee. Mcnonabp3yemble METOBI: KOMIBbIOTEPHAS anredpa
(cuctema «MAPLE 17»); npoBeeHHe YHUCICHHBIX 3KCIEPUMEHTOB; YMCIEHHOE MHTEIPUpPOBAHUE
mudpdepeHInanbHeIX  ypaBHeHUN MeTtonoM Pynre-Kyrrel. HoBusHa: pacdyer BpeMeHH Juis
OJHOUMITYJIbCHOT'O TIOJIETa KOCMUYECKOI0 anmnapara ¢ TPeTbell KOCMUYECKON CKOPOCThIO OT 3€MJIH K
IOnurepy.

HayuHo-npakTudeckoe 3Ha4e€HHUE: pe3ynbTaThl padoThl MOTYT ObITh NCIOIb30BAaHbI B MPAKTHKE
MEXIUJIAHETHBIX TEPEJIETOB, a TakK)Ke€ B HAYYHO-HUCCIEAOBATEIHCKOW, y4eOHOM M METOIUYECKOUN
paboTte npenojaBareseil aCTPOHOMHUH.

OcnosHoe ypasuenue. llpencrtaBum BekTOpHOE nu(p(depeHIInalbHOE ypaBHEHUE JIBUKEHUS

TeJa ¢ HUYTOXKHO Malloil Maccoii B popme (1) — ¢ ogHOI He3aBUCHMMOUN TiepeMeHHo v [2, ¢. 130].

(dzr) 2 Gmgr Gmglr-rg) Gmy@-rg-rgy) Gmu@-ry) Gmy(r-ry) (1)
avg) T E r3 lr—rgl3 Ir—rg—TEml3 Ir—ral? lr—ry|3

31ech ¥, FE, F4, Fy— TEIHOLIEHTPUUYECKHUE PaUyC-BEKTOPbl KOCMUYECKOTO armapara, 3eMJu,
Mapca u FOnutepa, COOTBETCTBEHHO. FE)y — T€OLEHTPUUYECKUI paanyc-BekTop JIyHbL. ms, mg, my,

my 1 my — maccel Comuna, 3emiuu, JIyasr, Mapca u FOnmtepa, COOTBETCTBEHHO. VE — CPEIHSS

noiarora 3eMild, g — YIVIOBasg CKOPOCTb OPOUTAJIbHOIO JBIKEHUS 3€MJIM, PaBHOMEPHO
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Bparniaromieics no kpyrosoit opoure Bokpyr Comnma. Opouts! Jlyasl, Mapca u Onurepa Taxke
CUUTAEM KPYTOBBIMH, & UX CPEJHUE JAOITOTHI PONOpUMOHaNbHbI Ve [1, c. 211].

B naHHO# HeOeCHOMEXaHWYECKOW MOJCTH Vi, V4, Vy — CpeaHue noarotel JIlyaer, Mapca u
IOnurepa, coorBeTcTBEHHO. G — rpaBUTAllMOHHAs MocTosHHAasA. Pangnycsl 3emnu, Jlynsl, Mapca u

IOnurepa paBHBI COOTBETCTBEHHO:

Rp=—271 a6 =0.00004258749935 ace.,
149597888.9
Ry=—222 a6 =0.00001161380025 a.c.,
149597888.9
Ry=—23893 4 e =0.00002265740528 a.c.,
149597888.999

69911
¥ 1495978889

a.e. = 0.000467326113 a.e. (https://clck.ru/acUNL).

Hauanvnvle ycnosus, pacuemei. Haduano oTcueTa CpeAHHMX AOJNTOT PAacCMaTpUBAaEMbIX Tel
COBIIQJIACT C HAYaJbHBIM TOJOKEHHEM OSTHX Tell. Mcmomb3yercss ciemyromas CUCTEMa EIMHMUIL
M3MEpPEHUil: eAMHUIA JUIMHBI COOTBETCTBYET 1 aCTPOHOMUYECKOW €IWHUIIE, CMHHIIA MACChl paBHA
macce CoiHIla, eIMHUIIA BpEMEHU paBHa 1 3Be3IHOMY TOAY, VE, Vi, V4, VY U3MEPSIOTCA B paauraHax |1,
c. 212].

dVEs3 — HadanbHas CKOPOCTh KOCMHUYECKOTO ammapara ¢ MOBEPXHOCTH 3eMJIH OTHOCUTEIEHO
ConHiia, mpeicTaBIseT U3 ceds CI0KEHUE CKOpOCcTer 3emiid OTHOCUTEIHHO COTHITA U KOCMHYECKOTO
anmapara oTHOcUTeNnbHO 3emnu. dVes3=dVes+dVs, tne dVes — ckopocTh 3eMild OTHOCHUTEIHHO
ComnHua, dV3; — HadanbHasi CKOPOCTh KOCMUYECKOTO allliapara OTHOCUTENBHO 3eMITH, paBHas TPEeTben
KOCMHUYECKOM CKOpPOCTH I TeJl, HAaXOASAIIMXCA BOJMU3M TIOBEPXHOCTH 3eMiu. Bwrumciaum
MOCIIEIOBATENIFHO BTOPYIO M TPETHIO KOCMHYECKYIO CKOPOCTH ISl TeJ, HaXOIIIIUXCsS BOJIW3H

MMOBEPXHOCTHU 3emin.

2Gm
Uy = / = rne v, — BTOpas KOCMHYECKas CKOPOCTh, G — TPABUTAIMOHHAS OCTOSHHAS.
Rg

2:6.6743-10711-59722-102%4
6371-103

b, = = 11186.16519734622 %

U3 = \/ (\/i — 1) - V2 + V2, TIE V3 — TPEThS KOCMUYECKAs] CKOPOCTh, U — CKOPOCTh 3€MIIH

OTHOCHUTCIIBHO COJIHI_[a.

M
U3 = J(ﬁ —1)-297802 + 11186.165197346222 ~ 16652,01 =

[TonGepem Takue HauaIbHBIE YCIOBHS CpeaHUX noaroT 3emuu, JIyasl, Mapca u FOnmrepa, npu

KOTOPBIX KOCMHYECKUMN arrapar, CTapTYIOIJ_II/Iﬁ C 3CMJ'II/I, JOJCTUT 10 IOHI/ITepa, OCJIICAOBATCIIBHO

commxkasich ¢ moBepxHocTsmu JIynsl u Mapca. Toraa 1uist HA9anbHBIX YCIOBUH, paBHBIX: veo—=0 pas.,
vmo=1.758763 pan., v40=0.7167025 pan., vvoy=1.80385 pan., xo=1+Rg a.e., yo=0 a.e., dVis=29780 m/c,
dV3=16652,01 w™/c, TpaeKkTopus KOCMHYECKOTO armapara TMpejacTaBlieHa Ha pUCYHKe |
(https://clck.ru/aeUNL).
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N3menenue paccrosHus Mexy CONHIEM U KOCMUYECKHM aIiapaToM (B 3aBUCUMOCTH OT VE)
II0Ka3aHO HA PUCYHKE 2.

MuHMMaNbHOE paccTostHUE MEXY JIyHOH M KOCMHUYECKUM armapaToM (B 3aBHCUMOCTHU OT VE)
MOKa3aHO Ha PUCYHKe 3. MUHUMaIbHOE PAcCTOSTHUE MEXTy MapcoM U KOCMUYECKUM aIllapaToMm (B
3aBUCUMOCTH OT VE) II0OKa3aHO Ha PUCYHKE 4.

MunuManbHoe paccTosiHue Mexxay FOnurepom u KOCMUYECKUM anmaparoM (B 3aBUCUMOCTH OT

VE) TIOKa3aHO HA PUCYHKE 5.

‘7.
6_
5_
44
3.
1 4
2_
T 1_
-3 -2 -1 0 1
x 0+ T T T T
1 2 3 4 5
(x"24+v"2)1/2)
Puc. 1. TpaekTopust ABMKEHHSI KOCMUYECKOTO Puc. 2. Paccrosinne mexxay ComnHuem u
anmapara otHocuTenbHO ConHua. ves = 7.413204 KOCMHMYECKHUM alaparoM B aCTPOHOMUYECKUX
pal. — MAKCHMaJIbHOE 3HaYCHUE equHuax. vez = 7.413204 pan. — MakcuMaabHOE
CpeaHeH OAroThl 3eMiin 3HaUEHHE CpeAHel JONroThl 3eMIu
0.00605957 1.33549;
0.00605941
1.335485
0.00605931
0.00605921 1.33547]
0.00605911
1.335467
0.0060590—— . ' . .
0.0000116152  0.0000116155 1.33545
{(x-1.00000000000000000000000*cos(vi . ' X ! : ' !
© -256055407718025363792350e-2%cos 0.0000820 0.0000824 0.0000828
(13.3687852212628638368640*v+1.758763))"2 ((>-1.52366231000000000000000*cos
- 1.00000000000000000000000*sin(+) (.531632110570470000531632*v+.7167025))"2+
L 25605354077180233637023508-2%sin (v-1.52366231000000000000000 *sin
(1336878501 2638638365640% - 1 758763))4 (.531632110570470000531632*v+.7167025))"2)"
- ' - (12)
Puc. 3. Paccrostaue mexy JIyHOH 1 KOCMHYECKUAM Puc. 4. Paccrosaue mexxny Mapcom u
anmapatoM. MUHUMalbHOE pacCTOSHUE KOCMUYECKHM amnmaparoM. MUHHUMaIbHOE

npubnusurensHo pasHo 0.00001161503 a.e. (>>Ry) paccrosaue npudiausurensHo pasHo 0.0000816 a.e.
pu ve;~0.00605925 pan (>>R.) ipu vz = 1.33547 pan
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7.413210

7.4132087

7.4132067

7.4132041

7.4132021

7.413200

0.00046740 0.00046760
((x-5.20336301000000000000000%cos
(843028157 1404484000705000- 1 *v+ 1.80382582,
824 (- 5.20336301000000000000000%sin
(843028157 140448400070500¢- 1 *y+ 1.80382582,
~1/2)

Puc. 5. Paccrosinue mexay FOnurepom 1 KOCMHUYECKHUM arapaToM.
Kocmuueckuii anmapar gonetut no KOnutepa uepes ves = 7.413204 pax.

3Has yroj, Ha KOTOPBIN MOBEPHYIACH 3€MJISI OTHOCUTEIHFHO CTapTa KOCMUYECKOTO arnmnapara ¢
MOBEPXHOCTH 3€MJTH, MOJKHO TTOCUUTATh: BPEMsI, 38 KOTOPOE€ KOCMHUYECKUH amIapar, CTapTyIOIIUN ¢

TpeTbell KOCMUYECKOW CKOPOCThIO, Mpubau3uTcs k nosepxHoctu Jlynel (ve; = 0.00605925 pan. =
_0.00605925 paj.-365.2564 cyTok
21

= 0,352238512 cyTok = 8 yacoB 27 MuHyT 13 cekyHn); Bpems, 3a

KOTOpOE€ KOCMHYECKHI anmapar, CTapTyIOIIUN ¢ TPEThe KOCMHYECKOW CKOPOCTHIO, IPHOIM3UTCS K

MOBepXHOCTH Mapca mociie cOmmKeHus: ¢ ToBepxXHOCThI0 JIyHbl (ve2 - ver = 1.33547 pan. -
0.00605925 pa. = 1.32941075 paj, = ~=2221075 pan365,2564 10K _ 77 7817864 cyTok ~ 2 Mecsma 16

2T

naHer 9 yacoB 44 MuHyTHI 14 cekyH[); BpeMs, 3a KOTOpO€ KOCMUYECKHUH ammapar, CTapTyIOIIUN ¢

TpeTBef/'I KOCMHYECKOH CKOPOCTBIO, JOJICTUT 0 IOHI/ITepa MOCIIe COIMKEHMS C MMOBCPXHOCTLIO Mapca

(vEs - vE2 = 7.413204 pam. - 1.33547 pair. = 6.077734 pan, = 2L/ 7734 PaASE52563 yrox _ 353 31303

21

cytok = 11 mecsmeB 18 nueit 11 gyacos 52 munyTtsl 19 cekynn); obriee Bpemsi mojieTa KOCMHUYECKOTO

amnmapara, CTapTYIOIIEro C TPeTbe KOCMUYECKON CKOPOCThI0, OT 3eMitH 110 FOmuTepa CoCTaBuUT Ve3=
7.413204 paz-365,2564
=7.413204 pax. = A o = 430,947055 cyrok ~ 1 rox 2 Mecsiua 4 gust 19 gacos 33

21

MunyTH (https://clck.ru/acayV).

1. VYpaBuenue (1) mnpeacraBmser co0oil BekTopHOEe HenuHelHOe nupdepeHIaIbHOe
ypaBHEHHE BTOPOTO TOPAJIKA, HO C OJHOW HEW3BECTHOW (YHKIMEH Fr, 3aBUCAIIEH OT OIHOMN
HE3aBUCUMOM MEPEMEHHOM VE.

2. [Ipu mocnenoBareIbHBIX TECHBIX COMMKEHUSX KOCMHYECKOTO armapara ¢ MOBEPXHOCTIMU
Jlyaet 1 Mapca (rpaBUTAllMOHHBIM MaHEBp) MPOUCXOAUT YBEIUYCHHE CKOPOCTH KOCMHUYECKOTO
anmapara oTHocuTenbHO COJTHITa, KOTOpOE T03BOJISIET ToyieTeTh 10 FOmuTepa OvicTpee.

3. BpeMs ogHOMMIYIHCHOTO TIOJIETa KOCMHYECKOTO ammapara ¢ TPeTbe KOCMHUYECKOMN

ckopocThio mipu cTapre (16652.01 m/c) ot 3emmu 1o FOmutepa cocrapnset ves =430,947055 cyTok =

~ | rog 2 mecsaua 4 aus 19 yacoB 33 MUHYTBL.
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1. Tlepo H.M. O nebecHbIX Tenax, mepecekarommx opoutsl Mapca, 3emuu u Jlynsr //
Maremaruka U MH(QOpPMATHKa, acTPOHOMHUS M (U3MKA, SKOHOMHUKA M COBEPIICHCTBOBAHHME HX
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YIAK 517.9
Kapnees H.C.
Psa3anckuii rocynapcrBenHsblil yausepeuteT umenu C.A. Ecenuna
I. Pa3anb, Poccus

UCCJIEJOBAHUE COCTOSTHUI PABHOBECHS1 B OJIHOM CUCTEME
JNODPEPEHIIUAJIBHBIX YPABHEHUU C ITIAPAMEPOM
B KPUTUYECKOM CJIYYAE

Uccnenyercs cuctema nuddepeHIMaIbHBIX YPpaBHEHUH C TapaMeTpoM
X = ax(l —f) —dxy,
b ©
y=(a-ay (1-3)+fx,
rae a, b, c,d, f — nonoxurenbHbie K03QdUIUeHTsl, @ = 0 — mapamerp.
I[pu bf — cd # 0, a # 0 Bpabore [1] ycTaHOBIEHO, yTO crcTeMa (1) UMEET YeThIpe COCTOSHUS
paBHOBECHS
0(0;0), B(b; 0),C(0;¢),
b(—a? —aa + dca + dca) ac(a+ a + fb) (2)
D<_ a? + aa + fbcd ‘@ +aa+fbcd>'

Marpuna cucrembl JuHEHHOTo npubmmkenust cucrembl (1) B okpectHoctr Touku 0(0;0)

a
0

moboM  3HaueHMM mapamerpa « = 0. Marpuusl cucTeM — JUHEHHOro - mpHONMKEHUS,

0 .
uMmeet BuA Ly = ( + a)’ cocrosinue paBHoBecust O (0; 0) siBIsieTCsl HEYCTOHYUBBIM y3JI0OM ITPU

cootBercTByromux cucreme (1) B okpectHocTssx Touek B(b;0) m C(0;c) umeror Bum Lg =

a—dc 0 w Le= (%" de 0 COOTBETCTBEHHO, CIIENOBATENBHO, COCTOAHUS
0 a+a+fb C7\ fc —a-a > CHe ’

paBHoBecusi B(b; 0) u C(0; ¢) MOryT OBITh KaK HEYCTOHYUBBIM y3JIOM, TaK U CE/JIOM B 3aBUCHMOCTH

OT 3HaKa BbIpakeHUs (a — dc) u 3HaueHuWs mapameTpa « = 0. Marpuma cHUCTEMbI JTHHEWHOTO

pll p12)
p21 p22) "

npuOnkeHus cucreMsl (1) B okpecTHOCcTH TOUkU D umeer Buj Lp = (

11 = a(-a?-aa+dca+dca) 12 = bd(-a?-aa+dca+dca)
p - a?+aa+fbcd > P - a?+aa+fbcd ’
21 = fac(a+a+fb) 29 = a(afb+2aa+a’®+a’+afb)

p ~ a?+aa+fbcd’ p - a?+aa+fbcd

Tun cocrossHus paBHOBecus D 3aBHUCHT OT 3Ha4eHUs MapaMmerpa @ = 0, MOXKET SBIATHCA
CENJIOM, Y3JI0M, (DOKYCOM HIIM CIOKHBIM COCTOSIHUEM PaBHOBECHSI.
ITycte bf —cd = 0, a = 0. JlaHHOE COOTHOIICHHUE ONPEICIIACT KPUTHUSCKUN cydaid [1] ams
touek B, D. Ilpu aTom ycnoBuu cuctema (1) mpumer Buj
) x
X = ax(l—E) —dxy,
y 3)
y =—ay (1 ——) + fxy.
c

CraBurcs 3aga4a BBIICHUTH B KaKHMX TOYKax, COCTOAHUC PABHOBECHA NMPUHHUMACT YCTOI\/'I‘-II/IBOG

3HAaYCHUEC B KPUTHUICCKOM CJiy4dac.
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st cuctemsl (3) cocrosiamst paBHoBecust (2) npurumaror Bux 0(0;0), B(b;0), C(0;c¢),

ba ac o
D mred) ared)’ VYCTaHOBIIEHO, YTO MaTpHlia CUCTEMBI JIMHEWHOTO MpHOIMKeHHs cuctembl (3) B

a 0
OKpecTHOCTH Touku O uMeeT Bua Ly = ( a)’ CJIEZIOBATENBHO, TIOJIy4aeM COOCTBEHHBIC 3HAUCHUS

0
Marpuiel L, uMmeroT Bua A4 = a, A, = —a Tak kKak COOCTBCHHbBIE 3HAYCHUsS JCHCTBUTEIHHBIC U

Pa3HBIX 3HAKOB, JIEJIAEM BBIBOJ, YTO COCTOsIHUE paBHOBecHs B Touke O siBisiercs cemioM. Marpuna
CUCTEMBbl JIMHEHHOrO MNPUOMMKEHHUS CHCTeMbl (3) B OKPECTHOCTH TOYKM B wmeer Bua Lp =
(—a —db

0 cd-
cd — a, MOKEM CJIeNIaTh BBIBOJ O TOM, YTO COCTOSIHUE paBHOBECHsI B MOXET OBbITh KaK CEJIOM, TaK U

a)’ CJIEZIOBATEIbHO, COOCTBEHHBIC 3HAUYCHUSI MATPUIlLI Lp uMeroT Buag Ay = —a, A, =

YCTOﬁqHBBIM Y3JIOM B 3aBUCUMOCTH OT 3HAKa BBIPAXCHUSA C d — a. AHajgoru4yHo B OKPECTHOCTU TOYKHU

a—cd O
C marpulia COOTBETCTBYIOILIEH CHCTEMbl JUHEHHOTO MpUONMKEHUs uMeeT BUI Lo = | c¢%d
b

b

a

COOCTBEHHbIE 3HAUEHMsI Y Marpullbl L. BBINVIAAAT ciedyromum obpasom Ay =a, 1, =a—cd,
OTCIOJIa JIeJIaéM BBIBOJ] O TOM, UYTO COCTOsSIHUE paBHOBecUs! C SBISETCS HEYCTOWYMBBIM Y3JIOM JHOO
CEIJIOM.

Marpuia cucteMbl TUHEHHOTO IPUOIIKEHHSI B OKPECTHOCTU TOUkU D mmeer takoii Bua Lp =

p'11 p’12) 144 _ - 202>  dac 14o _ _ dba . _ c’da , _

(p’21 p’22 , e p'll=a a+cd a+cd p'lz= a+cd’ p'2l= d(a+cd) p2z =—a+t
2 / —

2a dac CoOcTBeHHBIC 3HAYCHUS MATpPHUIBl Lp BBIISAAT Tak A = w, A, =

a+cd  a+cd’ a+cd

_ J(a+cd)(a—cd)a

a+cd
clIyqac D — CG,ZLJ'IO), " SABJEIFOTCA YMCTO MHUMBIMHU TIpU Cd —-—a> 0. CJIe,[[OBaTeJIBHO, B IIOCJIICAHEM

. DOTH cOoOCTBEHHBIE JEHCTBUTENBHBI (pa3HbIX 3HakoB) mpu cd —a < 0 (B 3ToM

cllydyae COCTOsSiHME paBHOBecuss D sBiserca cinoxsHbiM. OmnpeneneHue ero Ttuma Tpelyer
JONOJTHUTENbHOTO HuccienoBanust [2]. Kiaccudukanms coctosHui paBHOBecHsl cucTembl (3)

IpejcTaBeHa B Ta0IuIe.

Tabnuua
Kiaccudukanus cocrosHuii paBHOBecHs cucTeMbl (3)
Cayuaii 1:cd —a >0 Cnyuaii 2: cd —a <0 Cnyyvaii 3: cd —a =0,
a¥x0
a>0 | 0(0;0)—cemio 0(0; 0) — cemno 0(0; 0) — cemwro
B(b; 0) — cemwno B(b; 0) — ycToitumBbIii y3em B(b; 0) — cnokHOE C OIHHM
C(0; ¢) — cemno C(0; c)—HeycTOWYMBBI y3ell | HyJIE€BbIM COOCTBEHHBIM
b b
D ( £, % ) — cnoxkHoe | D ( ., x ) — cemo SHAYCHICM
a+cd” a+cd a+cd’ a+cd C(O; C) — CJIOKHOE C OJIHUM
COCTOSTHHE PaBHOBECHS
HYJIEBBIM COOCTBEHHBIM
3HaYCHHEM
( ba ac )
D ; — CJIOKHOE C
a+cd’ a+cd
JBYMSI HYJICBBIMH
COOCTBEHHBIMHU 3HAYCHHEM

Ipumep 1. Ilycts B cucreme (3) a = 10,b =7,c =5,d = 6,f = 10. Torna cd —a = 20 >

> 0, ciieoBareNbHo, UMeeT MecTo cirydaii 1. Koopauuare! cocrostauii pasaosecusi: 0(0; 0), B(7;0),
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75 o
€c(0;5), D (Z ;Z)' Marpuna cucteMbl JTMHEHHOTO MPUOIMKEeHUs B Touke O MpUHUMAET BUA Lo =

10 0
( 0 1 0), OTCIOJIa COOCTBEHHBIC 3HaYeHUsT uMeroT Bua A, = 10, A, = —10; Touka O sBAsSETCA
cemyioM. . Marpuiia CUCTeMbl JTMHEWHOTO MPUOIKeHus ciucTeMbl (3) B Touke B umeer Buja Ly =
-1 —42
( 00 20 ), coOCTBeHHBIC 3HaueHUsi marpuibl Lg umeror Bun A, = —10, 4, = 20; Touka B

SBIISICTCS CeUIOM. Marpuia CHCTeMbl JIMHEHMHOTO NpHONMmkeHuss B Touke C umeeT BUi L.

=20 O
< 150 4 O)’ COOCTBEHHbBIE 3HAYEHUS Y MAaTPUIIBI L BRIVISASAT clieqyromuM oopazom A, = 10, 4, =
7

—20; Touka C siBIsIeTCS ceayIoM. Marpuiia CHCTEMbI JIMHEWHOTO TPHOIMKEHUS B TOUke D mMeeT Takon
p'1l p'12
p'21 p'22

5v/2i; Touka D — CI0KHOE COCTOSIHUE PABHOBECHSL.

Bun Lp = ( ), COOCTBEHHBIC 3HAUEHUS MATPUIBI Lp BBIVISAAT Tak Ay = —5/2i, A, =

Puc. 1. ®azoBbie TpaeKTOpUH CUCTEMEI (3)

IIpumep 2. Ilycts B cucteme (3) a = 10,b = 7,c = 2,d = 3, f = 10.

Torma c¢d —a = —4 < 0, umeer mecro ciaydaii 2. 0(0;0), B(7;0), C(0;2), D (g;g).
CoOcTBeHHBIC 3HAYCHHUS MaTpUIel L umeroT Bug A; = —10, A, = —4; Touka B CIIO)KHOE C OJTHUM

HYJIEBBIM COOCTBEHHBIM 3HaueHHeM. COOCTBEHHBbIC 3HaueHHs MaTpuibl L. umeroT Bug A, = 10,
A, = 4; Touka C — CIIO)KHOE C OJHUM HYJIEBBIM COOCTBEHHBIM 3HaueHHEM. COOCTBEHHbIE 3HAUCHUS

Marpunbl L umeror Bug A, = 5, 1, = —5; Touka D cemo.
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77

Puc. 2. ®a3oBbie TpaeKTOpHH CUCTEMBI (3)

IIpumep 3. Ilycts B cucreme (3) a = 4,b = 10,c = 2,d = 2, f = 10.

Torna cd — a = 0, umeer mecro ciy4aii 2. 0(0; 0), B(10;0), C(0; 2), D(5; 1). Cob6cTBeHHBIE
3HaYeHus1 mMarpuipl Lp mmeror Bug Ay = —4, A, = 0; Touka B ycroituuBsii y3en. CoOCTBEHHBIC
3HaYeHus1 Marpulpl Lo umeroT Bua A, = 4, A, = 0; Touka C HeycToiiunBblid y3en. CoOCTBEeHHBIE

3Ha4YeHUS MaTpuilel Ly umeroT Bua A; = 0, 4, = 0; Touka D cemio.

|
T e

::\/::::':::

} } } | } }
t t t i t t
——}.——&—__a——_‘r——_\ﬂ—___\“-h__fﬂ\\\

Puc. 3. ®a3oBsie TpaeKTOpUU CUCTEMHI (3)
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YIAK 517.9
Kopuesa I1.C., MuxaiisioBa T.C., [Tokopnas U.IO.
Boponexckuil rocynapCTBEHHBIN 11€1arOru4eCKUi yHUBEPCUTET
r. Boponex, Poccust

MPUMEPHI PEINEHUS HECTAHJIAPTHBIX TU®PEPEHIIUAJILHBIX YPABHEHUM
BTOPOI'O NIOPAJAKA C PA3PBIBHBIMU KOO®PUITMEHTAMU

Juddepennnanbaple ypaBHEHUS C Pa3pbIBHBIME KOd(DPHUITMEHTaMU HAXOAT CBOE PUMEHEHHUE
B PA3JIMYHBIX OONACTAX MAaTeMaTHKH U OTOOpa)kKalOT MHOYKECTBO IPOLIECCOB B TAKMX HayKaxX Kak
¢usuka, xumus, Ouomorus. B 3T0oil  paboTe paccMaTpuBarOTCS NPUMEPHl  PELICHHUN
muddepeHnnaIbHbIX YPaBHEHUH C pa3pbIBHBIMU KOA(PQHUIIMEHTAMH U C pa3pbIBHON MPABOM YacThIO.
Yro 0COOEHHO BaXHO B J@HHBIX IPHUMEpax, MOIydyaeM B KadecTBE pELIeHUN mapaboiudeckue
craituel - gedexkra 1. To ecth, HecMOTps Ha pa3pblBHbIE KOA(PQPUIMEHTHI HCXOIHBIX
mdQepeHInaIbHBIX YpaBHEHHUH, PEIICHUSIMH SBIISIOTCS HENPEPBIBHBIC U IMaIKUe (PYHKIMH Ha BCEM
0Tpe3e, BKIIIOYas U TOUKY pa3pbIBa.

IIpumep 1. HaiiTn 1MHENHO HE3aBUCUMBIE pEIIeHUs JaHHOTo AuddepeHnanbHOro ypaBHeHUs

C pa3pbIBHBIMU K03 uLimeHTamMmu
2
n

Pewenue. Tlon periennem ypauenusi (1) B memom Ha orpeske [0,14] Oymem moHuMarh
(byHKIHIO

y = y(x), onpenenennyro Ha Bcem orpeske [0, 14], koTopast yaosieTBopsieT ypaBHeHuio (1)
Kak clieBa OT TOUKU pa3pbiBa ¢ = 7, TaKk U CIpaBa OT TOUKU ¢ U SBISETCS HENPEPHIBHOHN B JaHHOU
touke, T.e. Y(§ —0) = y(§ + 0) u umeeT HeNpepHIBHBIC OJHOCTOPOHHUE MPOM3BOJHBIC B TOUKE .
ITpu Takoit mocTaHOBKE, BOMPOC O CYIIECTBOBAHUH ITPOU3BOIHON B TOUke X = ¢ cHUMaercs [3].

[TycTh naHbl ABE PYHKIMH, KOTOPBIC 3aJIaHBI CIICTYIOIIIMM 00pa3oM:

_(~(x=7)? 0<x<7

y1(%) { 0, 7<x<14 2)
0, 0<x<7

y2(*) _{—(x—7)2, 7<x<14 ®)

I'pacdukn nanHBIX QyHKIMNA UMEIOT BU, IPEACTaBICHHBIN fanee (puc. 1, 2).

Puc. 1. Puc. 2.
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OuyeBuHO, YTO JaHHBIC (YHKIIUU SBISIOTCS PEHICHUSMH HMCXOAHOTO Au(depeHIInaIbHOTO
ypaBuenus (1). [nsg mpoBepku [OCTaTOYHO CJeNaTh MOJCTAHOBKY. A Tak XKe SBISIOTCA
HETPEPHIBHBIMU U TIAJKUMH (PYHKIIMSIMUA Ha BCEM OTpe3e, BKIIIOUasi U TOUKY pa3phiBa.

I[oxaxceM, YTO JaHHBbIC Q)YHKI_[I/II/I SIBJISIFOTCSL JIMHEUHO HE3aBUCHUMBIMU. O,HHI/IM H3 CpPCACTB
M3YyYeHUs JTUHEHHON He3aBHUCUMOCTH (DYHKIMI OOBIYHO sBIIsieTCS ompeaenuTens Bponckoro. [Tpu
pElIeHNU MPaKTUYECKUX 3a/lad, HAllPaBJICHHBIX Ha OMpejesieHue JTUHEHHOW He3aBUCUMOCTH, OyleT
JOCTaTOYHO, YTOOBI OMPEACIUTEh BpOHCKOro ObLT HE paBeH HYIIO, a €r0 PaBEHCTBO HYIIO HE
O3HAYaeT JIMHEHHOW He3aBUCUMOCTH HCCIenyeMbIX GyHKmid. PaccMoTpuM 310 Ootee moapoOHO Ha
KOHKPETHBIX IIpUMepax.

IMocuutaem onpexpenurens Bpouckoro mus cucreM (ynkuuii (2), (3) ma orpeskax [0,7] u
[7,14]:

—(x—=7)%0 0 —(x—7)?

2=y 0l =% W14 = | _pe = 7| T

w7 =

3amMeTuM, YTO 3TO HE JAaeT BO3MOXXHOCTH JIOKa3aTh JMHEHWHYIO HE3aBHUCHUMOCTH JaHHBIX
byHkuii. PaccMoTpum TOraa 10Ka3areabCTBO Mo onpeaeneHno. CormacHo onpeaeeHuto JIMHEHHOM
HE3aBUCHMOCTH (DYHKIMH, TOKIECTBO C1Y;(X)+c,y,(x) =0 npu oOBIX X BO3MOXHO TOTIa W
TOJILKO TOT/Ia, Korja ¢; = ¢, = 0.

JlefcTBUTENIBPHO, UMEEM:

c1y1 () ey, (x) = {_Cl(x “7i e 0 Dsx<7
;' 0—c,(x—7)% 7<x<14.
[TpupaBHsB JUHEHHYI0 KOMOMHAIMIO (YHKIUI K HYIIO U NMPOU3BOJILHO BBIOpAB, HAIlpUMeED,
x = 0 ansg nepBoro orpe3ka u x = 14 yist BTOporo, noxy4aum, uro ¢; = 0 u ¢, = 0.
Takum oOpa3oMm, UCKOMBbIE (QYHKIUHM 3aJal0T JIMHEHMHO HE3aBHCUMBIE pELICHHUs
muddepennnansHoro ypasuenus (1).
Ilpumep 2. HaliTu TMHENHO HE3aBUCHUMBIE PELIEHUs TaHHOTO U] PepeHInanbHOro ypaBHEeHNS

C pa3pbIBHBIMU KO3 uLIneHTamMu
y'x —4y' + 673’ =0 4
Pewenue.

AHanmornuHo npumepy 1, paccMoTpuM aBe QYHKIIUH:

_(x?, —4<x<0
yl(x)‘{ 0, 0<x<4

0, —4<x<0

yZ(x)z{x3, 0<x<4

OdeBHIHO, YTO JNaHHBIE (PYHKIUU SBISIOTCS PEMICHUSIMU HCXOMHOTO AuddepeHInanbHOro
ypaBHeHus (4). [nst mpoBepKH JOCTAaTOUHO CIENaTh MOACTAHOBKY UX B (4). A Tak ke SBISIFOTCS

HEMpPEephIBHBIMU U MIIAAKUMU (QYHKIIMSIMHU Ha BCEM OTpe3e, BKIII0Yasi U TOUKY pa3phiBa.

Ot (bYHKHI/II/I TaKXe SIBIISIOTCS TUHSHHO HE3aBUCHUMBIMH, TaK KakK:
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c1x2+c¢,00, —4<x<0
c;-0+cx3, 0<x<4.

Jlanee nuHeHY0 KOMOMHALMIO (PYHKUUN NMPUPABHUBAEM K HYJIIO W Ha JAHHBIX OTpe3Kax

c1y1 () +ey(x) = {

BbIOMpaeM, HarpuMep, X = —4 I IEPBOTO MPOMEXYTKA M X = 4 JIJIs1 BTOPOT0, OTKYAA MOJIy4aeM,
ytoc; =0uc, =0.

B pesymbrare, Mbl NOpUIUIM K BBIBOAY, YTO MCKOMbIe (YHKIMHM 3aJal0T pEIIeHue
nuddepeHIanIbHOTO ypaBHEHUs (4), SBISIOTCS HENPEPHIBHBIMU U TIIAJKUMU (PYHKLIHUSIMH HA BCEM
oTpe3e, BKIIIOYasi U TOUKY paspbiBa. Kaxnas u3 ¢QyHKIuUil SBIsSETCS HE TOJIBKO pEIIeHUEM, HO U
napaboIUYecKuM crutaiiHoM aedexra 1.

Oxa3bIBaeTCsi, MOXKHO TaK XK€ paccMoTpeTh AuddepeHnnanbible YpaBHEHUSI C pa3pbIBHOM
MIPaBOM YacThIO, JUISl KOTOPBIX pelieHrneM OyneT SBISATHCS NapaboIMuecKuii CIijIaiH.

IIpumep 3. Pemnts muddepeHnmanbHoe ypaBHEHHE C pa3pbIBHON MIPABOH YacThIO, €CITN
y' 2= ),

filx) =2,x<0,

fo(x) = Z,x > 0,

Hauansnsie yenosus: y;(—4) = 1uy,'(-3) = —1.

Ha otpeske [—4; 6].

o=

Pewenue.
. 1
Cuauana Haiigem oOuiee pemenue aus y;  (x) = > Ha OTpe3Ke [—4; 0]. Jlnst aToro aBa pasa

MPOUHTETPUPYEM 00€ YacTH ypaBHEHUS:

[ 31" (%) dxe={ - dx;

Jyi'(x) dx=f(%x +C) dx; y,(x) = ~x2 + Cyx + Gy

T4
PaccmorpuM HavasibHble yenoBust y(—4) =4 —4C,+C, = —1u y,'(—4) =-2+C; =
—1. Torna dyHKIMS Y, TpUHEMAET BUI: V;(X) = %xz +x -1
Y1 (O) = _1,
y1'(0) = 1.
VcoBUs HEMPEPHIBHOCTH (DYHKITUH U €€ TIPOU3BOIAHOM B Touke X = 0 UMEOT BH/I:
y1(x = 0) = y,(x + 0)
y1'(x —0) = y,'(x + 0).

OnpenenuM 3HaueHUS 3TON QYHKIMH U ee TPOU3BOAHOM npu x = 0: {

y2(0) = -1,
y.'(0) =1

Amnanornuno pemraem y,'' (x) = % na orpeske [0; 6]. Haxogum oO1uee perienne
rn 1
[ 3,"(x) dx=[ 2 dx:
[y, (%) dx=f(%x + C3) dx; y,(x) = %xz + C3x + C,.

Torma { — HavaJbHBIE YCIIOBHS JIUIS HaIeH 3aqaun Ha orpeske [0; 6].

PaCCManI/IBaﬂ Ha4YaJIbHBIC YCJIOBUA, ITOJTyH4acM KOHEYHBII BU]I (I)YHKI_II/II/I Y-

Y. (x) = —%xz +x—1.
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[Toctpoenue 3tux AByx pyukmnuii (Puc. 3) Ha COOTBETCTBYIONIUX UM OTPE3Kax JEMOHCTPUPYET
HaM, 4TO MbI MOJXYYHIU TIaJKYyI0 (PYHKIHIO, YTO OBLIO JTOCTUTHYTO IyTeM MPUMEHEHUs YCIOBUIl

HETPEPHIBHOCTH, KaK caMuX (DYHKIHH, TaK U UX TPOU3BOIHBIX.

//—\

Puc. 3.

Takum 00pa3oM, MOXXKHO YTBEpXKAarTh, 4YTO pEIICHHWEM 3adaHHOrOo auddepeHITNaIBHOTO
ypaBHEHMsI sBJIETCS napabonuyeckuil cruiaiin aedekra 1, rae nedekT cruiaifHa NOHUMAeTCs Kak
Pa3HOCTb MEXJAY CTENEHBIO CIUIAlHA M IOPSAIKOM HAMBBICIIEH HENPEPBIBHON Ha OTpe3Ke
npou3BoAHOM. [IprMepsl peleHnil aHamorn4YHbIX 3a/1a4 pacCMOTPEHBI B [1-3].

MBI BBISICHUIIY, YTO MHOTHE 33/1a41 B COBPEMEHHOM HayKe TaK WJIK MHAY€ CBOASTCS K PELICHUIO
nuddepeHnnanbHbIX YpaBHEHUH, KOTOpbIE HAXOIAT CBOE IPUMEHEHHE BO MHOTUX 00JacTsAX HAYKH,
a, B CBOIO O4Yepelb, PEIICHUS HEKOTOPhIX Au((epeHIIHalbHbIX YPaBHEHUI NPUBOAAT HAC K
crutaiiHaM. Oka3bIBaeTcs, MHOTHE (PU3MUECKHE MPOLIECCHI IO CBOEH NMPUPO/IE ABISIOTCS CIUTaliHAMU.
Hampumep, B MexaHuke 3T0 nedopManus CTEPKHS WIH THOKOH TUIACTHHBI, KOTOPbIE 3aKPETUICHBI B
OTZIEJIBHBIX TOYKAaX; TPACKTOPUs NEPEMEILIEHUS TENA, €CIU ACUCTBYIOIIAs HA HETO CHUJIa U3MEHAETCS
CTyleH4Yarto, U T.J. B TepMonuHamuke Trpauk TeIUIONepelayd B CTEp)KHE, COCTOSILEM W3
(bparMeHTOB C pa3IMYHON TEIUIoNepenadeii, ABIsIeTCs CIIAfHOM; B XUMUHN — U dy3us uepes ciou
Pa3IMYHBIX BEUIECTB; B AJIEKTPUYECTBE — PACHPOCTPAHEHHME AIEKTPOMArHUTHBIX IOJIEH Yepes
reTepOreHHbIE Cpelbl. B yacTHOCTH, CIUTaliHBI JBYX MEPEMEHHBIX MHTEHCUBHO HCIOJB3YHOTCS IS
OIIPENETIEHUS] NTOBEPXHOCTEN B PA3JIMUHBIX CUCTEMAX KOMIIBIOTEPHOIO MOAEIUPOBAHUSA, KOTOPOE
HauOosee BOCTPEOOBAHO HA MAIIMHOCTPOMTENbHBIX, ABHALMOHHBIX 3aBOAAX, B KOCMHUYECKOM M
PaKeTHOW MPOMBINUIEHHOCTH. Taxke CINIaiHOBOE MOACIMPOBAHUE MCIIONIB3YIOT B apXUTEKTypE U
IpU MPOEKTUPOBAHUU HOBBIX OMOJIOTMYECKHX 00beKkTOoB. HeoOX0AMMO OTMETUTH INIaBHBINA ILTIOC
CIJIAIfHOBOTO MOJIEIMPOBAHUS — BBICOKAs TOYHOCTh. TakuM 00pa3oM, MOXKHO CJIeNaTh BBIBOJ, YTO
CILIailH — 3TO HE BBIlyMaHHas MaTeMaTH4ecKas adCTpakIys, a B HEKOTOPBIX CIIydasiX OH SIBISIETCS
pemieHreM UG QGEpeHINaIbHbIX YPABHEHUH, OIUCBIBAIOIIMX BIIOJHE pealbHble (QU3UYECKHE

IMPOLECCCHI.
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YK 006.072
Kyneabkun /1.B.
JIunenkuii rocy1apCTBEHHbIN TEXHUYECKUN YHUBEPCUTET
r. Jlunenx, Poccus

IMPOBJEMA POCTA HOMEHKJIATYPbBI JIETAJIEN
N NMOBBIITEHUA CTOUMOCTH ITPOU3BOJACTBA

B mnacrosiiee BpeMsi NMPOMBIIUIEHHOE MPOM3BOJICTBO HEMpephIBHO pa3BuBaercs. CeromHs
OCHOBHOI €ro 1eNibl0 SIBJISETCS COBEPUICHCTBOBAHUE TEXHOJOTHYECKOTO OOOpYIOBaHMS, a TaKkKe
YBEJIMUECHUE MOIIHOCTHBIX XapaKTepUCTHK. Ha OCHOBE ATOro, yXKeCTO4arTcs TpeOOBaHUS K
HaAEKHOCTH, IOJITOBEYHOCTH, ¥ IPOU3BOIUTEIHLHOCTH, a TAKXKE YIEISAETCS OOJIBIIAs POJIb KIIFOYSBBIM
MOKa3aTeIsIM.

[Ton KiIIOYEBBIMU TOKA3aTeIsiIMH TMOHUMAIOT CTENeHb J(PPEKTUBHOCTH pabOThI BCEro
NPEINPUATHS, OICHUTh KOTOPYED MOXHO TP TIOMOIIY BBIYUCISEMBIX KOA((UIIMECHTOB.
OOHOBpPEMEHHO ¢ OTUM, MPOMBINIIEHHAs TEHJEHIMS HalpaBjieHa Ha MacCOBOCTb W
KpPYIHOCEPUMHOCTh MpOou3BoAcTBa. (ClenoBarenbHO, MPH MPOU3BOJCTBE KAKOTO-THOO MPOIYKTa,
POJIb aBTOMATU3alUU B paboTe 000pyAOBaHUs U B BHIIIOJIHEHUH OTEpaIlfil Ha HEM, BO3PACTAET.

Cama mo cebe aBroMaTrH3amus IPOW3BOJCTBA B OOJBIICH CTENEHH OPHEHTHPOBAaHA Ha
YCKOPEHHUE TEXHUYECKOTO IMPOrpecca, B YACTHOCTH: Ha YBEIUYCHHE MPOU3BOJUTEIHLHOCTH TPYAA,
HSKOHOMHIO MaTepHalIbHBIX W YeJIOBEYECKHX PECYpCOB, MOBBIIICHHE KadecTBa MPOAYKIUH, a MPHU
KpYyMHEUIIEM MPOU3BOJCTBE J1aeT OONBIION TEXHUKO-DKOHOMUYECKUN IPPEKT.

Buenpenne aBromaruzanuu B TMPOU3BOACTBO OIMUPAETCS HA KOHIEMIUA TAaKUX METOIOB
CTaHJapTU3aAIlMU, KaK YIopsaoYyeHWe W YyHU(UKANWg, YTO M OOYyCIaBIMBAET AaKTyaJbHOCTh
BbIOpaHHOI TeMbl. [lo3TOMY IMaBHOM 3a/1aueit siBisieTcs pa3padoTka peKoMEeH Al o yHUpUKAIK
U YIIOPSAA0YEHUIO U3/I€TTUI TPOU3BOJCTBA AJIs JAaJbHEHIIET0 COKPALLIEHUSI HOMEHKJIATY bl AeTaneil u
CHUKEHUSI CTOMMOCTH TPOU3BOJICTBA BHIMTYCKAEMBIX MPOTYKTOB.

[ToaTomy 1ienecooOpa3Ho BBIACINUTD CIEAYIONINE Hauboiee BaXKHbIE 3aa4u:

1.BBINONHUTE [1€TalbHBI aHaln3 JUTEPATYPHBIX HCTOYHUKOB, W3YUYUTh CYIIECTBYIOIIHE
METO/Ibl CTaHAapTU3AINY;

2. Ilpoananu3upoBarh pabOTy CUCTEMbl U3TOTOBJICHUS JETAJIC HAa MIPOU3BOJICTBE U BHISIBUTH
Haubosee ya3BUMbIE MECTA;

3. Onwmpasick Ha MOJOXKEHUS MO ONTUMHU3AIMU MOKa3aTeneld YHU(DUKAIUYA U YIIOPSIOUeHUs,
MIPOU3BECTH PACUETHI;

4. PazpaboTrarh peKOMEHIAIUU VISl YITYUIIeHUsT pPabOThI CHCTEMBbl M3TOTOBJICHUS JeTajeil Ha
MIPOU3BOCTBE.

Hayka ¥ TexHHMKa pa3BUBAIOTCS BBICOKUMH TEMIAMH M OIHMM W3 TJIABHBIX (DaKTOpOB,
CTUMYJIMPYIOLIUX 3TOT POCT, SBJISETCS CBOEBPEMEHHOE BHEIPEHHE B IPOU3BOJCTBO HU3EIHIA,
oOnamaronux Oosee TEXHOJIOTHYHBIMU XapakTepucTukamu. s momnmepskanus d>QQexTuBHOCTH
MIPOM3BOICTBA PEKOMEH/IYETCS CICIUTh 3a HAYYHO-TEXHUIECKUMH OTKPBITHUSIMHU, THOKO pearupoBarh

Ha HUX W IIPUMCHSATH UX B cBOCH IMPAKTHUKEC. Hpe,[[HpI/IHTI/ISI, 3aHUMAOUIUECCA 3TUMU BOIIPOCAMU HaA

IMOCTOSIHHOM OCHOBC, NOCTUTAIOT IOJIOKUTCIIbHBIX PC3YJIbTATOB B CBOEH JACATCIIBHOCTH, a TaKXKC B
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pasbl COKpAIIal0T BPEMEHHON HWHTEPBAaJl MEXIY HAy4YHBIM OTKPBITHEM M €ro NPUMEHCHHEM B
TIPOU3BO/ICTBE.

B cBsi3u ¢ mosiBIIeHMEM HOBBIX M3/ICNIMH M TEXHOJOTHWM, BCTAET BOIPOC O CO3MAHHUH JUII HUX
aKTyaJbHBIX TPEOOBaHMIA, KOTOPHIC B JallbHEHIIEM OyayT 3aJ0KyMeHTHpOBaHbI. CienoBareiabHO,
HEOOXOIMMO CUCTEMATHYECKH OCYIIECTBIISATh aHATN3 HOPMATUBHBIX JOKYMEHTOB, Ha MPEIMET TOTO,
OCTaETCs JIM aKTYaJIbHBIM JUUIsl IPUMEHEHHSI KOHKPETHBI HOPMATUBHBIH JIOKYMEHT HITH YK€ YCTapel.
JleaTenbHOCTb, B 33Ja4l KOTOPOM, MOMUMO MIPOYUX, BXOJHUT TAKXKe pa3padOTKa U yCTaHOBKA HOPM B
JIOKYMEHTAIINH, Ha3bIBaeTCsl cTanaaptuzanus [1, c. 146].

CeromHs cTaHIapTU3AIUS OXBATHIBACT MHOTHE )KU3HEHHBIC ACTICKTHI KaK Ha TIPOM3BOJCTBE, TaK
u B ObiTy. OHa ompeneneHa Kak JesTEIbHOCTb, KOTOpas IO3BOJSET CHCTEMAaTH3UPOBATh
MOBTOPSIIOIIMECS TMpoIecchl B cdepax HapoAHOro Xxo3siicTBa. Ee OCHOBHOE HampaBieHHe
Cc(OKYCHPOBaHO Ha JOCTI)KEHHUHM BBICOKOW CTETIEHH pEryJIHpOBaHUS B KaKUX-IMOO cdepax.
Cranpaptuzaiys ycTaHaBIMBaeT MpaBuiia U TpeOOBaHUS AJIS IOBTOPSIOLICHCS EATENIBHOCTU. DTO
SBJISIETCA HEOOXOIUMBIM JUIs IIPOU3BOICTBA MTOTOMY, KaK ITOMOTaeT B pocTe ero 3(p(eKTuBHOCTHU H,
CJIC/IOBATENIbHO, B YBEIMUYEHHH KOHKYPEHTOCIIOCOOHOCTH. Takke CTOUT BBIACITUTH TAKOH BasKHBIN
acrieKT, Kak MeTonel craHgaptu3anmmu. OHM  JAalOT  BO3MOXKHOCTH — HAaWTH  Hambolee
ONTUMHU3UPOBAHHBIE PELICHUS /1151 MHOTOKPATHO MOBTOPSIOIIMXCSA 33124 U Y3aKOHUTh UX B KaUeCTBE
HOPM U npaBui [2, c. 7].

[Toxg MeTomaMu cTaHIApTH3AIMH, TIPEACTABICHHBIMU Ha PUCYHKE, MTOJPa3yMEBaIOT MPUEM HITH
KOMIUIEKC TIPUEMOB, KOTOpPBhIE 00ECIIEYMBAIOT JOCTHKEHHE TIOCTABICHHBIX LIEJIel CTaHIapTH3AIHN.
JlaHHBIE METOJIBI MOXKHO PA3JeNIUTh Ha: puiiocopckue, oOuieHayunble U crenuduueckue. M crout

3aMCTUTh, YTO UMCHHO Ha HUX 6a31/1pyeTc;1 CTaHJapTUu3anus.

[ napameTpH4eckan ]

CTaHAAPTHAALWA
YHHMEAYMA
oHEHHE
N ot Kol
CTAHARPTHALMH
Metoab!
CTaHaapTH3IaLMy
ONepekanan
[ CTaHQAPTHAALMA arperatuposaie |
KOMMNEKCHaRA
CTRHAAPTHIAUHA

Puc. Metoas! crangapruzanuu

Temepp paccMOTpUM aNTOPUTMBI METOMOB YIOpsaoueHUs W yHupukanuu. VX OCHOBHBIE
MIPEUMYIIIECTBA 3aKII0YAIOTCS B BBICOKOM CTENEHN TOUHOCTH (POPMYIUPOBOK, MX JTAKOHUYHOCTH, a
TaKke B OOJIBIIIOM KOJIMYECTBE LIAr0B, KOTOPBIE YK€ YCIIEIIHO MPUMEHSIOTCS B IPYTHX aIropuTMax

1 Ha IMPAKTHUKC IMOKAa3aJI1 CBOIO Bq)q)eKTI/IBHOCTB.

JIaHHBIN aJITOPUTM COCTOMT U3 CIEAYIOUIUX ATAIOB:
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1. Knaccudukamus uznenus. OnpenensroTcss TPyNIbl AeTalleld, KOTOpbIe 00JagaloT OO0IMMEI
KOHCTPYKTOPCKO-TEXHOJIOIMYECKUMH CBOMCTBAaMU;

2. Peann3auMsi KOIMYECTBEHHOW OLEHKM rpynn jAetaned. s Kakaoro TUIIOBOTO
IIPEJICTABUTEINSI TPYII AETaJe ONpEeNesieTcsl €ro TUIl MPOU3BOACTBA. Tak, HapUMep, 3TO MOXKET
ObITh €AMHUYHOE, CEPUHHOE WM MaccoBO€ IPOU3BOACTBO. [Ipy 3TOM ydMTBHIBaeTCs 4acToTa
NOSABJICHUA A€(PEKTOB U UX COUYETAHHI;

3. Omnwupasice Ha TEXHUYECKUE YCIIOBUS W UEPTEXKHU, IPOU3BOAUTCA aHAIU3 THUIIOBBIX
IIPEJICTAaBUTENIEH TPYIII, UCCIAEAYIOTCSA M CO3A0TCS pa3IM4HbIE BAPUAHTBI CXEM TEXHOJIOIMUECKHUX
MapuUIpyTOB Ul BOCCTaHOBIICHUS JeTaleH;

4. OcymiecTBiseTcss oTOOp TexHonorudeckux 0a3. Ha gaHHOM »Tame OIEHHMBAETCS TaKXKe
HA/IKHOCTh M TOYHOCTh UX Oa3UpOBAHUS;

5. Anst ycrpaHeHus: 1e(peKTOB MPOBOAUTCS OTOOP METOAOB M OIPEICNISIOTCS MX TEXHUKO-
HSKOHOMHUYECKHE TI0Ka3aTelu;

6. JlanHblii 5Tanm Xxapakrepusyercs (OPMHUPOBAHHUEM BapUAHTOB Ui TEXHOJIOIMYECKUX
MapIIpyToB 00pabOTKH M COCTaBISIETCS ONPENEICHHAs MOCIIEI0BaTeIbHOCTh ONEPAlldii U TPy
000py/IOBaHUS TIO OTICPAIUIM;

7. Pa3pabaTbIBalOTCsl TEXHOJIOIMUECKUE ONepaluy. DTall pelaeT Takue 3a7add, Kak BbIOOp
BUa 00paboTKH, 000pPYI0BAHUS, CPEJACTB MEXAaHU3ALMU U aBTOMAaTU3allUK 00pabOTKH, OnpeenseT
TPAHCHOPTHBIE CPENICTBA ISl IEPEMELICHHS 3aTOTOBOK OT CTaHKA K CTAaHKY, & TaK)K€ paCCUUTHIBAET
MEXKOIEPALOHHBIE PA3MEPHI.

OcHOBHOH 11e/1bI0 pa0OT MO YHHU(DUKAIUK SIBISETCS 00eCreueHHe BBICOKOTO TEXHHUYECKOIO
YPOBHSI U KauecTBa M3JENIMH MPH HaUMEHbBIINX 3aTpaTax Ha UX MPOEKTHMPOBAHUE, U3TOTOBICHUE U
AKCIUTYaTalHIo.

Boiienum 0CHOBHBIE 3Tambl MPOBEAEHUS padoT:

1. ITonGop HOMEHKIATYpBI U1 U3AETNNA NOAIEKAMX YHUPHUKALIUN;

2. COop 1 aHaIN3 HHPOPMAIIUH, KaCAIOIIUNCS MPUMEHSIEMOCTH BEIOPAHHBIX U3JIENINH;

3. Onupasick Ha OCHOBHBIE 11€JIH, 3374l U HAIIPaBJIEHUS B MPOU3BOJICTBE, CO3/AAI0TCS TIAHbI
paboT no yHupuxanuu;

4. Ocy1iecTBiICHNE OLIEHKH Pe3ylbTaToB padoT MO YHU(UKALIH;

5.Omnupasice Ha pe3yabTaTbl MPEABLIYIIEro dTama, MPOEKTHUPYIOTCS HEoOXOoIuMble
MEPOIPUATHS ISl X BHEAPEHUS B paboTy mpennpustus 3, c. 51].

Ha ocHoBe neTanbHOrO aHajiM3a HayqyHbIX UICTOYHUKOB ObLIA C/ieJIaHa BHIOOPKA U3 PA3IUYHBIX
aIropuT™MOB  yHUGUKanMu. B pe3ynbrare BBIOpaH aJIroOpuUTM, IIOKa3aBIIMK  CIETYIOLIHE
IOJIO’KUTENIbHBIE KPUTEPHHU:

— YeTKas JIOTHMKa U 00beKTUBHOCTh KaXKJIOTO 11ara mpolecca yHupuKammu;

— HaJINYKME KJIFOYEBBIX I1aroB, IPUMEHSIEMbIX BO MHOTHMX METOAMKAX.

CrenyroumM BaXXHBIM KpPUTEpPHUEM, KOTOpPbI TpeOyer o0co0oro BHUMAaHHUS SBISETCA
IIPUMEHEHHUE METOAO0B CTaHAAPTU3ALMHU U3AEIUN B MAIIMHOCTPOUTEILHOM ITPOU3BOCTBE.

MammHoCcTpoeHre — 3TO camas KpyIHas OTpaciib MPOMBILIUIEHHOCTH, KOTOpasi MPOU3BOAUT

OYEHb MIMPOKHH CHEKTP MPOAYKIHUH. [ITaBHOW XapakTepHOW crenu(uKol Uil JTaHHOTO BHJIA
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MIPOM3BOACTBEHHON JIEATENbHOCTU SBISIETCS MPOEKTUPOBAHUE, CO3JaHue, OOCTyXUBaHHE U
YTUJIN3ALUs Pa3INuHbIX MAIIUH, TEXHOJIOTHYECKOTO 000OPYI0BaHUS M UX COCTABHBIX JIETaJICH.

Hcnonb30BaHNe METOJIOB MPEIOiIaraeTcs B Hanbonee ya3BUMBIX MECTaX JKU3HEHHOTO IIUKIIA
u3fenus. InaBHas Lenp 3aKIOYaeTCs B COKpAIlEHMM HOMEHKJIATyphl JeTajlled M CHH)KEHUU
CTOMMOCTH MPOU3BOJICTBA BBIITYCKAEMBIX MPOIAYKTOB |35, C. 45].

W3roroBnenue u3aenuii Ha NPEANPUATHU OCYIIECTBIAETCS Oyarofapsi MPOU3BOACTBEHHOMY
IpoIieccy, KOTOPBIN MPEICTABIISACT U3 ce0st KOMIUIEKC ONEpaluil 110 MPEBPAIICHUIO CHIPbS B TOTOBYIO
MPOAYKLHIO. BaKHENIIMM 3J1EMEHTOM MPOU3BOJICTBEHHOTO IMpoOLEcca SBISETCS TEXHOJIOTHMYECKUN
MIPOIIECC, COCTOSAIINN M3 B3aUMOCBS3aHHBIX JICUCTBUI 11O U3MEHEHHUIO pa3MepoB, (OPMbI U CBOKCTB
o0BeKTa Mpou3BojACTBa [4, c. 362].

B kadecTBe mpuMepa pacCMOTPUM aHaJIW3 CHUCTEMbl HW3TOTOBIEHHUS JAeTaledl A
aBTOMaTnyeckoro mnpoboorOopHuka 3epHa Mapku Al BIIA, tme Obulo BBISIBICHO OOINBIIOE
KOJIMYECTBO HOMEHKIIATYphl JeTalieil, a 9To, MoApa3yMeBaeT BHICOKYIO CTOMMOCTh IPOU3BOJICTBA
BBIITyCKaeMbIX u3lenuil. Perenne naHHoW mpoOiieMsl MpearnoiaraeT BHEAPEHUE Ha TPOU3BOACTBO
METOJIOB CTaHAaPTU3ALINH, B YACTHOCTH, METObI YIOPSAOUCHUS U YHU(DUKAIIH.

[TpoBens aHanM3 MPOM3BOJACTBA MPOOOOTOOPHHUKOB, OBLIIO BBISIBIICHO, YTO YACTOTA MOSIBIICHUS
MOJIIMITHUKOB U CaJbHUKOB B M3AEIUU MPEBBIIIACT TOMYCTUMBIE HOPMBI, YTO Ja€T BO3MOXKHOCTh
MIPUMEHHUTH K HUM METOJI YIIOPSI0UCHHUS.

Hanee, nns nmpumepa, ONpeneiauM OOIIMe Ipynmbl g JaHHbIX jAeranei. [lopmunHuk u
CaJIbHUK OTHOCSTCS K YYMUTHIBAEMBIM, CTAHJIAPTHBIM OTPACJI€BbIM, TOKYIIHBIM M MAacCOBO
npousBoAuMBIM. [loce ynopsmoueHus TaHHBIX JeTajeil nepeiiieM Kk yHupUKauu.

[aBHBIMU TIOKAa3aTeAMU YHUPUKAIUMK ABJIAIOTCA KOd(PUIMeHThl npuMensieMoctd Ky, u
noropsieMocTu K.

Jlis npo6ooTOOpHHKA OCHOBHBIE IOKa3aTelu YHU(GUKALWKA pPACCUMTHIBAIOT [0 Macce,
KOJTMYECTBY U CTOMMOCTH JeTajeil. JlaHHble KpUTEpHH BBHIOPAHBI M3-32 BBHICOKOU HACBHIIIEHHOCTH
MOKYIHBIX U3/I€JUI ¥ OBTOPSIEMOCTH OAHOUMEHHBIX JAETaJIEH.

Pacuér xordpdurnmenta yandukanuu 6e3 yuera croumoctu aeraneit (111 =12 ngeraneit; [1[] =
2 4UCII0O HAMMEHOBAHUM):

K, = 2 (1 2) 100% = 87,3%
Yy T12-1 10 0 B0

Croumocts noamunuukos coctasiusger 7000 p u 10000 p, croumocts canbHukoB 15000 p, u
18000 p. Ilpu nmonnHoit ctoumoct uzaenus 100000p ux mons cocrasnser 0,07 (0,1) u 0,15 (0,18)
COOTBETCTBEHHO.

Pacuér ko3 punrenta yHupuKanum ¢ yueToM CTOUMOCTH JieTajel MpH IByX BapUaHTax LIEH:

2
Z Q; = 0,07 + 0,15 = 0,22
i=1

12
K, =—-(1-0,22)-100% = 85,19
y 12_1( ’ ) /0 ) /0
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2
Z Q;=01+0,18=0,28
i=1

Ky = % ' (1 - 0,28) -100% = 78,5%

YBenuuenue ypoBHsi yHupuxauuu 10 100% 3agactyro manonenecoodpazHo. DTO CBSI3aHHO C
TEM, YTO JOCTHKCHUE YPOBHSI BBIIIE ONITUMAIILHOTO, TPUBENET K TEXHUKO-IKOHOMHYECKHM MTOTEPSIM.

A TpH COCTaBIEHHM KapThl yHU(UKAUH NPOOOOTOOPHHKOB MOXHO YBUJETH BBICOKHE
MIOKa3aTeJIM, YTO TOBOPUT O BBICOKOW CTENEHM YHHU(UKALWHU, KOTOpas CHOCOOCTBYET CHUIKEHHIO
3aTpar TpyAa Ha MpPOEKTHpoBaHUE. Tarkke ITO YCKOPSET OCBOGHHE CEPHIHOIO BBITyCKAa HOBBIX
poOOOTOOPHUKOB M CYIECTBEHHO OOJET4aeT PEMOHT, OOCIY)KMBaHHWE M TEXHUYECKOE OO0ydeHHE
KaJIpOB.

JInst TOCTHKeHNMS TIOCTABICHHOH 1eNy ObLIIH MPOaHAIM3UPOBAHBI JINTEPATyPHbIC UICTOYHUKHU U
U3y4eHBl CYNIECTBYIOIIME METOABl CTAaHIAPTH3allMH, B YaCTHOCTH, METOIBI YIOPSAOYCHUS U
yauukanuu. Taxxke ObUIO J€TaNBHO MPOBEIACHO HCCIEIOBAaHUE B pabOTE CHCTEMBI M3TOTOBJIICHHUS
JeTajeil Ha MallMHOCTPOUTEIHLHOM IPOU3BOICTBE. DTO, B CBOIO OUEPElb, IOMOTIIO HAWTH HanboJee
yA3BHMBIE MECTa, MPUMEHHTh K HHUM METOIbl CTaHJAPTHU3ALMH M TEM CaMbIM IIOBBICHTH
3} eKTUBHOCTD KaK CaMOT0 M3JIEJIUs, TaK M IPOU3BO/ICTBA B LIEJIOM.

Tak e ObuTH pa3paboTaHbl PEKOMEHAAIUH 0 YITYYIICHHIO PabOThl CUCTEMbI U3TOTOBJICHUS
AeTayei IJisi MallnHOCTPOUTEIBHOTO MPOU3BO/ICTBA, YTO MO3BOJIUT HEOAHOKPATHO MPUMEHSTh UX B
OyIymieM, TeM CaMbIM MOBBIIIAS YPOBEHb SKOHOMHUECKOH A PEKTUBHOCTH.

OO6o01mas Bce BBIIECKA3aHHOE, MOXKHO CJIENIaTh BHIBOJ O TOM, YTO B IEPBYIO OUYepelb, IS
YITYUIICHUS! TPOU3BOJICTBA M PELICHUS TAKUX BOKHBIX MPOOIIEM, KaK POCT HOMEHKIIATYPBI JIeTajIeh 1
YBEJIMYCHUE CTOMMOCTH TIPOU3BOJCTBA BBIMTYCKACMBIX TPOAYKTOB, HEOOXOIUMO TPUMEHSThH
CYILIECTBYIOIIIMIE METO/bI CTaH/IaPTH3AINH, B OCOOCHHOCTH METO/BI YIOPSI0YCHHS H YHH(PHUKAIHIH.
Hcnonp3yst Takoll MOAXOJ MOXKHO TaKKe€ 3HAYMTENHHO MOBBICUTH KadecTBO U I(P(PEKTUBHOCTDH

IMPOU3BOACTBA B LICIIOM.
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MATHEMATICAL MODELING OF NONLINEAR VIBRATIONS
OF AN UNBOUNDED STRING WITH A MOVING BOUNDARY

One-dimensional systems, the boundaries of which move, are widely used in engineering: ropes
of load-lifting installations [1; 6; 9], flexible gear links [1-3; 5], solid fuel rods [4; 7], drill strings [8;
10], etc. The presence of moving boundaries causes considerable difficulties in describing such
systems.

Until now, the problems of longitudinal-transverse oscillations of objects with moving
boundaries have been solved mainly in a linear formulation, the energy exchange through a moving
boundary and the interaction between longitudinal and transverse oscillations have not been taken
into account [1-5; 8]. In rare cases, the effect of environmental resistance forces was taken into
account [7]. Real technical objects are much more complicated, for example, with an increase in the
intensity of oscillations, the geometric nonlinearities of the object have a great influence on the
oscillatory process.

In connection with the intensive development of numerical methods, it became possible to more
accurately describe complex mathematical models of longitudinal-transverse oscillations of objects
with moving boundaries, taking into account a large number of factors affecting the oscillatory
process.

In this work, a new nonlinear mathematical model of transverse oscillations of an unbounded
string with a moving boundary is formulated, in which the geometric nonlinearity is taken into
account. Boundary conditions are obtained in the case of interaction between the parts of the object
to the left and to the right of the boundary.

The following designations are introduced for the object: p— volumetric mass density; S —is
the cross-sectional area; E — is the modulus of elasticity of the material of the object; &,—is the initial
longitudinal deformation of the object, which creates tension T =Eg,; L(t)— is the length of the
object not deformed in the longitudinal direction to the left of the moving boundary; t €[0,t,]- time.

The moving border consists of rigidly connected rollers and a frame and is equal to M. The

stiffness springK, reacts to the transverse displacement of the roller system. In the longitudinal

direction, there is a rigid connection between the roller system and the frame. There is no slippage
between the rollers and the object, therefore, under the assumption that the longitudinal deformations
are small, the equality takes place L'(t) =V (t).

To characterize the transverse vibrations of the object, we introduce a function U,(X,t) — the

displacement of the points of the object with the coordinate X at the moment of time t.

In [7], a system of differential equations was obtained
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a X xt l"|2x
Psuz,n_sg[(E(m )+lu\/lJJJxJJX]\/UJX ”]

+I (Eu2,xxxx + luu2,xxxxt)+ luZ.t + k0U2 - f (X’t) = O

Border conditions

u,(0,t)=0; u,,(0,t)=0;
uz(Lo’t):O; uz,x(Lo’t)ZO;
d2

mlFul(L(t),t)+pS (uy, (LE®)—=0,t)—u,, (LE)+0,t))L'(t) +

+( ES(yu,. (LO-0)u, (LO-0.t) -1)+

u;, (L) -0,t)u; . (L) -0,t) U, (L(t)-0,t) ~
\/ulx L{®)-0,t)u, (L({t)-0,t) \/uj,X(L(t)—o,t)ujyx(L(t)—o,t)

[ S(Jup (LO+0)u,, (LD +0,t) ~1)+

- ()=0;

U, (L) +0,t)u; (L(t)+0,t) u,, (L(t)+0,t)
JUi (LO+0,)u (L) +0,) | Ju;, (LE)+0,t)u; , (L(t)+0,t)

m, %UZ(L('[),'[) +Elu, o (L) +0,t)+ lu, oo (L(t) +0,t) -

—Elu, . (L) —0,t) — zelu, .o (L(t) —0,t) +k,u, (L(t),t)— F,(t) =0;
u, (L(t)—0,t)=u,(L(t)+0,t);
u,,(L({t)-0,t)=0; u,, (L({t)+01t)=0.
Initial conditions
U, (X,0) =@;(X); U, (X,0) =g,(X).

Let us linearize the system of differential equations.

PSU, . —ESegu,  +Elu, o+ plu, oo + AU, +Ku, — F(X,1) =0; (1)
UZ(O,'[) =0; UZ,XX(O’t) =0; uz('—o’t) =0; u2,x(L0’t) =0; (2)
d 2

m, 7 U (L)1) + El (U (L) +0,t) =y o, (L) -0,1)) +

1] (U (LE) +0,8) Uy o (L(E) = 0,) )+ Ko, (L (1), ) - Fy (t) =0;

)
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u,(L(t)+0,t)=u,(L(t)—0,t);
U, (L(t)+0,t)=0; u,,(L(t)-0,t)=0;

U, (X,0) = ¢, (x); u2,t(X’O) = @,(X). (%)
In problem (1) - (5) we will accept:

1 =0, =0, x=0, k,=0, f(xt)=0, £, -o-

4)

In this case, the vibrations of the string will be described by the wave equation:

pPU, —Egu,,, =0; Xxe(—o0;x). (6)
The initial conditions have the form
U, (X,0)=¢3(x); U, (X,0) =, (X). (7)
From [7], taking into account the smallness U, , we obtain the boundary conditions:

mg—;uz(L(t),t)— pS (U, (L(t) +0,t)—u,, (L(t)-0,t))L'(t) -

—ESé, (u,, (L) +0,t)—u,, (L(t)-0,t))+ku, (L(t).t)=0;
u, (L) +0,t)=u,(L(t)-0,t).

(8)

Thus, a new nonlinear mathematical model of transverse oscillations of an unbounded string
with a moving boundary has been posed, in which the geometric nonlinearity is taken into account.
Boundary conditions are obtained in the case of interaction between the parts of the object to the left
and to the right of the boundary. The resulting model was linearized, while the principle of
homogeneity was observed: in the particular case of small fluctuations, the resulting linear model
coincided with the classical one, which indicates the correctness of the results obtained. The obtained
mathematical models make it possible to describe high-intensity oscillations of systems with moving

boundaries.
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APPLICATION OF THE APPROXIMATE METHOD
OF KANTOROVICH-GALERKIN FOR THE ANALYSIS OF OSCILLATIONS
OF MECHANICAL SYSTEMS WITH MOVING BOUNDARIES

The article considers the resonant characteristics of nonlinear oscillations of a rope with moving
boundaries. The phenomena of resonance and passage through resonance are analyzed. An
approximate method has been developed in relation to taking into account the influence of resistance
forces and viscoelastic properties on the system. This method also allows considering a wider class
of boundary conditions compared to other approximate methods for solving boundary value problems
with moving boundaries. The resonance characteristics of viscoelastic rope with moving boundaries
using the Kantorovich — Galerkin method are examined in the article. The phenomenon of resonance
and steady passage through resonance are analyzed.

One-dimensional systems whose boundaries move are widely used in engineering [1-5]. The
presence of moving boundaries causes considerable difficulties in describing such systems. Exact
methods for solving such problems are limited by the wave equation and relatively simple boundary
conditions. Of the approximate methods, the Kantorovich-Galerkin method described in [5] is the
most efficient. However, this method can also be used in more complex cases. This method makes it
possible to take into account the effect of resistance forces on the system, the viscoelastic properties
of an oscillating object, and also the weak non-stationarity of the boundary conditions.

The paper considers the phenomena of steady-state resonance and passage through resonance
for transverse oscillations of a rope of variable length, taking into account viscoelasticity and damping
forces. Performing transformations similar to transformations [5], an expression is obtained for the
amplitude of oscillations corresponding to the n-th dynamic mode. Expressions are also obtained that
describe the phenomenon of steady state resonance and the phenomenon of passage through
resonance.

The expression that determines the maximum amplitude of oscillations when passing through
the resonance was numerically investigated to the maximum. The dependence of the rope oscillation
amplitude on the boundary velocity, viscoelasticity, and damping forces is analyzed.

The results of numerical studies allow us to draw the following conclusions:

- with a decrease in the velocity of the boundary, viscoelasticity and damping forces, the
amplitude of oscillations increases;

- as the boundary velocity, viscoelasticity and damping forces tend to zero, the oscillation
amplitude tends to infinity;

In conclusion, we note that the above results make it possible to carry out a quantitative analysis
of the steady state resonance and the phenomenon of passage through the resonance for systems

whose oscillations are described by the formulated problem.
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HAXOXJIEHUE HEHTPA MACC B 3AJAYAX PA3JIMYHbBIX TUIIOB

CymecTBoBaHH€e OOJBIIOTO KOJMYECTBA CIIOCOOOB HAXOXKACHHUS IEHTpa MacC Pa3IUYHBIX
buryp maeT BO3MOXKHOCTh HAWTH O0Jiee pallMOHAIBHBIN U yIOOHBIN ISl TaHHOM 3a/1adud aJrOPUTM
pemeHus. Bribop crocob6a BO MHOTOM 3aBHCHT OT IPEIJIOKEHHBIX 3anad. B manHON pabote
paccMOTpeHbl HEKOTOPBIE BUJIBI 3a/1ad ¢ 0OOCHOBAHUEM U NOAPOOHBIM PEIIEHUEM Ha HaXOXKJICHHE
LEHTPA MACC Pa3IMYHBIX pUryp.

Jlsist TOro 4ToOBI ¢ MMOMOIIBIO MOHATHUS IIEHTPa MACC MOIy4aTh MaTeMaTHUYECKH KOPPEKTHBIC
peleHHs FeOMETPUUECKUX 3a]a4, HEOOX0IMMO BBIICHUTH TOUHbIM MareMaTHu4eCcKHi CMBICI JAHHOTO
nousTys [2]. [IpencraBuM cuctemy, COCTOSIIYIO M3 IBYX TO4eK A U B, K KOTOpBIM IIPUKPEIIEHBI
TpYy3bl Pa3IMYHOW MacChl M; U M,. [lycTh 3TH TOUKH COEIMHEHBI MEXIY COOOW CTep)KHEM, Ha

KOTOPOM €CTh TOYKa Z, SIBISIOIIAACA LIEHTPOM MacC, TOrJa PaBEHCTBO Mq;d; = m,d, MOXKHO
— — o — ———d
3anucarb B BUJE: m1|ZA| = mleBl, 10 CBOMCTBY JUIMHBI BEKTOpa HUMEEM |leA| = |mZZB |

— —
CJ'ICI[yeT Y4€CThb, YTO BCKTOP ZA n BCKTOp ZB MPOTHUBOIIOJIOKHO HAIIPAaBJICHBI, TOrAa IIOJYYHUM

BBIPKCHHE mlﬁ = —mzﬁ. [lepenecem Bce B JIEBYIO CTOPOHY:
m,ZA +m,ZB =0 (1)

Wtak, HeHTpoM Macc AByX MaTepUalIbHbIX TOUeK M4 A U M4 B nomkHa ObITh Takasi TOuka Z, JUIs
KOTOpoOH OyneT cripaBeyinBo paBeHcTBO (1).

3a0aua 1. Haiitn uentp macc TpeyroibHuka ABC, ¢ monBeHIEHHBIMH K €ro BepIIMHAM
rpy3amu: m, = 1 rp., my = 3 rp. u m; = 8 rp.

Jlns Hauana HalieM Z g - LEHTP Macc CUCTEMBI, cocTosen u3 Touek A u B ¢ maccamu 1 rp.
u 3 T1p. coorBercTBeHHO. Touka Z,p pa3buBaeT oTpe3ok AB B oTHomeHUH 0OpaTHO

MMpONoOpHUOHAIIBHOM TEM MacCCaM, KOTOPBIC HAXOAATCA B TOYKAX A n B. CocraBum MMPOMOPLUIO:

|ZagAl _ 3
Zagpl — 1 7A€ |ZagAl, | ZygB| - 510 numnsbl oTpeskoB ZugA v ZupB.

OTmeuaeM [aHHOE COOTHOLIEHME Ha 4YepTeke. Zg — LEHTp macc Touek A u B. [lanee
OTIpesieTIsieM KaKyr MacCy KOHIICHTPUPYET NaHHas TOYKa, IS TOTO HEOOXOAMMO CIIOKUTH MacChl
Ipy30B, OABEUIEHHBIX K ToUKaM A u B: myp = my + mp = 1 + 3 = 4 rp. [Ipeanonoxum, 4to Zpc
— HeHTp Macc oTpeska Z,gC, Torna sta Touka sBIseTCs LIEHTPOM Macc BCEro TpeyroibHuka. Halinem

PacCIoJIOKCHUC JTaHHOM TOYKH, IJI 3TOI0 COCTABUM IMPOIMOPILUIO:

|ZapcZapl _ 8 _ 2

|ZapcCl 1

[Momyunnu cootHomenue 2:1. OTmetrum ero Ha yeprexe (puc. 1).
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Puc. 1. Ilentp Macc TpeyroibHUKa

Touka Zypc SBISETCS LEHTPOM MacC HAUIEro TPEyrojdbHHWKa. W Uil N1aHHOW TOYKH

CIpaBeIMBO PaBEHCTBO: ZypgcA + 3Z4pcB + 8Z45:C = 0.

3aoaua 2. YcnoxHseM NpeAblAYyIIyI0 3aJady: pa3BepHEM TPEYrONbHHK, J00ABUM ellle IBE
TOYKH U COCTUHUM HX. Y HAC MONYyYUTCS MATHYTOJIBHUK. by/ieM uckarh MeHTp Macc HOBOU (DUTYPBHI,
J00aBIIsAs KX bl pa3 HOBYIO TOUKY (puc. 2).

Lentp Macc TpeyronpHuka u3zecteH. Haitnem nentp macc aig rouek A, B, C, D. [lns Hauana
Haiinem oOmryro maccy Touek A, B u C: mype = myp + me = 4 + 8 = 12 rp. UtoOs! HaiiTH LEHTP

MacC CUCTEMBI, COCTOHH.[GfI "3 4-X TOUEK COCTaBUM IIPpOINOpLUIO:

|ZABCDZABC| — i — 1
|ZABCDD| 12 4

Teneps HaiijieM IEHTP Macc BCETro MATHYTOJIbHHKA, JUIS 3TOTO OMPEICIHM Maccy Todek A, B,
C u D: mygep = myge + mp = 12 + 3 = 15. I[lpennonoxuMm, 9t0 Zugcpp — UCHTP Macc
MSATHUYTOJILHUKA, YTOOBI HAUTH €r0 PaCIIOIOKEHHE COCTABUM TPOTIOPIIUIO M OTMETUM JIaHHYIO TOUKY
Ha yeprexe (puc.2):

|ZapcpeZapep|l 5

|ZugepgEl 15 3

Puc. 2. Llentp Macc NATHYTOJIbHHUKA
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Touka Z4pcpg ABISETCS LIGHTPOM MAcC HAILIETO MATUYTOJbHUKA, 0003HaYUM 4epe3 Z = Z,pcpE
MCKOMBIH IIEHTP Macchl Bceil purypsl. U 11si JaHHOW TOYKH CIIPABEIIMBO PABEHCTBO: ZA +37ZB +
8ZC + 3ZD + 5ZE = 0.

Paccmorpum 3amaum apyroro tuma. YToObl MX pPELUINTh BOCHONb3YyeMCS KOOPIWHATHBIM
METOJIOM.

3aoaua 3. HaliTu KOOpMHATHI IEHTPa Macc (GUTYPBI, UMEIOIICH Cenyronue 3HadeHus: AD =
6 cM, KD =8 cM, AB = GK = 2 cMm (puc. 3).
yA G K

Cl XC 2
F

’
\
~ ’
o -7 i f \
//é-. 1/ \
- \\J/ \
E

Y

D

Puc. 3. Ueprex k 3amaue 3

Pewenue. Paznenum nannyro ¢urypy nuaueit FE Ha nBa npsmoyronbauka ABFE v GKDE,
LIEHTPbI MACC KOTOPBIX JIEKAT HA IEPECEUEHUN COOTBETCTBYIOUIUX IUArOHAJICH.
3anwumeM GopMyITBI IS KOOPJIUHAT X, U Y, IICHTPa MacC MePeCeUeHUsI:
2 x;S; %181+ %25,

Xc

XS S +S,
_ 2 ViS; _ Y151 + 25,
Ye TN T Si+s,

TI€ X1,Y1 U X, Y, — KOOPJAUHATHI LICHTPOB Macc npsiMoyronbHukoB ABFE v GKDE, a S; u S,
— mromaau npsimoyroibaukoB ABFE v GKDE.
Haiinem koopanHATHI IEHTpa Macc U IJIOAAb npsiMoyroibHuka ABFE:

AD —GK 6-—2 A 2
Bn=———=—"F—=2(m);yy=—=5=1(m);

S, =AB-(AD —GK) =2 (6 — 2) = 8 (cM?).

CremoBarensHO, KOOpAWHATHI IIeHTpa Macc C; npsimoyronbuuka ABFE: C,(2; 1).

Janee HaiiieM KOOpAMHATHI [IEHTPa MacC U IOk npsimoyroibHuka GKDE':

AD +AE  AD + (AD — GK) 6+ (6 —2)
A 2 -T2
KD 8
y2=7=§
S,=GK-KD =2-8 =16 (cM?).

CrenoBarensHo, KOOpAMHATHI IIeHTpa Macc C, npsmoyroibauka GKDE: C,(5; 4).

=5 (cm);

=4 (cm);

Torga MOXXHO HalTH KOOPAUHATHI HCHTPA MaccC HUCXOJIHOM (bI/II‘ypBI.
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_x151+x252_2'8+5'16_96

= =—=4 ;
X = T8 1S, s§+16 24 Tl
_y]_S]_‘l'yzSz_1'8+4'16_72_3( )
Y=g +s,  8+16 24 M

Takum 00pa3om, MbI IOJTy4aeM KOOPAMHATHI TOUKH eHTp Macca C(4; 3).

Omeem: x, = 4 cM, y, = 3 CM.

Puc. 4. JIsyTaBp

3aoaua 4. HaliTi 1ieHTp Macc AByTaBpa, CTaHAAPTHOTO MPO(pUIIS KOHCTPYKTUBHBIX JIEMEHTOB
13 4EPHOro MpoKaTa WK JAepeBa, UMEIOLIMN cedeHue, onuskoe 1o gpopme k 0ykse «H» (puc. 4), eciu
AB = NP =30cM, GK = 25 cm, AE = LK = MN = 8 cM (puc. 5).

Pewenue. Tak xak GopMa ce4eHUs IMEET OCh CUMMETPHUH, 0Cb OX HY)KHO HAllPaBUThH BJIOJIb
OCH CUMMETpPHH, a 0Cb 0y NEPIEHAUKYISAPHO €.

B cuny cumMmMeTpuyHOCTH poduiIs OTHOCUTENIBHO ocu OX LEHTp Macc OyAeT jexaTb Ha 3TOH
ocH, To ecth Yy, = 0.

[Mogemum nipodwts ¢ nomonisio TuaU MN 1 OP Ha Tpu npsmoyroibauka ABDE, MOPN n

FGKL.
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Puc. 5. Yeprex k 3anaue 4

3anuiem GopMylly HaXOKACHUS aOCIIMCCHI IIEHTPa Mace X'
Yx;S; xS+ x5, + x353
TXS T S+ S5+,
TJ€ X1, X3,X3 — KOOPJMHATHI LIEHTPOB Macc npsimoyronbHukoB ABDE, MOPN u FGKL, a

Xc

S1, 82,83 — mnomanu npsimoyroinbHukoB ABDE, MOPN u FGKL.

Tak Kak HEHTPHI Macc NpsIMOYToJIbHUKOB Cy, C, U C3 JexaTr Ha MepEeCEYCHUN UX TUaroHajien,

TO MOXXHO JICTKO BBIYUCIINTDh UX a6cunccr,1:
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xy =0C; =4cm; x, =00, =23 cm; x3 = 0C3 = 42 cm.
Jlanee HaiiieM ILIOIIAIN JAHHBIX PSMOYIOJIbHUKOB.
S; = AB - AE =30 -8 = 240 (cm?);
S, = MN - NP = 8-30 = 240 (cMm?);
S; =LK - GK = 8-25 =200 (cm?).
Teneps, Korna Bce HYKHBIC BEIMYUHBI U3BECTHBI, MOKEM TIOJICTABUTH B HCXOIHYIO (OPMYITY H

HaWTH LIEHTP Macc (QUTYPBI.
X181 + x5, +x3S53  4-240+ 23-240 + 42 - 200 15
X = = = 21— (cm).
S1+S,+5; 240 + 240 + 200 17

Takum 00pa3zom, eHTp Macc GUrypsl OyaeT aexars B Touke C (21 i—i; 0).

Omeem: x, = 211—: c™, Yy, = 0.

3a1aum TaKOTO THUIIA AKTYaJIbHBI B pa3IMUHBIX o0nacTsax. Tak, Hanpumep, 3a1a4u 1 1 2 moMoryt
CMOJICIUPOBATh  PA3JIMUYHbIE OOBEKTHI OKpyXaromed cpensl. [IpuMepoM MOXKET CIYy)KUTb
MPOEKTHUPOBAHNE ABTOMOOWJICH, BeAb B HUX BA)XKHO 3HATh, TAE PACIIOJIOKEH LIEHTP MAacc, MHaue
aBTOMOOMJIb MPOCTO NepeBepHeTcs. PaccmarpuBas 3amaun 3 U 4, MOKHO CKa3aTb O 3HAUUMOCTH
HaXOXJIEHUsl LIEHTpa Macc B Takoil ¢urype, kak JIBYTaBpOBBIH mpoduib (6anka), Tak Kak €ro
MIPUMEHEHHE B CTPOUTEIBCTBE OYEHB BaXKHO, 3TO K€ MOXKHO M CKa3aTh 00 YrOJIbHHUKE, HCIIOIB3yEMOM

B YEPUCHHH, B pabOTE CTOJISIPOB U Cliecapeil 1 BO MHOTHX JIPYTUX 3agadax mogoonoro tuma [1-3].

JInteparypa
1. bank M.b. Teomerpuyeckue NPUIOKEHUS TMOHIATUS O LEHTPE TKECTH. M.:
TocynmapcTBeHHOE M3/1aTENBCTBO (PU3UKO-MaTeMaTHIecKon tutepatypsl, 1959. 230 c.
2. I'amkos C.b. Ilentp TskecTn u reomerpust. M.: MITHMO, 2015. 64 c.
3. Yepnoynan A. 3agaguu Ha 1ieHTp Macc // KBanT. 1996. Ne 2. C. 43-45.

© Jlocesa A.B., ABeprsnoBa W.I"., [Tokopuas W.10., 2022
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YIIPYTUHA VIAP ITIPA KOHTPOJIE KAYECTBA MATEPHUAJIA

HanexHoCTh U TONTOBEYHOCTh MEXaHU3MOB, KOHCTPYKIIUNA, MPUOOPOB | T.I. 00eCIeunBaeTCs
B 3HAUUTEJIBHON CTENICHU TEM, YTO MaTepHaIbl U CaMHi OOBEKTHI B IIEJIOM TOABEPTAIOTCS KOHTPOIIO
Ha BCEX JTallax H3TOTOBJIEHUSA M JKCIUlyaranuu. B Xoxe mpou3BOACTBEHHO-3KCILTyaTAlMOHHBIX
MPOIIECCOB  TEXHUYECKOE COCTOSHHUE JIO00OTO COOpYKEHHsI TpeOyeT peryasipHOM OIEHKH.
Hepaspymarommii MeTon Mo3BOJIIET MPOBOAUTH OIEHOYHBIE MEpPONpPHUATHS 0€3 MPHUOCTAHOBKH,
JIEMOHTaxa M oTOopa 00pa3IoB, KOTOPBIE CTOSAT JOCTATOYHO MOpOro. HekoTophie BUIBI KOHTPOJIS
3a9acTyI0 CIIOCOOHBI IIPUBECTH K Pa3pyIICHUIO MaTePHAIOB. MeTo/ yIpyroro OTCKOKa He IPHBOIHT
K TI00albHBIM HM3MEHEHHMSIM CBOICTB KOHTPOJIMPYEMBIX W3JEIHM, SBISETCS OE3BpEAHBIM I10
OTHOIIICHUIO K ONepaTropy, MPOBOAAILIEMY KOHTPOIb, U HE TpeOyeT MPUMEHEHHs CIelUaTIbHOro
CIIOHOTO 00OpyHOBaHMS. AKTyaJbHOW 3a/laueil SIBISICTCS W3YYEeHHE yhaapa MpH HCIBITAHUU
MarepuajioB g COBEPUICHCTBOBAHUSA HEPA3pyLIAKOIIUX METOJ0B M YBEIMYEHUS TOYHOCTH
noka3anuil. Llenb ucciaenoBaHus - BRISICHUTD CYIIECTBYET JIU 3aBUCUMOCTh Mex 1y Kodhduirenrom
BOCCTAHOBJICHUS M JieeKTaMHu B Marepuaje, IpoaHaIn3uPOBaTh TOUHOCTh U3MEPCHHUI TTPH Pa3HbIX
Marepuaiax Oolika m oOpasma. MeToj ynpyroro OTCKOKA 3aKJIIOYAeTCs B M3MEPEHUU BEITHYHHBI
0o0paTHOTO OTCKOKa yAapHHKa MPH COYAApPEHHH C MOBEPXHOCThIO Marepuaina. CKOpOCTh OTCKOKa
Oolika MpH yaape Mo KOHTPOIUPYEMOMY MaTepHany 3aBUCHUT OT MHOTHUX (aKTOPOB: TIOTHOCTH,
OJTHOPOJAHOCTH CTPYKTYpPhI WJIM HAJIMYUS B HEW HECIIOIIHOCTEN, TPOYHOCTH U IPYTUX CBOMCTB [1].

3a BpeMs yziapa TBEP/ABIX Tel B MECTE€ MX KOHTAKTa BOZHHUKAIOT YIPYTHe BOJHBI Iedopmariuii,
KOTOPBIE OTPAXKAIOTCS OT CBOOOIHBIX MOBEPXHOCTEH, OKa3bIBasi BIUSHUE HA BEJIUYHHY CKOPOCTH
oTckoKka Ooiika. [loBbIllIEeHHME KOHTAaKTHOW MPOYHOCTHU OOifKa 3a CYET MPUMEHEHHs YIYyYIIEHHBIX
CTaJIel M HOBBIX MarepHvasoB MO3BOJSAET B HACTOALIEE BPEMs MOBBICUTH CKOPOCTH yaapa Becbma
He3HauuTenbHO. [l yBenuueHus nHGOPMaTUBHOCTH U3MEPEHUN MOXKHO MCTIONh30BaTh YAApHHUK, B
KOTOPOM MPHU KaKJIOM €r0 OTCKOKE MTPOUCXOAUT HECKOJIBKO YapoB I1apa-00ifka Mpu B3auMOICHCTBUI
C HCIBITYEMOM ITOBEPXHOCTBIO, T.€. IPOMCXOAMUT KBa3UIUIACTHUECKHM ynmap. [lid mnosydeHus
MHOTOKPATHBIX yIapoB OoiKa-mapa MpU OJHOM OTCKOKE yHapHHKa OBLJIO MPEIJIOKEHO yIapHOe
YCTPOUCTBO C U3MEPUTETHLHBIM KOJBIIEBHIM MAarHUTOM JTsI OTIpeIesieHUs 1e(hEeKTOB.

AHanmM3 DJKCHEPUMEHTAJIBHBIX JaHHBIX, monydeHHbIX B OMI'TY ¢ momompo gaHHOTO
o0opynoBaHus, MOKa3aja, YTO YTO JUIsi KOHTPOJS KadecTBa Pa3IMYHBIX MaTepUajoB CIEIyeT
MPUMEHITh OONKM TMJIOTHOCThIO ONMM3KOM K TUIOTHOCTH HCIBITYeMOTO Marepuana. Tak Kak
HauOoJIbIIass YyBCTBUTEIHHOCTh OOWKa MOJIy4eHa Tam, TJE €ro YIAeIbHBI BEC MPUONIKEH K
yaenpHOMY Becy oOpasma [2].

Taxke 3aMeTHiIM, YTO BEIMYMHA OTCKOKA 3aBUCUT U OT TOTO, KaK PACIOJIOKEHBI Je(eKThI

OTHOCUTEJIbHO KOHTAKTHOM 30HbI O0lKa HHCTPYMEHTA M MOBEPXHOCTH o0bekTa (Tabi. 1). B obpasue

B ITOJIOKCHHUH, KOTAa ITOJIOCTH OJIMIKe K 30HE KOHTaKTa, CKOpPOCTb OTCKOKa MCHBIIC.
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Tabnuma 1
Pe3yabTaT nepBoro 3xcrnepuMeHTa, nojgydeHusiii B OmMI'TY
OOBEKT KOHTPOJIS Hanmuue Io3urust KOHTpOISL CpenHee 3HaueHNE
MTOJIOCTEH BEJIMYHHBI CKOPOCTH
OTCKOKa,
MPONOPLUOHATEHON
HaNpsHKEHHUIO
nmatarka AU (AUO),
MB
oOpa3zell u3 craiau + MOJIOCTH CBEPXy BOJMU3UM OT MecTa 127
yhapa
oOpa3zer u3 cTaian + MIOJIOCTH CHU3Y B YOAJIEHWH OT MecTa 158
yAapa
oOpa3serl u3 cTaau - BBIOpaHHasl MOBEPXHOCTh 197
oOpa3zer u3 OeToHa (JIeTKui) + MIOJIOCTH CHU3Y B YIOAJICHWU OT MeCTa 52
yhapa
oOpa3zer u3 OeToHa (JIerKuil) - BBIOpaHHas! MOBEPXHOCTh 70
Tabnuna 2
Pe3ysibTaT BTOPOro 3KciepuMeHTa, NoJay4yeHHbiid B OMI'TY
O0pas3er CTaIbHOM LIEIBIN O06paser cTabHOM ¢ HedeKTaMu
Ne Bennunna oTckoka, M Ne Bennunna otckoka, M
1 120 1 122
2 124 2 120
3 130 3 121
4 130 4 122
5 130 5 123
6 130 6 120
7 130 7 123
8 140 8 130
9 140 9 132
10 140 10 123

W3 monmy4yeHHBIX JaHHBIX HalUIM KO3 UIMEHT BoccTaHOBIEHUs (Tabia. 3) M 3aMeTHIIH, 4TO
IpU HATMYUU JePEeKTOB B Marepuajne Kod(p(UIMEHT BOCCTAHOBJIEHUS yMmeHbuIaercs (puc.). U3
yuebHOoro kypca «Teopermyeckas MEXaHHKa» HaM HW3BECTHO, YTO KOA(P(GHUIMEHT aOCOIIOTHO
YIIPYTOTo Tena u abCOMIOTHO HEynpyroro paseH 1 u 0 COOTBETCTBEHHO. 3HAYHUT NMPH yMEHBIICHUH

KOB(I)(l)I/II_II/ICHTa BOCCTAHOBJICHUA YMCHBIIACTCA YIIPYTOCThb TCJIA.

Tabnuma 3
Koy dpunneHnt BoccTaHOB/IEHUS U3y4aeMbIX 00pa31oB
O06pa3zen cTabHOM eI Obpaszen cranbHOH ¢ gedekTamMu
Ne Bennunnaa oTckoka, M Ne Bemmuuna oTcKOKa, M

0,387
0,394 0,387
0,403 0,389

1 1 0,390
2 2
3 3
4 0,403 4 0,390
5 5
6 6

0,403 0,392
0,403 0,387
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O0pa3zen cTaTbHOM LEJbIH Obpaszen cTanbHOH ¢ gedeKkTamu
Ne Benuuuna otckoka, m Ne Bennunna oTckoka, M
7 0,403 7 0,392
8 0,418 8 0,403
9 0,418 9 0,406
10 0,418 10 0,392
0,425 -
0,42 0,418 0,418 0,418

0,415

0,41

0,406

0,405

0,4
0,395

0,39

0,385
0,38
0,375

0,37

1 2 3 4 5 6 7 8 9 10
—e— CbpazeL, Lenblid 0,387 0,394 0,403 0,403 0,403 0,403 0,403 0,418 0,418 0,418
=== Dbpazew ¢ gedentamm 0,39 0,387 0,389 0,39 0,392 0,387 0,392 0,403 0,406 0,392

—a—(bpazey yenoit  =e=06pasey c gedekramn

Puc. KoagdunmeHnt BoccTaHOBICHUS H3y4aeMbIX 00pa3loB

[Ipu koHCTpyHMpOBaHUU MPUOOPOB, OCHOBAHHBIX HA ylape, MPeXIe BCEro, CTaBUTCA 3ajaya
YBEJIMYUTh CKOpOCTH yaapa Ten. CienoBareiabHO, ONpeNieieHre MapaMeTpoB yaapa, B YaCTHOCTHU
K03 UIIMEHTa BOCCTAHOBJICHHUSI, a 3HAUUT, CKOPOCTEH B3aUMOJICUCTBYIOIIUX TEJI JI0 U MOCIe yaapa,
MO3BOJIIET TOYHEE pacCuMTaTh AMHAMUKY IMKIA pPa0OTHl yHapHBIX MaIllWH, T.K. KaKIbIH
MOCJEAYIOMUNA UK 3aBUCUT OT CKOPOCTEH M KUHETUYECKUX HHEPTryid, OCTABIIMXCA OT HX
MIPEIIIECTBYIOLIETO MEPHOAA.

B xome paboThl ObLTM M3y4eHBI METOJ| YIMPYrOro OTCKOKa M €ro WH(OPMATHUBHOCTH IMPHU
M3YyYeHUHU KauecTBa MarepHalia, BHIIIOIHEH aHallu3 W3MeHEeHUs! Kod(h(uUIlMeHTa BOCCTAHOBICHHUS OT
Hainuuus mnosnocteil B oOpasuax. IlpomenaHHoe wuccienoBaHHe MO3BOJSET CAENIATh CIEAYIOLIUE
BBIBOJIbL:

METOJI YIPYrOro OTCKOKa SIBISETCS HauOoJee MPOCTHIM B HCIIOIHEHWHU, HE JOPOTUM, HE
TpeOYyIOINM CIEIUaTbHON OJTOTOBKH OTIepaTopa;

BEJIMUYMHA OTCKOKA 3aBHCHUT HE TOJIBKO OT AE(PEKTOB B Marepuase, HoO U OT UX MECTOIOJIOKEHUS
B KOHCTPYKIIMH;

K03(pPHUIIMEHT BOCCTAHOBIECHHS y OOPA3IOB C HAPYIICHHEM CTPYKTYpPhl MEHbINIE, YeM Y
00pa3IoB TOTO K& MaTepuana, Ho 6e3 CTPYKTYPHBIX U3MEHEHUN;

IIpU YCJIOBUM MCIIONIB30BAHUS PA3IUYHBIX MaTepUajioB Al Ooiika M KOHCTPYKLUHH CaMoOro

YCTPOfICTBa SHAYUTCIBbHO ITOBBICUTH I/IH(l)OpMaTI/IBHOCTL OTCKOKa, a, CJI€JOBaTcJIbHO, Ka4dyC€CTBO

KOHTPOJIS.
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1. Tonmpnecmur B.A. VYmap // Teopus u ¢usndeckue CBOHCTBA coygapseMbIx Tel. M.:
Crpoiinzpaar, 1965. c. 333-344
2. CruxanoBckuil b.H., YUepnoBa E.C. YnapHoe ycTpOHCTBO ¢ M3MEPUTEIBHBIM KOJIBLIEBBIM

MarHuToM Juig onpenenenus aedexros. Omck: M3n-so OMI'TY, 2015. 46 c.
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IKCHHEPUMEHTAJIBHOE ITOATBEPKIAEHUE TUPDY3UU

enpto paHHOW paOOTHI SBISETCA pacHIUPUTh 3HaHUS O JaudPy3ur, TOATBEPAUTH
TeopeTHyecKkue (HakThl OMBITHBIM MyTeM, 0OOOIIMTH BCE MOJIYYCHHBIM 3HAHHS W CIENIaTh BBIBOJ.
[Ipexxae Bcero, xoTenock Obl HaYaTh ¢ onpeneneHus Aupdyszun. Auddy3us — 3T0 TPOHUKHOBEHHE
MOJIEKYJI OJTHOTO BEIECTBAa B MPOMEXYTKH MexIy monekymamu npyroro (https://clck.ru/ehecw).
Taxoke 3TO SBJICHUE MOXET NPOTEKaTh B TpexX (hazax: MKHIKOM, TBEPJIOM M Ta3000pa3HOM Teax.
JaBaiite Oosiee monpoOHO MOroBopuM O Kaxaoi daze. Haunem, ¢ muddysun B razax. Campim
MPOCTBIM TIPUMEPOM OYIIET CIYKHTh apoMaThdeckas cBeda. Eciau MbI 3a%0KeM €€ B OJJHOW YacTh
KOMHATBI, TO CITYCTSI BpeMsl 3armax OyJeT YyBCTBOBAThCs 10 BCEl KOMHATE (OH pacIpOCTPAHHUTCS TI0
BCEMY TOMeIeHu0). [IpoucxomuT 3To Mo TOW NMPUYMHE, YTO ra3bl, KAK M BCE TeJa, COCTOAT U3

MOJIEKYJ, KOTOPbIE MOCTOSIHHO MPeOBIBAIOT B Xa0THUECKOM JBHxkeHuu (puc. 1) [1].
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Puc. 1. [IBmxeHue MOJIEKyI

Hanpasnenue nuddys3un onpenensercs MpaBUioM: KOMIOHEHT CMECH CTPEMHTCSI 3allOJIHUTh
Ty YacThb MPOCTPAHCTBA, TJI€ €r0 KOHIICHTpAIMs MeHbIe. TeM caMbIM, CHCTEMa HaXOIUTCS B
paBHOBecuu. [lanee paccmoTpum auddys3uto B TBepAoM Tene. Eciu BO3bMEM IUIACTUHBI Pa3HBIX
METaJIOB U 32KMEM UX TOJ] IPECCOM, TO MEXIYy HUMHU HauHeTcs AudQy3us; yepe3 HeCKOIbKO JIeT
oOpa3yeTrcsi CIOH CMEIIAaHHOTO BeHIeCTBAa (TONIIMHA COCTABUT MPUOTUZUTEIHHO MUJUIUMETD).
JlaHHBIN MPOIECC MOXKHO YCKOPUTD, €CITU TIOMECTUTh IUIACTUHBI B Meub. J{Js1 HArsAHOCTH MOXKHO
B35Th METAJUIBI PA3HOTO I[BETA, HAITpUMeED, 30710T0 U cBuHEI (puc. 2) (https://clck.ru/eheeR).

W naxonen, iuddy3us B )KUIKOCTAX. 3MECH MOKHO B3STh B IPUMEP, PACTBOPEHHE caxapa B uae
(puc. 3) [1]. MsI »TO HabmIONaeM Ka)Abli JACHb U HE 33yMBIBAIHCH O TOM, YTO 3TO (PU3UUECKUI
npouecc. Xorenoch Obl elle OTMETUTh, YTO CKOPOCTh AU(@y3un Bo3pacTaeT NpHU yBETUYEHHUH
TeMriepatypsl. [IpoBeneM onbIT, BO3bMEM PacTBOP, KOTOPBIN OKpaIlieH B ToJy00# 1[BET U BOAY (pHC.
4)[1].

W3HaganbHO MBI YETKO BHJIUM TPaHUIY MEKIY YHCTOW BOIOW M roayObIM pacTBopoM. Jlanee
TpaHMIla Pa3MBIBAETCS B TEYCHHH HEKOTOPOTO BPEMEHH W B TIOCIEACTBHE BOAA IOJHOCTHIO
OKpAaIIMBAETCSl B TOIYOOBATHIN IBET (BCE PAaBHOMEPHO OKPACHIIOCH). MOXKHO clienarh BBIBOJI, UTO

MOJICKYJIBI BOJAbI CMCIIAJIMCh C MOJICKYJIaMU FOJIy6OFO pacTBOpa B PEIYIbTATC XAOTHUYCCKOI'O

JIBVOKCHUS.
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3onoro
Cauner|

Puc. 2. Incddysus B TBepaoM Teie Puc. 3. PactBopenue caxapa

Puc. 4. Iuddy3us B KUAKOCTAX

OcHoBHO#H 3ak0H MU GY3UN GOPMYITUPYETCS CIEAYIOIUM 00pa3oM:
[Ipy Hanuuuu pa3sHOCTH KOHIIEHTPALMU ra3a B Ppa3HbIX ydacTKax 00bEMa BO3HHUKAeT
TG PY3MOHHOM MOTOK, KOTOPBIN MPUBOANT K YMEHBIICHUIO Pa3HOCTH.
Takoke 3TOT 3aKOH, Ha3bIiBaeTCs 3aKOHOM Drika. Ero MOXkHO 3anucars B CIEAYIOLIEM BUE:
j = —D - gradn,,
rae j — nuddy3noHHBI 1MOoTOK; n0 - HavambHas ero KOHIeHTpamus; grad — TpaaueHT
(muddepenanbHbIN oneparop).
Koappunment nuddy3un BeicuuThIBaeTCs 10 GopMmysie:
D= % u-a,
7€ U — CPEeIHsSt CKOPOCTh MOJIEKYII Ta3a; A — CpeIHUil MPOOET MOJIEKYIT ra3a.
IlogBozas UTOr BBINIECKA3aHHOMY, MOXKHO CJIENIaTh BBIBOA, 4TO AU((y3Hs NPUCYTCTBYET BO
BCEX acleKkTax Hamed ku3Hu. Ilpmumna nuddysun 3akmrodaercs B O€COpSIOYHOM JBHKEHHUU
MoJiekyll. CKopocTh AU Qy3uH 3aBUCUT OT arperaTHoro coctostuud. J{uddysus ObIcTpo MpoTeKaeT B
ra3ax, MeJICHHee B JKUJKUX M OYEHb MEUIEHHO B TBepablx Tenax. Ilpomecc auddysun mMoxxHO
YCKOPUTH ITYTEM IOBBIIIEHUS TEMIIEPATYPbI; YMEHBILIEHUS BSI3KOCTH CPEJIbl; YMEHBIICHUS Pa3MEPOB
YaCTHII.
JIuteparypa
1. ITomos I1.B. uddysus. M.: MOTU, 2016. 94 c.
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Ioneas C.A.
Psa3anckuii rocynapcrBenHslil yausepeuteT umenu C.A. Ecenuna
I. Pa3anb, Poccus

COCTOsIHUA PABHOBECHA I[I/IHAMI/I‘{ECKOI?'IvMOI[EJII/I THHA COJI0Y
C MOANLIUPOBAHHOHU MPOU3BOACTBEHHOU ®YHKIUEN AJIJIEHA
N KOHKYPEHIIUEU 3A PECYPC PABOYUX MECT

PaccmarpuBaeTcs AuHaMuyeckasi OJHOCEKTOPHAs MOIeTb SKOHOMUKH Tumia Cooy Buaa
K =—uK + aF (K, L),
L=vL(1—%), =
rae K — kanutain, L — Tpya, 4 — HOpMa aMOpPTHU3alliH, & — OISl HAIMOHAILHOTO I0X0/a, U TyIast
Ha yBenuueHwe kanurtana, a,i € (0,1); v — temn pocra pecypca «rpym», v € (—1,1), M —
MaKCHUMaJlbHasi YHCJICHHOCTh HACeJeHHs B peruoHe. B kauecTBe MPOU3BOACTBEHHON (DYHKIIUU
BbIOpana Qynkius Amtena F = agKL —a,K? —a,l?, thne aq,a;,d, — TONOKUTEIbHBIE
ko3¢ ¢unmentsi [1, c. 105; 2. c. 76].
Hus ¢yskmuit K(t) w L(t) 3amagum MHOXECTBO A, Ha KOTOpPOM 3TH (QYHKIHHA OyIyT
OIIpE/IEIICHBI
A= {(K,L):aoKL — a,K* — a,l* > 0,K = 0,L = 0,K € R,L € R}. (2)
C SKOHOMHMYECKOH TOUKM 3peHus orpaHuueHus (2) oOyCIOBIEHBI TEM, YTO YHCIEHHOCTb
HACENICHHsI, WMEIOIIMECs B HAIWYAHM AaKTUBBI W OOBEM MPOHM3BOACTBA MOTYT OBITH TOJBKO
HEOTPHUIATeILHBIMI BeIMUMHAMU. BBIT MpoBenEH KadyeCcTBEHHBIM aHAN3 CUCTeMBI (1), cocTosTImii
U3 CIEAYIOIIMUX 3TAIOB:
1) npoBepka BBITIOTHEHHSI /151 BRIOpaHHON QyHKIUU F CBONCTB MPOM3BOACTBEHHBIX (DYHKIINI
(I1D);
2) mogudukanus GyHkiuH F (OpU HEBBIONHEHHMH HEKOTOPBIX M3 CBOMCTB) TakK, YTOOBI
BBIIOJIHSIINCH BCce cBoiicTBa I1D;
3) MOUCK COCTOSIHUI PAaBHOBECHSI CHCTEMBI,
4) oT6Op COCTOSHUIT paBHOBECHS,;
5) onpeneneHue THIA YCTOWYUBOCTH B KXKIOM M3 OTOOPaHHBIX COCTOSIHUHN paBHOBecus [3, C.
5].
1. Ilposepka evinoanenus ona pyukyuu F ceovicme I1D.
1.F(0,0) =F(0,L) =F(K,0) =0 (nmpu paBeHCTBE HYJIO OIHOTO WIH Cpa3y IBYX
apryMeHToB, QyHKIHs oOpamiaercs B HOJb). C 5KOHOMUYECKOH TOUKU 3pEHUs 3TO O3HAYAEeT, 4yTo 0e3
PECypcoB HET BBINTyCKa MPOAYKIIUH.
[Tposepum, moactaBuB (0 B KauecTBE apryMeHTOB (DYHKITUU
F(0,0) =0,F(0,L) = —a,L? F(K,0) = —a, K2
Ouesuno, uro F(0,L) # 0 u F(0,K) # 0, mosromy cBoiictBo 1. must GpyHKImu AJuieHa B

TEKYIIEM BU/JIC HC BBIIIOJIHACTCA.
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2K>0L>0 = — > 0, oL >0 (pyHKIIMST MOHOTOHHO BO3pacTaeT Mo KaXIOMY

aprymenty). Takum 06pa30M, IIpY YBEIUMYECHHUH 3aTpaT OQHOIO pecypca NP HEM3MEHHBIX 3aTpaTax
Apyroro, 00bEM BbIITyCKa BO3pacTaerT.

[IpoBepuM BBHINIOJTHEHHE CBOWCTBA, HAWIs MPOM3BOJAHBIE (PYHKIMHM AJIJIEHa U TOACTaBHUB
ITOJIOKHUTCIIBHBIC 3HAUYCHU A apr yMeHTOB

oF oF aolL oF aOL
0_K= aOL—ZalK,a—K>0an/IKE [0,g>,npn 6K<OHpHK> 2a;
oF F oF agK
ﬁ=aol{—2a2 6K>0HpHLE[0 )HpH0K<0HpHL>2_az

Bersicaum, sisiercs nmu [ Annena MOHOTOHHOM Ha MHOXecTBe A. JIjis 3TOro moacraBUM

IMOCJICA0BATCIIbHO TOYKH, B KOTOPBIX IMTPOMU3BOJHAA MCHACT 3HAK.

aolL ao’l?  ay’L?
F(LL): 0 0

- azLZ = _asz < 0,

2a,’ 2a, 2a,
agk\ ay’K? ay2K?
F(K y ) @ K?-—2— =_gK’<0.
2a, 2a, 2a,

o agl agK
Hcxons u3 yenosuii (2) 3aqaHus MHOXKECTBA A, OUEBMIHO, YTO TOUKH (i, L) " (K , %) HE
1 2

NPUHAISKAT MHOXKECTBY, HAa KOTOpPOM Oblla OINpe/eicHa IPOU3BOJACTBEHHAS (QYHKIUS, a
clieioBaTeNbHO, (DyHKIUS AJieHa SBISIETCS MOHOTOHHO BO3pACTaloIIe Ha Bcell oOmactu
OIPECIICHUS.

3. K>0L>0= m <0, ﬁ < 0 (mpousBoAcTBeHHass (YHKIUS SBISETCS BBITYKION

BBepX). JlaHHOE CBOMCTBO OTpa)kaeT TaK Ha3blBaeMblii «3akoH YObIBaromend 3(dekTUBHOCTH

MIPOU3BOJICTBAY», TO €CTh OOBEM BBIITYCKAEMOW MPOAYKIIMU Ha KaXKIyI0 JOMOTHUTEIbHYIO €AUHUILY
peCypcoB CHHUKAETCH.

Berunciaum BTOPBIC ITPOU3BOAHBIC (bYHKI_II/II/I Annena

0%F  0(aol — 2a,K 0%F  9d(aoK — 2a,L
_ 24 1)=—2a1<0, _ 2 2)=—2a2<0.
0K? 0K aL? oL
CBOMCTBO 3 0JIHO3HAYHO BBIMOJIHSAETCS.
d%F d%F
4 K>0L>0 = oL = 0, 210K = 0. Ilpu yBenuueHum 3arpaT OJHOTO U3 PECYPCOB NpU

HEU3MEHHOM 00BEME PYroro, MpeAenbHas OJE3HOCTh MOCIETHETO BO3PACTAET.
Haiiném cMemanubie mpou3BoaHbIe QYHKIINKA AJIICHA
0°F _ d(aol —2a,K) 0%F  0(aoK — 2a,L)
KL ar 2”0 kT T o
CBOWCTBO 4 Tak)Ke OJTHO3HAYHO BBITIOTHSIETCS.

=a0>0.

5. ymeR F(mK,mL) =mPF(K,L) (byHKIMs SsBISETCS OMIHOPOIAHOM moOpsaka p). B
SKOHOMHKE BEJIMYMHY P HA3BIBAIOT OTa4Yell OT Maciirtaba Ipou3BOJICTRA.

Haiiném 3nauenue F(mK, mL)
F(mK,mL) = aymKmL — a;(mK)? — a,(mL)? = m?(aoKL — a,K? — a,L?) = m?F(K, L).

Takum 06pa3om, mokazaHo, 4YTo GyHKIKS AJUICHA SBISETCS OAHOPOIHONW (PYHKIIMEH MOpsIKa
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2. Mooughuxayus ¢hynkyuu Annena c yeivio noiHo2o eé coomeemcmasus ceoucmeam 1-5
Kak ObUI0 ycTaHOBIJIEHO BbIIIE, /Ui (GYHKIUU AJUIEHA B MCXOIHOM BHJEC HE BBIOJIHSICTCS
cBoiicTBO 1. Ompenenum Npou3BOACTBEHHYIO (QYHKITHIO CIISAYIOMUM 00pa3oM
F; = agK?L? — a;K3L — a,KL3 [3, c. 6].
[Ipu TakoMm 3aannu PyHKIUU AJUIeHA OYEBUIHO, YTO CBOMCTBO | BBIMOJTHSACTCS.

[IpoBepum, He HAPYIIMIIOCH JIU BHIMIOJIHEHHUE CBOMCTB 2—9.

CBoiicTBO 2:
oF
6_1(1 = 2aoKL* — 3a,K*L — a,13 = L(2a,KL — 3a,K? — a,1?) > 0,
OF
6_L1 = 2a,K%L — a; K3 — 3a,KL? = K(2ao,KL — a;K? — 3a,L?) > 0.

Jlanee OyzaeT mokazaHo BBIIIOJIHEHUE 3TOTO yCIOBHs Ha obmactu A.
CBoiicTBO 3:
0%F, 0%F

7 = 2a0l? — 6a;KL <0, W; = 2a,K? — 6a,KL < 0.

AHaJOTUYHO CBOWCTBY 2, BBIIIOJIHEHHE JTAHHOTO CBOMCTBA Oy/AET Cle0BaTh U3 BBHIOJIHEHUS
YCJIOBUI NPUHAIIEKHOCTH A.
CBoMCTBO 4:
0%F, 5 5 0%F,
6K6L=4a°KL_3a1K —3a,L?, 319K

AHaJIOru4Ho CBOﬁCTBy 2, BBITIOJIHCHHUEC JaHHOI'O CBOICTBa 6y,I[CT CJICAOBATh M3 BBIIIOJIHCHUA

== 4‘a0KL - 3a1K2 - 3(12L2.

YCIIOBUHM NPUHAJUIEKHOCTH A.
CsoiicTBo 5:
F,(mK,mL) = aym?K?*m?L? — aym3K3mL — a,mKm3L? = m*F, (K, L).
CBOIICTBO OTHOPOJTHOCTH BBITTOIHSETCS.

3amenum pynkuuto F B cucteme (1) pynkuueit Fy, momydyum

K = —uK + aF,(K,L) = P(K, L),
. L
L =vL (1 —M> = Q(K,L),

3. Ilouck cocmosanuil pasnosecusi cucmemvl (3). Haioém cocmosinus pasnogecus cucmemot (3),

(3)

IIpUPaBHAB PABbIC YaCTU ypaBHeHI/Iﬁ CHUCTCMEI K HYIIHO. HOJ'IyLII/IM anre6panqecxy10 CUCTCMY

—u+ aL(agKL — a;K? — ayL?) = 0,

L
vL (1 - M) =0,
PEIINB KOTOPYIO, HAMIEM KOOPAWHATHI COCTOSIHUM paBHOBECHUS CHCTEMBI (3).
0(0,0),
B(0, M),
C= <a0M2 + \/(aoMz);a— 4a,a,M3 — 4a1u, M) — (KL,
1

D <a0M2 +/(agM?)? — 4a,a,uM3 — 4a,u
h 2a, '

M) = (Ky, L,).
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4. Omobop cocmosanuii pasnogecus. IlpoBepum, NpHUHAAIEKAT JU IOJyYEHHBIE pPELICHUS
MHOkecTBY A. Touku O u B npunaanexar MmHoxectBy A Bcerga. s touek C u D HeoOXonumo
IIPOBEPUTH JIBA YCIOBUS: YCIOBUE ACHUCTBUTEILHOCTH U YCIOBHE MOJIOKUTEIHHOCTH.

Yenosue oeticmeumenvrocmu koopounam movek C u D onpedensiemcs nepageHcmeom

asM* — 4a,a,M3 — 4a,u > 0, (4)

T.K. pe3yJbTaT U3BJICUCHUS KBAJPATHOTO KOPHS SBJISETCS JACHCTBUTEIBHBIM TOTJA M TOJIBKO
TOT/1a, KOT/Ia IIOIKOPEHHOE BhIpakeHUe OobIie win paBHO (. PemnM HepaBeHCTBO (4) OTHOCHTEIBHO
ao.

QA Al
M M*
B cuny toro, yto M 1o cBoeMy SKOHOMHYECKOMY CMBICIY — CBEpXOOJjblllas BETUYHMHA,

aOZZ

IIOJKOPEHHOE BBIPAKEHUE ITOJIOKUTEIBHO.
Yenosue mneompuyamensnocmu. IlpoBepuM YCIOBHE HEOTPHULATEIBHOCTH Ul KOOpAMHAT
Touky C TIpU BHIIOJIHEHUU yCI0BUS (4)
aoM? + \/(agM?)? — 4a,a,M3 — 4a,u -
2a,4 -

0

nimn

aoM? + /(agM?)? — 4a,a,M3 — 4a,u = 0.
B cuIly NONOKMTEILHOCTH Pe3yIbTara U3BIeUEH s KBaAPAaTHOIO KOPHS, KOOPIMHATHI TOYKU C
BCEI/1a HOI0KUTEbHEL.
HOﬂyun yciaosue HeompuyameilbHocmu Koopdul-lam mouKu D:
agM? — \[(agM?)? — 4a,a,M3 — 4a,p -
2a4 -

0.

PemmuM HepaBeHCTBO
agM? = [ (agM?)? — 4asa, M3 — 4au = 0 & agM? = /(agM?)? — 4a,a, M3 — 4ajp.

T.x. mpaBast 4acTh HEpPABEHCTBA BCeTrJa HEOTpUIlaTeNbHA (U3 ycnoBus (4)), TO U JeBas 4acTh

HEpaBEHCTBA JOJHKHA OBITh HeOoTpullaTeNnbHa. M3 STOro moiydaeM mpaBO BO3BECTH 00€ YacTU
HEPaBEHCTBA B KBAJIpaT C COXpaHESHUEM 3HaKa HEPABEHCTBA, TOT/IA
(agM?)? = (agM?)? — 4a,a,M3 — 4a,u © 4a,a,M3 + 4a,u > 0.

T.x. pgaHHOE YCIOBMHE BBINIONHSAETCS TMPH JIOOBIX aq,0p, M, YIOBIETBOPSIOIINX
HKOHOMHYECKOMY CMBICITY K03(p(PHUIIMEHTOB, TO KOOPAWHATHI TOYKH D HEOTpUIAaTENBHEI TPH BCEX A,
YIOBJIETBOPSIOMHUX (4).

Takum  obOpazom, kodhdummenTHOe  orpaHuyeHue (4) TMOITHOCTBHIO  OMPEICISIET
HEOTPHUIATETLHOCTh KoopanuHaT Touek C u D.

IIposepum npunaonexcrnocmos mouex C u D mnooxcecmay A. J1js 3T0r0 mocTaBUM KOOPAMHATHI
ATHX TOYEK B HEPABEHCTBO

aoKL — a;K? — a,1? > 0.

st Touku C mosrydum

agKiM — a;K? —a,M? > 0,
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a a a = U.

B npenpinymemM nmyHkTe ObLI0 MOKa3zaHo, 4To 3HadyeHue K; = 0 npu BeinonHeHuu yciaosus (4),

M > 0 u3 ycioBus, Toraa nojay4um

K, M
ao“hﬁ—azFZO-
1

K K
Pelnym 1ojry4eHHOE HEPABEHCTBO, OTHOCUTEIBHO ﬁ, 0003Ha4YNB ﬁ = x.

Ay — a1 x —a,— =0,
x

a;x? —agx + a,

<0,
x

D = a? — 4a,a, >0,

C YYETOM TOTO, UTO (A HEOTPULATENBHO, MIOJIIYUUM A = 2 /a4y,

ay —+/ag — 4a,a,

X4 = >0,
! 2a4

. _agt a§—4a1a2>0
z 2a, '

BOCHOJ’IB?)yeMCH MCETOAOM HHTCPBAJIOB, ITOJYYHUM PCIICHUC HCPABCHCTBA:!

ap —+ai —4a,a, ay++/ai —4a,a,
’ 2a, '

2a4

X €

BepHéMCH K UCXOOHBIM 0003HAYCHUSM:

K, c |%— Vag —4aia, ag++aj —4a;a,
) 2a1 )

M 2a4
a, —+/at —4a,a ap ++/a? —4a,a
0 0 1 ZMSKls 0 0 192
2a1 zal

HpOBeI[éM AHAJIOTUYHBIC PACCYKACHUA IJII KOOPAUHAT TOUYKHU D, MMoJIydyum

ag —+ aé — 4a,a, ap + +/aé — 4a,a, y

M<K,<
2a4 - 2a4

[TonydyeHHble HEpPAaBEHCTBA OMNPEIETAIOT MPUHAMIECKHOCTh TOUeK C U D COOTBETCTBEHHO
MHOXECTBY A.

IIpoBepuM BBINOTHEHHE CBOMCTB 2 — 4 111 GyHKIUH F; ¢ yuétom ycnoBus ay = 2 +/a,a,.
) ) K L
2a0KL_3a1K _azL >0@KL(2a0_3a1z_a2E)>O
O603HaYNM % = Z, TOrJ]a HEPAaBEHCTBO IPUMET BU/I:

1
2a0 —3a,z—a,— >0 & 2ayz — 3a,z> —a, >0,
z

D1 = ag - 3a1a2 = 4‘a1a2 - 3a1a2 = a4, > O,

_ Ao + Vvaia, >0 Apg —Vaq10a,

3a4

) ZOZ=—>O'

Zo1
3a4
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. (ao — a3 —3a.a, ay++ai— 3a1a2)
z )

3a, ' 3a,

a, —+ a3 —3a,a, ay++/a’—3aa
KE(O 0 192, Qo 0 12L).

3a,; ’ 3a;

Awnamornuno s L

ap —+/a3 —3a,a, ay++a?—3a.a
LE(O 0 192, %o 0 121().

3a,; ’ 3a,;
oF
AHaJIOTU4HO, OYyT BBIIOIHATHCS YCIOBUS VIS a_Ll > 0.
Takum 00pa3om, CBOHCTBO 2 BBITIOHSACTCS I BeexX 3HaueHuit K u L u3 A.
2a,L% — 6a;KL < 0 & 4./a,a,1? — 6a,KL < 0 & 4.[a,a,1? < 6a,KL <

3a,K?

& 16a,a,L* < 36a,%2K?*1? © 2a,1? < 3a,K? © 2a, < —

2

K
O0603HaYUM == t,

2a,
2a, < 3a.t &t >— € (25,21).
3a,

AHanoru4so,
0%F,
0L

Takum o6pa3zom, CBOWCTBO 3 BhIMONIHSAETCS B A.

3a
<02, <3atlet< Z—aZ € (Zo1, Zog)-
1

K L
4aoKL — 3a,K? — 3a,1? > 0 < KL (4a0 - 3a1z— 3a, E) >0

1
& 4ay — 3a,z — 3a, -2 0 © 4ayz — 3a,z% — 3a, = 0.

D, = 4a3 — 9a,a, = 16a,a, — 9a,a, = 5a,a, > 0.

2ay + /405 —9aja, , % ++a2 —2,25a,a,

Z44 = > Zg1 > O,
1 3a4 3a4 01
- 2ay — \/4a5 — 9a,a, _,% Jaé —2,25a,a, -,

I[Mpu 3Ha4eHUsIX Z € (213, Zp1) BBIOIHSIOTCS BCE CBOMCTBA MPOM3BOJACTBEHHBIX (DYHKIHI [Ist
byukuun F;.
5. Onpeodenenue muna ycmouuueocmu cucmemuvt 6 mouxe B. Iloctpoum cucteMmy JuHEHHOTO

npUOTMKEHUS B OKpecTHOCTH ToukH B. Ilepeiiném Kk HOBBIM KOOpIUHATaM

(205
oc=L—-M.
IIpu sTOM
p=K,
6=L.

[TocTpoum cucteMy JIMHEHHOTO MPUOIMKEHUS B HOBBIX KOOpJIWHATAX
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5 =(F.0) ©0p+(P(,0) (00,

6= (0.) ©0p+(2,0) 000
P c
Cucrema JIMHEHHOTO MPUOIMKEHUSI B OKPECTHOCTSIX TOUKU B pUMeT BHU
(b = Cu—waaitp,
0 =vo
Marpuia ciucTeMbl JIMHEHHOTO NPUOIMKEHUS B OKPECTHOCTH TOUKH B rMeeT B
(—u — aa,M? O)
0 v/’
XapaKkTepuCcTUIECKOE YPaBHEHHE MAaTPHILIbI TMHEWHOTO PUOIKESHHS
A+ u+aa,M®(A—v) =0,
ero kopau A; = —u — aa,M3, 1, = v. [IpoBeéM OLIEHKY 3HAKa KOPHS A,
—u—aa,M? <0,
—H
a,M3

B stom ciywae 4, < 0, ecnmu v > 0, To Touka B umeer tun cemio, npu v < 0, cocTosHue

a > < 0.

paBHOBECHS B — yCTOMYUBBIN y3€Il.
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YIAK 517
PomanoBa A.B., Ucinamrynosa [.®D.
Y bumckuii rocynapcTBeHHbIH HEPTIHON TEXHUUECKUN YHUBEPCUTET

. Yoa, Poccus
POJIb PA1OB ®YPBE B MATEMATUKE U TEOPUU CUT'HAJIOB

B nanHo#i pabore mpencTaBieH MPAaKCHOJIOTHYCCKHM aHanu3 psagoB Dyppe. Dta Tema
M3y4aeTcsi B MAaTEMATUKE U UCIOJIb3YETCS U DJIEKTPOTEXHUKE, 8 UMEHHO B TEOPUU CUTHAJOB. Llenbro
paloThI ABISETCS MCCIIEAOBAHHE BO3MOXKHBIX PA3MUYMi B MOTHBALMU M3YYECHHUS TOHSATHUS PAIOB
@dypse B MareMaTMKe M TEOPUU CHUTHAJOB, a TAKXKE Pa3JIMYMil B HCIOJB3YEMBIX METOJIAX U
00OCHOBAHHUAX 3TUX METOJIOB.

Psan @ypbe npencraBiseT coO0l NEpUOIMUECKYIO (YHKIUIO, COCTOSINYI0 U3 FApMOHUYECKU
CBSI3aHHBIX CHHYCOMJ, B COUYETAaHUUM C I[IOMOUIbIO B3BEHIEHHOro cymmupoBaHus. C
COOTBETCTBYIOIIMUMHM BECAMU MOXKHO BBIOJIHUTh LMK CYMMHPOBaHMs (MM NEPUON), YTOOBI
3aMEHUTH JII00YI0 (GYHKIMIO O0Jiee POCTOM B 3TOM HHTEpBae (MK BCIO (QYHKIUIO, €CIM OHA TaKXKe
aBisieTcd nepuoauyeckoil). Takum oOpa3oMm, CyMMHpPOBAaHUE €CThb CHUHTE3 Jpyrod (QyHKIMH.
[IpeoOpazoBanne @ypbe ¢ AUCKPETHBIM BpeMeHeM sBisieTcs: mpumepom psna Pypee. [Ipomecc
MIOJTy9YEHHUST BECOB, ONMCHIBAIONINX 33/1aHHYI0 (DYHKIINIO, sIBIETCS PopMoii aHanm3a Dypee.

Yewm sBisiercs psag @ypoe? Pan @ypwe i dyHkuun f(X) — 3T0 TpUrOHOMETPUYECKHUH P,
K03((UIIMEHTHI KOTOPOTO ABIISAIOTCSA Kodpduuuentamu Oypbe. B o0miem, 310 perieHne Ha3bBaeTcs
pa3IokKEeHHEM OPTOTOHAJIBHBIX 0a3UCHBIX ArieMeHTOB. Pasnoxenue B psag @ypbe — OueHb MOIIHBII
MHCTPYMEHT Ul pelleHus psijaa 3agad Ojarofaps CBOMCTBaM 3TOr0 IpeoOpa3oBaHUS MOXKHO
muddepeHIrpoBaTh, HHTEIPUPOBATh, @ TAKXKE CIABUTATh BBIPAXKEHUE IO apryMeHTy. YeloBek, He
3HAKOMBIH C BBICIIEH MaTeMaTHKOM, a Takke ¢ paboTamu (paniy3ckoro ydyeHoro XKana barucra
XKozedhom Dypre, ckopee BCero He MOWMET, YTO TaKoe psjabl M B 4éM ux cmbicia. Hecmorps Ha
HEKOTOPYIO CJIOKHOCTh B HCIIOJIb30BaHUU ITpeoOpa3oBanus Pypbe, OHO YACTO UCIIONIB3YETCS B AKU3HU
yenoBeka. Ero ucnonp3yroT kak MaTeMaTuky, Tak U MEIMKU, XUMUKH, puzuku [1-3].

B BoceMHaanaTom Beke MoHATHE (YHKLMHU elle He Obuto mpoyHo obocHoBaHO. Hampumep,
DOiinep B cBoell pabore «BBenenue B aHanu3 OeckoHeuHbIX» 1748 I orpaHuumi (yHKIHIO
«MEPEMEHHON BEJTMYHUHBD) KaK «AHAJTUTUYECKOE BBIPAKEHHE, COCTABIEHHOE JHOOBIM CIIOCOOOM M3
3TOM MEePEeMEHHOM BETMUMHBI U YUCEN WU MOCTOSHHBIX BEJTMUUHY, 03 AalbHEeHIIero onpeaeaeHus
TEpPMHUHA «aHAIUTUYECKOE BhIpaskeHHe». [[puMepHo B TO ske Bpemsi, Koraa Dilsiep omyOIuKoBai CBOO
paboTy, BOBHMK MHTEpPEC K TaK Ha3blBaeMOM mpobieme BUOpHpYOIIEH CTPyHBI, U 3Ta mpoliema
TaKke BKJIIoUaia o0cyxaeHue 3HaueHus. B 1747 rogy JlanamOep npencraBui penieHre npodaemMsbl
BUOpUpYIOILEH CTPYHBI, HO Diinep He cunTai pemenue Jlanambepa cambiM oouum. beprymam B 1753
I. IPEICTaBUII PEIICHUE B TEPMUHAX TPUTOHOMETPUUECKOTO Psiia, HO ITO PELIEHUE OCIapUBaJIOCh
HECKOJIbKUMH COBPEMEHHUKAMHU, MTOCKOJIBKY OHO HE COOTBETCTBOBaNIO «CHMBOITY BephI» [4, c. 5-6].
Kunsitaep, nutupys PaBia, Ha3bIBaeT AUCKYCCHIO BOKPYT MPOOIEMBbI BUOPUPYIOIIEH CTPYHBI CIIOPOM

«MeXJly MareMmarnueckuM wmupoM Jlamambepa, ¢uszndeckumM MupoM bepHymnnm U «HUUeHHOU

3emiiei» Diinepa Mex 1y HUMU AByMsI» [4]. MOXHO cKa3aTh, YTO 3Ta AUCKYCCUS SIBISIETCA IPUMEPOM




XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

Pa3IMYHBIX MPAKCUOJIOTHUN, BOBJICUEHHBIX B MMOMCK OTBETA HA OAMH U TOT € BOMPOC: KaK OMUCATh
JBIKEHUE KOJICOITIOIICHCS CTPYHBI?

Xorss bepnymnu ganm  pemieHne mpoOJieMbl  BUOPUPYIOIIEH CTPYHBI B TEPMHHAX
TPUTOHOMETPHUYECKOTO Psijia, HO TOJIBKO Onaromaps padbore @ypwe Obuta pazpadborana obiias Teopus
TPUTOHOMETPHUUYECKUX pAIoB. Dypbe OMyOIUMKOBAN CBOIO KHUTY AHAJIUTUYECKash TEOpHs TEeIula B
1822 rony, mpeacraBuB paHee cBoro padboty Ilapmkckoit akagemuun Hayk B 1807 rogy. B aToii kHure
OH M3y4aJl CTAallMOHAPHYIO TemriieparypHyro (yHkuutoo u (X, y) B obmactt 0 < x < m ,y > 0,
VAOBIIETBOPSIONIYIO YPABHEHUIO B YACTHBIX MPOU3BOIHBIX, C 33JJAHHBIMUA TPAHUYHBIMU YCJIIOBUSMU,
ypaBHEHHE 3TO M3BECTHO Kak ypaBHeHHe Temia. Dypbe yTBepikKIaeT, 4To o0yl (QyHKIuUIO Ha
uHtepBaie (-l; 1) MOXKHO TIpenCTaBUTh TPUTOHOMETPUYECKUM psaoM. Dypbe Takke 1an sSBHBIC
dopmynbl s KOA(G(GUIMEHTOB psija B TEPMUHAX HUHTETPAIOB. OTH (OPMYIbl B TOYHOCTH
COOTBETCTBYIOT (hopMyliaM, KOTOpBIE MPUBOIATCS B COBPEMEHHBIX KHUTAX. 3a/1a4H, KOTOPBIC €My
HY)KHO OBUIO pEIINTbh, 3aKIIOYAIUCh B TOM, YTOOBI MOKa3aTh, YTO KOI(PQPHUIIMEHTHI MOTYT OBbITh
BBIUHCIICHBI 17151 JTI000M QYHKIIUH U 4TO J00ast PyHKIUS MOXKET ObITh MPEICTaBICHa CBOMM PSIOM B
(-1; ). Knsaiinep numrert, uto «Dypbe COBEPIINII BCE ITO, HCIIONB3Ysl MAaTEMaTHIECKHE PacCyKACHUS,
KOTOpbIE ObUTH OBI IBHO HENIPUEMJIEMBI JUISI HAC CeromHs». Mcnonb3ys cBoit MeTon, @ypre momydut

npeaACTaBJICHUC HpﬂMOYFOJIBHOﬁ BOJIHBI B BUAC PsAaa

cos(x) — §c05(3x) + %cos(Sx) — %cos(7x) + =30 (—1)F ﬁcos(Zk +1)x.

T T T T T 31
Ota cepuAa UMCCT ICHHOCTD Z I — E <x < E’ a CTOUMOCTH — Z 11 E <x < 7 , 4 3aTeM

Vs
MNEPUOANYCCKHU IMPOAOJDKACTCA C MEPHUOIOM 27 I[.]'IH HCYCTHBIX KPATHBIX ; , P UMECT HYJIICBOC

3HA4YeHHE, TOrJa Kak (PyHKLHUs, K KOTOPOH OH CXOIUTCS, HE OIpeleleHa Ul 3TUX 3HAuYeHUH X.
CrnenoBarenbHO, 3TO HpUMEp psla, COCTOSIIETO M3 HENPEpBIBHBIX (DYHKIMHA, CXOISIIErocs K
¢byHKIMHU, KoTOpas He sBisercss HenpepbiBHOW. CortacHo Kary, dypee npencraBui psja B BHUJE

IIPSIMOYTOJIBHOM BOJIHBI, a TAKXKE HAPHUCOBAJ BEPTUKAJIBHBIE OTPE3KU IPSAMOM, KpaTHbIE HEYETHBIM

T o T
qHuCJIaM. ; COCIMHCHUEC OTPC3KOB TOPHU3O0OHTAJIBHOW JIMHHUU Ha PACCTOAHHU Z BbIIIIC W HUIXKEC

FOpI/ISOHTaHLHOI;’I OCH. HeCMOTpH Ha TO, YTO 3Ta KpHUBasi ObL1a OBI HerepLIBHOﬁ, B HAMBHOM CMBICJIC

Y
3TOTrO CJIOBA OHA HE IpeACTaBIsIa Obl PYHKIIHIO, IOCKOJIbKY 3HAYEHHUs, HEUETHO KPATHBIE S HE Oynyt

ofHO3Ha4yHO ormpenaeneHsl. [loxoxke, 310 He Oecnokomno dypbe, MOCKOJIBKY €ro B OCHOBHOM
uMHTepecoBana (u3ndeckas mpobiaema, ONOK Mpakcuca, a HE CTOJIBKO CTporas MareMaruka, OJIOK
noroca. Pabora @ypbe nMena BasKHbIE MOCIEACTBHS IS JaJIbHEHIIIEr0o pa3BUTHS MTOHATHUS QYHKIUH,
a TakXKe JJI1 KOHIEMIMA KOHBEPreHIMH U HenpepbIBHOCTH. UTOOBI MOKa3aTh OMUCAHHOE BBILIE
SIBJIEHUE, PACCMOTPUM PUCYHOK, KOTOPBIM COAEPKUT /Ba rpaduka YacTUYHBIX cyMM psiaa (1) mig n
=5 (cneBa) u n = 20 (cmpasa).

Panper @ypse B Teopuu curHajioB. B 3ToM paznene KpaTKo MPEACTaBICHO BBEICHHUE PSIOB
®dypbe B TEOPUM CUTHAJOB, CIEAys JIByM HCTOUYHHMKaM: KHura Hunbccona m Pumens (2011 r).
Hunsccon n Punens HaunHaroT miaBy ¢ panoB Pypwe, ¢ TOro, 4YTO OHU HA3bIBAKOT IPAKTHUYECKON
MEPCIEKTUBOM, - OJIOCOBBIX M PEKEKTOPHBIX (DMIIBTPOB. 3aT€M OHU 3asBIISIOT, UTO «B 3TOU IIaBe Mbl

y3HaeM, 4TO JH000N MEepHOANYECKUNA CUTHAJI MOXKET OBITh MPE/ICTABICH KaK CyMMa CHUHYCOW/, TIie

YaCTOTBI CHHYCOHUJ COCTOAT M3 YaCTOTHI IECPUOANYCCKOTO CUTHAJIa W LEJIBIX YHUCCII, KPAaTHBIX ITOM
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gactote». Kpome TOro, oHM MOTHBHPYIOT NEPUOAUYECKHUE CUTHAJbBI, TOBOPS, YTO TAaKUE CUTHAJbI
MOXKHO HCHOJIB30BaTh MJIsi IPOBEPKH KauecTBa IOJOCOBOTO WJIM PEKEKTOPHOro (Guiabrpa, u
YIOOMHHAIOT, YTO TMEPUOJUYECKHE CHUTHAJIbl Ba)XHBl B TEHEparopax »JHEPruM, a TaKxkKe B

HEIJICKTPUYICCKUX CUCTCMAX.

T T I = = S

0.6 1 0.6 -
0.4 1 0.4 1
0.2 1 0.2 1

—.;on -2'15 —ITE 0 1:[ ZF‘E 3'n: —Z'%r: —2.;1’[ —lrr 0 T'II 2'1t 3'15
0.2 1 —0.2
0.4 - Jo.4
40.6 - 0.6 -

LI L e B o Gl Bl e

Puc. Yactnunslie cymmsl psiaa @ypbe NpsMOyroinbHONU BOJIHBL
(n=15, cneBa, u n = 20, cripaBa).

ITocne BBCJACHUS C MOTHBaIIPIefI K HU3YYCHHIO MNCPUOAUYCCKHUX CUTHAJIOB OHH BBOAAT PAABI
dypbe co ceputkoit Ha Dypbe U ero uccienoBaHus MpodlieM TerIoBoro mortoka. IIpencrasnenue
: 2m .

naercs kak f(t) = a, + Yp=q @, cos(nwot) + by sin(nwgt) , Tne we= — Ha3bIBACTCS OCHOBHON

gacrtoror Gynknuu f ¢ mepuonom T. Llenbie uncna, KpaTHbIe W, HA3BIBAIOTCS TAPMOHUYECKUMU

yacroramu. Hunbccon u PI/II[CJ'IL 3aIllMChIBAIOT!

1 to+T
a, = T f(Odt
to
to+T
a == f(t)cos(kw,yt)dt

T

to

by = ; fthO” F(t)sin(kwyt)dt .

[ToguepkuBaercss TOT (akT, YTO, NOKAa (YHKIUS MHTETPUPYETCS 32 BECh MEPHUOJ, HE MUMEEeT
3HAYEHHUs, I7Ie HAXOAUTCs HadasibHasg Touka. OO03HAYeHHE 4, MOTUBHUPOBAHO YTBEP)KJIEHUEM, UTO
3HAYCHHE A, — 93TO cpeaHee 3HaueHue f(t). DTO MOTHOCTHIO COOTBETCTBYET MAaTEMAaTHUCCKOMY
OIIPENENICHUIO CPEeJHEero 3Ha4yeHus (YHKIMM Ha MHTEpBaJieé KaK 3HAYeHHe HMHTerpaia (pyHKIHH,
JeneHHoe Ha anuHy uHTepBana. Kpeizur (2011 1) He maer Takoi MHTEpHNpPETALUU MOCTOSHHOIO

greHa. B TCOpHUH CUTHAJIOB MOCTOSIHHBIHN YJICH TaK)Ke 9acTO Ha3hIBAIOT COCTaBHHIOHlefI IHOCTOSAHHOI'O

TOKa CUIrHajaa, 4To €I OOJIbIIIE CBSI3LIBAET POJIb MOCTOSAHHOI'O 4JICHA C (1)I/ISI/I‘IGCKOI71 PEAITBbHOCTBIO.
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Hunbccon u Puniens npuBOAST CIUCOK AOCTATOYHBIX YCIOBHM, HA3bIBAEMBIX YCIOBUAMU Jlupuxiie
JUIS TOTO, YTOOBI Mepuoaudeckas GpyHKIus umena cxoasmuics psag Oypee, a 3aTeM 3agBIIsIOT, YTO
«mobas mepuoAndeckas (QYHKIUS, MOPOXKIEHHAS (DHU3MYECKH pealin3yeMbIM HCTOUYHUKOM,
yaoeneTBopsieT ycioBusMm [Jupuxie». @opmynsl mis kodddunuentoB dypbe 000CHOBBIBAIOTCS
NpsIMBIM HMHTETPUPOBAHHMEM, OYEHb IMOXOKE€ Ha TO, Kak 3To Obuio caenaHo Kpeiisurom c
HCIIOJIb30BaHUEM AJIEMEHTAPHBIX CBOICTB TPUTOHOMETpUYeCKUX (PyHKIMI. Pa3Huiia B ToM, 4TO eciu
Kpeiizur caenan 3aMeTKy, 4TO OH MPEIOJIAraeT, YTO MOUJIECHHOE WHTErPUPOBAHUE pa3pelIeHO, TO
Hunbccon u Pumens nake He YNOMHHAIOT, YTO MOTYT BO3HHUKHYTH MPOOJIEMBI C BBHITIOJHCHHEM
MOYWIEHHOTO HHTETPUPOBAHHUS.

B maremaruke psig @ypbe — 3T0 crioco0 3aMEHBI MPOU3BOJIBHBIX CI0KHBIX (PYHKIHN CyMMOM
Oonee mpocTeix (QyHKIUHA. B 0000mMEHHBIX CIydasX KOJMYECTBO 3a/JIaHHBIX BBIPAKCHUU MOXKET
JOCTUTaTh OECKOHEUHOCTH. Takke, ueM OOJIbIIIe BRIPAKEHUN YITECHO IIPH pacueTe, TeEM TOUHEe OyeT
UTOTOBBIN pe3ynprar. Yamie Bcero B KadeCTBE MPOCTHIX MCIONB3YIOTCS KOCHHYCHBIC WIIH
CUHYCOHJIaJIbHbIE TpUTOHOMeTpuUuyeckue (yHKIuu. B stom cinyuae psanel Dypbe Has3bIBaIOTCSA
TPUTOHOMETPUYECKUMHU, & PEIICHUE TAKUX BBIPAKCHUN — TapMOHMYECKUM Pa3JIOKEHHUEM. DTOT
METOJl UMEET HEMAJIOBAKHOE 3HAUCHUE B MaTeMaTHKe. B mepByto ouepesb, TPUTOHOMETPUUECKUH Psifl
— LIEHTP KapTHHBI, a TAKXKe MMPU U3y4eHUH (PYyHKIHI — OCHOBHOM ammapar Teopun. Kpome Toro, on
MO3BOJIIET pEIlaTh pa3MyHble 3aJa4d Maremaruyeckoi ¢usuku. Hakonen, 53Ta Teopus
CIOCOOCTBOBaIa BOSHUKHOBEHHIO MaTEMaTHYECKOTO aHaiM3a, OOyCJOBHJIA CYIIECTBOBAHWE psizia
OYEHb BAXHBIX OTpaciel MareMarhuyecKux Hayk. boiee Toro, oHa crajga OTIpPAaBHOW TOYKOM ISt
CO3/IaHUsl  JANbHEUIINX  TEOpUH: MHOXKECTB, (YHKIMA  BEIIECTBEHHBIX  MEPEMEHHBIX,
(GYHKIIMOHATIBHOTO aHAIK3a U 3aJI0’KKJIa OCHOBBI TAPMOHMYECKOTO aHATH3a.

[TonBoast uTor BceMmy BBINIECKA3aHHOMY, MOXKHO CKa3aTh, 4TO psanbl Dypbe ecTh Crnocod
MIPEICTABJICHUS MTEPUOINYECKUX (YHKIIMN B BHJIE€ CYMMBI, paBHON O€CKOHEYHOCTH, O0JIee TPOCTHIX
CHUHYCOH/JIaJIbHBIX U KOCUHYCOUAAIBHBIX BOIH. OT 00pabOTKH CUTHAIOB J0 TEOPUU MPUOIHMKESHUS U
nuddepeHInanbHbIX YPAaBHEHUN B YACTHBIX MPOU3BOIHBIX, TPYAHO MPEACTABUTH, HACKOIBKO TECHO
cBsi3aHbl psAabl Dypbe ¢ GU3MUECKUMU SBICHUSIMH — JTIFOOOU UACHTUDHUIIMPYEMBIH OOBEKT MOXKET
OBITh MPUMEHEH MPU TTOMOIITH Pa3HBIX CHHYCOUIAJIHBIX U KOCUHYCOHUIAJIbHBIX BOJIH.

Kaxk BbISICHMIIOCH 4Yepe3 HECKOJBKO JIECATKOB JIET, CEKTp psana dyppe O4eHb OrpaHHUYEH, B
OTIMYHE OT €ro IMpeeMHHKa — TmpeoOpazoBanuss Dypre. Psan Dypbe mnpumeHsieTcss s
MIPEICTABICHHS TIEPUOITNICCKON (DYHKIIMHM B BUAC JUCKPETHOM CyMMBbI, a TipeoOpasoBanue dypne
UCIIONIB3YETCS MpPH MpelcTaBlIeHnn oluieil Henepuoanyeckoi ¢yHkiuu. [IpeobpazoBanue dypobe
ecTh npenaen psaaa Pypre QyHKINHU, TOCKOIBKY MEPHO CTPEMHUTCS K O6CKOHEUHOCTH. B 0CHOBE Bcex
1IM(POBBIX TEXHOIOTUH, ITO CIEYIOIIAs OCTAHOBKA Ha ITYTH JJIs T€X, KOMY JIFOOOTBITHO €I11é OOJbIIe

Y3HATh NPHUPOAY HAIINX IMOBCCAHCBHBIX ITPEAMCETOB.
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YIAK 517.1
Onumenxo E.I1., ®epoept U.U., IMmutpues H.IIL.
HwxHeBapTOBCKHI rOCY1apCTBEHHBI YHUBEPCUTET
r. HuwxueBaproBck, Poccust

MOJEJIUPOBAHUE CKOPOCTHbBIX ITAPAMETPOB JIBUJKEHUSA OBBEKTA
C OT'PAHUYEHUAMMU HA PA3I'OH U TOPMOXEHUE

3amaun OBICTPONEHUCTBHS JBIIKYIIUXCS OOBEKTOB BCET/Ia BBI3BIBAIN OOJIBIION TEOPETUYECKHUI
¥ NpAKTHYECKUM MHTEpEC Yy YYEHBIX M MHKEHEpoB. bymeMm paccMarpuBath MHOxecTBO W
neiicteutenbHbIX audpdepenrmpyemsix Gynkmuii f (), onpenenennex Ha Bceii umcIoBOI TIPSAMOL
R. Tlpennonoxum, uTo Ha 3ToM MHOkecTBe PyHKImU T (1) TakoBEL, YTO UX MPOU3BOIHBIE IEPBOTO

MopAAKa HETIPEPBIBHBI, 4 IPONU3BOAHBIC BTOPOT'O MOPAJAKA KyCOYHO-HCIIPCPBIBHLBI. Onpez[eJmM HOpMY

(GYHKIMH U €€ TPOU3BOIHBIX 10 (hopMyram:

HfH:SLth\f(t)\, Hf'st?p‘f'(t)‘, Hf"H:eSSSLth‘f"(t)‘ (—oo <t < o0)

Jpyrumu  cinosamu, W — 5TO NpOCTPaHCTBO MOBTOPHBIX MHTErPAIOB OT HM3MEPMMBIX
JEeWCTBUTENBHBIX (DYHKIIHIA, OTpaHUYEHHBIX CYIIECTBEHHBIM 00pa3oM Ha IPSMOH.

3anada ObICTPOACHCTBHS IMHAMUYECKUX MPOLECCOB U CUCTEM JaBHO U3Y4aeTCs B Pa3IMUHBIX
MaTeMaTU4EeCKUX HayKax, B T.4. B TCOPUM YIPABIECHUSA, B TCOPUM IMHAMHUYECKUX. Paccmorpum

cnez[yfomnﬁ BapUaHT ITOH 3aJa4yu: HalTH HaMMEHBIITUH IIPOMEXKYTOK 7 H3MCHCHHA aprymMecHTa t,

na koropom nponecc  f (t) mepexomut ¢ yposns — M Ha yposenb M mipu orpanudenusx [1]:
[flsM |f7]<K.)

C TOYKHU 3peH1/151 MCXAaHUKU 3Ta MaTeMaTU4YCCKasd 3a1a4a I/IHTepHpeTpreTCH TakK. HyCTI) 06’I)€KT
HaYMHAET JBMKEHHE M3 TOUKH A K Touke B, pacCTosHHEe MEXKIY KOTOPHIMH M3BECTHO. MOIIHOCTE
NIBUTATENIE OOBEKTa Il pa3roHa OrpaHUYEeHa, a TakXKe TOPMO3HBIE XapPaKTEPUCTHUKHU TaKXKe
orpanuyeHsl. Heo6xoanMo HallTH MakCHMasIbHYIO0 CKOPOCTh Ha 3aJaHHOM y4acTKe A B npu ycioBuu,
9TO0 B TOYKE B CKOpOCTh 00bEKTa TakKe JOJDKHA OBITH HYJIEBOW. ByaeM cuuTarh, 9TO OOBEKT
COBepIIaeT KojebaTebHbIE IBIKEHHS Ha ydacTke AB.

Ecnm xapakTepuCTUKU pa3roHa U TOPMOKEHHUS! OIMHAKOBBIE, TO €CTECTBEHHO MPEANOIOKHUTH,
YTO TOYKA MAaKCUMAJIBLHOTO 3HAYEHUSI CKOPOCTH HaXOMUTCA mocepeaute otpe3ka AB. Cinydai, korja
ATH XapaKTEPUCTUKH HE COBIAJAIOT, Oy/IET paCCMOTPEH O3/ THEE.

He ymansis oburHOoCcTH 1151 y10OCTBA MOXKHO CUMTATh, YTO OOBEKT COBEPIIAET ABMKCHHUU Ha

orpeske [-M, M]. Ilycts o6bekT Haunnaer nsuxkenue us toukun (M,0) k touke (—M,0) u

o0parHo. Bo3HuKaeT BOIpocC: 3a KAK0e MUHUMAIILHOE BpEMsSI 00BEKT IPOMIET MyTh OT TOUKU A 110
TOukH B 1 06parH0? DTO M €CTh HMpOCTEIas MOCTAaHOBKA 3aa4H 0 OBICTPOIEHCTBIH.
Eme cotHio mer Hazan Takue yudeHble kak Anmamap [2,3], Jlammay [2,3] mpeamonoxunu u

JoKa3aJikd, 4TO €CJIH q)YHKI_II/IH OrpaHn4cHa 1o MOAYJIIO U OI'paHUYCHA €€ IPOU3BOAHASA BTOPOIO

MnopsAaKa, TO U MIpOMU3BOJHAA IICPBOI0 MOPAAKA TOXKC OTpaHUYCHA:

1T <My <o, Hf"H£M2<oo = Hf'HSM1<oo,
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C mpakTUyecKkod TOYKH PEHMsI ATO O3HAYAET, YTO €CJIM Ha OTPaAaHMYEHHOM HPSIMOJIMHEHHOM
y4acTKe IOpPOTH YCKOPEHUE OIPaHUYCHO, TO U CKOPOCTh JIBUXKYIIErOCs 00bEKTa TOXKE OrpaHUYCHA.
Bor 3Ty TO rpaHuily M IBITAIMCh HAUTH MHOTHE ydeHbIE. bosee TpynHas 3ajada — HAUTH TOYHYIO
I'PaHUIly CKOPOCTH B 3TUX YCIIOBUSIX.

BriocnencTBun coBeTCKHE, POCCUNCKHE M 3apyOeKHbIE YYEHbIE JOCTUINIM 3HAYUTEIbHBIX
pe3yabTaroB 1o 3Toi Temaruke. [IpuBeneM numb HekoTopbiXx M3 Hux: A.H. Kommoropos [2], U.
[en6epr [4].

A.H. Konmoropos [2] A0 KOHIa pemMsl 3ajady OIpPENEICHUs] TOYHON OLIEHKHM HOPMBI
MIPOMEKYTOYHON MPOU3BOIHON uepe3 HOpMY 3aJaHHON (PYHKIIMU U ee cTapiueil npou3BogHoi. OH
HAaIIeN SKCTpeMalibHble (PYHKILIHHU, C MOMOIIbI0 KOTOPHIX OLIEHKAa CTaHOBUTCS TO4YHOM. [TomyueHue
TOYHBIX OIICHOK SIBIISICTCS OOJiee CIIOKHOW 3a/aueil, HeXelu MOJyYeHHWE HW)KHUX HIIM BEPXHHUX
OLIEHOK HOPMBI TPOW3BOTHOW. TakUMH JKCTpeMajbHBIMH (YHKIHUSIMH B TOAOOHBIX 3a/adax

ABIISIIOTCS Uoeanvhvle cniatinel Jinepa

4 & cos((2k +Dt+7r/2)
f(t)=—
0 ﬂkzz(; (2k +1)™*

Tpuronomerpuyeckyro ¢opMmy (2) MoxHO mnepenenars B airedpanueckyro. CHavana

(r=012..) )

T
2

T
npeacTaBuMm 5TH CIUIaMHBI Ha MMOJIynnepuoac (_E; ), a 3aTeM IIPOAOJDKHMM Ha BCHO YHCJIIOBYIO

VA
npsmyro. BoT 3ty npeacTaBieHys Ha IOTyNepHoae (- E ) E ):

tz T 2 t3 7[2t
fht)=1, fit)=t, LO=%-", O=7-",
0( ) 1( ) 2( ) 5 8 3( ) 5 3
Hwxe manbl rpagukn nepeoix Tpex Gynkiui dagapa, yiKe NPOJOIKEHHBIX HA BCIO YUCIIOBYIO
IPSMYIO.
y
1
0 X

Puc. 1. I'papuk nponomxennoi Gpynkuun f(t) =1
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v |

(SR

[SAR=E

Puc. 2 I'paduk nmpogomkeHHON QyHKIINU fl (1) =t

b

2 2
T

t
f,()=———
Puc. 3 I'paduk mpomomkeHHON QyHKITUN ’ 2 8

Crnaitasl Ditniepa o0anaroT AudepeHnnaTbHIMI U SKCTPEMATLHBIMEI CBOMCTBAMU, KOTOPBIS
OyIyT HAaMH HCIIOIB30BAHbI MTPH TOCTPOSHUH KOMIUIEKCHO3HAUHBIX (DYHKIIMH CPaBHEHUS B 3aadax
ObICTpOACHCTBUS Ha O0JIee CIOKHBIX TPAEKTOPHSIX.

[Tpu BEIOOpE OCHOBHOTO BU/1a pa3padOTKK 00ydaroIIei MporpaMMBbl ObIITH YITEHBI CIIETYIOIINAE
TIPUHIIHITEL:

1. IlporpamMmma He AOKHA MMETh KOMMEPUECKOW HampaBIE€HHOCTH, OBITh TOCTYMHOW IS
00010 MOJIb30BaTeNs U 00PAa30BaTEIbHOTO YUPEXKIECHUS, TaK KaK HECET TOJIBKO 00pa3oBaTesIbHbIE
LENH.

2. Wutepdeiic mporpaMMbl JTOJDKEH OBITh JOCTAaTOYHO MPOCTOW I TOHMMAHHUS HOBOTO
MOJIb30BAaTENsl, HE MMETh W3JHUINHEro (hyHKIIMOHANA, OPUEHTHPOBATHCS OOJbIIE HAa BU3YyaJbHOE
COCTaBJISAIOLIHE.

3. [Iporpamma ftofmxHa ObITH TPAMOTHO ONTUMU3HPOBAHA U UMETh MUHUMAaJIbHbIE CUCTEMHBIE
TpeboBaHus, 111 KOMGOPTHOH pabOTHI MOJIH30BATEIIS.

4. Tak kak, oOpa3oBaTelbHbIe YUpPEXKICHHS B POocCHMM TMOCTENEHHO TMEpexousiT Ha
OTEUECTBEHHbIE OIEPaLMOHHBIE CUCTEMBI, pa3paboTanHble Ha 6aze UNIX u Linux, mporpamma
JOJDKHA OBITh HANKCaHa C Y4YeTOM IMPOCTOTHI pPabOThl, HAIWYUIO OMNPEAENIEHHBIX 3HAHUN
IPOrpaMMHUPOBAHUS.

Cpenu pacnpocTpaHEHHBIX OOBEKTHO-OPHEHTUPOBAHHBIX S3BIKOB MPOTPAMMHUPOBAHUS ObUIN

BBIACJICHBI CIICAYIOMHNEC, COOTHOCAIIUCCA C MPCACTABJICHHBIMU KPUTCPUSIMU:
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eC/C++ - s3BIKM TNPOrPAaMMHPOBAHHUS, TO3BOJSIOIIME pEANTU30BaTh JIIOOYIO 3a1ady
nporpaMmMupOBaHUsl. I[aHHBIe SI3BIKU SIBJIAE€TCA 0a30ii JJIsI MHOT'UX A3BIKOB ITPpOTpaMMHUPOBaHU. Onu
HCIIOJIB3YIOTCH, KaK IJId pa3pa60TKH OKOHHBbIX HpPIJIO)KGHHfI, TaK U LCJIBIX OIICPAIMOHHBIX CUCTCM U
naxke BeO-caiiToB. bosbIas yacTh OKOHHBIX IPHIIOKEHHUH 111 KoMITbloTepa Hanucano Ha C/C++.

ePython — pnocTaroYyHO HOBBIA S3BIK MPOrPAMMHUPOBAHUS, HAOUpAIOIIUIl 00OPOTHI
HOMYJISIPHOCTH B HAILIE BPEMsi, 32 CYET IPOCTOTHI €ro U3y4eHHs M Mcroib3oBaHus. Python tarxe
ABJISICTCS  YHUBEPCAJIbHBIM SA3BIKOM M HCIOJB3YeTCA, KaK B OOBEKTHO-OPHEHTUPOBAHHOM
POrpaMMUPOBAaHUM, TaK U B BeO-TexXHOJOTHAX. HeCMOTps Ha TO, YTO CKOPOCTh M BEC MPOTPaMM,
HanucaHHbIX Ha Python, ycrynaror ero poaurensm C u C++, on coOpai B cBoeM (hyHKIIMOHAJIE BCE
camoe yao0HOe U JTydIiee s pa3padoTyuka.

Jis pa3paboTku ImporpamMmbl ObUT BbIOpaH sA3bIK NporpammupoBaHus C++, Tak Kak OH
no3BoJisieT Hanbosee KoM(pOpTHO pa3pabaThiBaTh OKOHHOE MPUJIOKEHUE, a TAaKXkKe 00JIaaeT psAaoM
MOJIE3HBIX (DYHKIIMOHAIBHBIX 0COOCHHOCTEH TpH paboTe ¢ M300paKEHUSIMH, MYJIbTUMEIUHHBIM
MaTepuagoM M TeKcToM. [l mporpaMMupoBaHus Ha si3bike C++ HCIONb3yeTcs cpelia pa3padoTKu
Qtcreator, xoTtopas MO3BOJIIET MAKCHUMajbHO CBECTH MOHOTOHHOE IMPOrpaMMHMpOBAHHE KOAa K
BU3YaJIbHOMY IIPOTPaMMHUPOBAHUIO. J[J1st peann3annu BU3yaabsHOTO TPOrpaMMHUPOBaHuUs HHTEpdeiica
Qtcreator mo3BossieT ucnosb3oBaTh cuctemy QtWidgets, Tak u QML.

OOyuaromas mporpaMma peaju3oBaHa IO CPEICTBY OJHOTO OKHa — Ha KOTOPOM
pacrioyiaratoTcsi mapamMeTpsl U TpH rpauka: myTH, CKOPOCTH M YCKOPEHUS COOTBETCTBEHHO.

B coorBercTBUM ¢ pa3paOoTaHHON CTPYKTYpoil oOyuaromiel Mporpammbl, IJIJaBHOE OKHO
BKJIIOUaeT B ce0s BO3MOXKHOCTH 33JaBaTh MapameTphl AJis rpa@uKoB, KHONKA /Il OOHOBJIEHUS U
0TOOpakeHHsI rpaMKOB, KHOTIKA 3aKPBITHUS MPUJIOKEHUST U caMu rpaduku ypaBHeHUN. [ 3ananus
IapaMeTpoB MOJIb30BATENb MEPEIBUTAET ClAlAephl, AUana3oH KOTOopbIx Bapeupyercs oT 0 mo 20.

[Tpu Haxkatuu Ha KHOMKY «Set graphs» mosiBnsirorest 3 rpaduka 3aaHHbIE OT TAPAMETPOB.

7 Spline_Coursework - a X

M=4 = Brpadie mm
K=1 o

=2 -

t1=2 -

(o) @

8 rpadin: Cropoctin

“a 4 8 1317 21 75 29 34 38 42

Fpadus Veropenna

R b il

0 4 8 13 17 ; Bm o}/ M B/ 42 0 4 8 13 17 21 m @ M B/ 4@

Puc. 4. Bug untepdeiica nporpamMmer

B xone ananuza nuTepaTypHbIX MaTEpUaJIOB 110 TEME UCCIIeI0BaHUS HaMH Oblila H3ydeHa pojib

WH(pOPMAITMOHHBIX TEXHOJIOTHI B 0OpazoBanuu [3]. Ha cerogHsmHmMil 1eHb CyIIECTBYET MHOXXECTBO
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pa3MYHBIX WH(GOPMALMOHHBIX TEXHOJOTHH, MO3BOJISIONIMX CIIOCOOCTBOBATh Pa3BUTHIO KayecTBa
00pa30BaTeIbHOTO MPOLECCa, PEHICHHS PA3INYHBIX aKTyalIbHBIX IPOOJIeM paboThl C HH(POPMAILIHEH.
OOyuatomue mporpaMmbl IO MaTeMaTHKE — 3TO OJHO M3 CPEACTB PEIICHUS COBPEMEHHBIX 3ajad
o0pa3oBaHUs, KOTOPBIE MOTYT ceNiaTh 00ydeHre MareMaTuke Ooliee 3((HEKTUBHBIM U HHTEPECHBIM
U1l oO0ydaromuxcsi. PaccMoTpeHHbIe BhIIIE CIUIaiiHBl Jiepa obnagaroT nuddepeHuaibHbIMA 1
AKCTPEMAJIbHBIMU CBOWCTBAaMH, KOTOpPBIC B JaJbHEUIIEM OyIyT WCIIOJIB30BaHbl MPH MOCTPOCHUU
KOMITJICKCHO3HAYHBIX (YHKIMIA CpaBHEHUS B 3a/Ja4ax OBICTPOACHCTBHS Ha O0o0Jiee CIIOXKHBIX

TPACKTOPHSIX.
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YAK 51-7
Hu6aues U.E., ®Domuna T.I1., kaua. ¢pus.-mMar. HayK
Jlunenkuii rocygapCTBEHHBIN NeAarorndyeCKuii yHUBEpCUTET
umenu I1. [1. Cemenona-Tsan-1llanckoro
r. JIumenk, Poccus

IMPUMEHEHHWE TEOPUH OIIIUBOK
B T'EOJIE3UU, ®PU3UKE U MATEMATHYECKOM CTATUCTHUKE

Teopus ommbok — pazen MaTeMaTH4eCKOi CTaTUCTUKH, TTOCBSILIEHHBIN TOCTPOSHUIO BHIBOJIOB
0 YHMCJICHHBIX 3HAUYEHUSX MPUOIMKEHHO U3MEPEHHBIX BEJIMYUH 1 00 omrOKkax u3mepenwii [ 1, ¢. 755].
Ecnu Mb1 ¢ Bamu OyieM MPOBOAUTH MTOBTOPHBIE H3MEPEHUS OJHOU U TOH K€ TIOCTOSTHHOW BEJTMUUHBI,
TO 3aBEIOMO Hallld pe3yJabTarbl OyIyT pa3jMuHbl, TaK KaK KaXXJ0€ IPOBEAEHHOE H3MEpEHUE
COACPKUT HEKOTOPYIO OMOKY. OMIMOKH MOAPA3IEISIOT HAa CUCTEMAaTHYeCKue, rpyOble U CIyJaifHbIe.
Cucremaruyeckass omuOKa JIOBOJBHO TMpeAcKazyemas, OHa JHOO TMOCTOsSHHAs, Ju00
IpoIopLUOHalIbHAa H3MepeHHto. CucremMarnyeckue OIMOKM B OCHOBHOM BJIMSIOT Ha TOYHOCTh
U3MEpEHMS, a POUCXOAUT ITO MO HEKOTOPHIM IPUYMHAM, KOTOPbIE BKJIIOYAIOT B C€0s MOTPEIIHOCTh
HaAOIIO/ICHNY S, HETIPABIWJIBHON YCTAaHOBKHU U3MEPUTEIbHBIX MPHUOOPOB, TOMEXH OKPYKAIOIIEH Cpe/Ibl.
Hanpumep, ecnu mbl OyneM H3MEpATh AMUHY C MOMOIIBI METAUNIMYECKOW IHHEHKH, TO OHa
00eCTeYnT NHOU Pe3yabTaT MPHU XOJIOAHON TeMIeparype, HeXelu Py BBICOKOH TeMIieparype, a Bcé
3TO MPOUCXOOUT M3-3a TEIUIOBOTO pacIIMpeHHsi marepuana. Eciaum TepMoMeTp HeNnpaBUIbHO
OTKaMMOpOBaH, TO OH MOKET J]aBaTh TOUHBIE TIOKa3aHUS B KOHKPETHOM TeMIIepaTypHOM AHara3oHe,
HO Ipu OoJiee HU3KHUX UM HA000pOT 0oJiee BEICOKMX TEMIIEpaTypax CTAHOBUTCS HETOUHBIM. [ pyOble
OIUOKH TOSIBIISIFOTCSL M3-32 HEBHUMATEJILHOCTH HAOJIOATENsA, HEUCTIPaBHOCTH Tprbopa. OOBIYHO
pe3yibTaThl U3MEPEHUH, KOTOpBIE COAEpKaT rpyOble OIIMOKH, KaK MPaBUiIO, CHIIBHO OTJIIMYAIOTCS OT
JIPYTUX U3MEPEHUH, B CBSI3U C TUM 3a4acTyI0 OBIBAIOT XOPOIIIO 3aMETHBI U JIETKO YCTPAaHUMBI TyTEM
MOBTOPHOTO M3MepeHus. CiyyaitHble OMIMOKY MTPOUCXOMAT MO PA3TUYHBIM CIy4alHBIM PUYUHAM U
MOJIHOCTHIO MCKJIIOUUTh MX W3 HM3MEpPEHUs Helb3s, HO MOXKHO OCHaOUTh MyTEM MOBBILICHUS
KOJIMYEeCTBA M KadecTBa MU3MEPEHMH U, KOHEYHO, HCIIOJb30BAaHUEM COOTBETCTBYIOLIEH
Maremarudyeckoil oOpaborkoi pesynbraroB. C Apyroil CTOpPOHBI, A HUX CYIIECTBYET 3aKOH,
KOTOPBIM MO3BOJISIET YCTAaHOBHUTH 3aBHCHUMOCTb MEXAY BEIWYMHON OLIMOKM U BEPOSTHOCTBHIO €€
MOSIBIIEHUS. 3aKOH CIy4yailHbIX OIIMOOK, MOJy4eHHbIH [ayccoMm, cCOCTOMT B TOM, YTO OHU
NOOYUHAIOMCSA 3AKOHY HOPMATIbHO20 pacnpedenenus. CiiydaiiHas omn0Ka, B IEPBYIO OYEPEb, BIUSET
Ha TOYHOCTh M3MEpPEHUH, a UMEHHO Ha MOCIEIHION 3Haudamnyo 1udpy udmepenus [3, c. 88]. K
OCHOBHBIM TPUYUHAM CIIy4alHBIX OIMIMOOK OOBIYHO OTHOCST (aKTOPBI OKPYXKAIOIIEH Cpesbl,
OrpaHUYEHUE NHCTPYMEHTOB, MPHOOPOB, KBATH(PHUKAIIH OTIepaTopa, a Tak)Ke HeOObIINe U3MEHEHNE
B Ipolieaype u3Mepenus. Hanpumep, npu n3MepeHn# 4ea0Be4eCKOro poCTa BaXKHO YUUTHIBATh, YTO
3Ta BEJIMYMHA 3aBUCUT OT HE3HAUUTEIbHBIX U3MEHEHMM OCAaHKH WM MOXHO KaXKIblM pa3 4yMTaTh
3HauEHHeE IOJ] IPYTUM YIJIOM, KOTJa BBl IPOBOJUTE N3MEpeHUe 00bEMa B KoJoe.

[lepBbie ynmoMuHaHUSI O TEOPUHU OMIMOOK OTpaKeHBI B 3amucsax [amwmieo [Mammmes, KoTopbIit

3aHUMaIICs 00paboTKoi HabmroneHnit mapasmiakca «Hooi 3Be3api» B 1572 roay [4, c. 26]. Hemuoro

MO3/IHEE 3a CYET ACTPOHOMMUYECKUX U T€0JIe3NUeCKIX HaOMI0eHNI HHTepeC K OIMOKaM H3MEpEHUs
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3HAYUTENBHO yBeMUumics. ActpoHoM-Habmomarens Tuxo bpare B XVII yxxe monnMar, 4ro Kaxmaoe
OTJENIbHOE H3MEpEeHHe HEecET B cebe HEKOTOPYI0 OMIMOKY M TOYHOCTh M3MEPEHHE 3HAUUTEIHHO
BO3PACTAET, €CIIM HCIIONb30BaTh cpeaHee apupmernyeckoe. OgHaKo BCE Ke MEPBOMPOXOAIAMH B
MOCTPOCHUE MareMarndeckoil Teopuu ommbOok ui3Mepenuit 6pumm P. Korcy, T. Cummncony u /I,
bepnymnu. BrocnenctBuu Teopueil omMOOK HM3MEpPEHHUs 3aHMMAJUCh CIEHAIUCTHl B 00JIaCTH
Teopuu BeposiTHocTel Ha npoTsbkennu X VI — XIX BekoB. Ho HecMoTpst Ha TO, 4TO OCHOBBI TEOPUH
omnbok 6butn 3anokeHsl B X VIII Beke, oHa HE moTepsia CBOIO 3HAYMMOCTh Ha CETOHSIIHEH JEHb,
TaK KaK MCIONb3yeTCsl B (PU3UKE Ul OLEHKHU MOTPEUTHOCTH Pe3yibTraTa OJHOKPATHOTO U3MEPEHHUS,
JUIS OTIpE/IeTICHUS] JOBEPUTEIBHOIO HHTEPBAJia HEKOTOPOH (pU3MUeCcKOil BETMYUHBI, B T€OJE3UU J1JIS
ONpeIeNICHUs] CpeAHEN KBAAPATUYHONW MOTPEITHOCTH U T.II.

JUist WIUTIOCTpauy IPUMEHEHUST TEOPUU OUIMOOK PACCMOTPHM 33a4H U3 Pa3InYHbBIX cdep.

3aoaua 1. CTygeHT npOBOIUT U3MEPEHUE HEKOTOPOW BEIMUYMHBI y MHOTO Pa3 U BBIYUCIISET
cpenHee 3Ha4eHne Y = 23 U CTaHAapTHOE OTKIIOHEHHE gy, = 1. Kakyro 101110 0TCu€TOB cTynenTa Bo

OBl OXKUTATTH HAUTH MEXKITY:

a) 22 u 24;
b) 22,51 23,5;
c) 21u25.

Pewenue. JIns pemenust TaHHOM 3a7a4d BOCIIOJIB3yeMCSl MHTETPAJIIOM OIIMOOK MEPBOTO pojia
WJIU, 4TO TOXKE CaMOe, MHTErpajibHON Teopemoit Jlamiaca:
b-y a-y
Pla<x<b)=0()-0(2)
Oy Oy

a) P(22<X<24)=® (24;23) —® (#) = 20(1) ~ 68%;

b) P(225 <X <23,5) = o (E22) — 0 (222) = 20 (3) ~ 38%;

c) P21 < X <25) = ® (25123) — (21;23) = 2d(2) ~ 95%.

Otser: a) 68%; b) 38%; ¢) 95%.

3aoaua 2. B Tpanenuu uaMepeHsl Beicota h = 95 M, HUkHHME ocHOBaHue a = 170 M, BepXxHue
ocHOBaHMe b = 250 M, a TakXke UX CpeJHHE KBaJpaTHMUECKUE IOTPELIHOCTH, KOTOpPhIE PaBHBI
cootBercTBeHHO My = £0,03 M, m, = £0,05 M, m;, = £0,06 m. HeoOxoaumo HalTH CpenHIOI0

KBaJIpaTUYECKYIO U OTHOCUTEIbHYIO MOIPEIIHOCTh BHIUMCICHHUS TTIOMIAAHN TPAeIHH.
a+b
Pewenue. Ilnomans Tpaneuu S onpenensiercs no ¢opmyne S = - h.
s Toro uToOBl HAWTH CPETHIOI KBAJIPATUYECKYIO MOTPEIIHOCTh BBIYUCICHUS TUIOIIATN

Tpanenuu, npoaudepeHIupyeM 3TO PaBEHCTBO MO IMEPEMEHHBIM a, b, h. B wutore momydum

CJIeyIOIINEe PaBEHCTBA!

S _h_ 9S _h_0S _ atb
2

da 2’ ab  2’on
2 b
= Cym2 +(2) mp + SyPm = Sm + Smd + (2D2mi,
—+\/ 0052+ 0,062 + —-0,03%2 = +7,31 m.

OtHOCHTEILHAS IOrp€IIHOCTDb BBIYMUCICHUA TIJIOINAAN TparnCuun 6yz[eT HUMCTb BHU!:




XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

mg 7,31 1

— N —

S 19950 2729’

1

OtBet: mg = £7,31 M,
S ~ 2729

3aoaua 3. OnpenenuTh MOMEHT HHEPIUH J IIKUBA C JOBEPUTEILHON BeposTHOCTh P = 0,95,
WCIIONB3YS JIAHHBIE DKCIIEPUMEHTA: TuaMeTp D, BeIcoTa /1, ¢ KOTOPOU MaiaeT Ipy3 MacCou m, U BpeMs
¢t majienus rpy3a. st HaxoXKIeHUsI MOMEHTa MHEPIIUU UCTIONb3yeTcs hopMyra:

2 (gt?-h)
J =mD sor7

JlaHHBIC SKCTIEPUMEHTA MPECTABICHBI B CICAYIOIIEM BUJIE:

D =(23,44+0,2) mm = (2,34 +0,02) - 107 %m;
t =(7,84%0,09);
h = (105,0 £ 0,5) cm = (1,050 £+ 0,005) m;
m = (147 £ 0,5) r = (0,147 + 0,001) kr;
g = (9,806650 + 0,000005) Cﬂz .
Pewenue. JIns Hauana BBIUMCINM cpeiHee 3HaueHue J. JIas oToro Mbl OygeM ¢ BaMu
HCIIOJIL30BaTh pabouyio GopMyITy CISAYIOMIETO BUIA:
jzém-ﬁz-@——) 1,61-1075(kr - M2).

UT0oOBI BEIYUCIIUTH YaCTHBIC OTHOCUTEIILHBIC TOTPEITHOCTH, HpeI[CTaBI/IM pa60qy10 bopmyy B

BUjie mpousBeneHus Tpéx gpyukumii: F;(m) = m; F,(D) = D?; F5(t,h, g) = o ] = —Fl(m)
F,(D) - F5(t, h, g). BerurciaeHus mokas3pIBaoT:
_l%. —l-a_m- —A_m~ . _3.
Sjm_Fl om _|m 6m| Am_m~7'0 1075
2
o = 222 - ap = | - A ap =222 < 161072,
Dz D D
a<(1—iz))
o a2l ~ _
8], (AR t = || - 4t ~ 401078
— |1.95], -
5 = |5 5 e h)| - Ah ~9,0-10-¢
|25 g = |—|. g ~ -10710
0]g = Foogl 097 |(gt2—h)| 4g ~ 60 - 1077

s IMOJIYYCHHBIX OaHHBIX MOXHO 3aMETHUTb, YTO MAaKCHUMaJIbHOC 3HAUYCHHUEC HMCECT o) ] D>
OCTaJIbHBIMH 3HAYCHHUAMHU YaCTHBIX OTHOCHTCIIbHBIX HOFpCIJ.IHOCTGﬁ B CWJIY UX MAJIOCTH CIICAYCT

npereopeyn, kpome 8/, .

8] = [8Jp° 4+ 8J,° = (1,6-1072)2 + (7,0-1073)2 =~ 1,75 - 1072

Boruncnum abcomoTHYIO TOTPEIIHOCTD:
=1/]-6] =~ 2,8-1077 (xr- M?).
[Tocne okpyrieHnit mojiyyaeM OKOHYaTeJIbHbIN pe3yabTaT:
J=(1,6140,03) 10 °kr- m?%; P = 0,95.
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DTO O3Ha4YaeT, YyTo 3HAYeHHEe MOMEHTa HWHEPLUUU IIKHUBA 3aKJIIOUYEHO B JIOBEPUTEIHHOM
untepsane (1,58 - 1075, 1,64 - 1075) kr - M2,

Otser: | = (1,61 £ 0,03) - 10~°kr - M?%; P = 0,95.

3aoaua 4. IlaTumeTpoBoi pyneTkol Obljia U3MEpeHa JIMHUS d, KOTopasi oka3aiach paBHO 250
M. CpelHss KBaipaTHUecKasi IOIPEeIHOCTh OTIIOKEHUs ogHoM pynetku S; = 0,01 M. HyxHo HailTn
TOYHOCTb U3MEPEHUS JINHUH.

Pewenue. CpenHioro KBapaTHUECKYIO OTPEIIHOCTh U3MEPEHUS JTMHUU HAlAEM 110 popmyIie:
Sqg=+/S?+52+-+S52,
mpu S; =S, =S, =5, Sq =+/S? + S+ -+ SZ =S/n,

TJIe 71 — YUCIIO OTJIOKEHUH PYIETKH, N = ? =50;5; =0,01-v50 =0,07 m.

. Sq _ 0,07
OTHOCHTEIbHAS NOIPENIHOCTD U3MEPEHUM Fd =0 = 0,00028.

Otger: Sy = 0,07 m; %"’ = 0,00028.

3a0aua 5. OueHNUTh TMOTPEIIHOCTh pe3yibrara oAHoKpaTrHoro HampspkeHus U = 0,8 B Ha
conporusiaeHd R = 3 OM, BBIIIOJHEHHOI'O BOJIETMETPOM Kj1acca TOYHOCTH 0,5 ¢ BEpXHUM IIPENETIOM
m3mepenuss Uy = 1.5B wu BHyrpeHHum comportusieHueM Rp = 500 Om. HW3BectHO, YTO
JIOTIOJIHUTENbHbBIE OIPEUTHOCTH [TOKa3aHUI BOJIBTMETPA U3-32 MArHUTHOTO MOJISL U TEMIIEPATyphl HE
MPEBBIIAIOT COOTBETCTBEHHO [, = +0,8% u fr = +0,4%.

Pewenue. Tlpenen OTHOCHTENIBHON IOTPEIIHOCTH BosibTMeTpa Ha oTtmerke 0,8 B Oymer

COCTaBIISTh:
1,505

Z[aHHaH CUCTEMATHYIECKasA MOTPEIIHOCTL ABJISACTCA OCHOBHOH IMOTPCIIHOCTBIO BOJIBTMETPA.
Ecan MbI TIOACOCANHUM BOJIBTMETP, TO HCXOAHOE HAIPSAKCHUC Ux HU3MEHUTCs, TaK KakK 6y,ueT
Rp
R+Rp

MIPUCYTCTBOBAThH conpoTHBiieHuE Rp. [Ipy 7TOM noka3zaHue BOJILTMETpa CTaHeT paBHO Up = Uy.

3HaLII/IT, MCETOANYCCKAA NOTPCHIHOCTDL B OTHOCHUTEIIbHOMI (l)opMe 6y,ueT HUMCTb CJ'IeIIYIOIJ_II/Iﬁ BU:

Ug — Uy 3
=——100% = ———-100% = ————=-100% = —0,6%.
Bu Uy T TR+R, °~ T3+500 0 0
[TorpemHOCTh 53 ABISETCS CUCTEMAaTHYECKON MOTPEUTHOCTHIO, TOATOMY OHA OyJIeT BHECEHA B
pe3ynbTar B Buje nonpaBku. [lonpaska Ha ormetke 0,8 B mo moxymto OyaeT paBHa:

= Ubu _ 0806 _ 1048 B.
100 100

14
PezynbTrar nu3mepeHus, BKIIto4as NOMpPaBKy B a0COIIOTHOHN Gopme, OyeT TakuM:
Uy = 0,8+ 0,0048 = 0,8048 B.
B cuny TOro, 4To OCHOBHAsl M IONOJHMUTEIbHAS MOIPEIIHOCTH 3aJaHbl CBOUMHU T'PaHUYHBIMU
3HAUEHUSIMHM, TO HMX MOXKHO paccMaTpuBaTh Kak CHCTEMAaTH4YeCKHE IOTPEIIHOCTH M MOXHO

MCIOJIb30BaTh CIENYIONIYI0 (hOpPMYTy TaKOro BUJIA!

B nanHoit (bOpMyJ'IC P ectp HE 4TO HWHOC, KaK HOOBCPUTCIIbHAA BCPOATHOCTH, a k ectb

K03(pPHUIMEHT, KOTOPBIM 3aBUCUT OT JAOBepHUTENbHOU BeposTHocTH P. Ecmu P = 0,9, To k = 0,95.
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PaccuntaeM JOBEpUTENBbHYIO TPAHMUIY CHUCTEMATHYECKOW MOTPEIIHOCTH MpPH JOBEPUTEIHHOU

BepositHocTH P = 0,9. OHa Oyzer paBHa:
B = 0,95-./(0,9375)2 + (0,8)2 + (0,4)2 = 1,23%.
ﬁc U

A, =———=0,00984 B.
100

Otser: U = 0,8B; 4 = +£0,01; P = 0,9.

Teopus ommOOK OYeHb BajkHA IMPH OLEHKE PE3yIbTaTOB (PU3UUECKOTO SKCIIEPUMEHTA, MPU
pEIICHUU Te0/Ie3UUYECKUX, CTATUCTUYECKUX W JaKe NPOMBIILICHHBIX 3a1a4. Benp HeymeHue
MPaBUJILHO OLICHUTH MOTPEIIHOCTH MPUBOJIUT B PAJIE CIy4YaeB K Mopye, HApUMEp, IPOMBIIIIIEHHBIX
U3JIENNUN, Y KOTOPBIX 3apaHee ObLIM HENPaBUIbHO YCTAHOBJIEHHBIE METPOJIOTHYECKUE TPEeOOBaHNUS,
YTO BEeIET K MaTepUaIbHOMY yIIEepOy MpearnpusaTHs. DTO TOBOPUT O TOM, YTO MPUMEHEHUE TEOPUHr

OIMUOOK UMEET HE TOJIBKO aKaJAeMHUYECKUM UHTEPEC, HO U MPAaKTHIECKui [2, c. 89].

JInteparypa
1. bonsmes JI.H. Teopus ommnboxk // BPO. M., 2014. T. 24. C. 755.
2. 3aiigens A.H. Omubka nzmepenuii pusnueckux Benmmund. M.: Hayka, 1974. 108 c.
3. Tetinop /Ix. Benenue B Teoputo ommbok. M.: Mup, 1985. 272 c.
4. Meitn O.b. Ucropus teopun ommnbok. bepaun: NG Verl, 2007. 176 c.
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YIK 51-77
KOnuu 3.A., Ucaamrynosa [LO.
Y umckuii rocynapcTBeHHbINH HEPTAHONW TEXHUUECKUN YHUBEPCUTET
r. Yoa, Poccus

MATEMATUYECKHE METO/Ibl KAK HEOTBEMJIEMAS YACTb 9KOHOMHUKHA

DKOHOMHKA — 3TO HayKa, KOTOpas M3y4aeT CHOCOObI YIOBJIETBOPEHUS MOTPEOHOCTEN BCEro
o0111ecTBa, HAXOASIIETroCs B yCIOBUAX OTPAaHUYEHHOCTH PECypcoB. MBI BUIUM, YTO 3Ta HayKa TECHO
CBs3aHAa C HaIEH JKU3HBIO U IIOMOTrAacT HAaM CyILIeCTBOBaTb. HO CTOMT 3aMeTUTBH, YTO 3KOHOMMKA
COIPSKEHA C PA3JIMYHBIMU MPUKIIAJHBIMU HAayKaMH, TAKUMH, KaK, HalIpUMEP, MPaBo, MOJIUTUKA U
Ja)ke MareMaThKa. DOKOHOMHUKA — 9TO Ta HayKa, B KOTOPOW MCIOJIb30BAHUE 3HAHUN MATEMAaTUKU HE
TOJILKO HEOOXOAMMO, HO 3TO €I1€ M €CTECTBEHHO. JTH JIBa HAIPABJICHUS TECHO CBS3aHBl JAPYT C
JPYrOM M HaxXOIATCs BCerna psaoM. bomibnioe 4mciio SKOHOMMYECKUX ITOKa3areied, TakuX Kak,
Hanpumep, npuOsuts, BHII, nadmsiuus u npyrue, — Bce OHM MMEIOT MMEHHO KOJIWYECTBEHHBIN
[0oKa3areslb, TaK KaK paccuuThiBaloTCs B Ludpax. CrienoBarenbHO, Ui ONPENENCHUs MHOTUX
HSKOHOMHYECKHX IOKa3areneil Mbl IpuberaeM K UCIOJIb30BaHUIO MaTeMaTHueckux ¢popmyn. Eme 1o
XX Beka HayKa SKOHOMHUKH HCIIOI30BaJIa JIOCTATOYHO OTPAaHMUYEHHOE KOJIMYECTBO alreOpanvecKux
dbopmyn, criocoboB 1 MeTooB. [1o MOeMy MHEHUIO, 3TO MPOUCXOIMIIO U3-3a TOTO, YTO SKOHOMHUKA
IIPETEH10BaJIa Ha CaMOCTOATENIbHYIO, (YHAAMEHTAIbHYIO HayKy, He Oepyllylo Hayaja HU B OAHOMU
apyroii. Ho Kak BBIACHMIIOCH, 3TO HEBO3MOXKHO, TaK KaK OHA TECHO CBf3aHAa C ajredpanyecKuMu
BBIYMCIICHUSIMH, XOTS SKOHOMMKA BCE )K€ CUMTAECTCS MPEIMETOM CaMOCTOSTENbHBIM. B mpuHnumne
CIIOPBI Ha ATOT CYET JI0 CUX MOP MIYT CPEIX BBIJAIOIIMXCS KaHAWATOB HAyK pa3IMUHBIX 00JacTel.

Llenb paOoThI: y3HaTh, YTO TaKO€ MareMaTHYecKas MOJellb, KaKoe 3HaueHHe OHa MMEeT B
SKOHOMHKE M IIOYEMY CBsI3aHA C HEH, a TaK)Ke IMOCTPOUTh MATEMAaTHYECKYI0 MOJEIb JUIsl PEeLIEHUs
SKOHOMHMYECKOM 3anaun. CUCTEMHOE HCIOJIb30BAHWE MAaTEMaTWKH B HCCIIEOBAHUAX SKOHOMUKU
Ha4aJIoCh IPUMEPHO JIUILB B XX BeKe. bbII0 BBIABICHO, YTO MATEMATUYECKUE METOBI UCIIOIb3YIOTCS
B MAaT€MaTUYECKUX MOJEIAX U3yd4aeMbIX SIBICHUH, a HE IPUMEHSIOTCS HEMIOCPEACTBEHHO. {11 Toro,
9YTOOBl MX NOCTPOMUTH HY)KHBI JBa acleKTa: BO-NEpPBbIX, IOHUMAHHUE TOT0, YTO NPOUCXOMAHUT, BO-
BTOPBIX, MATEMaTUYECKOE MBIIIUICHHE.

Pocr ponn maremMaruku B JKOHOMHUKE CBfI3aH C TEM, 4YTO IIOCIECAHSSA pa3BUBAETCA CO
CTPEMUTENIBHOM CKOPOCTBIO U HA €€ IIyTH BCTPEYAIOTCS PA3IMYHbIC CIIOXKHBIC 3a/1a4M, C KOTOPBIMU
BO3MOXXHO CIIPABUTBCS, TOJNBKO MCIIONB3Yysl MareMaTudyeckue MmeTtoAel. [l wuccienoBaHus
OOJIBIIMHCTBA MaTeMAaTUYECKUX IMPOLECCOB YYEHbIE MPHUOEraroT K HKOHOMMKO-MareMaTHueCKOMY
MonenupoBanuto [1; 3].

OKOHOMHUKO-MaTeMaTH4ecKkasi MOZAEIb — 3TO NPEACTABIEHUE DKOHOMMUYECKHX ITPOLIECCOB,
KOTOpPO€ MPUMEHSAETCS [UIsl UX MCIOJB30BaHMS M ynpasieHus. [Ipy pemeHnn 3amad SKOHOMHUCTBI
OTMEYAIOT CYIIECTBEHHbIE (DaKTOpbl M YOMpAIOT HECyUIeCTBEHHbIE. Moneiau B IOAABISIOLIEM
OOJIBLIIMHCTBE CIy4aeB M300pakaroTCs Kak GopMysbl, rpaduku, cxemsl U T.A1. MonenupyroTcst Kak

00BEKTHI U MMpONIECCChI, TaK U CaMH CBA3U MCXKIAY HUMU. B kadecTBe 5KOHOMUYECKUX MOI[CHCﬁ MOXHO

MPUBECTH MOJIETH POCTa LI€H, HOTPEOUTEIHCKOTO CrIpoca, Moieib GUpMBbl U Apyroe. OHU MOMOTAIOT
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BBIIETIUTh OCHOBHBIE (DYHKIIMOHUPOBAHMSI CHCTEM 3KOHOMHUKH, IPOrHO3MPOBATH UX IOBEIEHUE B
Oyay1uieMm, a Takke JaloT BO3MOXXHOCTb YIIPABJISTh 3TUMU CUCTEMaMHU.

Pazbepemcsi, Kak MOCTPOUTH IKOHOMHKO-MATEMATHUYECKYIO MOJICITb.

Kak u B mo06oii pabote Ham Ha/I0 CPOPMYITUPOBATH TPOOIEMY U II€J]Ib HAIIIETO UCCIICIOBAHMUS.

HeoOxomumo BbIIENUTh AOMUHUPYIOHIHE (AKTOPHI UCCIEAYEMOM AKOHOMHUYECKON CHUCTEMBI,
KOTOPBIE ONPEEIISIOT €€ (DYHKIIHH.

N3yunTh B3aMMOCBS3M MOJIEIN Ha KAY€CTBEHHOM YPOBHE.

[TocTpouTh MaTeMaTHYeCKHEe MOJICIH HA TTOMYYEHHOU MPEIBIIYIIEM YTArioM HHPOPMAIIHH.

[IpoBecTu pacuerbl IO MaTeEMaTHYECKUM MOJEIISIM.

AHanmM3UpoBaTh NOJIYYCHHBIE PE3YIIbTATHI.

Hcnonp30BaTh NONYYEHHBIE BBIBOABI ISl NPEACKA3aHUS HCCIENYEMOW SKOHOMUYECKOU
CUCTEMBI.

[ToHATHO, YTO HUKAKKHE MOJIENIM HE MOT'YT CTOIPOLIEHTHO OTPaXkaTh peajbHOCTh, HO Onaronaps
UM MOYKHO YBHUJIE€TbH XOTsI Obl MPUOIMKEHHBIC JaHHBIE.

B BBIIEH3IIOKEHHONW CXEME € IEPBOIO IO TPETHH 3Tall IOBOPAT O LEJICHAIPABICHHOCTH
WCCJIEIOBAHMS, YETBEPThIM M IATHIA ATAIbl ONPEACIISIIOT CUCTEMHOCTh HMCCIIEIOBAHUM, IIECTOM U
CEIbMOM 3Tall MOMOTal0T CIIENaTh BBIBOABI U 0000IIUTE MOTYyYSHHBIE PE3YJIbTaThl, I0KA3aB, B KAKOM
HaIlpaBJICHUU CJIEYEeT HaM JIBUTaThCSl.

CymectByet 3 cioco0a MOCTPOCHHSI MATEMAaTUYECKON MOJIEIH:

DEeHOMEHOJIOTHYECKUH (MPSMOE HAOIIOICHHE);

JlenyKTUBHBIN (BBIUJICHEHHE U3 00IIeH MOeNn);

WNunyktuBHbIH (00001I€HNE OTACIBHBIX MOJIENEH).

[Ipexe, yeM MBI pacCMOTPUM HKOHOMUYECKYIO 3ajlady, HEOOXOAMMO TOHSATH, KAKWE THIIbI
MojieNiel CyIIECTBYIOT. B HaydHOU JuTepaType BBIICISIOT MHOTO KJIacCU(PHUKAIMM, HO BOT camas
pacnpoCTpaHeHHas U3 HUX [2]:

Makpo U MUKpPO 3KOHOMHUYECKHUE MOJIEIH;

TeopeTudeckue U MPUKIATHBIE MOJIEIIH;

Crarnyeckue U TMHAMUYECKUE MOJIEIH;

OnucarenbHble U ONTUMU3ALMOHHBIE MOJIENH;

JleTepMUHUPOBAHHBIE U BEPOSATHOCTHBIE MOJIEIH.

He 6ynem paccmarpuBath mopoOHO BCe BUJIBI, a JIUITh OCTAHOBUMCS Ha 4 TUTIE: OMICATEIbHbBIE
Monenu. OmnucarenbHbIe, W MO-APYrOMY, ACCKPUIITUBHBIE MOJAEINA — ATO MOJEIH, C TOMOIIBIO
KOTOPBIX BBIIETSIOT CYILIECTBEHHBIE AJIIEMEHTHI U MIEPEMEHHbIE, ONUCAHUE UX CBSI3U U CTPYKTYPHI C
MTOMOIIBIO MAaTEeMaTHYECKUX (HOPMYI U MaTeMaTUYeCKUX TpadukoB. UTOOBI MOHATH, KaK pabOTar0 3TH
MO/JIeNH, AaBaiiTe pazdepemMcs ¢ onucareIbHON SKOHOMHKO-MareMaTHueCKO MOJIENbIO.

B onucarenpHONM MOIETH BBIICISIOTCS IEMEHTHI, MOKa3aTeNd, TapaMeTphl U MepEMEHHEIE,
KOTOpbIEe OOBENUHSIOTCS B MAaT€MaTUYECKUE BBIPAKEHUS, MO3BOJIAIOIIME MPOBECTH aHAIU3 CYTH

HU3y4acMOro 3KOHOMHYCCKOTO SABJICHUS. P aCCMOTpUM MOZCIIb MEKOTPACIECBOIO OanaHca WU

OCHOBHOE MAKPOIKOHOMHMYECKOE TOKIECTBO:
Y=C+I+G+NX,
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B KOTOpOM Y — COBOKYMHBIA n0x0a, C — coBokymHoe morpebnenne, | — naBectunuu, G —
pacxofsl rocygapcTBa, NX — 4UCTBIA SKCTIOPT. [{J1 3TON MOAEIHN pacCCMOTPUM TaKOM MIPUMEp:

Komrmianust mpou3BOIUT N BUIOB MPOAYKTOB. J[Jisi BBITyCKa OHA HCIIONB3YET PabOuyr0 CHITY,
o0opynOBaHUE, KOTOPOE SIBISETCS OCHOBHBIM KAaMTAIOM H ChIpbe. OJTH PECYpChl pPaBHBI
L, K, R. Ormetrum, 4To B 3a/a4e 3TH PeCypchl HE MOTYT ObITh yBelauueHbl. JlJig pacxoma Kaxaoro
pecypca Ha MPOU3BOJICTBO MPEAYCMOTPEHA eAMHUIIA MPOAyKIMK Buaa i-ro Buaa (i=1,2,3...n):11, ki,
ri.. Llensr npoaykToB 3agansl: pi (i=1,2,3...n). Ham Hamo y3HaTh 00beM BBITyCKa MPOAYKTOB C IENBIO
ONTUMAJIBHOW ONTUMU3AUMUA Y B3aBUCUMOTH OT pealli3alllH.

B wMaremarmueckoit Mozenu OyayT SK30reHHbIe II€peMEHHBbIe, 3aJaHHble H3BHE U
HEMEHSIOLMECs B Xofe MNpou3BojacTBa. Taike OyIyT 3afaHbl COBEPLIEHHO MPOTHUBOIOIOKHBIC
MepEMEHHBIE, TO €CTh HJIOTCHHBIE, KOTOPHIE HE B3ATHI U3BHE U ONPENEISAIOTCS B X0JI€ pacueToB. Bece
MepeMeHHbIe, KpoMe 00beMa BBIMYCKa MPOAYKIMU, 3TO SK30TE€HHBIC TNMEPEMEHHBIC, a 00BEM —
SHJIOT€HHAs MEepPEeMEeHHasl, KOTOPYI0 Mbl OTMETHM Kak Xi. Hamia menp — 3To ontuMusanus A0Xoza.

3anuchIBaeM €ro CiaelyroIuM 00pa3oM:

Y=P1X1 +P1X1 +... PnXn =YL plx1 — max

OrpaHuveHus, KOTOpble MOCTaBWIIM JJIsi YBEIMUYEHUSI PECYpPCOB, MOTYT OBITh MPEICTaBICHbI

TaKHMMH HEPaBEHCTBAMU:
11x1 + 12x2 +... +Inxn <L
rlxl + r2x2 +... +mxn <K
kix1l + k2x2 +... + knxn <R.

Tak kak y Hac HE MOTYT OBITh OTpPHUIIATEIbHBIC 3HAYCHHUSI, MBI JOMHUCHIBAEM HEOTPHIIATEIbHbBIE
nepemennbie xi >0, 1=1,2,..., n.

Ecimn  oObenuHUTH 1ENEeBYI0 (QYHKIHIO W YCIOBHS OTPAaHHYEHUS, TO TOIYyYUM
ONITUMHU3AIMOHHYIO MOZieNb. Takxke 3To OyneT 3a1aueit TMHeHoro mporpammupoBanus. [lonydennas
MOJIENIb BIIOJHE peaTMCTUYHA B OONBIIMHCTBE CIydyaeB U MOXET ObITh NMPUMEHEHa IS aHalu3a
nmpou3BoAcTBa. Ho Tak Kak yke TOBOPWJIM, 4YTO TaKWE MOJEIH  SBISIOTCS JIHIIb
«ITPUOTU3NUTETBHBIMIY, TO JaBaTe pa3depeM, KaKue yCIIOBUS, BCTPEUYAIONINECS B peaJbHOCTH, OHA
HE MOXET YYUTHIBATH:

Bo-niepBbIX, pecypchl MOTYT 3aMEHSITh APYT APYyTa;

Bo-BTOphIX, 00BEMBI pECYpCOB — 3TO HE PUKCUPOBAHHAS €IMHHIIA, OHM MOTYT MCUEPITBIBATHCS,
MPOAABATHCS U T.1.

B-TpeTbux, 1IeHbl MOTYT OBITh HEMOCTOSIHHBIMHU.

B-ueTBepThIX, MOTYT MCIIOJIB30BAThCS PA3IMYHBIC TEXHOJOTUH JJIS BBITYCKa, 3aTpauynuBas Ipu
ATOM pPa3HOE KOJMYECTBO PECYPCOB.

B-mAThIX, 1enu OpraHu3aluyd Takke TpeOyloT AOMONHUTENBHBIX Y4YeTOB IOKa3areneit
KauyeCTBCHHBIX U KOJIMUECTBECHHBIX.

B-HICCTBIX, OpCaAIOKCHHAasA MaTreMaTu4dCeCKass MOACIIb HE YYHUTHBIBACT TaKUX KHU3HCHHBIX

(hakTOpOB, KaK MOJIOMKY 00OpYIOBaHUS, COKpaIleHne paboueii CHtbl n3-3a 0071€3HU pabovero u T.1I.
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OTU OrpaHMYEHMs MOKa3bIBAIOT, YTO B SKOHOMHKE MareMaTHUyeCKHe MOJENIU MOTYT OBITh
HAMHOTO CJIO)KHEE, TaK KaK IMPUXOJUTCS YUUTHIBATh Pa3IMYHbIE OOCTOSTENHCTBA, K TOMY IKE
MareMaTu4ecKre MOJEIN He pacCUUTaHbl Ha OpC-MaKOPHBIE CUTYyalluu B xKHU3HU. HecMoTps Ha Bce
3TO, UCII0JIb30BAHUE TAKUX MOZENIEH OUEHb aKTyalbHO B COBPEMEHHOM MHUPE, TaK KaK OHU [IOMOTal0T
CIIPOTHO3UPOBATh IPUMEPHBIN PE3YyIIbTaT, IPEAOTBPATUTH OIPENEIECHHBIX HErATUBHBIX MOMEHTOB U
MOHSATh, KAK MOXKHO YIPABJIATh JAHHOW CHUCTEMOM.

Hcxonst n3 npoaenanHoi paboThl, MPHIIEI K BEIBOAY, YTO SKOHOMUKO-MaTeMaTHYECKasi MOJEIb
— 3TO MPEACTABIEHUE IKOHOMUUYECKUX ITPOLIECCOB, KOTOPOE IPUMEHSETCS sl UX MCIIOJIb30BAaHUS U
ynpasieHus. X mpuMeHeHrne JOCTaTOuHO aKTyaJIbHO B HalleM MHUpE, TaK KaK HET TaKMX BayKHBIX
SKOHOMHMYECKHUX 33Jlad, KOTOpbIC pemiaguch Obl 0e3 momolu MareMaTuku u ee Qopmyn. s
00OCHOBaHUS CBOMX TEOPHH WMJIM HAXOXKACHUS peUIeHHss MHorHue jaypearsl HoGeneBckoil mpemun
HCIOJIb30BAJIM KaK pa3-TakKu CBOU 3HAHHUA B 00JIACTH MaTeMaTU4yecKUX mopeseil. Maremaruueckue
MOJIEJIM TIPUHOCAT MAaKCUMaJIbHO TOYHBIE JAHHBIE B 3KOHOMUYECKUE HCCIIEIOBaHMS, IO3BOJSAIOT
HNPUNATH K KOJIMYECTBEHHOMY Pe3y/bTaTy, 3pGEKTUBHOCTh KOTOPOTO HE 3aMEHUT HU OJJHO CJIIOBECHOE
WIN JIOTHYecKoe cyxaenne. Ho, HecMOTps Ha MOJIOKUTENbHBIE CTOPOHBI, Kak U B JIIOOOM METOJE,
HSKOHOMHUKO-MAaTEeMaTHYECKA METOl HMMEEeT OTpULATebHbIE, clIadble CTOPOHBI, HAaIpUMED,
HETOYHOCTH ITOJIyYEHHBIX JaHHBIX MM HEBO3MOXXHOCTb PACCUUTATh HEKOTOPHIE YCIOBHS, KOTOPbIE
BCTPEYAIOTCS B PEalbHOCTH, HO HE MOTrYT OBITh YyYT€Hbl B Maremaruueckoil moxenu. W3 Bcero
BBIIIECKA3aHHOTO  HANpAIIMBACTCSl BBIBOA  CIEAYIOUIMA BBIBOA: JOOWTBCA B OKOHOMHUKE
OIIpE/IETICHHBIX PE3YJAbTaTOB, IPOBECTH MCCIIEA0BAaHUS BO3MOKHO COBMECTHO C TEOPUENH SKOHOMUKHU

U MaTeMaTukKku, TO €CTb POJIb MATEMATHUKN B SKOHOMUKH BCJIUKA.
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NEPCHEKTUBBI IPUMEHEHUS TEOTEPMAJIbHOM SHEPT U B POCCUH

B Hacrosiiee BpeMss MHOXECTBO YYEHBIX U3 pa3HbIX CTpaH HaxoAATCsd B IIOMCKE
JIBTEPHAaTUBHBIX MCTOYHMKOB SHEPIUHU, OAHHUM U3 KOTOPBIX SBISIETCA IeoTepMajibHas SHEPrus
3emin. YUWTBhIBash YCHUJICHHOE HCIOJIB30BaHUE YIVIEBOAOPOAHOIO TOIUIMBA, TI€OTEpMalIbHAL
SHEpreTHKa SBISIETCS IEPCIEeKTUBHOW pa3pabOTKOW, MpH 3TOM TeoTepMalibHas IHEPTUs YxKe
CYIIECTBYET KaK TEIUIOTa, U He TpeOyeT CKHUraHWs YIJIEBOJOPOAHOTO TorumBa. Kak ciencrtsue,
MHBECTULIMU B 3Ty cdepy olpapgatoT ceds B Omkaiiiiue rojael. ['eorepmalibHas 3HEpreTuka -
QJIBTEPHATUBHBIA HMCTOYHUK SHEPrUM, HCIOJIb3YIOLUIUH BO300OHOBISEMbIE PECYpChl, MCTOUHHKOM
KOTOpOro sBJseTCs MarmMa 3emid. Marma packajieHa J0 Ipejena, I[O3TOMY 3allachl Teruia
IIPaKTUYECKHU Hencuepnaemsl. [ eoTepmalibHble MECTOPOXKIEHUS pa3MELLEHbl B OCHOBHOM B paiioHax
HeJaBHEro ByiakaHusma [1, c. 417].

PaiioHbI reoTepMalIbHBIX MECTOPOKICHUN JENATCs Ha 3 Kiacca:

1. Tuneprepmanbubiii. TemneparypHsblit rpagueHt — 6osee 80 °C/km. PaitoHbl pacmonoKeHbl B
TEKTOHMYECKOM 30HE, Ha T'PaHUIE KOHTUHEHTAJIbHBIX IJIUT. BOJNBIIMHCTBO BCEX CYIIECTBYIOLIUX
I'eoTOC pacnonoxkeHbl MIMEHHO B 3THX paliOHaXx.

2. [Tonyrepmanbublil. Temneparypusiii rpaaueHT - ot 40 1o 80 °C/kMm. PaiioHsl, cBs3aHHBIE C
aHOMAJIMSIMM, JIEKAIIMMHU B CTOpPOHE OT TpaHul] IuiardgopM. M3BieueHue Temyia MPOUCXOAUT W3
€CTECTBEHHBIX BOJOHOCHBIX IJIACTOB MJIU U3 Pa3IpOOJIEHHBIX CYXHX MOPO/I.

3. Hopmansusiii. Temneparypusblil rpaguent — menee 40 °C/km. Camble pacnipocTpaHEHHbIE
paifoHbl Ha maHere 3emiis. B Takux pailoHax 0ObIYHO SKOHOMHUYECKH HE BBITOJIHO W3BJIEKATh TEIJIO
W3 HeJlp 3eMJTu.

B kaxJ1oM 13 BbIIIE€ YKa3aHHBIX KJIACCOB, BO3MOXKHO ITOJIyYE€HHUE TEIUIA 3a CYET €CTECTBEHHOMN
THJIPOTEPMATILHON IUPKYISILINUU, TP KOTOPOH MOTOKM BOZABI MPOHMKAIOT TIIYOOKO MO 3eMJII0, IIie
HarpeBaeTcs 10 HeoOXOUMBIX TEMIIEpaTyp, MPEBPAIIAIOTCS B MAPOBOJISIHYIO CMECh, CyXoi map. B
MIPUPOJIE COOTBETCTBYIOIINK BBIXOI BOJBI HAOIIOMAETCS B BHUJIE rei3epoB. Tak ke MOXKHO CO371aTh
HCKYCCTBEHHbIE pa3pbIBbl B MOpOAax, Onaronaps KOTOPbIM BO3MOXKHO IMpOKayaTh BOMY, OTOMpas
termo [2, c. 178].

CaMy MCTOYHUKHU TaK € MOTYT ObITh pa3HbIX BUJIOB: 1. MeCTOpOXaeHUsS reoTepMalIbHOrOo
cyxoro mapa. 2. McTtouHuku Bia)xHOro mapa (cMech ropstueit BoAsl U mapa). 3. MecTopoxaeHus
reoTepManbHOM BoAbL. 4. CyXne ropsiuue CKajlbHbIE IOPOABI, pa30IPEBAEMbIE MarMOM.

FCOTepMaJIBHaSI OHCPTUA MOXKCET OBLITH HCIOJIB30BaHAa ABYMSA OCHOBHBIMU MCTOAAMU — IIPH

MOJTy4YE€HUU DJIEKTPOIHEPTUU U MpU olOecredeHnn o0orpeBa I0MOB M Pa3IUYHbBIX MPOMBIIIIICHHBIX
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npennpustuii. KonneHcamoHHyo Bogy 0ObIYHO BO3BPAIIAIOT B 3€MJTIO U MPU €€ BIIOJHE XOPOIIEM
Ka4eCTBE—TIEPEIat0T B OMMXKalIMil BogoeM. B apyrux ciydasx, rje IpUCYTCTBYET BIIGKHBIN Tap,
STOT Map BBIIENSAIOT U 3aTE€M NMPUMEHSIOT JJIs BpallleHUs! TypOUH.

[IpeoOpa3oBanue reoTepMagbHOW YHEPIUU B AIIEKTPUUYECKYIO HEPIUIO, B 3aBHCUMOCTH OT
TEMIIEPaTyphl CPEIbl, NETUTCS Ha CIEAYIOIIUE METONbI: 1) mpsiMON MeTol, KOTOpBIH OCHOBaH Ha
HCIIOJIb30BAaHUU CYXOTO Tapa; 2) HEHmpsIMOM METOJ, TP KOTOPOM HCIIOJIB3YETCs] BOASHOW map ¢
Temneparypoir Boabl 6onee 180°C; 3) cMmemaHHbI MeTO, KOTOPBIH Oa3upyeTcs: Ha MPUMEHEHUU
CMECH BOJABI C JIPYTHMHU XUAKOCTAMU. OCHOBHOHM 3a/aueil JaHHOTO PHEPrOCHAOKEHUS SIBIISCTCS
MOJTy4Y€HUE SHEPTUU U3 HEAP 3eMJIH, KOTOpast 00ecreunBaeT BhIpaboOTKy HEIOPOTO IEKTPUUYECTRA.

[IpeumyiiecTBa reoTepMaibHbIX JEKTPOCTAHIIHIM:

1. Dxonoruueckas 6€30MacHOCTh OOBEKTOB IIPH IKCILTYaTaIIUH.

2. VcKITI0YUTENBHO BHICOKUE 3a1achl MOILITHOCTH.

3. HeBbicOKHi1 yPOBEHB I1IEH.

4. Huskue 3atpaTsl Ha 0OCITyKMBaHUE T€OTEPMAIIbHBIX YCTaHOBOK.

5. Hewuccsikaemble 3amachl SHEPruu, KOTOpbIE HE 3aBUCAT OT MPUPOAHBIX KAaTaKIU3MOB,
CE30HHBIX M3MEHEHUH U IPOYNX BHEMIHUX (HaKTOPOB.

6. becniepeboitnyio padoty [eoTOC B pexume 24/7.

7. HesHaunTenpHYIO IJI01Ab TEPPUTOPUH MIOCTPOMKH U 3allyCKa F€0TePMaIbHbIX CTAHLIUMN.

8. DHepro0e30IacHOCTh U HE3aBUCUMOCTb.

[TIo coctosnuto Ha 2019 rox B psine crpaH EBpomnbl MOCTPOEHBI U 3alyIlEHbl HECKOJIBKO
CTaHUUH CyMMapHOI MOIIHOCTHIO OKosio 75 MBT. Uepes nsaTh JIeT yKa3zaHHBIH 00BEM MJIAHUPYIOT
noBectu 10 ypoBHs B 17 I'BT. OcHoBHas craBka nenaercs Ha Muponesuto, Typuwuro, Kenuto u
OUIMNIUHEL, T pa3padoTKka HOBOTO MPUPOIHOTO UCTOYHUKA YHEPTHH BEJIETCSl Hanbosiee akTUBHO.
VY4eHble PeICKa3bIBaIOT, UTO YXKE Yepe3 HECKOJIBKO JIECATKOB JIET FeoTepMaibHasi SHEPTUS COCTAaBUT
1/6 mupoBoro sHeprocHadxenus [3, c. 87].

Pernonsl B Poccum, rae €cTh NapoOBOASHBIE I'€OTEPMAJIBHBIE MECTOPOXKIEHUS, SBISIOTCS
Kamuarka m Kypwibckue octpoBa. Pecypcbl reorepmanbHbIX  MecTOpoxaeHui Kamuarku
ouenuBaorcs B 250-350 MBrt snektposnepruu, Kypunbckux octpoBoB — B 230 MBT, uro
MOTEHIMAJIBHO MO3BOJSET IOJHOCTBIO 3aKpPbITh IMOTPEOHOCTH PErHOHOB B 3JIEKTPOIHEPIHH,
TeruiocHaO)KeHUM | ropsiueil Boze. MccienoBaHMe S3TUX MECTOPOXKIEHUM Hadal pycCKUH
nyremectBeHHUK C.II. KpamennukoB B 1737 romy. PerynsipHble uccienoBanusi ObUlO HayaThl B
TPUALATBIE TOBI MPOILIOTO Beka reosorom bopucom MBanosuuem Iluiinom. B 1937 rony on uznan
kHury «Tepmanbnble kimtoun Kamuarkm». OH ke OpraHM30Ball T€OTEpMalIbHBIE MCCIIEJOBAHUSA U
co3aai Uuctutyt Bynkanonoruu u ceiicmonoruu AH CCCP B Ilerponasnoscke- Kamuarckom B 1962
rogy. Tak Kak Ha CETONHSIIHWA JCHh pPa3BUTHE BO30OHOBISIEMOW OSHEPIHH  SIBISETCA
BOCTpeOOBaHHBIM HANpaBJICHUEM B SHEpreTuke, B Poccuu Tak »e akTHBHO pa3BUBAETCS JAHHBIN BU]T
anekTposHepreTuku. [lo qanueiM Ha 2020 roa, B Poccun GpyHKIIMOHUPYIOT YEThIpE reoTepMaIbHbIe

ANIEKTPOCTaHIIMU 0011el MomHocThio 81,4 MBT, Tpu U3 koTophix Haxoxaarcs B KamuarckoMm kpae u

onHa B CaxaJrHCKOHU 00IacTH.
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IlepBas reorepmanbHas siekTpocTaHius Poccum - Ilayxerckas ['eoDC, cTpouTenbcTBO
KOTOpoil Hayanoch B 1957 roxy, a Obla BBeA€HA B HKCIUTyaTanuio B 1966 rogy. Dkcrutyatupyercs
I[TAO «Kamuarckanepro». JlaHHas reoTepMalibHas AIEKTPOCTAHIMS npeacTaBiseT coboi [eodC ¢
IIPSIMBIM UCII0JIb30BaHUEM Napa. OHa HaxoauTcs B paiioHe [layxeTckux reorepManbHbIX HCTOYHUKOB
- B 30 xm ot Oxotckoro mops y peku Ilayxerka. Ha qanHbIli MOMEHT UMEIOTCS 22 cKkBaxuHbl, 10 u3
KOTOpPBIX JeHCTBYyIOIIMX. brarogaps cemaparopaMm OCYIIECTBISETCS pas[elieHue IMapOoBOJSHOM
cmecu. Jlanee map unet mo TpydompoBoaam K 3nanuto [e02C u moToM B TypOUHBL. YCTaHOBICHHAS
MomniHocTts [layxxerckoit [€02C - 12MBT.

Bepxue-MytHoBckass [eoDC Opia mpunsta B 3Kciutyarauuio B 1999 romy. DOta T'eodC
HaxoguTcsi B Eimm3oBckoM paiioHe Kamuarckoro kpas. Cranuus skcmityarupyercs I1IAO
«Kamuarcksnepro». B Bepxue-MyrtHoBckoli [€0DC BmepBble ObUIM YCHEIIHO MPUMEHEHBI
TOPU30HTANIbHBIE TPABUTAIIOHHBIC CEMApaTophl, Oarojapss KOTOPHIM YAAIsSeTcs MaKCHMalbHOE
KOJIMYECTBO BOJIbI U3 F€OTEPMATBHOTO Napa. Tak e mpu NpOeKTUPOBAHUU U CTPOUTEIHCTBE TaHHOM
reoTepMaibHON AIEKTPOCTAHLIUU OBUIM NMPUMEHEHBl HOBBIE TEXHUYECKUE PEIUICHHs, KOTOphIE B
MOCJIEICTBUU YCIICITHO MPUMEHSUTUCH Tpu co3naHuu HOBBIX [€0DC. [lannas [€09C Tak xe Kak u
[Tayxxerckas I'eoDC mpencraBiasier co0OW reoTepMaibHYIO 3JIEKTPOCTAHIUIO C  HPSIMBIM
UCIOJIb30BaHUEM I1apa. YCTaHOBIEHHAsI MOIIHOCTh Toxe 12 MBT.

B 2002 rogy Obl1 BBeIEH B AKCIUTyaTalldi0 MEPBBIN MYyCKOBOW KoMILIeKC MeHaeneeBckas
I'eoTOC, koTopas HaxoauTcst Ha octpoBe KyHaiup okoso ByakaHa MeHzaeneeBa. DKCIUTyaTupyeTcs
3A0 «Oueprus HOxno-Kypunbckas». B 2016 romy Menneneesckas ['eoTOC Obuia BpeMeHHO
BBIBEJICHA W3 JKCIUTyaTalluu, mnocie moaepHuzamuu B 2019 rogy cHoBa Havaja cBoro paboty. B
pe3ynbTare MoAepHHu3aunn MoHocTh MenneneeBckoit [eoTOC yBenuuunace 10 7,4 MBT.

Kpynneiimas reorepmanbHas snekrpoctanuus Poccun - Mytnosckas ['eoOC. Pacnionoxena B
EnuszoBckom paitone Kamuarckoro kpas, Ha BbicoTe 800 M Han ypoBHeM Mops. CraHuus
skcruryarupyercst ITAO «Kamuarcksnepro». YeranosineHHass MOIHOCTE - 50 MBT. [lannas ['eoD2C
SBJIIETCS OTHOM M3 COBPEMEHHBIX T'€OTEPMANIBHBIX JIEKTPOCTAHLUN B MUPE U HE UMEET aHajora B
Poccuu. Temnnoas cxema MytHoBckoi ['€09C mo3BosisieT 4MCTOE MCIOB30BaHUE FE€0TEPMaIbHOIO
TEIJIOHOCHUTENISI ¢ SKOJIOTMYHON TOYKH 3pPEHUsI C UCKIIIOYEHHEM IMPSMOro KOHTAaKTa C MPUPOAOH 3a
CUET UCIOJIb30BAHUS BO3YIIHBIX KOHJEHCATOPOB. 1o mporno3zam crennaiucTos, o0m1as MOLUTHOCTh
MytHoBckoi#t ['eo9C Bo3pactyt 10 250 MBT B Gnmkaiinem OyayieM.

I'eorepmanbubie ctanuu Pycl uapo odecnieunsatot 30 % snepronorpednenus Kamuarku. 1o
MO3BOJIIET CHU3UTH 3aTparhl Ha JTIOPOTOCTOSAIIEEe MPUBO3HOE TOIUIMBO. [ eoTepMalibHas SHEpreThKa
ABIIIETCS OKOJOTMYECKHM YHCTBIM BHJOM JJIEKTPOAHEPIHMHM, YTO JIOKA3bIBAET MHOTOJIETHSA
skcrutyaranus ['eoOC.

HecMoTps Ha Bce MONM0KUTENbHBIE CTOPOHBI M IOCTOMHCTBA JIaHHBIX AJIEKTPOCTAHLUMN, BCE JKe
€CTh pa3HuIla MEX 1y 3HAYUTEIbHBIMH 3allacaMy FreoTepMaIbHON 3HEPTUU U MaJIOH ee MCTI0NIb3yeMOn
YacThl0, U HU3KMM YPOBHEM OKCIUIyaTalldd MECTOPOXKIEHHH. OTO OOBACHSAETCS HEKOTOPHIMHU

ceun(puyeckuMu (pakTopamu, XapaKTEpU3YIOIIUMH 3Ty DHEPruio, a TaKXKe TEXHOJIOTHEl ee

W3BJICUEHUS U UCTIONIB30BaHus [4, ¢. 73].
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Takumu Qaxkropamu ABIAIOTCA: BBICOKAas CTOMMOCTb CKBaXXMH M HU3KUE TPAHCHOPTAOEIIbHBIE
KauecTBa TePMaJIbHbIX BOJ, HEOOXOAUMOCTb OOPATHOM 3aKauKu OTPaOOTaHHBIX BOJ| M 3HAUUTEIIbHbIE
pacxofbl Ha UX MOJATOTOBKY, HEBO3MO)KHOCTh aKKYMYJIMPOBAaHMsI TEIIJIOBOM SHEPIUU HA JUITUTEIbHBIN
Nepuo], KOPPO3MOHHO-arPECCUBHBIE CBOMCTBA, XapaKTEPHU3YIOIINE TePMaIbHbIC BOJBI Ha OOJBIINX
1yOuMHaX, OJHOPA30BOCTh MCIIOJIB30BaHMUSA TEPMAJIbHBIX BOJ B CHCTEME TEIUIOCHAOKEHHS U
CPaBHUTEJIBHO HU3Kas UX TEMIIEpaTypa U T.A. B CBsI3U ¢ 3TUM BO3HUKAIOT IIPOOIEMbI Fe0TepMaIbHOM
sHepreTuku. OcHoBHBIE TpoOsieMbl [€0DC: 0CBOCHUE TEXHOJIOTHI CTPOUTEIHCTBA BHICOKOACOUTHBIX
CKBaXXUH C TOPU30HTAJIBHBIMM CTOJIAMHU B IPOAYKTMBHOM TOPHU30HTE, NEPEBOJ 3HAUUTEIBHOIO
KOJIMUYeCTBa 0€3AeHCTBYIOLIMX CKBRXKUH Ha BhIPAOOTAaHHBIX HE(PTAHBIX M ra30BbIX MECTOPOXKICHHIX
Uil A00bIYM  TeoTepMalbHOrO (ronja, LIMPOKOE OCBOCHHE TEXHOJOIMHM TIe0TepMallbHbIX
mupkysioHHbx  cucteM (I'HC), paspaboTka 3¢ GeKTHBHBIX METONOB OOpHOBI C KOPpO3UEH U
COJICOTIIOKEHUEM, DPa3pabOTKa JBYXKOHTYPHBIX CHCTEM TeOTepMabHOTO JHEPrOCHAOKEHHS Ha
OCHOBE JICLIEBBIX KOPPO3MOHHO-CTOMKHMX TEIIOOOMEHHUKOB U CEpUNHBIA BBITYCK MOIYJIBHOTO
000pyI0BaHUS JUIsl CTPOUTEIBCTBA OAHOKOHTYPHBIX M OMHapHbIX [€00C, pazpaboTka 3¢ppekTuBHBIX
KOMITJIEKCHBIX TEXHOJIOTMH YTHJIM3alUM TI€OTEpMalbHOM M COINYTCTBYIOLIMX BHJOB SHEPruil u
THIPOMHHEPAIBHBIX ~ PECypcoB,  pa3paboTka  d((EKTUBHBIX  TEXHOJOTHH  YTHIHM3AIHUU
HHU3KOMOTEHIIUAJIBHOTO Te0TepMaIbHOro Temia [5, c. 161].

K coxanenuto, B Poccum OTCyTCTBYeT OTE€YECTBEHHOE OOOPYJOBAaHUE SHEPrOyCTAHOBOK,
[I03TOMY TOCTaBIIMKAMU SIBJISIIOTCS MHOCTPAHHBIE MPOM3BOIUTENIN. JTO yBEIUYUBAET CTOUMOCTh
crpoutensctBa [e0DC. Pemenne paHHbIX mpoOneM MpHBENET K TOBBIIICHHIO — OTAA4d
CYIIECTBYIOLIIETO Te0TepMalIbHOrO Mpou3BoAcTBa. OOnacTé npuMeHeHHs U IPPEKTUBHOCTD
UCIIOJIb30BaHUs T€OTEPMAJIbHBIX BOJ 3aBUCAT OT MX DHEPreTUYECKOrO MOTEHIMANIa, XUMUYECKOTO
COCTaBa, MHUHEpaJN3allii, arpecCUBHOCTU BOJ, HaJU4Ms IMOTPEOUTENS M €ro yIaJeHHOCTH U
HEKOTOPBIX pyrux (akropon. Hanbonee r¢hekTHBHOM 00/1acThIO MPUMEHEHUSI T€OTEPMAIBHBIX BOJ
SBIISIETCSl OTOTIIICHUE, TOpsiUee U TEXHUYECKOoe BoJocHaOkeHue [6, c. 74].

bnarogapst yu€HbIM BBICOKON Hay4HOM M HMHXXEHEPHOM KBalu(UKalMU, KOTOpble BHEAPWIN
BaXkHeIIne pa3pabOTKH Ha TOCYJapCTBEHHOM YPOBHE, MPOMU3O0IIEN CKAaYOK B Pa3BUTHH POCCUICKON
reorepMasibHON dHepreTuku. [Ipu obmeit momHocT MupoBsix [€0TOC 13,3 I'BT ycranoBnenHas
MotHocTh [e0TOC Poccuiickoit denepanun cocrasnsger 74 MBT npu noreHiuanbHON MOIHOCTH
I'eoTOC tonpko Kamuarku 1,1 I'BT. Kpome Toro, Poccust — onna U3 nsatu cTpan Mupa, obiaaromas
TEXHOJIOTHSIMH MPOU3BOJICTBA T€OTEPMANIbHBIX TYpOUH U 000pyA0BaHUs, T€OJIOIMUECKON 1 HAyYHOU
IIKOJIOH MHPOBOTO YPOBHS, WH)KEHEPHBIMHU IIKOJIAMU IO NMPOEKTHUPOBAHMIO M dKCIUTyaranuu. Ha
CerOAHAIIHNM NeHb Ha Tepputopun Poccuiickoit denepanmu npodypero oxono 4000 ckBaxHH Ha
mryouny g0 5000 M. Takue CKBaXMHBI MO3BOJSIOT MEPEHTH K MAacCIITaOHOMY BHEIPEHUIO
COBpEMEHHBIX 000pYyIOBaHUH /JIs TETNIOCHAOKEHUS Ha BCEl TEPPUTOPUU TOCYIapCTBa.

Pa3Butne reorepmanbHONW JHEpreTMkH B PoccMm  CMOXET paspemuTh Ipoliemy
ANEKTPUDUKAITUN MaTTOOOKHUTHIX TEPPUTOPHUH, JJIS1 KOTOPBIX IIEHTPATM30BaHHOE HEproodecneyeHne
SBIIIETCS DKOHOMUYECKH HEBBITOAHBIM. [l JalbHENIIEr0 pa3BUTHUS JaHHOTO AJbTEPHATUBHOIO

nucrounuka sueprun AO «l'eorepm» MIaHUPYyeT MOCTPOUTH YeTBEPThIi 00Kk BepxHe-MyTHOBCKOI

[eoDC mno KOMOWMHMPOBAHHOW CXEMeE, YTO 3aMOTHUBHPYET pa3padOTKy U IMPOU3BOICTBO
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OTEUYECTBEHHBIX MPOU3BOAUTENEH 000pyaoBanus. Takoil BUJ albTepHATUBHOTO UCTOUHUKA SHEPTUU
KaK TreoTepMalibHasi SHEprusl ABISETCS OJHUM U3 JNUAMPYIOIIUX. ['uaporeorepMmanbHble pecypchl
YCOCHIHO OCBAMBANOTCA BO MHOIUX CTpPAaHAX MHUpa OJid NPOU3BOACTBA JJICKTPOSHCPIrUM M TCILIA,
VIAOBIIETBOPSISL TP 3TOM CaMble pa3HbIE MOTPEOHOCTH XO3SHUCTBEHHOW JEATEIHHOCTH YeIOBEKa.
Macmtabpl UCHOJB30BaHUS TE€OTEPMAjIbHOM HSHEPrUM IOCTOSHHO PACTyT, KOJIMYECTBO CTpaH,
YCHELIHO HCIONb3YIOIUX 3Ty JHEPIHUI0, TAKKe C KaKIBIM TOJOM YyBEIMYHMBACTCA. A Takxke
HCII0JIb30BaHUE I€OTEPMAIILHOM 3HEPTUN TOMOXKET YIYUIIUTh 3KOJOTUYECKYI0 0OCTaHOBKY 110 BCEM
CTpaHe, MOTOMY YTO JUIsl IEUCTBYIOIIUX I€OTEPMaJIbHBIX IEKTPOCTAHLIMM XapaKTEPEH YMEPEHHBIN
YpOBEHb BBIOPOCOB, YTO 3HAYUTEIILHO MEHBIIE BHIOPOCOB TPATUIIMOHHBIX BUIOB SHEPreTHUKH.
['eorepmanbHBIE pecypchl MPEACTABISAIOT COOON MPAKTUUECKU HENCUYepIIaeMbli, BO3OOHOBIISIEMBIN U
HKOJIOTUYECKH YHUCTBI MCTOYHUK HHEPIrUH, KOTOPBIA OyleT Wrparb CYLIIECTBEHHYIO pOJb B

JHEPreTHKE OYTyIIEro.
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METO/IbI JUATHOCTUKH HEMCITPABHOCTEMN
MHOI'OPA3HBIX JIEKTPUYECKUX MALLIUH

[Iponiecc mpeoOpa3zoBaHMs SIEKTPHUECKOM HHEPTUM B MEXAaHUYECKYIO DSHEPruio0 B
ANMEKTPUUYECKUX MAIlIMHAX OCYIIECTBISIETCd 3a CYET BpalllaloIIerocs MAarHUTHOIO —IOJI,
BO30Y>KJITa€MOTO TOKaMH OOMOTKH CTaTropa.

MHoroda3zHas dneKTpuyYecKas MaluHa MpeACTaBiIsieT co00il MaluHy MOCTOSHHOTO TOKa, B
pOIM KOMMYTaTOpa KOTOPOW BBICTYMAIOT CHJIOBBIE KIIOYH. Ves MCHoibh30BaTh CHUIIOBBIE KITFOUYH
BMECTO ILIETOK HE HOBA, MEpBbIE NMPOTOTUIBI ObLIM co3zaHbl eme B 30-e roga XX Beka, OIHAKO
JeTajabHOE U3y4YEeHUE Hayallo MPoUucXoauTs ¢ 70-X ToJi0B, a IPOMBIIITIEHHOE BHeApeHue ¢ 90-X rojoB
[7, c. 1], cBA3aHO 3TO MpPEXKIE BCETO C SKOHOMUUECKUMU MPUUMHAMHU (CUIIOBBIE KIIIOUU J0JIT0€ BPEMS
HE COOTBETCTBOBAJIM TEXHUYECKUM TpeOOBaHMSAM, W OBUIM JOpPOTM B HCIOJHEHHWH), U
SKCIUTyaTallUOHHBIMM TpUYMHamu (10 pacnpoctpaHeHus IIIMM wu np. crnocoGoB ymnpasieHus,
JAHHBIM TUIl JABUraress ObUIO HE Leseco00pa3HO MCronb30Barh B cuity Huskoro KITJI, manoit
YCTOMYMBOCTH CHIIOBBIX DJIEMEHTOB, UX JJOPOTOBHU3HBI).

[maBHBIME JTOCTOMHCTBaMH MHOTO(A3HONW MAIIMHBI, 10 CPaBHEHHIO C KIACCHYECKHMHU
SIBIISTFOTCSL:

1. TToBbieHHas HaAEKHOCTh. OTIMUUTENBFHBIM U IIABHBIM IPEUMYIIECTBOM MHOTO(a3zHON
ANEKTPUYECKON MAIIMHBI TIepe]] TPAJAUIIMOHHBIMU SBIISIETCS HA/ICKHOCTh. DKCIIEPUMEHTAIBHO OBIIIO
ycTaHoBJeHO [2, ¢. 13], yTo MHOroga3Hple MalIMHBI ¢ YUCIOM (a3 m>6 MOTYT YIOBIETBOPSTH
HKCIUTyaTallMOHHBIM TPeOOBAHUAM J1aXe IIPU yCI0BUU 00pkiBa 1 1 Gonee das.

2. bonbmmmit cpok skcmiyarauuu. M3BecTHO, 4To yBenauueHwe koinumdectBa (a3 (m>3)

IMMOJIOKUTCIJIBHO CKa3bIBACTCA Ha YMCHBUICHUHW BCEX BO3MOXXHBIM HYJ'II)C&HI/Iﬁ B 3J'I€KTpI/I‘IeCKOﬁ

m
MallMHE, CHUXKCHUHW HOMUHAJIBHOI'O (baSHOI‘O TOKa Ha BCINYHHY ; . CHIKeHHUE K€ HOMHUHAJILHOTO

(a3HOro TOKa NMPUBOJUT K BO3MOXKHOCTH MCIIOJIb30BaHUS IPOBOJA C YMEHBIIEHHBIM CEUEHUEM
(ynmydiieHrue KOMMYTAIUH), ¥ K YMEHBIIEHUIO HarpeBa 3J1eKTPOIBUraTellsl.

3. VYaydmieHHble BUOPO-IITYMOBBIE XapaKTEPUCTUKU. Tak Kak B MPOBOAHUKAX MHOTrO(a3zHOU
ANIEKTPUYECKON MAIIMHBI TeYeT MEHbIIUN (a3HbI TOK (HO MPHU ATOM COXPAHSIETCS MOIIHOCTh
MAalIUHbI), U B TNPOBOJHUKAX MPAKTUYECKH OTCYTCTBYIOT TapMOHHKH, KOJIMYECTBO BHOpamuii u
ITYMOB KPaTHO YMEHbIIIAETCS IO CPABHEHUIO C AIEKTPUYECKUMHU MallIMHAMU [TEPEMEHHOTO TOKA.

4. VnydnieHHbIE SHEPreTHYECKHE IOKa3aTeau. B Cuily NpakTUYECKH IOJHOTO OTCYTCTBHS
rapMOHMK, Jydlled KOMMYTallUM, MOTEPb CTAHOBHUTCS MEHBIIE, TaK K€ CTOMT YHOMSHYTh 00
MEHBIIIEM HarpeBe EeKTpUUecKoi MamuHbl (MeHbIne (asubie Toku). Beime KII/ [7, c. 1; 8, c. 1].

5. bonbioit AuanazoH perylnupoBKU cKOpocTH. Vcnonb3yst pa3nudHble COCOOb! yIpaBIeHHUs,

KaK U pa3IMYHbIC KOHCTPYKTUBHLIC UCIIOJIHCHUSA MHOT 0(1)3.3HBIX MalllrH ITO3BOJIAIOT I[O6I/ITBC5I Kyaa

OoJiee MIaBHBIX XapaKTEPUCTUK, U IIUPOKOTO JHANA30HA UX PETYITUPOBAHHUS.
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6. MeHblIe UTOTOBBIE MaccOorabapuTHBIE XapaKTEpUCTUKU. MeEHbIINEe UTOroBble TabapuThl
MOTYT JIOCTUTaThCS B YACTHOCTU B 7 (pa3HBIX MalllMHAX MPH UCIOJIb30BAHUH PAa3HBIX CHOCOOOB
YIPaBICHUS IEKTPUICCKON MalIHbI. ECIi TOuHEee BBIPa3UThCSI, IPU Pa3HBIX CIIOCO0aX yIpaBICHUS
MOKHO JIOCTUYbh MPAKTUYCCKU UCATBHBIX XapaKTePUCTUK M 3HAUYCHUN TOKOB M HAINPSHKCHHMA, YTO
MPUBOIUT K OTCYTCTBHIO HEOOXOMUMOCTH B (puiibTpax U TpaHchopmaropax. Takxke B 7 ¢a3HbIX
MalllMHaX MPOUCXOUT SKOHOMUS MeJIU BILIOTh 10 20%, 4TO CHJIBHO CHUYKAET Maccy.

7. He3aBUCHUMOCTB OT TeMIEpaTypbl OKPYXAroMIe cpeipl. BeIieonucaHHbIe JTOCTOMHCTBA
OCOOCHHO B&XHBI M KPUTHYHBI TIPU DKCIUTyaTalldd DJJICKTPHUECKHX MAIllMH B aBUAIUH,
CYIOCTPOEHUU, CTAHKOCTPOCHUHU.

Buowvl neucnpasnocmeti anekmpuueckux Mauiun

Bricokast moBpex)aaeMoCTh 3JeKTpruuecknx MamuH (OM), npensarctByeT 3ddekTuBHOMY ee
MPUMEHECHHIO, YTO MOXET HAPYIIUTh TEXHOJOTHYECKHUE IMPOIECCHI, MOBBICUTh OpaK MPOMYKIIHH,
MIPUBECTH K (paTaabHBIM MOCIEICTBUAM

Hcxons w3 aHanmu3a JUTEparypbl, HM3BECTHO, YTO 3HAYUTENbHAs YacTh YpPE3BBIYAITHBIX
MIPOUCIIECTBUI M KaracTpod BO3HUKAET M3-3a Bo3ropaHuii M, 0COOCHHO 4acTO OHM BO3HUKAIOT,
Korna pabora DM compoBoXkaaeTCs AyrooOpa3oBaHUEM U UCKPEHUEM.

Oco0yr0 OnacHOCTh MPEACTABISIOT aBapUUHBIE PEKUMBI paObOThI, JaKe KPATKOBPEMEHHbIE
aBapuiiHbIE PEKUMBI MOTYT MPUBECTU K JIABUHOOOPA3HOMY BBIBOJY M3 CTPOs OOOpYIOBaHUS, U
BO3HHUKHOBEHHIO MOapoB. KOTOphie MOTYT BOSHHKHYTh HE TOJIBKO OT BO3TOpPaHUs aIMaparypsl, HO
W HaIpUMep MPUBECTH K HArpeBy M, OT KOTOPOM MOTYT BCIIBIXHYTh OKPYKaIOIIUE OOBEKTHI.

[IpunATO pasznensTh HEUCHpPaBHOCTH DM Ha: MeXaHUYECKHE, DIEKTPUUYECKUE, U JAPYTUe
HeucnpaBHocTu. K coxanenuto, ananus nureparypsl [1, c. 4-6; 3, c. 2; 4, c. 2-3; 5, c. 9-23; 6, c. 52]
MOKa3aj OTCYTCTBHE €IMHBIX MPOICHTHBIX COOTHOIICHUU. BBI3BAaHO 3TO MPEXkKIEC BCEro, Pa3HBIMU
THUTIAMU UCTIOJB3yeMbIX DM, pa3HBIMH YCIOBUSMH U PEKUMAMH JKCIUTyaTalluu (B TOM YHUCIIE H
oTpaciieBble oTauuus). OJHAKO €ClIM ONMUPAThCs Ha POCCUUCKHE U 3apyO0eKHBIE HCTOYHUKU MOXKHO
YTBEpXKAaTh, 4YTO TapaHTHUpoBaHHO B 50-55% ciydasx HeucnpaBHOCTH OM  BBI3BIBaeTCS
aNeKTpudYeckuMu npuunHamu, 0-5% npyrumu (HeWcrpaBHOCTh HHBEpTOpa, (GUIbTpa, IMJIOX0E
Ka4eCTBO AICKTPOIHEPTHH ), MEXaHUICCKHUE KE TIOBPEKICHUS CUITLHO 3aBUCAT OT THITa DM | B 1IEJIOM
He npesbinaT 40%.

K MexaHWueckuM HEUCIPABHOCTAM OTHOCAT: TOBPEXKICHUE Y3JIOB JBHUrareiei, T.e.
MTOBPEKICHUE HA OOMOTKH CTaTopa, MOIIMITHUKOB, CUCTEMBI OXJIAXKICHUS pOTOpPa U CTaTopa, Keje3a
cTaropa, Bajla poTopa.

K snextpuyeckuM HEUCTIPABHOCTSM OTHOCST:

1) OOpbIB MM KOPOTKOE 3aMbIKaHHUE B OOMOTKax JBUTaTelis (B OCHOBHOM H3-3a MPO0OS
U3OJISLHN);

2) HenpaBumiibHOE cCOeTMHEHHE OOMOTOK;

3) Bricokoe conmpoTHBIIEHHE TPOBOIHUKA,;

4) HenpaBuiibHOE 3a3eMJICHHUE.
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45 5 H DyieKTpuvecKue MOJIOMKH

E Mexann4eckue MOJI0MKHU

= Mpyrue

50

Puc. Ilpuunnsl BeIxoga u3 ctpost OM

OcHognbie 8U0bl OUACHOCMUK HEeUCHPABHOCIEN MHO20(DA3HbIX I1eKMPULECKUX MAUUH

Haubonee pacipocTpaHEHHBIMY BUIaAMU JHATHOCTHKY SIBJISIFOTCSI:

1. Omnpenenenne HEUCIIPABHOCTH, aHATH3UPYS (popmy dnmekTpudeckoro curaana. CyTs MeToaa
3aKJIIOYaeTcsl B JMArHOCTHPOBAHMHM MEXAaHMYECKHX HEUCHpaBHOCTEH, (UKCUPYS HW3MEHEHUS
BEJIMUMHBI TOKa U (POPMEBI cTaTopa.

2. OnpeneneHue HEUCIPABHOCTU IO CIEKTPAIbHOMY aHainu3y curHaia Toka. CyTb meTtofa
3aKJII0YAETCsI B TOM, YTO HEHCIIPABHOCTH B paboTe DM MpHUBOAST K M3MEHEHHUSIM MarHUTHOTO IMTOTOKA,
U KakK CJIEJICTBUE K U3MEHEHHUIO CIIEKTPOrPaMMBbI AIEKTPUYECKOTO TOKA.

3. OueHka HEUCIpaBHOCTEH 1O 3BykOoBoMYy curHainy. CyThb MeToJa 3akjIlo4yacTcsi B
WCCIICIOBAHUH aKyCTHUECKHX KOJeOaHWi, W CpaBHEHHHM 3BYKOBOTO CHUTHAJA, CO37aBacMOTO
HEUCNpaBHOU DM, ¢ 3TalOHHBIM CUTHAJIOM.

4. BuOpoanarHoCTHUECKHiI ~ KOHTPONb  3aKjiroyaeTcss B oOHapyXeHuH  BuOpanuit
KOHTPOJIUPYEMOT0 OOBEKTa B MPOIIECCe IKCIUTYaTaIlHH.

Bce BhINeyka3aHHbIE METOIBI JHATHOCTHKU DM UMEIOT KaK JOCTOMHCTBA, TAK U HEOCTATKH.

Huxe B Ta6n1/1ue Kparko MIpeACTaBJICHBI BUJbI HCHCHpaBHOCTCﬁ 3M, MCTOAbI U CPEACTBA HUX

JUArHOCTUPOBAHUS.
Tabmuma
Bunbl nHeucnipaBHocTeid M, MeTOABI U CPEACTBA UX TMATHOCTHPOBAHUS
Bun HencnpaBHOCTH JlnarHocTruecknuii mapameTp MeTton quarHocTHpOBaHUS
Kopotkoe 3ambikanue MectHblil HarpeB, AbIM, BO3rOpaHue, 1) BHEIIHHUI OCMOTP;
HeccuMeTpus (a3HbIX TOKOB, BBICOKUI 2) UCTIONB30BaHUE JATYUKOB
YpOBEHb BHOpAIUii U IIyMa | Jp. TeMIeparypsl
(TepMOpe3uCTOpBI, TEPMOTIAPHI
U T.J.);
3) MeTon ammepMeTpa -
BOJITMETpa
4) BubpoanarHocTuka
Heccumerpus [oBpiieHHass BUOpauys, mosiBICHNE 1) Bubponuarnoctuka
BO3JLyILIIHOI'O 3a30pa rapMOHMK, MECTHBIH Harpes 2) UCIIOIb30BaHUE LIYIIOB
HeucnpaBaocts 00MOTKH | Heccumerpus Ga3HbIX TOKOB, CHUKCHHE 1) BuOpomuaraocTuka
(oOprIB (hazel, K.I.JI. ¥ COS¢, BEICOKUH YPOBEHb 2) u3MepeHrne MarHuTHOTO
HeperopaHue IpoBOJOB U BUOpaIyii 1 mryma IIOTOKAa PaccesiHus,
T.I.) 00pa3yromIerocs: BOKpyr
CTEpIKHEN poTopa
HeucnpasHocTs Bricokuii ypoBeHb BUOpanuii u myma Bremnnit ocmotp
HOALIMITHUKOB
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Bun HencnpaBHOCTH JlnarHocTuueckuii mapameTp MeTon quarHoCTUPOBaHUS
IIpo6oii nzomsuu TToBEBIIICHHBIN TEIUIOBOM H3HOC M30JIAIINH, [HonsipuzatoHHbI MeTOA
MOBBIIIICHUE TIOTEPh, UCKPCHUE
[oBpexnenne Bricokwuit ypoBeHb BHOpanuii 1) BHEITHHI OCMOTP
KopIyca/Bana IITyMa, BOBHUKHOBEHHE HECCUMETPUHU 2) BUOpPOIMArHOCTHKA
BO3JYIITHOTO 3a30pa

Wrak, Obui mpuBEIEHBl OCHOBHBIE BUIbl HEHCIPABHOCTEH MHOTO(A3HBIX SIEKTPUUYECKUX
MallluH, METOJIbl W CpEACTBA HUX JUarHocTUpoBaHusi. ONUCaHbBl OCHOBHBIE JOCTOMHCTBA
MHOTO(a3HBIX AIEKTPUICSCKUX MAIIWH, 10 CPABHCHUIO C KJIIACCHYCCKUMHU, TIOKa3aHbl OTPACIH, T/

IIPUMEHATIOTCSA MHOI‘O(l)aBHI)Ie OJICKTPUYCCKHE MallIMHBI.
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OIPEJEJEHUE CPOKOB PEMOHTA HA OCHOBE ITPOTHO3UPOBAHU S
TEXHUYECKOI'O COCTOSIHUS HE®TEITPOMBICJIOBOI'O
JIEKTPOOBOPYJOBAHUS B YCJIOBUSIX DKCILIYATALIUA
C IPUMEHEHUEM UCKYCCTBEHHOMW HEMPOHHOM CETHU

B mHacrosimee Bpems Ans  MOBbIIEHUS 3()QPEKTUBHOCTH MPOIIECCOB MOHHUTOPUHTA U
MIPOTHO3UPOBAHUS TEXHUYECKOTO COCTOSHHS 3JIEKTPOOOOPYHOBaHHsS Bce Ooiee 3HAYUMBIMU
CTAHOBSITCA HMHTEIUICKTyaJIbHbIE CHCTEMbl Ha OCHOBE HCKycCcTBeHHOW HeuponHoul cetu (MHC).
JlaHHBIE CHCTEMBl HMMEIOT OOJbIIME MPEUMYIIECTBA IO CPAaBHEHHUIO C JAPYTUMHU MOJCISIMH,
MO3BOJISIFOIIMMU  BOCIIPOU3BO/IUTh CJIOKHBIE HEJIMHEHHBbIE 3aBUCUMOCTU. CHCTEMBI JIOTHYECKUX
BBIBOJIOB MCKYCCTBEHHOM HEHPOHHOH CETH YCIIOBHO MOTYT OBITh pa3/ejeHbl Ha JBa OCHOBHBIX
HaIpaBJICHUs — YETKUE W HEUeTKHe BBIBOABI [2; 3]. UeTKne JIOru4ecKue BBIBOJIBI MOCTPOEHBI HA
TEOpUHU YeTKHX MHOXeCTB. HeueTkue joruueckue BoIBOMIbI (HEHPO - HEUETKHE TIOTUYECKUE BHIBOJIbI)
OCHOBaHbI Ha TEOPUHM HEYETKON JIOTHKH, U MPEICTABISAIOT COOOW MpOIEeCcChl MOMYyUYEHUSI HEUETKHX
BBIBOJIOB IIPH TIOMOIIM HEYETKUX YCIIOBHH WJIM TPENNOJIOKEHUS 00 OOBEKTE HCCIICOBaHHS Ha
OCHOBAHMUU JIAHHBIX O €r0 TEKYIIEM COCTOSHMM. Helpo - HeYeTKui JIOrM4eCKU BBIBOJ AOITYCKAET
HETOYHOCTb, HEOIPEJEJIEHHOCTh U HEMOJHOTY UCTUHHOCTH 0OpabaThiBaeMbIX HaHHBIX. JlaHHBIN
JIOTHYECKUH BBIBOJI OCYILECTBIIIETCSI HAa OCHOBE OOOOIIEHHOTO HCHOJb30BAaHUS JIByX METOJOB:
HEYETKOW JIOTUKHU U HCKYCCTBEHHBIX HEHPOHHBIX CETEM.

B nanHOil paboTe MpUMEHEH METOJ MCKYCCTBEHHBIX HEMPOHHBIX CEeTel UIsl pelleHus 3ajad
MIPOTHO3UPOBAHUS TEXHHUUYECKOTO COCTOSHHMSI YCTAHOBOK JJIEKTPUUYECKUX IEHTPOOESKHBIX HACOCOB
(YOUH) u nuentpobexxusix HacocHbIX arperaroB (LIHA) kyctoBbix HacocHbix ctanmii (KHC). Ilpu
paznuuHbIX pexxkumax okcruryatanuun YOIIH u IHHA npoucxoautr BelpaOoTka pecypca
ANIEKTPOOOOPYIOBaHMSI, B CBSI3U € 3TUM 11€JI€CO00Pa3HO BBIOIHATH IPOTHO3UPOBAHUE TEXHUYECKOTO
COCTOSIHUS AIIEKTPOOOOPYAOBaHUs, YTOOB MUHUMHM3HPOBAThH 3aTpaThl Ha oOcmyxuBanue YOLIH u
ITHA, cokpaTuTh BpeMsi MPOCTOS CKBAXHUHBI JOOBIYM HEPTH, UCKIIOUUTH BO3MOXKHBIE YOBITKH U
HapylIeHNe ITOCTaBOK MPOIYKTA.

Paccmorpum  0oOmuit  moaxon K IPOTHO3UPOBAHHUIO  TEXHUYECKOTO  COCTOSTHUS
HE(PTEPOMBICIOBOTO AIEKTPOOOOPYIOBaHUS, OCHOBAaHHBIN Ha METO/I€ UCKYCCTBEHHON HEWpPOHHOU
cetn Ha npumepe YOILIH u ITHA KHC.

Jlis  MexaHU3UpPOBAaHHOTO TMpoliecca J00bIYM HE(PTH Ha MECTOPOXKIECHUSX MPUMEHSIOT
HIMPOKUN TepedeHb TUIOBBIX pazMepoB YOIIH pa3nuuHbIX OTEYECTBEHHBIX M HMHOCTPAHHBIX
npousBoautenei. Mcnoap30BaHne MeTo1a UCKYCCTBEHHON HEUPOHHOM CETH I IPOrHO3UPOBAHMS

texanueckoro cocrosaus YOIIH u [JHA o00yciioBieHO BO3ICHCTBHEM pPA3IMYHBIX MApaMeTpOB,

CBSI3aHHBIX C pa3MYHBIMU Bugamu ¢aktopoB [1]. Haubonee 3HaYMMBIMEU (aKTOpaMH SIBIISIFOTCS :
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TEXHUYECKHE (BUOPAIIHS ), TEXHOJIOTHYECKHE (JIMaMETP IKCILUTYaTallMOHHBIX KOJIOHH, INTyOWHA CITyCcKa
HACOCHOIO arperara, KOHCTPYKTMBHOE WcCHonHeHue netanert YOIIH, kpuBH3HA CKBa)KMHBI,
MIPOMEXYTKH HAOOPa KPUBU3HBI ) U T€0JIOTO-TEXHIUUECKHUE (TIOBBILICHHOE COIEPIKaHNEe MEXaHUYECKIX
npuMeceil, akTHBHOE COJICOTIIOKEHHUE, BBICOKOE COZIep)KaHue mapagHa, MOBBIIICHUE TEMIIEPATyPhI
OTKaYMBAE€MOM KHJIKOCTH, OOBOJHEHHOCTh CKBa)KUHBI, BBICOKUH YpPOBEHb BS3KOCTHU U Ta30BBIN
(dhakTop, HU3KKE 3a00MHbBIC TABJICHHS ).

B ocHoBe npuHLuna nporao3supoBanus TexHuueckoro coctosiuus (TC) norpyxHoi ycTaHOBKU
JSKUT HW3MEPEHHUE CIEAYIONMX IMoKas3areneid paborsl YOIH: u3MeHeHuwe ypoBHS CUTHaja
(aMIUIMTYIBl MHTETPAIBHOM COCTaBJSAIOMEH TOKOB (a3, BHOPOCKOPOCTH) OIpEACIIieMOe B
MPOLIEHTAX; W3MEHEHUE aMIUIMTYIbl BBIIEICHHBIX YacTOT OINpeEAesieMOe B MPOIEHTaX; 4acToTa
BpallleHWs Bajla; HHU3KOYACTOTHHIE KoJeOaHWs; aBTOKojeOaHHE Baja YCTAaHOBKH; YaCTOTHI,
CBHJICTEIILCTBYIOIINE 00 AMEKTPHUECKUX Ne(heKTax; 1eOUT CKBaKHHBI, TOTPEOIIsIeMbIi TOK 110 (azam;
M3MEHEHHEe ToKa Mo (a3aM; CKauKH TOKAa OJHOBPEMEHHBIC U Pa3IMuHbIe MO0 BPEMEHU; U3MEHEHUS
HanpsDKEHUS Ha TpaHchopMaTope, MUTAIOIIEM ITOTPYKHOM JIEKTPOABUTaTelNb; TEMIIEpaTypa cTaropa
MOTPYKHOT'O 3JIEKTPOABUTaTEs.

Hanpumep, B ocHoBy mnpunuuna nporaozuposanus TC IHHA mnonoxeHo wu3MepeHue
CIIEIYIOIIUX MapaMeTpoB padoThl: BuOpanmonubie mapameTpsl LIHA u u3mepenue temmneparyp mo
BHEIIHEH MOBEpXHOCTH HAacoca Ha BXOJE U BbIXoje Hacoca. Heilpo - HeueTKuil TOrnYecKuil BBIBOJ
dbopMupyeTCsT Ha Iare OLEHKHM TEXHUYECKOTO COCTOSHHS KaKJOTO JJIEMEHTa 3JIEKTPUYECKOTO
obopynoBanus. Jlimsi TPOTHO3MpOBaHMSI TeXHWYECKOro cocrosHus YOIIH  mpemnmaraercs
UCMONb30BaTh 0000meHHbINH mapamerp H, copMupoBaHHBIN Ha OCHOBE CIIEAYIOIIUX H3MEPSIEMbIX
roKasaresieli: U3MEHEHHE YPOBHS CUTHaja (aMIUIUTYAbI MHTETPaJbHON COCTABIAIOIIEH TOKOB (a3);
M3MEHEHHUE aMILTUTY/Ibl BbIIEJICHHBIX YaCTOT; YaCTOTa BpAIlleHUs Bajla; HU3KOYACTOTHBIE KOJeOaHus;
aBTOKOJIeOaHNWE Bajla YCTAHOBKM; YacCTOThI, CBHJIETEJICTBYIOIIME 00 3JIEKTPUUECKHX Je(eKTax;
NeOUT CKBaKUHBI, MOTpeOiasieMblii TOK 1O (azam, M3MEHEHHE Toka Mo (a3aMm, CKaukKM TOKa
OHOBPEMEHHbIE M pa3lM4yHbIE 10 BPEMEHHW, W3MEHEHHs HampsHKeHHs Ha TpaHcdopmarope,
TeMIIepaTypa cTaropa MOrpy>KHOTO IEKTPOJIBUTATEIS.

st onipenenenust 06o0meHHoro napamerpa H paspaborana uckyccTBeHHas HEMpOHHAs CETh
c TunoM HeipoHoB long short — term memory (LSTM). Ha pucynke 1 uzoOpaxeHa cTpykrypa
HeWpoHOB pekyppeHTHoM cetn LSTM, cocrosimieil M3 KaHalIOB BXOAAa M BBIXOJA JAHHBIX U
colepXkailieid JBa OCHOBHBIX TIOTOKa HWHGOpMAIMHM, CBA3aHHBIX MEXAY COOOM YeThIpbMs
HelipoHHBIMH ciiosiMu. [lanHas ceth — coBpemenHas pekyppeHtHas MHC (Recurrent Neural

Network). Cerb LSTM sBrisieTcst THIIOM pEeKyppeHTHOM HEHPOHHOH CeTH, KOTopas MOXKET U3Y4UTh

AOJITOCPOYHBIC 3aBUCUMOCTHU MCIKAY BPCMCHHBIMU MIAraM¥ UCIIOJIb3YECMbIX JaHHBIX [4]
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Puc. 1. Crpykrypa Tuna neiiponos LSTM

Jyis iporHO3upoBaHus TeXHUYeCKoro coctossaus Y IL[H ucronb3oBano odydenue cetu LSTM
perpeccu OT IMOCJIEN0BAaTENbHOCTH K IOCJIEI0BAaTENIbHOCTH, B KOTOPOM OTBETAMU SIBISIOTCS
oOydJaroriye mociae10BaTeIbHOCTH CO 3HAYEHUSIMU, CAABUHYTBIMU Ha OAWH BpeMeHHOU mar. To ecTh
Ha KaXJJOM BPEMEHHOM Illare BXOAHOMU mocienoBareabHOCTH ceThb LSTM yuuTcs nmpeackasbIBaTh
3HAYEHUE CIIEYIOLIEro BpEMEHHOTO 111ara.

IIpu mporHo3upoBanuu TC mnpuMeHsieTCs paHee MPHUBEICHHBIM HAO0pP TEXHUYECKUX
nokazateneit «datasetinputy, mepenaBaemsbiii B moacuctemy «sequencelnputLayer (numFeatures)y.
UtoObl u30exaTh OTKJIOHEHHH B OOyYEHWH, CTaHJAAPTU3UPOBAHBI TPEHUPOBOYHBIC JIaHHBIC
«dataTrain», 4TOOBI MMETh HYJIEBOE CpelHEe 3HAYeHHEe M EeAWHUYHYI0 aucrepcuio. Bo Bpems
mpolecca MPOrHO3UPOBAaHUS CTaHAAPTH3UPOBAHBI TecTOBbIe NaHHbIe «dataTest», mpuMeHss Te ke
MOKa3aTelu, 4To U MpH 00y4EHUH.

JlJ1 mporHO3upOBaHus 3HAYeHHUH OynyIIUX BPEMEHHBIX IIaroB MOCIEI0BaTeIbHOCTH, 3aaHbI
OTBETHI KaK 00yYaromiye mocjaeoBareIbHOCTH CO 3HAUYEHUSMH, CABHHYTBIMUA Ha OJUH BPEMEHHOM
mar. To ecTb Ha KaXJI0M BPEMEHHOM IlIare BXOAHOM mocnenoBaresnbHOCTH ceTh LSTM yuurtcs
Mpe/CKa3blBaTh 3HAUEHUE CIEAYIOLIEr0o BPEMEHHOro Imara. B gaHHOM pabote co3gaHa
perpeccruonnas cetb LSTM. [IpunaTH cneayromue napaMmeTpsl O0yUeHUs: THI periaTess — «Amamy,
KOJTMYECTBO TPEHUPOBOUHBIX uTepaiuit — 300, mopor rpaarenTta — 1, HauaabHast CKOPOCTh OOYYECHHUS
— 0,0001, ¢ ymeHblIeHHEM CKOpPOCTH OOydeHus mocie 125 urepaumii myreM YMHOXEHHsS Ha
ko3¢ punment — 0,2.

JlJ11 IpOrHO3UPOBAHMSI 3HAYEHUH HECKOJIBKUX BPEMEHHBIX LIAroB B OyAyleM, HCIOIb30BaHa

¢ynkuus «predictAndUpdateState» nas1 TporHO3MpPOBAaHMS BPEMEHHBIX MIATOB IO OJHOMY U
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OOHOBJIGHHSI COCTOSIHHUS CETH MpHU KaXKAOM IMporHoze. /s KaXIoro MNporHo3a HCIOJIb30BaH
MIPEIIIECTBYIOUINI MPOTHO3 B KaU€CTBE BXOIHBIX JaHHbIX.

Jns wvHHALManM3aluyu COCTOSIHUST HMCKYCCTBEHHOM HEWpPOHHOM CETH Ha MEPBOM 3Tame
npenckasanbl oOydaronue gaHHble «XTrain». 3aTeM TepBBI TPOTHO3 COCTABIEH HCIOIB3YS
MOCJICTHUM BpeMEHHOH mar obydaroniero oreeta «Y Train(end)». BreimonHeH nepebop ocTaBmuxcs
MIPOTHO30B U BBEJICH npeamecTByrouil nporuo3 B «PredictAndUpdateState».

JInsi MaccHBOB JaHHBIX, JJIUHHBIX IIOCJIEIOBAaTEIbHOCTEH WM OONBIIMX HCKYCCTBEHHBIX
HEHPOHHBIX CeTel NPOTHO3Bl Ha rpadUvYeckoM IMpoleccope OOBIYHO MPOBOIATCS OBICTpee, YeM
MIPOTHO3bI Ha LIEHTPAJIILHOM Ipolieccope. MHade 1erecoodpa3HO BOCIOIB30BATHCS LEHTPATbHBIM
MPOIIECCOPOM ISl TPOTHO3UpoBaHMA. UTOOBI 3alelCTBOBATh IEHTPAJIBHBIN IMPOIECCOp IS
NPOTHO3UPOBaHUSA HeoOXoauMo mnpuMeHHTh mapamerp «ExecutionEnvironmenty ¢yHkuum
«PredictAndUpdateState» 3nauernue «CPUy.

Ha pucynke 2 npuBeeHO U3MEHEHHE 0000LIEHHOro napamerpa TeXHU4eckoro cocrosnuss H

VYOILIH u BeposiTHOCTH 6€30TKa3HOM pabOThl yCTAHOBKH.
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Puc. 2. I'padux nporuo3upoBanusi TexHuUeckoro cocrosaust Y OLIH

Pazpaboran moxxon k skcrutyatrauuu YOIIH Ha ocHOBe NMpOrHO3MpOBaHUS 0OOOIIEHHOTO
napamerpa H, BEpOSITHOCTH OTKa3a MOTPYXHOH YCTAaHOBKM M JIOIyCKa K JKCIUTyaTallud Ha OCHOBE
BEPOSITHOCTHOM OLICHKH.

B tabnume mana BeposiTHOCTHas oreHka cocrostHus st YOIIH, B kotopoi ompeneneHa
B3aMMOCBSI3b BEpPOSATHOCTH OTKa3a M JIONMyCKa K OKCIUTyaTallid YCTaHOBKU. 3Has 3aKOH
pacripenesnieHust HapaboTku Ha oTka3 YOIIH, MOXXHO orpenennTh BEpOATHOCTh OTKa3a p 3a Bpems t
U COOTBETCTBYIOIIMUA eMy o000meHHblid mapamerp TC u Bpemsi JOCTHXKEHHS TPEIeIbHOTO
COCTOSIHMSI, KOTJIa JIOMYCK K paboTe He pa3pelieH. Hanpumep, pe3yapTarbl pacyeToB 0 ONPeAeSICHUI0

3aKOHOB paclpe/ieieHus MoKa3anu, 4To HapaboTka Ha oTtka3 YOLIH - 30 pacnpezneneHna mo 3akoHy

Beit6ynna ¢ gynkimeit maotaoctu £{7) = 0,0048t%47! exp (-0,0033x'4’!) ¢ mapamerpamu o = 1,471 n
B =306 [5].
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BeposTHOCTE 6€30TKa3HON padOTHI paBHA WHTErpally GYHKIIUU IJIOTHOCTH PACIIPENCIICHUS OT
MOMEHTa BpeMeHH t 10 co. [Ipu 3HaueHun t = 278 cyrok (HapaboTka Ha otka3) p = 0,65, H=0,5, B
JaHHOM CJIyd4ae JIOIYyCKaeTcsi padoTa yCTAaHOBKM M BO3MOXKHA INPH TEPHOANYECKOM KOHTPOJIE.
Opnnako, yepes 140 cyTok BeposITHOCT OTKa3a coctaBuT 0,85, Torma coriacHo Tadbnuiel | ycraHoBKa

K paboTe HE OMyCcKaeTCsl.

Tabmuma 1
BepositHocTHas oneHka cocrossausa YILH
Kparkas xapakrepuctuka Texanaeckoro cocrosans YOLH | Jlomyck k skcIuryaranun
BepositHocTh oTkaza 10 0,3 (6e30Tka3Hoit padotsl 0,7) JnurenbHas.
BepostHocth oTkaza 0,45 — 0,8 (Oe3oTkazHol pabots! 0,2 - | JlomyckaeTcs npu MIEPUOUIECCKOM
0,55) KOHTpOJIE.

[IporHo3upoBanre OOOOIIEHHOTO TapaMeTrpa  OICHKH
0CTaTOYHOTO pecypca.

BepostHocTh oTKa3a > 0,85 (6e3oTkazHol padoTel < 0,15) | He momyckaercs k paborte.
OcTaTo4yHBIN pecypc HE OLICHUBACTCS.

Takum 00pa3oM, NpUMEHEHHE MCKYCCTBEHHOW HEHPOHHOM CETH IIO3BOJHUT OIPEACIATH
TEKyIl[ee COCTOSHHUE U Jjajiee MPOTHO3MPOBATH €0 C YYETOM BIUSHHS Pa3IHuHBIX (GakTopoB. Ilpu
TOM COBMECTHO C BEPOSTHOCTHOH OIIGHKOH M TIPOrHO30M OOOOIIEHHOro mHapamerpa MOXKHO

OIpCACINTb CPOKHU BBIBOJA O60py,I[OBaHI/I$I B PCMOHT.

Jlureparypa

1. Gayatri Sarman K.V.S.H., Madhu T., Mallikharjuna Prasad A. Fault diagnosis of BLDC drive
using advanced adaptive network - based fuzzy inference system, Soft Computing. Vol. 25. No. 20.
2021. pp. 12759-12774. https://doi.org/10.1007/s00500-021-06046-z

2. S. Al - Janabi, Rawat S., Patel A., I. Al Shourbaji Design and evaluation of a hybrid system
for detection and prediction of faults in electrical transformers, International Journal of Electrical
Power and Energy Systems. 2015. V. 67. Pp. 324-335. https://doi.org/10.1016/].1jepes.2014.12.005

3. Losev F.A., Prokopchuk I.A., Sushkov V.V. The Stability Assessment of Responsible Oilfield
Power Consumers, 13th International IEEE Scientific and Technical Conference "Dynamics of
Systems, Mechanisms and Machines", Dynamics 2019 Omsk 5 November 2019 - 7 November 2019.
No. 8944696. 2019. https://doi.org/10.1109/Dynamics47113.2019.8944696

4. Kapaxynos U1.B., Kimtoes A.B., Cton6os B.1O. [Iporao3upoBanne TeXHUIECKOTO COCTOSTHUS
ANEKTPOLIEHTPOOESIKHOTO Hacoca Ha OCHOBE HelpoceTeBoro moxaenupoBanus // Bectauk IOVYpI'Y.
2020. T. 20. Ne4. C. 37-46. https://doi.org/10.14529/ctcr200404

5. CymixoB B.B., Maraes H.H., Kynakos C.I'., Emenuna H.M. u np. HanexHocTs, TEXHUYECKOE
oOcIy>)KMBaHHWE, PEMOHT M JUATHOCTHpOBaHWE HedTerazompoMbicioBoro obopymoBanus. CIIO6.:
Hecrop, 2008. 296 c.

© Cymxo B.B., Cunopos C.B., Cyxaues 1.C., AuTponosa B.P., 2022



https://doi.org/10.1016/j.ijepes.2014.12.005

XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

VK 66.045.12
Hoares U.E., Boabmakos U.A., 3unypos B.J.
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r. Kazann, Poccus

HNCCIEJOBAHUE BJINAHUSA BUXPEBBIX CTPYKTYP HA TEIIVIOOTJAYY
HA PA3/IMYHBIX JIOKAJIBHBIX YHACTKAX TEIIJIOOBMEHHOI'O AIIITAPTA
1O TUITY TPYBbI ®UJIBJA

B Hactosmee Bpems TpyObl @uibga HaxoAsT OONbIIOE NPUMEHEHHE B Pa3IMYHBIX
YCTpPOMCTBAX, HAPUMEP, B TApOTeHEpaTopax, KoHjaeHcaropax u np. [1, c. 173].

Tpyba @unpaa sBIseTcS TEIUVIOOOMEHHBIM —AamlaparoM, HPUHIMI pabOThl  KOTOPOTO
3aKJIIOYAeTCsl B TOM, YTO IOTOK IEPBOTO TEIUIOHOCHTENS TEYET MO BHYTpPEHHEW TpyOe, 3arem
pa3BopauMBaeTCs B KOHIIE U MTPOTEKAET Jajiee M0 MEKTPYOHOMY KOJBIIEBOMY MPOCTPAHCTBY, B TO XKe
BpEMsI IOTOK BTOPOT'O TEIIJIOHOCUTEISI OMBIBAET TPYOHOI My4OK CHapyxHu [2, c. 72].

Onuum n3 cambIX 3G GEKTHBHBIX M HAUOO0JIEE YacTO BCTPEYAEMBIX CITIOCOOOB MHTEHCU(UKAIINN
TerioooMeHa B Tpyoax Duibma sBISETCS 3aKpyTKa IMOTOKa TeKydei cpensl [3, c. 294]. Ilo
pe3yibTaTaM MCCIEOBAHUM BIMSHUSA BUXPEBOW CTPYKTYpPHI HA TEIUIOOTAAYy OT TEKyded cpelbl K
CTCHKaM MOXKHO MPHHMTHU K BBIBOAY O TOM, YTO 3aKpyTKa BUXPEBOTO MOTOKA OKAa3bIBaeT OOJbILIOE
BIIMSTHUE HA MHTCHCU(DHUKAIUIO TeTUI00Taa4| [4, ¢. 3]. BMecTe ¢ TeM ciienyeT oOparuTh BHUMaHUE Ha
TO, 9YTO KOX(PQHUIMEHT TEIUIOOTAAYM YMEHBIIACTCS BCJEACTBUE CHIKCHHUS WHTCHCUBHOCTHU
BpAIllaTEIbHOTO JBMKEHUS MTOTOKA M 00Pa30BaHUs Y CTEHOK THAPOJUHAMHYECKOTO MOTPaHUuYHOTO
CJI0s1, TOJIIIMHA KOTOPOTO MOCTENEHHO HapacTaeT [35, c. 109].

Henpto mgaHHOW pPabOTHI SBISETCS HSKCIEPUMEHTAIBHOE HCCIIEIOBaHUE HWHTEHCUDUKAITIT
TEIUIOOTauu OT TeKy4yel cpebl Yepe3 CTEHOYHbIE MOBEPXHOCTH B TpyOe Duibjaa mpu MOMOIIU
YHUCIEHHOro MoaenupoBanus. KoauimeHt Temnoorjaun sBaseTcst BAXKHBIM apaMeTpoM, Tak Kak
OT Hero 3aBUCHT 3(pekTuBHOCTH paboThl ycTpoiicTa. [ npumepa, B pabdore [6, c. 65] mokazaHo
BIIMSIHUE TEIUIOOTJAaud OT Mapora3oBOM CMECH 4epe3 peOpUCTYIO0 MOBEPXHOCTh. B maHHON pabote
IpeJIaraeTcsl yCOBEpUIEHCTBOBATh KOHCTPYKIUIO TPYObl Puiibaa ¢ paBHOMEPHBIMH 110 OKPYXHOCTH
OTBEPCTUSMH Ha HM)KHEM KOHIIE BHYTPEHHEH TpyObl, BHIIOJIHUB OTBEPCTHS BO BHELIHEH TpyoOe, 4To
MO3BOJIMT YMEHBIIUTh 30HY 00pa3oBaHus norpaHuyHoro cios (puc.l). Takxe B pabore unciIeHHO
CpPaBHMBAIOT KOA(G(UUIUEHTHl TEIUIOOTJAYd B OCHOBAHMM YCTAaHOBKM W Ha BHYTPEHHEW CTEHKe
BHEIIHEH TPyObl.

KoHcTpyknus, npeacTaBieHHas Ha pUCYHKe |, COCTOMUT M3 JABYX TpyO M jaHA. BHyTpeHHMIA
JMaMeTp BHEUIHeW TpyOs! ObuT paBeH 102 MM, a BHEIIHUN TUaMeTp BHYTpEHHEH TpyObl OblI paBeH
67 MM COOTBETCTBEHHO. BricoTa BHemIHel TpyOs! 3agaBanach 116 MM, BbicOTa BHYTPEHHEH TPyObI
146mm. Tonmuuel BHewmHeH TpyOs! 0,5 MM, TonuHa BHyTpeHHel TpyObl 1 MM. BeicoTa oTBepcTuit
cocranisa 32 mm. TommuHa cocTaBiseT 2 MM. BHU3Y BHYTpeHHE# TpyObl BHIIOIHEHO 8§ OTBEpCTUI
NPSIMOYTOJILHOM (hOPMBI, pPABHOMEPHO PACIOIOKEHHBIX 10 JJIMHE OKpYy>KHOCTU. Ha BHemHe Tpyoe

BBIIIOJIHEHO 16 OTBEPCTUH C BBIMTYKJIBIMH IOBEPXHOCTSIMH C AuUamMeTpoM 16,5 MM, paBHOMEpPHO

PAaCIIOJIOKEHHBIX IO JJIMHE OKPYKHOCTH.
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Jlns uccnenoBaHWs JTAHHOTO YCTPOMCTBA MCHOJB30BAJIOCH YHMCIEHHOE MOJEIMPOBAHHE B
nporpaMmMe ANSYS Fluent. beuto Bemmonneno CFD-mopenupoBanue, s pellieHHs 3aadd
npumensuics Merol RANS, ocHoBanHbli Ha ypaBHeHMsX Hasbe-CTOkca, OCpPEIHEHHBIX IIO
Pefinonbacy. 3D-mMonens 00TeKaHUs MPENATCTBUN C CTPYKTYPUPOBAHHOM PaBHOMEPHOU pacyeTHON

CETKOM C KOJIMYECTBOM sfueek ~3638718, komuuecTBOM y3510B ~644553.

Puc. 1. 3D mozens MynbTUBUXPEBOIO KOHTAKTHOTO yCTPOICTBA C LIETSIMUA Ha BHEIIHEH TpyoOe:
1 — oTBepcTHS, PACTIONOKEHHBIE PABHOMEPHO IO OKPY)KHOCTH BHYTPEHHEH TPYOHI,
2 — OTBEPCTHUS Ha BHELIHEH TPyOe

PacueT mpoBoAuiICs B CTallMOHAPHOM peXrUMe. 3HaYeHUE CKOPOCTHU MOTOKa BOJbI Ha BXOJE B
pacueTHyt0 obmacte ObuTO paBHO 0,1 M/c, 0,5 m/c, 1 m/c. Temneparypa Bomsl 3agaBasiack 293 K.
3HaYeHUE CKOPOCTH MOTOKA BO3yXa Ha BXOJIE B pacueTHyI 00JacTh ObLIO paBHO 1 M/c, 5 m/c, 10
Mm/c, pu Temmneparype 293 K. Ha BbIXozme U3 KOJIBIEBOIO HMPOCTPAHCTBA 3a/1aBAJIOCh JABICHHE
101325 Ila, Ha crenkax 3anaBanach Temreparypa 273 K. UncneHHble UCClIe0BaHUs TPOBOIUIINCH C
y4eToM ypaBHeHHs dHepruu. [Ipu monenmupoBannn ucmons3oBanoch Moaens SST k- ¢ THOBEIME
SMIUPUYECKUMHU KOIPPUIIMEHTaMHU, YCTaHABIMBAEMBbIMU MPOTPaMMOM MO ymMoiadaHuto. OJHUM U3
pEeuMyIIecTB Mojenu k-0 — 3T0 BO3MOXKHOCTb 0ojiee KOPPEKTHO OMHUCATh MOBEIEHUE MOTOKA B
NpUCTEHOUHOW o6nactu. Tak B MOjaenH MPUMEHSIOT Oojiee MpocThle (PYHKIUMH CTEHOK, 4eM B k-g
MOJIETISIX, oOecreunBasi JydIlyl0 HaJIeKHOCTh U TOYHOCTH [7, c. 882]. B kaduecTBe pabouux cpen
HCIONB30BAINCh BOJA M BO3AYX C (U3NYECKUMU CBOMCTBAMH, 3aJI0)KEHHBIMH B PACYETHOM
xoMIiekce. B pemarene ucnonb3oBasca anroput™ “SIMPLE” ¢ THNOBBIMM SMIMPUYECKUMU
ko3 puIieHTaMy, yCTaHABIMBAEMbIMU MPOTpaMMON MO yMoi4aHHi0. BbIOOp mpeacTaBieHHOTO
Merona Obul oOycioBieH TeMm, uto airoputMm “SIMPLE” wucnonb3yeT B3auMOCBSI3b MEXIY
MOTIpaBKaMM Ha CKOPOCTb M JaBJIEHHE, YTOObI 00ECIEeYUTh COXpAaHEHUE MacChl M MOJIYYUTH I0JIe

naBieHus [8, c. 68].
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B nepBoii cepum onbITOB B KAYECTBE TEKYUEH Cpelibl TOTOKA UCIOJIb30BaId BoAy. B pesynbrare
YHUCJIEHHOTO MOJICIMPOBaHUs ObUIM TOJY4YeHBbl 3Ha4eHUA KOd(PPHIMEHTa TEeIUIOOTAaYr Ha
BHYTPEHHEH CTEHKE BHEITHEH TPyObl U B OCHOBAHUHU KOHCTPYKLMU. Pe3yabrarsl npencTaBieHs! Ha 2
pucynke. Taxxe ObUTH MOTy4EHBI 3HAUYEHUS! CONPOTHBIICHUS, KOTOPBIE BBIPAXKAINCh KaK pa3HUIlA
MeX 1y aOCOTIOTHBIM JIaBJIEHUEM Ha BXoJie U Bbixoze ycrporctsa: 20 [1a nmpu 0,1 m/c, 536 I1a npu 0,5
M/c, 2150 ITa mpu 1 m/c. Takum oOpa3oM, MOKHO CIENaTh BBIBOJ, YTO B PE3Y/bTaTe YHUCICHHOTO
MOJICTTUPOBAHUS TI0 BOJIe OBLIO BBISBICHO, YTO KOA(M(UIIMEHT TEIUIOOTAa4M Ha BHYTPEHHEH CTCHKE

Boime Ha 12%, 34%, 41% c poctom ckopoctu ot 0,1 10 1 M/c, yeM B OCHOBaHMH KOHCTPYKIIHH.

12000 -
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Puc. 2. 3aBucumocTr o/ v B KOHCTPYKIIMH 110 BOJIe: 1-Ha BHYTpEHHEH CTEHKe, 2-B OCHOBaHUH

B cnenyromeit cepun ucciaeqoBaHUI MPeACTAaBICHBI PE3YAbTaThl CPaBHEHUs Kod(pduueHTa
TEIUIOOT/IauYU OT CKOPOCTH IpPH TEUYEHUHM BO3yXa. DKCHEPUMEHTBI NMPOBOIMWINCH HPU CKOPOCTSIX
BO3/IyXa Ha BXOAE B YCTpoiicTBo B amama3zone oT 1 mo 10 m/c. Ha pucynke 3 mpexacraBieHa

3aBUCUMOCTD KOB(l)(l)I/IIII/IeHTa TCIJIOOTAAYH OT CKOPOCTH ITPpHU TCHCHUHN BO3ayXa.
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Puc. 3. 3aBucuMoCTH 0/ U B KOHCTPYKIIMH 110 BO3AYXY: 1-Ha BHYTPEHHEH CTEHKE, 2-B OCHOBAHUU

B PE3IYILTATC YUCIICHHOTO MOACIINPOBAHUA ObLIN MOJIYy4YCHBI 3HAYCHUS COIIPOTUBIICHUS: 2 Ila

npu 1 M/c, 65 Ila npu 5 m/c, 262 Ila npu 10 m/c. Takum 0Opa3om, MOXKHO CZeNaTh BHIBOJ, UYTO B
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pesyabTare YHCICHHOTO MOJEIMPOBAHUS IO BO3AYXY OBUIO BBISBICHO, 4TO Kodpduiment
TEIUIOOTJa4u Ha BHYTPEHHEW cTeHke BbIe Ha 12%, 40,5%, 35,5% c poctom ckopoctu ot 1 go 10
M/C, Y4eM B OCHOBAaHHH KOHCTPYKIIHH.

AHanu3 MOMyYeHHBIX IKCIIEPHUMEHTAIBHBIX JAaHHBIX MOKa3all, YTO MPU TEUEHUU U BOJBI, U
BO31yXa, TEIUIOOT/]a4a Ha BHYTPEHHEH CTEHKE M B OCHOBAaHHH YBEJIMYMBACTCS C POCTOM CKOPOCTH
[OTOKA. DTO 00yCIaBIUBAETCA TEM, YTO C YBEJIMUYEHHUEM CKOPOCTH IOTOKA, KHHETUYECKas SHEprus
BUXPEBBIX CTPYKTYp YyBenuuuBaercs u Oonee 3(dekTuBHO paspymaeT TUAPOAMHAMUYECKUN

MOTPaHUYHBIN cIloil (puc. 4).

Puc. 4. KapTiHa BUXpEBBIX CTPYKTYP AJIsl BOJIBI Ha ckopocTH 0,5 m/c

ITpu 3TOM BUXpEBbIE CTPYKTYpBI 00pa3ytoTCs TOJIBKO B IPUCTEHOYHON 001aCTH, YTO OOBSACHSET
Oosiee BBICOKHME KOI((UIMEHTHl TEIIOOTIAa4yl HAa BHYTPEHHEH CTEHKe BHEIIHEH TpyObl, 4yeM B
ocHOoBaHMHU. Em¢ oqHO# npuunHON Oosiee BRICOKHX KO3()(UIIMEHTOB TEIUIOOT/Iaun Ha BHYTPEHHEH
CTEHKE BHEIIHEH TPyOb! ABISETCS KOHCTPYKTUBHAS OCOOEHHOCTh YCTAHOBKH, @ MIMEHHO OTBEPCTHSI C
BBIITYKJIBIMH TTOBEPXHOCTSIMHM, KOTOpBIE CIOCOOCTBYIOT YMEHBIICHHMIO IJIOUIaJU OOpa30BaHMA

MOTPAHUYHOTO CJIOSl MEXI1Y CTEHKOM M BUXPEBOM CTPYKTYPOM.
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YIK 621.3
Bacuna A.10., Tykmaunton P.X.
Ka3zaHnckuli rocy1apCTBEeHHBIA SHEPTETUUECKU YHUBEPCUTET
r. Kazans, Poccus

INPEABAPUTEJIBHASI OHEHKA KAYECTBA OCBETHUTEJIbBHOI'O
JIEKTPOOBOPYJIOBAHUSI HA OCHOBE 3HAUEHU KO ®OUITUEHTA
TEXHUKO-3KOHOMHUYECKOM Y®PEKTUBHOCTH.
ONPEAEJIEHUE DO®PEKTUBHOTI'O ITUAITAZOHA CBETOOTJAYHA

OOBEKTUBHOCTh COCTaBISIEMBIX PEHTHHIOB B 3HAYUTEIBHOW CTEMEHU OIPEACIACTCS
COBEPIICHCTBOM IMPUMEHSEMBIX METOAUK O00pabOTKH JaHHBIX. [[0CTOBEPHOCTH CYIIECTBYIOLIETO
pelTHHra OKa3bIBaeTCs HEJOCTAaTOYHOM, IMOCKOJIBKY OH OTpa)kaeT CBEIEHUS O CBETOIHMOIHOM
000pYy/IOBaHUY Ha OCHOBE €IMHOM JeCATHOAIUTPHOM IIKAJIBI M HE YIUTHIBAET 3HAYMMOCTh OTACIBHBIX
napamMeTpoB. KOMITJIEKCHYIO OLIEHKY 3a4acTyl0 HAaYMHAIOT MPOBOJUTH HAa OCHOBAHUM 3HAYCHHM
CBETOBOTO IOTOKAa, HO B pPaHHUX HCCIENOBAHHSIX OBLIO YCTAHOBIIEHO, YTO OH B 3HAUMUTEIHHOU
CTETIeHH 3aBUCHUT OT UCXOAHOU MOIIHOCTH MoneiH [ 1-4]. ITo 3toit nmpuunHe Hanbosee J0CTOBEPHYIO
MH(OPMAITUIO JTAET CBETOOT/a4a, KOTOPYIO OMPEIEISIFOT Yepe3 OTHOMICHHE CBETOBOTO MoToKa (D) u
MomrHocTH (P). OHa mpuHSATAa B KauyeCTBE OJHOTO W3 0a30BBIX IOKa3arelied MpU MPOBEICHUU
CpPaBHUTEJIBHON OIEHKU OCBETHTENbHBIX MprOopoB [1]. Hambornee BaKHBIM cper SKOHOMUYECKUX
roKa3aTesielt sl MOKyIaressi OCTaeTCsa CTOUMOCTh, KOTOpasi 3a4acTyl0 UMEET OJIMHAKOBOE 3HAUCHUE
y npubopoB ¢ pasHoi cBerooTdaudeit. [loaTomy 1enecooOpa3Ho IieHy npuOopa MPUBOAUTH K
CTOMMOCTH E€IUHUIIBI CBETOBOTO MOTOKa. [[pyrue mapaMmerphl, Takue KaK TapaHTUUHBIA CPOK,
K03(pPHUIMEHT MOIIHOCTH, Ha TMEPBOM JTame MO0 HHPOPMATUBHOCTH MOTYT OBITH OTHECEHBI KO
BTOPUYHBIM [5].

N3 atoro cnenyet, 4To ynenbHas 1I€Ha €IMHULIBI CBETOBOTO IMMOTOKA M TIOKAa3aTeh CBETOOTIaun
SIBJISIFOTCSI HanOoJiee nH()OPMATUBHBIMU ITapaMeTpaMu MIPU HAYaJIbHOM OIIEHKE.

J171s UX COBOKYITHOTO pacCMOTPEHUS ObLT MPEATIOKEH KOIPPUIIMEHT TEXHUKO-DKOHOMUYECKON
3¢ ($EeKTUBHOCTH, BBIYUCIIAEMBIH 110 sMnupudeckoit popmyne [1];

n M2

K,y = —1—, -2
23¢ pr6/nM'BT*py6’

IA€ 1)- CBETOOTAa4Ya CBCTUIJIBHUKA, M/ BT; Ypy6 / - I€Ha CAMHHUIBI CBETOBOI'O ITIOTOKA, py6/J'IM
JIM

JlaHHBII MHTErpasbHBIA IOKA3aTelb MO3BOJAET PACIIMPUTH pa3Max 3HAYEHUN OLICHOK B
YAETbHBIX €IWHUIAX, HE 3aBUCUT OT MOIIHOCTH M JaeT Oojiee JOCTOBEPHOE IMPEACTABIEHUE O
9KOHOMHYECKON 1eJIECO00Pa3HOCTH npuoOpeTeHus 51 Ka4eCcTBE OCBETUTEIILHOIO
anekTpoobopynoBanus. Jlyis monydeHus Oosee KOPpPEKTHOM HMH(OpManuy, CBETUIBHUKU CTOUT
OLICHUBATH 110 MPUHAJJIEKHOCTH K OTHOMY M3 IISITH KJIACCOB, a HE 110 HETIOCPEACTBEHHOMY 3HAYEHUIO
Ks¢pp. OCHOBHBIE TEXHUYECKHE TapaMeTPhl IPOMBIIIIICHHBIX CBETUIILHUKOB U Pe3yJIbTaTbl 00pabOTKU
IpeJcTaBiIeHbl 1Mo kiaccaM B Tabmuue 1. M3 paccMoTpeHus ObUIM MCKIIIOUEHBI BHIOMBAIOIINECS U3

nuanazoHoB 3HaueHuss Gupm Komnen, Geliomaster m ®depekc cocrapistomue 732; 473 u 8 y.e.

COOTBCTCTBCHHO, TaK KaK CTaTUCTHYCCKU MOI'YyT OBITb OTHECEHHI K ImpoMaxam. PCSYJ'II:TEITBI




XXI1V Beepoccuiickasi cTyieHUeCKasi HAYYHO-TIPaKTHYeCKas KOHdepeHuust

HuxHeBapTOBCKOro rocy1apCTBEHHOI0 YHUBEPCHTETA

BBIYMCIICHUN IS KaXKJI0TO TPOW3BOAMTENS TPEACTABICHBI KaK JOJM OT OOIIEro KOJIMYecTBa
MPOMBIIUICHHBIX U YIMYHBIX CBETHJIBHUKOB B MPOLIEHTHOM BBIPAKCHUH.
Bropoit u Tpetuii Kiacchl MMEIOT MEHBIIYI0 IIMPUHY JUIsl HADSIAHOCTH TNPEJCTABICHUS,

IMMOJIYYCHHBIC 3HAYCHU A ObLIH OKPYIUICHBI A0 LECJIbIX.

Tabmuma 1
Pacnpenesnenne yaeabHOii 101 0CBETHTEIbHOI0 JIEKTPOOOOPYI10BAHUA
B COOTBETCTBHH € MPUHANJIEKHOCTBIO K KJIaccy
®upma Ne knacca u 3HaueHue Kspg
I II I v A"
295-384 250-294 205-249 115-204 25-114

Geliomaster 19 28 16 18 18
Barrus Group 13 2 36 27 24
NEWLED - - 24 76 -
Komnen 2 4 9 55 30
depekc - - - 22 78

B pesynbrare ananusa, unenust pupm Geliomaster u Barrus Group MOXXHO OTHECTH K YHUCITY
HamOosee 3HeprodPPeKTUBHBIX MPUOOPOB, TaK KaK ATH MPOU3BOAMTEIH JIMIUPYIOT, BBITYCKas
3ameTHyt0 noiro OIl, Bxomsmmx B kimaccel I-II. Takxke MOXHO 3aMeTHTh, YTO y pasHBIX (UPM
pacnpezeneHue npuOOpPOB CYIIECTBEHHO pa3U4aeTcs Kak MO MPOIEHTHOMY COOTHOIICHHIO, TaK U
10 HAJIMYHUIO JIOJIM B ONPEICIIEHHOM KJlacce.

[Ipu xapakTepuCTHKE NPOM3BOAMTENCH C TOYKHM 3pEHHS OOECHeYeHHs CBETOOTIAa4H I10-
MIPEeKHEMY B Kau€CTBE HMKHEH IpaHuUIlbl JUarna3oHa BEIOpaHO KpUTepuaibHOE 3HaueHue paBHoe 120
am/BT, Tak Kak JaHHBIE PAHHHUX HCCIEJOBAHMN TIMOKa3ald, YTO TMOAABISIONIEE OONBIINHCTBO
paccMOTpeHHbIX (hupM 0OecneyuBarOT CBETOOTHady HE HMKE 3TOro ypoBHs [6, 7]. BepxHuii ee
MpeJies Ha CETO/IHS PACIIMPEH, TOCKOJIBKY OOJIBIIIOE KOJIMUYECTBO CBETUIILHUKOB (hupmbl Geliomaster

00ecIeYnBaroT JaHHOC 3HAYCHHUC.

Tabnuma 2
IIpoueHT 0GecnieueHns1 CBETOOTAAYH B I(PPeKTUBHOM THATIA30HE,
yaeJabHAasi 10J151 0CBETUTEIHLHOT0 000PYI0BaHNS ¢ MAKCHMAJILHOI M1 MUHIMAJILHOM CBeTOOTHaY el

®upma VnenwsHas noas OI1 % B MakcnmapHas MuHauMaabHaAS
npenenax 120-180 nM/BT | cBerootmada OIl, im/Bt u | cerootmaua OI, nm/Bt u
ya. nodsi, % ya. noasi, %
Barrus Group 75,6 160/8,8 92/2,2
NEWLED 100 140/59,1 135/27,3

Geliomaster 97 178/6,3 85/3,1

Ddepexc 85,3 178/3 107/3

Komuiten 97 17372 119/2

W3 Tabmuer 2 BunHO, uto pupma NEWLED obecnieunBaer cTo MPOIEHTHYIO CBETOOT/Aa4y B

3 PEeKTUBHOM Juana3oHe, OJHAKO pa3Max 3HauyeHWi cocrtapiser Bcero 135-140 nm/Bt. ®upmsl
Geliomaster 1 Komien uMeIOT OIMHAKOBBIN MMOKa3aTelb MO YASIbHOM goje B nuama3one 120-180

/BT, ipu 5ToM HUXKHUN nipenen npousBonutens Geliomaster 3HaunTETEHO HUKE, YeM y Komuten.

Tak e MOXHO 3aMETUTh, YTO 3HAYECHUS MOCIEIHUX TpeX ¢upM Onu3ku Kk Benuunae B 180 nmm/BrT,
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onHako y pupm Depexc u Komien B IporieHTHOM COOTHOIICHUU UX JI0JI O4eHb Masia. Tak ke Obu1o
YCTaHOBJIEHO, YTO MPAKTUYECKU Bce (UPMBI YAYUIIMIN MOKA3aTENN 1O MEPBOMY KPUTEPHIO, IIpU
3TOM CYIIECTBEHHO U3MEHUINCh MAaKCUMAITbHOE U MUHUMAJIBHOE 3HAUEHUS CBETOOTaauH [8].

st Toro, 4To0Obl OoJiee NeTaabHO PACCMOTPETh PAacCHpeAesieHHE CBETOOTAAYM IS KaKIOu
bupMbl, MOCTpOeH TrpapuK Ha OCHOBE 3aBHCHUMOCTH YICJIBHON JIOIM OCBETUTEIbHBIX

IEKTPONPHUOOPOB OT BEIMUUHBI cCBeTOOTHa4H [9-11].

35
K 30 —o— Barrus Group //‘\
g{ 22 Geliomaster — \
g —¥—Komien \
: - ~ ) \
g 10 /) |
> S = \\
0 R
80 90 100 110 120 130 140 150 160 170 180

Cserootnaua, nm/Bt

Puc. BapI/IaHI/IOHHI)Ie KPHBBIC paCIip€aCJICHNA CBETOOTAAUYN

B pesynbrare moctpoeHus rpauka MOXXHO BBIACITUTh TPH THIA KPUBBIX: C OTHOCHUTEIHLHO
paBHOMEpHBIM pactipezaeneanem (Kommen), ¢ BeipaxxenHo# Mmono (Barrus Group) u ¢ HUCTIagaronmm
pacripenenenuem (Geliomaster).

Ha ocHoBaHuMm mapaMeTpoB, TPEACTaBIEHHBIX B Karajorax (pupM-pou3BOIUTENCH
CBETOJMOHOTO O00OpYIOBAaHUS TOCIETHHUX JIET, IPOBEIEHA MpeaBapuUTeNbHas OICHKAa KadyecTBa U
HSKOHOMHMYECKOM  11e1ecO00pa3HOCTH  MPHOOPETEHUsT OCBETUTEIBLHOTO  3JIEKTPOOOOpYyIOBaHUS
Beaymux Qupm-npousBouteneil. IlpoBeneHo pa3OumeHHe HCTOYHUKOB CBETa Ha KIJACChl IO
nokazaresito  Kod((UIMEHTa TEXHUKO-3KOHOMUYECKOW A(PQPEKTUBHOCTH, AN  TOBBILICHUS
JOCTOBEPHOCTH MTPOBOJIMOTO UCCIICTOBAHHS.

B pesynbrare NpoBEICHHBIX WCCIICAOBAHHMNA TMPEUIOKEH HOBBIA IHANA30H KPUTEPHUAIBHOTO
3HAUEHHUs] CBETOOT/JAuu. YCTAaHOBJEHO, YTO BEpPXHUH TMpeleNl KPUTEPHATbHOIO 3HAauYEHHUs 3a
MOCHIEHUE TOABI YBEIWYMJICS TOYTH B 2 pa3a Kak 3a CyYeT TMOBBIIIEHHOW CBETOOTAAYU

AIIEKTPONPUOOPOB, TAK 3a CUET CHUIKEHUSI CTOUMOCTH.
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CENNAPAIIMA MEJIKOAUCIIEPCHBIX YACTUL JUOKCUJIA KPEMHUA
M3 TA30BOI'O IIOTOKA B CEHAPAIIMOHHOM YCTPOMCTBE

YMeHbIIeHHE JHEPreTHUeCKUX 3aTpar U obecrieueHue 3(PPEKTUBHOCTH TMPHU YIIaBIMBAHUHU
YacTULl AMOKCUJA KPEMHHSA, MOIy4aeMbIX C MPUMEHEHUEM IUIa3MEHHBIX TEXHOJOTHH, SBISETCS
aKTya’apbHOU 3amaueit [1-4]. B Hacrosimee Bpemsl CyIIECTBYET HECKOJIBKO CIIOCOOOB YIIaBIUBAHUS
YacTUI Pa3IMYHON JucrepcHocTd. [Ipomecc ocaxaeHWss B IEHTPOOEKHOM TMOJIE MOMKHO
OpPraHM30BaTh C MOMOIIBIO IIMKJIOHA WM C MPUMEHEeHHeM BuxpeBoro mbuieynoBurens (BITY). B
[UKIOHHBIX anmaparax B3BEIIEHHbIE YAaCTHULIBI MPU BPALICHUH TAaHTCHIIMAIBLHO BBEIECHHOTO
ra30MbIIeBOTrO OTOKA, 0TOPACKIBAIOTCS K CTEHKAM KOpITyca Py JeHCTBUN LEHTPOOESKHBIX CHIT M TIO]T
JCWCTBUEM CHJI TSDKECTH OcaxnaioTcss B OyHkepe. HawuOGomnpmas >QQeKTHBHOCTD yaaneHUs
JOCTUTAETCs] TPU YIAaBIUBaHUM YacTull pazmMepoM >20 MkM. CTeneHb OYUCTKH B TaKOM Cllydae
nocturaer 96-99%, onHako, npu HaIMYUU YacTUL pa3MepoM 10 MKM WM 5 MKM pe3ylbTaTUBHOCTD
cHmkaercs 10 70-95% u 30-85% cooTBETCTBEHHO.

[{uk0HBI TpUEMEYATEIbHBI OTCYTCTBHEM JIBIDKYIIUXCS YACTSH B KOHCTPYKIIUHU, HAJIC)KHOCTHIO
paboThl B YCJIOBHSIX BBICOKHMX TEMIIEparyp U JaBJICHHM, CTaOMIBHOCTHIO (PPaKIIMOHHOM
3¢ (HEKTUBHOCTH, HO UX MPUMEHEHHUE COMPSHKEHO C OOJBIIUMU MOoTepssMH aasieHus (mo 1,5 klla).
Taxke OHM HE MPUTOJHBI Ui YIABJIMBAaHUS CIMIAIOIIEHCS NBUIM M aOpa3sUBHBIX MarepHalioB.
BuxpeBbie NbUICYIOBUTETN TAK)KE OTHOCATCS K IPSIMOTOYHBIM arllaparam eHTPOOEKHOTO IEHCTBUS
U OTJIMYAIOTCS HAJIMYHUEM BCIIOMOTATEIbHOTO 3aKPYUMBAIOIIETO ra30BOrO MOTOKA, MO3BOJISIOIIETO
perynupoBarh Tmpolecc cemapanuu.  J(QEeKTUBHOCTh yHajdeHHs MEIKOAMCIEPCHBIX YaCTHII
nuaMeTpoM 3-5 MKM cocTaBisieT mopsiaka 99%, BHYTpEeHHHE TOBEPXHOCTH HE IMOJBEpPraroTcs
abpaszuBHOMYy wu3Hocy. K HemocTarkaM MOXXHO OTHECTHM HEOOXOJUMOCTb B JOIOJHUTEIBHOM
IYTbEBOM YCTPOMCTBE U CI0KHOCTb KOHCTPYKIMH [5-8].

B pykaBHBIX (hunmbTpax 3amblICHHBIE TOTOKU MPOIMYCKAIOTCS Yepe3 MOPUCTHIE MEePETrOPOIKH,
BUJl KOTOPBIX IOIOMpPAETCs B COOTBETCTBMM CO CBOICTBaMM M KOHLEHTpauued mnbuid. Pabora
OCYIIECTBIIIETCS ITyTEM 3a00pa 3amblJIEHHOTO BO3yXa B OYMILAOLINI KaHaJ, IOCIE Yero YacTUIIbI
OCEealoT Ha TKaHW PYKaBOB, a OUYMIIEHHBIA Ta3 OTBOAMUTCS C TOMOIIBIO BBIXJIOMHON TPYOBI.
O PexTHBHOCTh OUYUCTKHU Ta3a B PYKaBHBIX (PUIBTpax OT MBUIEBBIX YacTull AuameTrpom 0,5 MKM u
MeHee coctaBisger oT 90 mo 99,99%. M3menenue naBieHUsST W CBOWCTB YJIaBIWBA€MOW TBUIM HE
OKa3bIBAET BIMSAHNE HAa PaOOTY YCTAHOBKH, OJHAKO YaCTh IEPETOPOJOK HYKIAETCs B IEPUOINYECKON
3aMeHe, TIOCKONbKY pereHepanus ¢GuibTpoMarepuana MPOUCXOJUT HE BO BCEX ydYacTKax.

Per CHCpalusa TpeGyeT SHAYUTCIIbHBIX DJHEPro3arpar, a CaMH PpPYKAaBHBIC YCTAHOBKH HMCIOT

SHAYUTCIBbHBIC I‘a6apI/ITBI.
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Puc. 1.Cxema pabotsl: a) ukitoHa: 1 -xkopiyc, 2-nmatpy0ox, 3-BeIxomHas TpyOa, 4-0OyHkep;
0) BUXPEBOTO MBUICYIOBHUTEIIS COTUIOBOTO THTA: 1-3aBUXPUTEINb, 2-TONATOYHBIH 3aBUXPUTEIh TUITA
«po3eTKay», 3-MOANOpHas 11aida, 4-u30THYTHIN MaTpyOoK, S-kamepa, 6-BBIXJIOIHON MaTpyooK

OuucTka B 371€KTpOPUIBTPaxX MPOUCXOAMUT B pe3ylbTare JEHCTBUS 3JIEKTPOCTATUUECKUX CHIL:
IIPY N0/1a4€ BBICOKOTO HANPSIKEHUS BOSHUKAET KOPOHHBIN pa3psijl, HAYMHAETCS NPOLeCC HOHU3aLUU
IBUIEBBIX YacTull. OHU MPHOOPETAIOT CIOCOOHOCTh K JIBUKEHHUIO, M OCEHAI0T Ha 3JIEKTPOAax IpHU
BO3/ICHCTBMM HAa HUX OJEKTPUYECKOTO TMOJSA. ONEeKTPO(UIBTPHl  OTIMYAIOTCS  BBICOKOH
3P PeKTUBHOCTHIO OUUCTKH (99,9%, pa3mep dacTUIl IpU 3TOM MOXKET ObITh MeHee | MKM) U MOTYT
OBbITh BBINIOJIHEHBI U3 MarepuajoB, YCTOMYMBBIX K arpeccHBHBbIM cperaM. OHM yHHBEpCaJbHBI U
MOTYT UCIOJIb30BaThCS B YCIOBUSIX MOBBIIIEHHBIX TEMIIEPATYpP, OJHAKO YCTAHOBKA HMEET BBICOKYIO

CTOUMOCTD 1 HC MPECANOJIaracT O4MCTKY B3PbIBOOIIACHBIX I'a30B.

/5
b e
—=— 2
NN o
2 UL L
S N B i e
W jct
1 t t .t t ras 7
\ NN/
: 1T fr
a) 0)

Puc. 2. Cxema paboTs: a) pykaBHOTO (prusrpa: 1-kopiryc; 2-pykaBa; 3-pama; 4-BCTPSIXUBAIOIINNA MEXaHU3M;

S-KOJUIEKTOP OYMILICHHOIO rasa; 6,7-Kianansl; 8-0yHkep; 0) anekTpoduiasTpa: 1 — 0caauTeIbHbIN IEKTPOS;

2 - KOPOHUPYIOIIHUN AEKTPO; 3 — paMa; 4 — BRICOKOBOJIBTHBIN H30JISATOP; 5 — BCTPAXUBAIOIIEE yCTPOKCTBO;
6 — BepxHsist Kamepa; 7 — COOPHHK MBI
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OnHako, HEOCTATKOM BBIIIETIEPEUUCIIEHHBIX aNlapaToB SBJISETCS BHICOKOE THAPABIMYECKOE
COIPOTUBJICHHUE, YTO HEJAOMYCTUMO B JAHHOM Cllydae M3-3a OFPaHUYCHHS JaBJICHHS B BaKyyMHBIX
muauAx. [To 3Toit mpuumHe HeoOxomuma pa3paboTka cemaparopa ¢ BBICOKOH 3()()EKTHBHOCTBHIO
YAaBIMBAHUS MEJIKOAUCIIEPCHBIX YACTHUI] U HU3KUM TUAPAaBINYECKUM COIIPOTUBICHHUEM.

Jlisa pemieHuss JaHHOW MHpoOJieMbl TMpeAjiaraercs CcenapanuoHHOE YCTPONCTBO € COOCHO
pacmoiaokKeHHbBIMU TpyOamu (puc. 3).

[IpyHOMI NEHCTBHS YCTPOMCTBA 3aKIIOYACTCS B CIEAYIOLIEM: ITOTOK 3albUICHHOIO TIasa
IIOCTYIIAET Y€PE3 BXOAHOE OTBEPCTUE / B yCTPOMCTBO, IIOCIIE YETO JIBUKETCS B €I0 HUKHIOIO YacTb.
C moctmxeHHeM ra3zoBbIM IIOTOKOM YpPOBHS ra3 pacrlpeiesiseTcss paBHOMEPHO B OCECUMMETPUYHOM
HaNpaBJIE€HUH U 00Pa30BaHHBIMU CTPYIHKaMU IPOXOIUT Yepe3 MpsMoyroibHble men 4. [lpu Beixozae
U3 IPSIMOYTOJIBHOTO OTBEPCTHUS KaXk/asl CTpyHKa pacnpenenseTcss Ha ABa paBHBIX OTOKA, KOTOpbIE
JIBIDKYTCSI B CTOPOHBI, MPOTHUBOIIOJIOXKHBIE OTHOCHTENIBHO Apyr apyra [9-14]. O6pa3zoBaBiiuecs
MIOTOKM MpPHU BBIXOJAE M3 MPAMOYIOJIbHBIX WIEJIEd HAUYMHAIOT BpalaTbCsl M JBUXKYTCS BBEPX K
BBIXO/IHBIM OTBEPCTHSIM B KpbIIKe 3 3a CYET OCOOEHHOCTU KOHCTPYKTHBHOIO O(QOpMIICHHUS
cermaparopa: BHEIIHSS W BHYTPEHHsSI TPYyObl TpPEACTaBICHB B (OpPME IMIUHIPOB, KPBIIIKA
NpHUBapeHa W HMMEeT Kpyriele oTBepcTus. llpomecc cemapamuu dYacTull B OONBIICH CTEIEHU
00yCIIOBJIEH BO3HHKAIOIUMH LIEHTPOOESKHBIMU CHJIAMHU IIPU 3aBUXPEHUHU T'a30IbIIEBOIO MOTOKA B

MG)KTPY6HOM IIPOCTPAaHCTBC. BriOuBIIMECS U3 TOTOKA HaCTHUIBI IIOCTCIICHHO OCCAAaIOT B 6yHKepe.

Puc. 3. YnpouieHHas TpexmMepHas MOZIENb CEnapaTropa ¢ COOCHO PacHONIOKEHHBIMU TpyOaMu (BU ¢
paspe3om): 1 - BXOZHOE OTBEPCTHUE; 2 — BHYTPEHHS LIMIIHHIpHUYIEcKas TpyOa; 3 — mpuBapeHHas! KpBILIKa C
OTBEPCTHSAMH KPYyIIIoW (POPMBI; 4 — MIPSIMOYTOJBHBIE IIENN; 5 — BHEIIHSS HWIMHApHUYecKas Tpyoa

B nanHOli pabore ObUTM MPOBEAEHBI YHCIEHHBIE MHCCIEAOBAaHHUS Ta30[MHAMHKH B
cenapallMoHHOM ycrpoictBe. [lpu momydeHuu JaHHBIX MaccHBa BapbUPOBAINCH HEKOTOPbHIE
KOHCTPYKTUBHBIC pa3Mephl: IMHpPUHA TMPSAMOYroibHOM tmenmu by (2,18-8,72 MM) u BBICOTa
NPSIMOYTOJIbHOM 11emH /s (10-20 Mm). B ra30BoM 1oTOKe MpeacTaBiIeHbl YaCTULIBI IMOKCHIAa KPEMHUS
pasmepoM oT 1020 MkM M mWIOTHOCThIO 2560 kr/m>. Ha BhIXOZe M3 cemaparopa ¢ COOCHO
PacroIOKeHHBIMU TPyOaMu 3a/1aBajiock arMocdepHoe napienne BennuuHoi 101325 [Ta. Bxognas
CKOpOCTh Taza W Owina mpuHsaTa 3a 7,5 m/c. i mMutanmmu OyHKEpa Ha JHE YCTPOMCTBA MpHU
MOJIETUPOBAHUH 33/1aBAJIOCh YCIOBUE NMPUIMIAHNUS YaCTHII.

BuxpeBas cTpykTypa, oOpasylomascs B MEXKTPYOHOM IpOCTpaHCTBE, MpEICTaBlIeHAa Ha

puUcyHke 4.
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Puc. 4. o6pa3oBanme 3aBUXpEHUIN
B MEXKIWJINHAPUICCKOM ITPOCTPAHCTBE (BHJI CBEPXY)

CornacHO pesyabrataM HccieJoBaHUM, 3((EeKTUBHOCTh YIIAaBIMBAHUS MEJIKOIUCIIEPCHBIX
YaCTUI] TMOKCHAa KPEMHHUSI CENapaTopoM ¢ COOCHO PACIONIOKEHHBIMU TpyOamu coctasiser 61,4 %,
BEJIMYMHA SHEPreTHUECKUX 3arpar B yCTpoilcTBe coctaBisitoT oT 1,9 mo 31,2 Bt npu BxomHOI
CKOPOCTH Ta30BOT0 TIOTOKA CO CKOPOCTBIO 7,5 M/C, pazMepe MEeIKOAMCIIEPCHBIX YacTull oT 1 g0 20
MKM, BBICOTE MPSIMOYTOJIbHON 11enu As oT 10 10 20 MM, MpuHE NPSAMOYTOJIbHBIX Hienei bsot 2,18
1o 8,72 mm. IlpencrapineHo HamIsAHOE 0Opa30BaHUE 3aBUXPEHHUM B MEXTPYOHOM NPOCTPAHCTBE B
pesynbrare paboThl cemaparopa. Takke ciieayeT OTMETHTh, YTO Ha OOpa3oBaHHWE YCTOWYMBOU
BUXPEBOM CTPYKTYphl BIUSET KOMIUIEKC KOHCTPYKTHBHBIX IapaMmerpoB. B naHHoM ciyuyae 3TO
mUpUHa bs U BBICOTA hy MPSAMOYTOJbHOHN Iienu. V3MeHeHue 3Ha4eHUH JaHHBIX MapaMeTpoB B
HEKOTOPBIX CIIydasix MOXKET CTaTh IPUYMHON HEYCTOMYHUBOM CTPYKTYPbI JBUKEHHS ra30BOr0O MOTOKA.
B pesynbrare, npu BbIXOAE CTPYEK I'a3a U3 IIENeH, 3aBUXPEHUS MOTYT CTaTb HECTAOUJIbHBIMU U3-3a

HEPaBHOMEPHOT'O PACIPEENICHHsSI TI0TOKA B PA3HBIE CTOPOHBI.

Paboma evinonnena npu ¢unancosol noooepoicke epamwma Ilpesudoenma P®D Ne MK-
2710.2021 4.
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INPUMEHEHMUE TEIIJIOBBIX HACOCOB B CUCTEME TEIVIOCHABKEHUSA

Pa3zymHO€e nmpuMeHeHre S HEPreTUYECKUX PECYPCOB OCTAETCS OJTHUM U3 TIIABHBIX HAIIPABJICHUM
MUpOBOro xo3sicTBa. IIporpeccupyromiee 3arpsi3HEHHE OKpPYXKAlOUIEH Cpenbl pa3IudHbIMU
BpPEIHBIMH  BEUIECTBAMH, HEPALMOHAIBHOE MPHUPOIONOIb30BAHHE HE  BO300OHOBISIEMBIMU
WCTOYHUKAMH JHEPTHH U Ap. OHpenesseT HU3KY0 3(PGEKTUBHOCTh XO3SMCTBEHHOTO KOMILIEKCA.
[IpencraBineHHple MPOOIEMBI KAcArOTCS OTPACId TEIUIOCHAOKECHHS, HAa KOTOPYIO TPHUXOAUTCS
OoJbINast 9acTh BCEX 3arpar TOIMBa. JlOCTyIMHBIM pelieHueM TOBBIICHUS ) ()EKTHBHOCTH CUCTEM
OTOTUICHUS SIBISIETCA HUCIOJb30BaHHE TEIUIOBBIX HACOCOB C HMCTOYHMKAMH HHU3KOMOTEHLIUATbHOU
Temotsl [1, ¢. 73].

TeroBoit Hacoc — 3T0 TPHOOP, MO3BOJISIFOIIMIA TIEPEHECTH TEIIOTYy OT 0oJiee XOJOAHOTO
HEPTOHOCHUTEIIA K OoJiee ropstaemy. J[ist Toro, 4ToOBI TaHHOE YCTPOUCTBO paboTalio, eMy HEOOXOIUM
BHEUTHUII MCTOYHUK AJI BbIPAOOTKM TEIJIOBOM 3HEpPruu. TakMM MCTOUYHUKOM MOXKET CTaTh cama
MpPHUPOJIa, TO €CTh CUJila BETPa, BOABI WM HAKOIUICHHAs] COJHEYHAs U TeoTepMalibHas aKTUBHOCTD.
TeroBble MAITUHBI (TAPOBBIC TYPOUHBI, IBUTATEIIN BHYTPCHHETO CTOPAHUS, PCAKTUBHBIC JIBUTATCIIN
U T.J1.) pabOTAOT 10 TEPMOJUHAMHYECKON KPYTOBOM IMOCIIEIOBATEIFHOCTH HEKOTOPBIX MTPOCTEHIITIX
MPOLECCOB (M30TEPMHUECKOT0, H30XOPHOTO, 300apHOTO0, agunadbarHoro). Lluka B TepMoanHaMUKe —
3TO Takas MOJENb MPOLECCOB, MPU KOTOPOM COCTOSSHHE CHCTEMBbI MPOMIs uepe3 psi COCTOSHUU
(oObéM, TemmepaTypa, [daBlIEHHE, OJHTAJbIHUSA) BO3BpAIA€TCs B HAYAJIbHOE IOJIOKCHHE.
N3oOpakaercs Ha rpaduke 3aMKHYTOMN JIMHHUEH.

W3BecTHO, YTO TEMJIOBOW HACOC M XONOAWIbHAasg MallldHAa paboTaloT 1O OIHOMY
TEPMOAMHAMUYECKOMY LHKIY. TemaoBbleé HACOCHI MOTYT BBINOJHATH (YHKIIMIO HAarpeBaHHs U
oxynaxeHus. Korma Mbl uCIonb3yeM TeTUIOBOM HACOC ISl TOAHSITHS TEMIIEPaTyPhl, OH TPOXOAUT TOT
e IUKJI, YTO U XOJIOAWJIbHASI MAaIllMHA, HO TOJILKO OOpaTHbBIN, 3a0upasi TeIio u3 0ojiee XOJIOIHOTO
OKPY’KaIOI[Ero BO3/1yXa U BHICBOOOXKIAas TEIUIO B HArpeToe MomelleHne. XOIoIuIbHasl YCTaHOBKA
CO37a€T MOHMKEHHYIO TEMIIEpaTypy BHYTPH KaMephl, TEIUIOTa U3 XOJOAWUJIbHUKA OTBOAMUTCS B
OKPYXAIOIIYI0 cpeAy Omaromapsi JOTIOJHUTEIBLHON 3aTpauyeHHON TEIMJI0YHEPTUU. A ISl TEIJIOBOTO
Hacoca IeJbi0 PaboThI SBJISETCS MOBBIIIEHNUE TEMITIEPATyPhl B IIOMEIICHUH, TIPH ATOM OKPYKaroIIast
cpena oxjaxnaaercs [2, c. 160].

OnuH u3 cospareneit TepmoauHamuku C. KapHo B 1824 roay BnepBble NPUMEHWII JaHHOE
ONpeNeIICHUE JJIsI UCCIIE0OBAHUS U aHAJIN3a UJICAJIbHON TEIJIOBOW MallvHbI. J{eMCTBUTENBHO, 3TOT
UK OCTA€TCS OCHOBOIIOJIATAIOIINM TTOJOXKEHUEM JIJII CPABHEHHUS C HUM IMPOU3BOAUTEIBHOCTH
TEIJIOBOTO Hacoca. Beib ero MOXKHO paccMaTpHUBaTh Kak 0OpaliéHHYIO TEIUIOBYI0 MamuHy. OfHa u3
0COOCHHOCTEH TEIIOBOrO Hacoca — 3TO TO, YTO KOJMYECTBO TEIJIOBOW IHEPTHH, MPOXOASIIEH
4yepe3 HarpeBaTelIbHBIN 3JIEMEHT, KOTOPOE JOXOAUT J0 MOTPEOUTEINS B pa3bl OOJIbIIE, YeM KOJTHIECTBO

SHEpPruM, 3aTpauMBaeMoOil Ha 3TOT mpolecc. A MOTeps TeIula MPH TPaHCIOPTUPOBKE SBISETCA

HECOOCTAaTKOM JJIA OOJIbIIeH YaCTH HBIHCHIHUX CHCTEM. HOBTOMy C HCIIOJBb30BAaHUECM TCIIJIOBOI'O
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Hacoca MOKHO MPEeI0OCTaBUTh MOTPEOUTENIO TEIIO C MEHbIIMMHU 3aTparaMu. Kommnpeccop, TernaoBoit
pacIIMpUTENbHbIN KianaH, KOHJIEHCATop, UCHapUTeNb — MPEUMYIIECTBEHHOE CTPOCHUE TEIIIOBOTO
Hacoca. Mcnomnp3ys akTHBHOCTH IPUPOIBI, KAK BO3OOHOBIISIEMBIX YHEPTOMCTOYHHUKOB (COJTHIIE, BETED,
reoTepMaNibHOE TEIIO), Tpeodpasyer e€ B TEIUIOBYID C MOMOIIbI0 xiamareHt [3, c. 181].
XoJMoAUIBHBIM areHT (XJIaJareHT) — 9TO BEIIEeCTBO, MEpexXOsliee U3 >KUIKOTO COCTOSHHUS B
razoo0pa3Hoe, 3aKuIaeT Ipu HU3KOW Temmeparype 48,5 rpaxyco mo Llenscuto. XmagareHt najnee
JBUKETCS 110 TPYOOIIPOBOTY, IIPOXO/IS IBA KOHTYPA, MTOCJE YBEITUYCHUS TEMIIEPATypPhl U CAaBIUBAHUS
KOMIIPECCOPOM, TPUHUMAET arperarHoe COCTOSIHUE.

YerpoiicTBOM ISl peryJupoBaHUsl XOJOAHOTO WM TOpSYEero MOTOKa BO3JyXa HA3bIBAIOT
tepmoperynupytomuM BeHTHiIeM (TPB). OH ucnons3yeTcs B COBPEMEHHBIX CHCTEMAaxX OTOIUICHUS U
KOHJIMITMOHUPOBAHHS BO3yXa. DTO TOYHBIH MPUOOP TMOMOTaeT PeryjlupoBaTh TEMIIEparypy B
TIOMEIICHUH U CIEIUT 3a CTEIICHBIO Harpena.

Yenosuwvui KI1/[ mennosoco nacoca:

KIIJ] temnmoBoro Hacoca MHOTHX CMYIIA€T, IIOTOMY YTO €CIM BBIIOJHUTEH OMpPENeIEHHbII
pacuéT, TO OH B OCHOBHOM Oyrniet Oombine 1, XoTs paboTa TaHHOTO HacOCa MOTHOCTHIO TIOAYUHSCTCS
3aKOHY COXpaHEHHUS YHEPruu. To eCTh €Clu CYUTATh TEIIOBOM HACOC «UEPHBIM SIITUKOMY (TEPMUH,
KOTOPBIM MPUHUMAIOT JJIs1 ONIPE/ICNICHUs] BHYTPEHHETO CTPOSHUS MEXaHU3Ma, paboTa KOTOPOTro OUeHb
CIIO)KHAa WJIM HEBaXHA B TMpelesiax TeKylled 3anadd), TO JeHCTBUTENBHO, TEIUIOBOM Hacoc
MIPOU3BOAMT TEIUTA OOJIBINIE, YeM 3aTPAYMBACT YHEPTHIO.

OpnHako, Takve BBIYMCIICHUS COBEPIICHO HEBEPHBI U HE PAacCMATPUBAIOT APYTHE€ UCTOYHUKU
SHEPTUH, KPOME MOTPEOIIEMON ANEKTPOIHEPTHH. DTHM HUCTOUHUKOM OOBIYHO SIBIISIETCS HArpeThId
COJIHLIEM BO3AYyX WJIM BOAA. DJIEKTPOIHEPTHUS B YCTPOUCTBE HE UCIOIB3YETCS TOJIBKO KOHKPETHO Ha
0o0orpeB, a pacxomyeTcs Ha «KOHIIEHTPAIMIO» SHEPrHH pecypca HU3KOIOTEHIIMAIBLHOTO TEIula,
KOTOPBIE JTAIOT PHEPTHUIO JI7Is1 pabOThI KoMIpeccopa. TeraoBoil HacOC UMEET J1Ba NCTOYHUKA SHEPTUH
— 3JIEKTPUYECTBO M MCTOYHUK HU3KOIMOTEHIIMAIBHOTO TEIIA, PU YEM B pAaCUETE HE YUYHUTHIBAECTCS
BTOPOI UCTOYHUK, a 3HaYCHHE MOITy4aroT O6onbie 1. OgHako, eciau yuecTh B pacuéTax U UCTOYHHK
HHU3KOMOTEHIHAIBHOTO Teruia, To KII/] MamuHbl cTaHeT NpUHUUIIHATBHO MEHBIIE 1.

Hmeemcsa neckonvko knaccugukayuii menyiogwix HACOCO8:

1. ITo mpuHIUIY pabOTHI — COPOIIMOHHBIE U TAPOKOMITPECCHOHHBIE.

CopOeHThl — MOIIONIeHHE TBEPABIM TEJIOM WIU KUAKOCTHIO M3 OKPYKAIOIICH Cpeabl ra3os,
MapoB WM PACTBOPEHHBIX BemecTB. VMEHHO B COpPOIMOHHBIX HAacocax TMpPH  ITOMOIIH
TEPMOXUMUUYECKUX JEHCTBUM MPOUCXOAAT JIBa MpoIlecca: MpoIecc copOIuu — COPOCHT TMOTJIONMAET
pabouee TeJo C BhIIEICHUEM TEIUIOTHI U MpoIiece AecopOinuu — cOpOeHT BhIAENseT pabouee Teno ¢
MOTJIOIIEHNEM TEIUIOTHl. YTOOBI JaHHBIA MeXaHW3M paboTal HYKHO TMOATOTOBUTH TPU BHEITHHX
HMCTOYHHKA TEIJIOTHI — OKPYKAIOIIasi cpeia, UCTOYHUK BBICOKOW TEMIEPaTypbl, UICTOYHUK HHU3KOU
TEeMITepaTyphl, IS OXJIAKIAEMOTO 3JIeMEeHTa MexaHu3Ma. [IpumeHeHne 700aBOYHBIX MCTOYHUKOB
TEIUIOTHI C/ieNlaeT COPOLIMOHHBIN BUJ Hacoca Ooiee 3aTpaTHBIM.

AnTudpus (oxsaxmaromas KUIKOCTH) — o0lee Ha3BaHHE BOAHOTO PaCTBOPA UMEET BBICOKYIO

TEMIIEpaTypy KUIIEHUIO U OHIKEHHYIO TeMIeparypy 3amep3anusi. COOCTBEHHO, IO3TOMY B IIEPBOM

13 TPEX 3aMKHYTBHIX KOHTYPOB MapOKOMIIPECCHOHHOIO TEIJIOBOIO HAcOCa LUPKYIUPYET aHTU(DPU3.
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DTOT KOHTYp Ha3bIBA€TCS BHEIIHWM, U UMEHHO OH COOMpAaeT TEIUIOTY M3 OKpYyKarlien cpeasl. Bo
BTOPOM KOHTYpE LUPKYIUPYET XJIaJareHT, OH 3a0upaeT TEIUIOTY U BO3BpallaeT € TeIIONpUEeMHUKY,
Crymasicb Ipu Oosiee MOBBIMICHHOW TeMmmeparype. LIMpKynsiuus TeruionpueMHHKa — 3TO TPETUH
KOHTYp, TOYHEE BHYTPEHHHH KOHTYp. TEIUIONPUEMHHUKOM MOXET MOCIYXUTh BOJAa B CHUCTEME
TEIIOCHA0XKEHUS.

2. Ilo MCTOYHMKOM HU3KONOTEHIMAIbHOW TEIJIOTHI — BO3AYyX, MOA3EMHBIE BOJbI, I'PYHT,
COJIHEYHAs SHEPI'Hsl, IOBEPXHOCTHBIE BOABI, HAPYKHBIN BO3AYX [4, c. 256].

HNcTouHUKN HM3KOMOTEHIMAIBHON TEIJIOTHl HMMEIOT MCKYCCTBEHHOE W E€CTECTBEHHOE
npoucxoxkaeHue. VICKycCTBEHHbIE  HCTOUYHHUKA —  TPOMBIIUIEHHBIE  COpOCHI,  OBITOBBIE
TEIUIOBbIIENeHNs. ECTeCTBEHHbIE HCTOUHUKH — IPYHT, BOJHBIE PECYPCBHI, COJIHEUHAS! YIHEPTHUS.

Temnno KoTopoe 3aKIIOYaeTCsl B BO3AYXE, MOXKET IPUMEHSTHCS B TEINIOBOM Hacoce («BO31yX-
BO31yX»). HapyKHBII BO3IyX SBISETCS OCOOCHHO >KEJTaHHBIM UCTOYHHKOM HH3KOMOTCHIIMATHHOTO
Teryia. Beap B BO3IYIIHOM TEIJIOBOM HAcOCE BO3AYX MPOXOIUT psia coctosiHui. CHavana BO31yX
MIPOYBAETCS Yepe3 UCIIAPUTEIIb, @ 3aT€M XOJIOAUIIbHBIN areHT CBOE TEIIO NepeAacT Bojie, MpoXos
IIPU ATOM KOHJIEHCATOp. DTO TEIJIO M UCHOJb3YeTCs ISl OTOIUIEHHUS, a B JIETHUM NEPUOJl OH MOXKET
CIY’KUTbh KOHJIUIIMOHUPOBaHUEM IToMeneHus . [[pon3BOANTENBHOCTD BO3AYIIHOTO TEMIOBOIO HacOCa
SBIISIETCS TIOHKEHHOW - TPH HW3MEHEHUWU TeMIleparypbl B OOJBIIMX pa3Mmepax (Jocturas
OTpHUIATEIbHBIX 3HAYEHHIT), HO OH TaK K€ SIBJISIETCS SKOJIOTUYHBIM.

TeroBble MaIIMHBI, KOTOPBIC WCIONB3YIOT BOAY B KauecTBe pabodyero BeIICCTBA
dbyHKIHOHUPYIOT 1o mpuHIMIY KapHo («Boma-Boma»). IIpu WCHONB30BaHWUM TEIUIA  BOIBI
TPYOOIIPOBOMBI YKIIAJBIBAIOTCSI HA THO BOAOEMA M MPUTAIUIMBAIOTCS Tpy3aMu. OH CMOXET
o0ecrneunTh TeIJIOBOM YHEPrUeil B TeUeHHE BCETo roja. BoaHbIie TEMIOBbIE HACOCHI JETATCS Ha J1Ba
THUIIA: 3aKPBITHIC U OTKPHITHIE.

OTKpBITHIM BUJ TEMJIOBOIO HAcOCa 4Yallle BCEro MCIOJb3YeTCsl U €ro 00ecreueHue SBIsIeTCs
0osee PKOHOMHYHBIM. ET0 0COOEHHOCTH 3aKII04aeTCs B TOM, YTO BOJA, MOCTYMAIOIIAs U3 BOJOEMOB,
cpasy ke uIET B ucnapurenb. Ho u3-3a 3arpsA3HEHHOCTH BONOEMOB JaHHBIN THUI TENJIOBOM MalIMHbI
CTAJIKUBAETCSI C MHOXXECTBOM IpoOieM. B peanbHBIX yCIOBUSX ATOT (PAKTOp MOXKET MOCTYKUTh
HMCTOYHUKOM 3arpsi3HEHUs TEMJI00OMEHHUKOB, UTO B CBOIO OYEPE/Ib YMEHBIIUT MPOU3BOAUTEIILHOCTD
BOJIHOTO Hacoca.

3aKpbITHIN THI BOAHOTO Hacoca 0oJiee SKOJIOTHUYeH U TpeOyeT MUHIUMAIIbHBIX 3eMJISTHBIX pa0boT
JUIsL €r0 yCTaHOBKH. JlaHHBINH TeruioBod Hacoc OyaeT 3ddexkTuBHO padoTaTh, TOJIBKO €CITH
MOOJM30CTH €CTh He3aMep3aronuil BomoéMm [5, c. 104].

3emiisl TakKe MOXKET HCIIOIh30BAThCS KaK UCTOYHHK ISl pabOTHI TEIJIOBOTO Hacoca («3eMiisi-
BOJZIay). JlaHHBIH THIT HACOCa MOYKHO OXapaKTEPU30BaTh MO TPEM BHIaM TETNIOOOMEHHUKOB: KOP3HHA
- CIUpajb, TOPU3OHTAIBHBIN, BEPTUKAIBHBIM.

KomnnexkTtop — 3T0 3aMKHYTBIN KOHTYp, COCTOSIIIUNA U3 TPYO, O KOTOPOMY XOJIOJMIIbHBIN areHT
JIBUTAETCS MO/ eiicTBUEeM Hacoca. IMEHHO KOJUIEKTOp 3a0UpaeT TeIIoTy MOCPEACTBAM YIIOKEHHOTO

TFOPU30OHTAJIBHO TPYHTOBOI'O TEeII00OMEHHMKA. Tak u pa60TaeT TOPHU30OHTAJIBHBIC I'€COTCPMAJILHBIC

MaIlIHuHBI.
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B BepTHKaIbHOM reoTepMaibHOM TEIUIOBOM HAacOCE TeIII000MeHHHK nMeeT Bu U — 00pa3Horo
KOJIEHa, KOTOPBIA BEPTUKAJIFHO NOTPY)KEH B CKBKHUHY. B 3TOM MexaHu3Me aHTH(PU3 HUPKYIHPYET
1o TpyOam, IpeAoCTaBIIsAs TEIJIOTY 3€MJIH € TITyOHMHBI. IMEHHO TaKyl0 CHCTEMY MOYKHO KOMIIAKTHO U
OBICTPO YCTAaHOBUTD.

Crnenyrommii BUJ — 3TO TpyNIa TEIUIONPUEMHHUKOB KaK «KOp3HMHA - criupaiby. OHU cMOIIn
COEIMHUTH B ce0e CBOICTBA TOPH30HTAIBHBIX M METO/I YCTAHOBKU BEPTHKAIBHBIX TEIIIOOOMEHHHUKOB.
Takoit Tunm He TpeOyeT mIyOOKOro OypeHHsi CKBaXMH M HCIOJB3YeT MEHBIIYIO IJIOUIa]b €CIU
CpPaBHUBATH C TOPU3OHTAIBHBIM KOJLIEKTOPOM [6, c. 71].

TenmoBeie Hacochl BOCTpeOOBaHBI TOTJA, KOTAA APYrHE CIIOCOOBI OPraHM3alMH CHUCTEMBI
OTOIUICHHS OOXOIATCS 3HAYMTENFHO jaopoxke. [IpemmymnecTBa M3-3a KOTOPBIX PAcTET CIPOC Ha
TEIUIOBBIE YCTPOHCTBa B MPOU3BOJICTBE M B OBITY CBSA3aHBI CO CIEAYIOIIUMH (HaKTOpPaMU:
HSKOHOMHOCTh Ha JJIEKTPOIHEPTUH (MO3BOJSIET TOJYy4aTh OOJbIIE TEIUIODHEPTHH), BO3MOXKHOCTD
YCTQHOBKU Ha JIF000H MECTHOCTHU (T.K. ICTOYHUKOM TEIUIa MOXKET CIYKUTh BO3IYX, BOJA, TPYHT),
NPOCTOTA SKCIUTyaTallid ¥ JOJTOBEYHOCTH, IIOBBIIICHHBIH YpPOBEHb MOXKAPHOH 0€30IacHOCTH,
0eCIIyMHOCTh, KOMITAKTHOCTh, 0€30IaCHOCTD ISl OKPYKAIOIIeH Cpeibl, HAAEKHOCTD (MM HE HYXKHO
VIIPABIIATH WK CIIEHUAIBHO 00CITYKUBATh, OH TIOJTHOCTHIO aBTOHOMHBIIA).

['maBHOE TPEMMYIIECTBO TEIJIOBOIO HAcoCa: BO3MOXHOCTH IIEPEKIIOYCHUS C PEXHMa
OTOIUICHHS 3UMOW Ha PEXUM KOHAWIIMOHMPOBAHUS JIETOM. MOXHO IPOCTO BMECTO pajMaTopoB K
BHEIIIHEMY KOJUIEKTOPY TOAKIIOUUTEH (DIH-KOMIBI — 3TO MPHUEMHHUK OXJIKIAEHHOTO I HArpeToro
HOCHTEINA (HarpuMep, BoJla MM He3amep3arouiue npuMecH). ECTh 1 HetoCcTaTKu: 1ieHa U yCTaHOBKa
reoTepMajbHOTO TEIUIOBOIO HAcoca, HEOOXOAUMOCTh J100aBIEHUS JOMOJHUTENBHOIO HMCTOYHHKA
TeIuia JJii MEeCTHOCTH, IJie TeMIieparypa ObiBaeT Hibke -20 rpajlycoB (TEIJIOBOM HAcOC MOXKET He
CTIPAaBUTHCS), JKEJIATETLHO UMETh TPEX(a3Hyro 3JIeKTpoceTh (BO3MOXKHBI Nepenabl HAIpsIKCHUS,
KOTOPBIE B IMOCJIEAYIONIEM MOTYT CIIPOBOIIMPOBATH ITOJIOMKY).

Takum 06pa3oM, TeNI0BbIe HACOCH HanboJIee BOCTPEOOBAHBI, KOT/Ia peub UAET O SKOJIOTHUECKU
YHCTOM OTOIUIEHHH M HU3KUX PAcX0/1ax, MOCKOJIbKY SHEPIHIO, KOTOPYIO UCIIOJIb3YET TEIIOBON HAcoC,
o0ecrieunBaeT OKpYXaroIas cpeia. ITO MOTHOCTHIO 3aMKHYTasi CUCTEMa OTOIUICHUS, ISl paOOThI
KOTOpOW TpeOyeTcsl JHIIb Majlas YacTb ODIEKTPOIHEPruu. TemaoBoil Hacoc (QYHKIHMOHUPYET
HE3aBUCHUMO OT MCKOIAeMOro TOIUIMBA M AaKTUBHO CIIOCOOCTBYET COKpPAILEHHIO BBIOPOCOB

yriekucuoro rasa [7, c. 86].
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IPPEKTHBHOCTDb UCIIOJIb30BAHUSI TEILVIOBBIX HACOCOB
JJIsA OTOIVIEHUA NHANBU A YAJIBHBIX KNJIBIX 3TAHUU

B Hacrosiiee Bpems 3amachl TPAJUIMOHHBIX HWCTOYHHMKOB TEIIOBOM SHEPIMM, a MMEHHO
HCKOIIaéMOT'0 OPraHWYECKOro TOIUIMBA OIpaHUYEHBbI, UX JOOBbIYa CTAHOBUTCS BCE Oojiee TPyAHOH U
3aTpaTHOM, a UCIIOJIb30BAaHME HAHOCHUT OOJIBIIION Bpe.l AKoJ0oTUU. FIMEHHO TI03TOMY celiuac 00IbIIoe
BHUMaHHE B cdepe TEIUIOCHAOKEHUS yNeNseTcs NMPUMEHEHUIO HETPaIUIMOHHBIX HCTOYHHKOB B
KaueCcTBE ajbTepHATUBBI. Tak, cienyeT BbIACIUTh BHEAPEHUE TEIUIOHACOCHBIX YCTaHOBOK B
UHIVBUAYAJIBHBIE CHUCTEMbI OTOIICHMs. [aHHBIE yCTpPOWCTBA IIMPOKO PACHPOCTPAHEHBI BO BCEM
Mupe 61aroaapst UX BBICOKOH 3(PPEKTUBHOCTH, IPOCTOTE U O€30MACHOCTH.

TemnnoBoil Hacoc - 3TO YCTPONCTBO, MPEACTABIAIOLIEE COOOM reHepaTop TEIUIOBOM 3HEPIuu,
KOTOpPbI OepeT HU3KOMOTEHIMAIbHOE TEIUI0O M3 OKpYXKawlled cpeabl M Hepenaér ero
TEIUIOHOCUTEIII0, LUPKYJIUPYIOLIEMY B CHCTEME OTOIUIEHUS JKWIOro 31aHus. KOHCTpyKTHBHO
TEIJIOBOM COCTOUT U3 TPEX KOHTYPOB: KOHTYPA, T/I€ HAXOAUTCS TEINIOHOCUTEID, KOTOPBIM IEPEHOCUT
SHEPruI0 OT WCTOYHHMKA TEIUIOBOM SHEPruu HU3KOIO IOTEHLIMAja; KOHTYpA, IN€ LHUPKYIUPYET
XOJIOJIMITBHBIN areHT, 37IeCh UMEIOTCS JIBa TEIUIOOOMEHHUKA — UCTIAPUTENh U KOHJIEHCATOP, a TaKXKe
TaKM€ COCTABHBIE 3JIEMEHTBHI, KAaK JPOCCEIbHBIM KiallaH M KOMIIPECCOp; KOHTypa, B KOTOPOM
HaXOAMTCSA TEIUIOHOCUTEIb CHUCTEMbl OTOIUICHHs. XJIQJAAareHT MNEepeXOoAuT W3 >KUAKOW (a3bl B
ra3oo0pa3Hylo, BCKUIIas B HCIIAPUTENIE OT TEIJIa ICTOUHUKOB U3 OKPY)KaIOIEH Cpe/ibl, HalpaBIsSeTCs
B KOMIIpeccop, B KOTOpPOM €ro TeMmIeparypa U [aBJI€HHE CYIIECTBEHHO ITOBBIILIAIOTCS.
BrIcokonoTeHIIMaNbHOE TEIUIO, NOJYYEHHOE B PE3YIIbTaTe CXKaTHsl, POXOAUT Yepe3 KOHJEHCaTop,
OTJIaBast SHEPIHIO TEIUIOHOCUTENIO 5, c. 115].

st paGoThl TEMJIOBOIO HAcoca HEOOXOAMMO, YTOOBI K TOTpeOuTEeNt0 Obla TOJBEICHO
JI0OCTaTOYHOE KOJMYECTBO AIEKTPOIHEPTUH, HY)KHOE Ui NMPUBOJA KoMIpeccopa. JlononHuTenbHas
ANIEKTpUYECKass MOILIHOCTh NMpH HeobOxomumocTu Oepercs u3 cetu. K mpumepy, /Uis OTOIUIEHUS
KWIOTO WHAMBHIYAJIBHOTO 3[aHMs C IIOMOINBIO TEIUIOBOIO Hacoca Iuomanpio okono 100
KBaJIPaTHBIX METPOB, KaK MPaBUJIO, JOCTATOYHO NIEKTPUUECKONW MOIIHOCTH OT 3 10 4 kBt. Ecin
pabora TH ocymiecTBisiercs B HOYHOE BpeMs, TO OTCYTCTBYET MOTPEOHOCTh B JOMOJIHHUTEIHHON
IIPUCOEAMHEHHON MOIIHOCTH. TakKe MOYKHO PUMEHSATH Pa3IMUHbIE AKKYMYJIATOPHI TEILIA, IS TOTO,
4yToObl OOECHeYnTh BBIpABHMBAaHUE TIpaduKka TEIIOCHAOKEHUsT B TeueHue cyrok. Hamuuwme
MOJIXO/ISALIET0 MCTOYHMKA Tella HU3KUX IMOTEHIIMAJIOB B COOTBETCTBYIOLIEM PErHOHE SIBISETCS
00s13aTeNIbHBIM ~ yclloBUEM 3((EKTUBHOIO HCMONBb30BaHUS TEIIOBOrO Hacoca. B cTpaHax c
YMEPEHHBIM KJIMMAaToOM B Ka4€CTBE IPUPOJHOTO UICTOUHMKA TEIIJIOTHI YaCTO UCIIOIb3YETCsl HApyKHBIN
Bo3ayX. [nst Poccun naHHBINA BHJ HU3KOMOTEHIIMAIBHOTO MCTOUYHUKA HEBBITOJIEH B CBA3M C OYEHb

HU3KHMU TEMIICpaTypaMu B 3SUMHEC BPEMAI. .Hy‘-IHII/IM BAapHUAHTOM JId TCIIJIOBBIX HACOCOB SBJIACTCA

HaJu4yue BOJU3H UCTOYHUKA COPOCHOTO TETIa OT MPOMBIIIJICHHOTO MpeanpusaTus |8, c. 8].
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Wrak, TeminoBble HACOCHl, NPUMEHSIOIIMECS JUId  OTOIUIEHUS O KWJIBIX  3/1aHUil,
KJ1accu(UIUPYIOTCS 10 BUAY MCTOYHMKA HU3KOIIOTEHIIMAILHON TEMJI0BOM SHEPIUU: UCTIONIb3YIOIINE
TEIUIO 3€MJIM - TeOTepPMasbHbIC, BOIOEMOB — BOASHBIE M aTMOC(EpHOro BO3IyXa — BO3AYIIHBIC
TEIUIOBBIE HACOCHI. TaKke MOKET MCIIOIb30BaThCS TEIUIOBAsi SHEPTHsI BTOPHUYHBIX SHEPrOPECypPCOB —
KaHaJIN3aLMOHHBIE CTOKH, COPOCHI TEIUIOBBIX AEKTPOCTAHLINM, BEHTUIISILIMOHHBIE BEIOpOCH U 21p. [1o
TUIIy KOHCTPYKLMH TEIJIOBbIE HACOCHI JEIATCA Ha aO0COpPOLMOHHBIE, MAapOKOMIIPECCHOHHBIE U
TepMO3JIeKTpuueckre. Takxke UX AEJAT MO BUAY XOJIOAWIBHOTO areHTa: pa3IndHble BUABI (hpeoHa,
aMMMaK, IPUPOIHBIC XJIAIar€HTHI.

OnTuManbHBIM HHU3KOIIOTEHIIMAIbHBIM HCTOYHUKOM TEIUIOBOM 3HEPruM SBISIETCA BOAA B
BOJOEMaX, pekax M poaHukax. C JaHHOHW CHCTEMOW TEIUIOBOIO Hacoca MOXKHO O0€CleuHuTh
MaKCHMaJbHBIN TEIII000MEeH MeX1y KOHTypamu. st TerutocHa®XeHus )KUII0To 3aHusl BOJSTHBIM
TEIUIOBBIM HACOCOM CYIIECTBYIOT JIB€ CUCTEMbI OTOOpa TEIUIOBOW YHEPTUHU: OTKPHITAsl M 3aKphITas
cucTteMbl. B mepBoM ciydae Boja mojaercs M3 BOASHOIO MCTOYHUKA HEMOCPEICTBEHHO B KOHTYP
TEIUIOBOro Hacoca. M3 TOCTOMHCTB Takoil CHCTEMbl MOJKHO BBIJCIUTh HU3KYIO CTOMMOCTh. OHaKO
00CITy’)KUBaHHE B 3TOM CITydae JTOCTaTOYHO TPYA0EMKO. BO3MOXKHOCTE 3amMep3aHust BOJBI BO BpeMs ¢
TPAHCIIOPTHPOBAHUS K TETNIOBOMY HACOCY SIBISIETCS CYIIECTBEHHBIM HEIOCTATKOM JAHHOH CUCTEMBI.
Jlisi pernoHOB ceBepHOM M LeHTpaibHOH wacteil Poccum Takass cuctema HerpuemseMa BBUAY
XOJIOJJTHOT'O KJIMMAaTa. 3aKpbITas k€ CUCTEMa 0TOOpa Terjia COCTOUT U3 3aMKHYTOI'O KOHTYpPa, KOTOPBIH
MPEICTaBIsIeT COOOU TPYIITY U3 TPYyOOIIPOBOIOB, OIYIIEHHBIX Ha JHO Bomoema [ 1, c. 72].

Hanmenee >(QeKTHBHBIM THIIOM TEIUIOBOTO HACOCA, KaK YIMOMHHAJIOCh PaHee, MCXOIs U3
KJIMMaTHYeCKUX YCJIoBUM Poccuu, sBisieTcs BO3ayIIHbINA TerioBoi Hacoc. OH mpencTaBiseT coooi
YCTPOUCTBO, KOTOPOE MpeIHA3HAYCHO [T U3BJICUEHUS TEMJIOBOM SHEPTUU U3 OKPY)KAIOLIETO BO3IyXa
U ero jJainpHeimiero ucnonb3oBaHus B cucreMe ['BC (ropsuero BomocHaOXKeHUsS) U OTOIUICHMS
xwioro 3nanus. KoHCTpykius 1aHHOro arperara OObIYHO IpPEACTaBiIseT co00il 1100 MOHOOINOK,
00 cruT-cucteMy. TerioBble Hacoca JAHHOTO THIA MPOCTHI, JIETKO YCTAHABIMBAIOTCA U HE
TpeOYIOT AONOJHUTENBHBIX PadOT - MPOKIAIKU TpyO M OypeHust ckBakuH. OHAKO M3-3a MPSIMOM
3aBUCUMOCTH  I(P(PEKTUBHOCTH BO3IYIIHOTO TEIUIOBOTO HAcoca OT IOTOAHBIX YCIOBHH U
TeMIIepaTypbl OKPYKArOMIeH CPe/Ibl IENIAeT €ro HEBBITOIHBIM CITOCOOOM ISl OTOTUICHUS 3/IaHHSL.

Haubonee  >ddexktuBHBIM  JUIsi  OTOIUIEHUS  37aHUA  SBISETCS  IeoTepMallbHBIN
MapOKOMIIPECCUOHHBIN TemoBoil Hacoc. Temmeparypa TpyHTa M TPYHTOBBIX BOJ Ha IIIyOHMHE
HECKOJIbKMX METPOB MPAaKTUYECKHU HE 3aBUCUT OT CE30HHBIX KoyieOaHuil. B ciyuae ncnonb3oBaHus
TOPU30HTAIFHOTO KOJUIEKTOpa TpPYOBI YKJIAIBIBAIOTCS B 3E€MJII0 Ha IIIyOMHE HWXKE YPOBHS
poMep3aHusl 3eMiIH. BepTHkaibHbIe K€ TeII0O0OMEHHUKH MPEACTaBIAIOT COO0H reorepMalibHbIe
30H/IbI, TPYOBl KOTOPBIX PACHOJAraloTCsl B BEPTUKAIBHOM IOJOXEHUH M MOTPYXKEHbl B TPYHT Ha
IyOMHY OT CTa JI0 IBYXCOT MeTpoB [2, c. 161].

['maBHOE IPENMYIIIECTBO CUCTEMBI TETUIOCHAOKEHHS C TETUIOBBIM HACOCOM THIIA «TPYHT-BO/Ia»
COCTOUT B TOM, YTO TE€MIIepaTypa UCTOUHUKA TEIUIOBOM SHEPTHUH HE 3aBUCUT OT U3MEHEHUS BHELITHUX
KJIMMaTHYECKUX YCIOBHM. DTO 0OecreunBaeT BBICOKYIO 3(PPEeKTUBHOCTh arperara. Paborta Takoi

CUCTEMBI HaJIe)KHa U ycToiunBa. Kpome 3Toro, JaHHBIM BUJT TETNIOBOTO HACOCA MOXET 00€CIICUUTD

JKUJI0€ 37]JaHie He TOJBKO oToruieHneM, Ho 1 I'BC.
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Vcnonb30BaHue rpyHTa B Ka4e€CTBE HU3KOMOTEHIIMAIBHOTO UICTOYHHKA ONPAaBIaHO TEM, YTO OH
crocoOeH HaKalulMBaTh TEIUIOTY OT COJHEYHOM SHEPruH U COXPAHITh OTHOCHUTENBHO MOCTOSHHYIO
TEMIIEpaTypy B T€YEHHE BCETO XOJIOMAHOrO Iepuona roga. IIpu ycTpoiicTBe Takoil TENIOHACOCHOM
cucTeMbl cOOp TeIUla OCYIIECTBIISIETCS KaK €ro ordop W3 HCTOYHMKA W Jlanee - OTBOA K
oTaruiMBaeMoMy 3/1aHuto. IlorpebneHHas TernioBas sHeprust KOMIEHCUPYETCs TEIUIONOCTYIIEHUAMU
U3 OKPYKAIOLIero TIPYyHTOBOI'O MAacCHMBa, TEM CaMbIM II03BOJSS IPOJODKUTENBHOE BpeMs
HCIOJIb30BaTh 3€MJII0 B KA4E€CTBE HMCTOYHMKA HM3KONOTEHLMAJIbHOM TEIUIOTHI Ul HCHapUTeseH
CHCTEMBI TETIJIOCHAOKEHHUS JKHUIIOTO 3/1aHUS C TETIOBBIM HACOCOM.

M3 OCHOBHBIX HEJOCTaTKOB I'€OTEPMAaJIbHBIX TEIJIOBBIX HACOCOB CTOUT BBIAEIUTH OOJIBILIME
KalUTaJIbHbIE 3aTpaThl HA 000PYIOBAHUE, SKCILUIYaTAIIMI0 U HEOOXOJUMOCTh B CIIOKHBIX 3€MJISTHBIX
paboTax Mo CO3aHMI0 TEIIIO0OMEHHBIX KOHTYPOB [9, c. 40].

Kpome BHIa HCIonb3yeMOro TEIJIOBOTO HACOCA, CYIIECTBEHHO Ha 3HeproddpdekTnBHOCTH
BJIMsIET BBIOPAHHBIA THI XOJIOAWJIBHOTO areHTa. [Ipu BeIOOpe XiajgareHTa 00s3aTeNbHO JOJKHBI
YUUTBIBATbCS pa3iIUuHble (PAKTOPBI, TAKME KaK KPUTHYECKas TeMIeparypa XOJOAWJIbHOIO areHTa,
nokazaresid ero 3(PQGEKTUBHOCTH - XOJIOJOMPOU3BOTUTEIHLHOCT, XOMOAMIBHBIN K03((dUIUEeHT, a
TaK)Ke TOPI0YECTh, TOKCHYHOCTh MOTEHIIHAIIBI TII00AJHHOTO MOTEIUICHUS U Pa3pyIICHUsI 030HOBOTO
ciog 3emiu. B Hactosiiee BpeMs, COBPEMEHHBbIE TEIUIOBBIE HACOCHI CIIOCOOHBI JOCTUIaTh
TeMmreparypsl KoHJAeHcauuu B mperenax or 60 go 70 rpaxycoB. UToOBI COOTBETCTBOBATbH
TpeOOBaHUSAM TOTPEOUTENCH TEIUIOBOW OSHEPrHHM  pa3pabaThIBAIOTCS  ITAPOKOMIIPECCHOHHBIC
TEIUIOBBIE HACOCHI, paboTaroniue Ha ()PEOHOBBIX, a TAKKE MPUPOJHBIX XJIAIar€HTaX ¢ TeMIIepaTypon
koHzeHcauuu 10 130 rpagycoB. Takue TemioBele HacOCHl MCHOJIB3YIOT IOMHUMO TEIJIa HU3KOTO
MOTEHLIMAJIa Pa3JInYHbIE BU/bl BTOPUYHBIX HUCTOYHUKOB TEIUIOTHI. 13 XJ1a1areHTOB, NCIIOJIBb3YOLIUXCS
JUTSI BRICOKOTEMITEPATYPHBIX TETNIOBBIX HACOCOB MOXKHO BBIJICTUTH BOAY, yriekuciblil raz (R744), a
takke ammuak (R123) , R134a, R123, R236fa u npyrue. Tak, Hampumep, C TOYKU 3PEHUS
IIPOU3BOAUTEIBLHOCTH, TEIUIOBBIE HACOCHI HA OCHOBE IUOKCcHAE yrmiepoaa R744 ornuuarorcs cBoen
BO3MOKHOCTBIO ITPOM3BOJUTH TOpa3ao 0ojiee BHICOKHE TEMIIEPATYphl Ha BBIXOJE. DTO OOBSICHIETCS
TE€M, YTO JaHHBIM BHJ XJIaJjareéHTa HE MOJHOCThIO MEHsAeT a3y, Kak TpaauLMOHHbIE pabodue
xuakocTH. OUeHb BbICOKasl TEMIIEpaTypa rasza 1nocjie KoMIpeccopa B UKJIE Ha YITIEKHUCIIOM Tra3e He
CBSI3aHA HANpPSAMYIO C JaBJIEHUEM, KaK B ClIydae ¢ MapOKOMIIPECCHOHHBIMU TEIUIOBBIMH HACOCAMHU.
3HAYUTEIBPHOE M3MEHEHHE TEMIIEparypbl IpH OXJAXACHUM Tra3a - JHOKCHAAa YyIIepoja B
HAJKPUTUYECKOW 00JacTU JaeT BO3MOXKHOCTh HarpeBaTh TEIUIOHOCHUTENb Ha OOJbIIYI0 Pa3HOCTh
TEMIIEpaTyp U ¢ MUHUMaJIbHBIMU NOTEPSIMU TETJIOBOM 3Hepruu [7, ¢. 107].

OTIMYUTENBHON YEpPTOil TEMIOBBIX HACOCOB HA TUOKCUAE YITIEPOA ABJSETCS UCIIOJIb30BaHUE
TPAHCKPUTHUYECKOTO LIMKJIAa U OTCYTCTBUE B KOHCTPYKIIUHM KOHJIEHCATOpa. DTO OOBSICHIETCS TEM, UTO
OTBOJI TEIJIa OT XOJIONMUJIBHOTO areHTa B TPAHCKPUTUYECKOM LIMKJIE MPOUCXOAUT MPU TeMIIeparype,
MPEBBIIIAIONIEH KPUTUYECKYIO TOYKY, COOTBETCTBEHHO KOHACHCALIMM HE MNpPOUCXOauT. Bmecro
BTOPOT0 TEINIOOOMEHHUKA B KOHTYpE Hacoca MCIOJIb3yeTcsl razooxjaautens. [Ipu mpoxoxaeHun
ra3o00pa3HOro JAMOKCHJA YITIEpOoAa uepe3 Hero Temreparypa CHHXKaeTcs, a TeIulo, OTBOAMMOE Ha

BBICOKOTEMITEPAaTYpHO CTOpPOHE, HCHOJB3yeTcs g oborpeBa 3manust win cuctembl ['BC.

[IpenmyiiecTBO TEMIOBBIX HACOCOB HA YIJIEKMCIOM Tra3e Takxke COCTOMT B BbicokoM KIIJ]
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(koadurmenTa mojae3Horo IelcTBus ) kKomnpeccopa. Hecmorps Ha HemocTaTouHy0 3O (PEKTUBHOCTD
U MaJIOM3y4YeHHOCTh TEOPETUYECKOTO TPAHCKPUTHUUYECKOTO IHMKIJIA, IIMKI CBEPXKPUTUYECKOTO
OXJIAXKAECHUS TMOKCH/IAa YIIIEPOAa MOXKET KOHKYPUPOBATh C IUKJIOM CXaTHs Iapa ¢ UCII0JIb30BaHUEM
JPYTUX XJIa/lar€HToB, T.€., B LIUKJIE apokoMiipeccuu [4, c. 192].

DddekTUBHOCTL PabOTHI TEINIOBOTO HACOCA ONPELIISICT TAKOH IMOKa3aTeslb Kak KodhOUIIMEHT
tpancopmarun  COP (coefficient of performance). Muavye ero HasbBaroT KodhduIHeHTOM
npeoOpa3oBaHus TEIUIOTHI M KO3 GUIIEHTOM OolleHKH dpdexTuBHOCTH. [ pacuera kodpuienrta
COP 6epyT OTHOIICHHE MEXKIY TEIJIOBOW MPOU3BOAUTEILHOCTHIO U MOTPEOIIEMOM AIIEKTPUIECKOM
MoIIHOCThIO. CieoBarenibHO, 4eM Bbllle 3HaueHrne COP, TeM MeHblIe 3JIeKTPUYECKOW SHEPruu
TpebyeTcs TEIMIOBOMY HAacocy Jjisi paOOThl B KaueCTBE MCTOYHUKA TEIJIOBOW PHEPIHMHU B CHCTEME
ororuieHus. Koaddumment npeodpazoBanus TEIIIOHACOCHOW YCTAHOBKY 3aBUCUT TAKXKE OT Pa3HOCTH
TEMIIEpaTyp UCHAPEHHUs XJ1a/lareHTa B [IEPBOM TEILNIOOOMEHHUKE — HCIIAPUTENIE, U €r0 KOHJCHC AU
BO BTOPOM TEIUIOOOMEHHHKE - KOHAeHcaTope. UeM MeHbIIE JaHHas pa3HOCTb, TEM BBIIIE
K03 GUIMEHT TpaHc(opMaIuu TEIIOBOIO HAacoca.

HaunbonpmmmM koddduumentom mnpeoOpa3oBaHUs TEIUIOBOrO Hacoca OyneT cucrema ¢
TPYHTOBOW BOJIOM, TaK KaK Pa3HOCTh TEMIEpaTyp UCTOYHHKA U MPUEMHHKA TEIJia B 3TOM Cllydae
MUHUMAaNbHBL. TeMreparypa MOA3EMHBIX apTe3UAHCKUX BOJ KPYINIOTOJUYHO HEU3MEHHA W
MOCTOSIHHA M HaxonuTcsi B mpeaenax 8-12 rpamycos. Ilostomy koadduimeHT npeoOpa3zoBaHUs
terioBoro Hacoca COP B TeueHue BCEro rojga MMEET XOPOLIMM IMoka3arenb. Mrak, miaBHbIMU
MEPOTPHUATHAMH 10 yBenudeHuto koddpduimenta COP sBisieTcss xopormasi TeryIoBast W30JISIIHS
MOMEIIEHUI, UCTOJIb30BAHUE COBPEMEHHBIX MPHOOPOB ydeTa IEKTPUYECKON SHEPTUu, a Takke
MIPUMEHEHUE CUCTEM PEKYNEPALINH.

BozaymHelii TEmoBoil Hacoc Al CUCTEMBI OTOIIEHUs OyneT umeTh kpaiine Huszkuii COP B
XOJIOHOE BpeMsl To/la, TaKk Kak ero 3(PQeKTUBHOCTh HAMPSIMYIO 3aBHUCHUT OT TEMIIepaTyphl
arMmoc(epHoro Bo3nyxa. B cuibHBIE MOpPO3BI, KOT/Aa TemIeparypa COCTaBUT HUXKE MHUHYC 25
rpagycoB, Takoil Tun TH He obecrieunT HYXbI TOTPEOUTENST B 00OTPEBE KUIOTO 3AaHUS. XOTh U
yCTaHOBKa TaKOro THIIA YCTpoOIicTBa oOoiinercs neuieBie, OH BCE K€ JaHHas cuctema Oyaer
MOTPEOIATH MHOTO 3JIEKTPUYECKOM SHEPTUH.

ToBops mpo kodddumment tpanchopmarmun COP BOASHBIX TEIMJIOBBIX HACOCOB, CIEAYET
0o0paTuTh BHUMAHHE Ha TO, YTO OHU TAKXKe TEPAIOT CBOKO A((EKTUBHOCTh B CHUIIBHBIC XOJOIHBIE
Mecslbl. BHelHell HU3KOMOTeHINaIbHON TEIIOBOW YHEPruM OyeT HEeJOCTATOYHO JJIsl UCTIapeHus
XJIaJlare€HTa, MOTPEOyeTCs AOTOTHUTEIIBbHBI HCTOYHUK TETUIOBOM dHEpruu [6, c. 261].

Jl7is TOoro 4To0BI MCMOB30BAaHUE MAPOKOMIIPECCHOHHOTO TEIIOBOTO HAcoca Jis OTOIICHUS
OBLITO MaKCUMATBHO () (HEKTUBHBIM, HEOOXOAMMO COOTIOATh HECKOIBKO peKOMeH 1aIuii. Bo-miepBhIX,
TETJIOBBIE MOTEPH OTAIJIMBAEMOT0 TTOMEIICHUS HE JTOJDKHBI coCcTaBiATh He 6onee 100 Bt Ha ogun
KBaJpaTHBI MeTp. Bo-BTOpBIX, HYXHO y4YecTb, 4TO HambOosee 3()PEeKTHBHOE HCIOIB30BAHHE
TEIJIOBOTO Hacoca OyAeT HOCTUTaThCs B HU3KOTEMIIEpPAaTypHBIX CHCTEMaX OTOIUIeHHs. bruBaneHTHas
CHUCTeMa TeIUIOCHAOKEHUs, T.€., KOMIUJIEKT TEIUIOBOTO Hacoca C APYTMMHU JOMOJTHUTEIHHBIMU

TECIIOrCHEPATOPOMHU TAaKXKE JACT BO3MOXHOCTh MAKCHMAJIBbHO HMCIIOJB30BaTh TCIIOBYHO MOIIHOCTH

Hacoca. Tak, HampuMep, COBMECTHO C TEIJIOHACOCHOW YCTAaHOBKOM MOYKHO HCIOJIb30BaTh
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TPaJAULIMOHHO Ta30BBINA, TBEPJOTOIUIUBBIN WU IEKTPUUECKHUM KOTEJN, COIMHEYHbIE KOJUIEKTOPHI U
Oarapeu [3, c. 40].

HpeI/IMyH_[eCTBaMI/I AJIBTCPHATUBHOI'O OTOIIJICHUA C TCIIJIOBBIM  HACOCOM  SABJIAKOTCA
BO306HOBH$ICM3$I " MPAKTUYCCKH HCUCCAKACMasA TCIUIOBAs SHEPIUA U3 MPUPOAHBIX UCTOYHUKOB JJIA
Hyx1 ortorieHuss U ['BC, 06e30macHOCTh M SKOJOTMYHOCTb, OTCYTCTBHE PHCKAa BO3TOpaHMS,
OeCIIyMHOCTh  PabOThl, OTCYTCTBHE HYXIbl B TOIUIMBE, BBICOKaS dA(OPEKTUBHOCTh W
MIPOU3BOJUTEIBHOCTh, & TAKXKE CIIOCOOHOCTh aBTOMAaTHYECKOTO PETryIMPOBAHUS U JAUCTAHIIMOHHOE
YIIPaBJICHUE CUCTEMOM.

Takum oOpa3oM, MPUMEHEHHE TEIJIOBBIX HACOCOB B OTOILICHUM WHAMBHIYATBHBIX KUIIBIX
3MQHUI C OSKCIUTyaTallMOHHOM TOYKHM 3pEHUsS SIBISETCS SKOHOMUYHBIM U SHEProdpeKTUBHBIM,
OJHAaKO 3TO Tp€6yeT CYIICCTBCHHBIX KAIIUTAJIBHBIX 3aTpar Ha CTaAWU MPOCKTHPOBAHUA, 4 TAKIKC HA

CTaJIuM YCTAaHOBKU 00OPYOBAHHUS.
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YJIK 621.762.04
3unypos B.J., 'aaumoBa A.P.
Ka3zaHckuli rocy1apCTBEHHBIA SHEPTETUYECKU YHUBEPCUTET
r. Kazans, Poccus

MYJIbTUBUXPEBOM KJIACCUDPUKATOP
JJIA ®PAKIIMOHUPOBAHUA CBITYYEI'O MATEPHAJIA

Ha coBpemMeHnHOM »3Tame pa3BUTUS XMMHUYECKHX OTpAaCield MPOMBIIIJICHHOCTH Mpobiema
HU3KOH 3PPEKTUBHOCTH (PPAKIIMOHUPOBAHUS MEIKOAUCIIEPCHBIX YacTUll, pazMepoM MeHee 30 MKM,
ABJISIeTCA aKTyasibHOU. Kitaccugukanys 4acTIl B TEXHOJIOTUYECKUX JIMHUSAX TPEATNPHUATUN SBIISIETCS
Ba)XHBIM ITPOLIECCOM, OTIPENIEIISIONINM Ka4eCTBO BBIITYCKAEMON MPOIYKIINH.

B Hacrosimuit MOMEHT BPEMEHH CYIIECTBYIOT Pa3IMYHOIO PojAa KiIacCU(UKATOPHI MOPOIIIKA:
LEHTPOOEKHbIE, IWHAMHYECKHE, TpaBUTAlMOHHBIE, CcUTOBble U JAp. Kiaccudukaropsl
HEHTPOOESIKHOTO THITA PA3JENIAIOT TOHKOAUCIIEPCHBIN CHITYYHA MaTepHal 3a CYeT BO3ACHCTBHS ITOJIS
HEHTPOOESKHBIX CHII M BO3AYIIHOTO MOTOKA. /IMana3oH MmoydaeMbIX 4acTHIl HAMPSIMYIO 3aBHCUT OT
YacTOTHl BpaleHHs] POTOpa W M3MEHEHMs] BEIMYMHBI BO3AYIIHOTO IMOTOKa. [IpemmyinecTtBom
LEHTPOOEKHOro Kilaccu(uKaTopa sIBISETCS BO3MOXKHOCTh PEryIUpOBaHUs AMANa3oHa KPYMHOCTH
pasnenenus marepuana [1, ¢. 50]. CymecTBeHHBIM HEIOCTATKOM JAHHOTO THIMA KiacCHU(pUKaTopa
ABNSICTCA HU3Kasg S(PQGEKTUBHOCTh paseNieHUs 4YacTUI W HEOONbIIas MPOU3BOAUTEIHLHOCTD
ycTpoiicTBa. ['paBuTaIioHHbIe Ki1accu(UKATOPHl OCYIIECTBISIOT pa3/ielieHHe MaTepuasa 3a CHeT
B3aMMOJACUCTBUS CHUJI  CONPOTHUBICHHUS W CWIbl TsbkecTd. OCHOBHOE  MPEUMYIIECTBO
TPAaBUTAIIMOHHOTO METO/a 3aKJII0YaeTcss B TPOCTOTE KOHCTPYKIIMHM YCTPOMCTBAa BCIIEACTBUE
OTCYTCTBHSI B HEM JIBIKYIIMXCS 4acTei. HeocTaTkoM rpaBUTallMOHHOTO KITaCCHU(UKATOpa SBISIETCS
HEBO3MOXKHOCTh KJIacCU(UKAIMK YIBTPAJAUCHEPCHBIX M HAHOYACTHUI], MOCKOJIBKY OHHU HMEIOT
CKJIOHHOCTh K oOpa3oBaHuio arperaroB [2, c. 146]. B mnpomsblnuieHHOCTH Hauboee
pacnpoCTpaHEHHBIM CIOCOOOM SIBIIIETCS CUTOBOM CHOCO0 KiacCHU(PHUKAIMU MOPOIIKOB, KOTOPBIH
HETMOCPECTBEHHO OCYIIECTBISIETCS TPOCHIIAHWEM Marepuana depe3 HaOop pasiIHyYHBIX CHT,
o0ecreunBarole UX pasjesieHue ¢ TpeOyeMbIMU NapaMeTpaMu 1Mo (PpakIMOHHOMY cocTaBy. Takoi
TUI YCTPOICTBA SABJSETCSA MPOCTHIM MO0 CBOEH KOHCTPYKIIMU, HO UMEET HU3KUI IKCILTyaTallhOHHbIH
CPOK HCIOJB30BAaHUSI CUT M3-3a WX OBICTPOTO 3aCOPEHHs BCIIEACTBUE CIMIIAHUS W TPHUIIUITAHUS
YacTUI K WX IMOBEPXHOCTH. B Xome aKCIuTyaTanMy JaHHBIX YCTPOWCTB HAOIIOMAIOTCS OOJbIINE
NOTEepU JAABJICHHS, UYTO OOYCJIaBIMBAET OTHOCUTEIBHO BBICOKHME DHEPreTUYEeCKHe 3aTparhl
INPOMBIIIJICHHBIX TNpennpuaTuii. B mNpoMbllUIeHHOCTH BCHEACTBHE HU3KOW 3(deKkTuBHOCTH
(bpaKIMOHUPOBAHUS YaCTHUI] HAOIIOMAETCS OONBIIOE KOJMYECTBO MOTEPh CHITyYero MaTepualia, 4ro
BIIe4YeT 3a cobOoil obOpaszoBanme OpakoBaHHOUW mpomykmuu [3, c¢. 50]. Llempto paGoThl sBISETCS
noBbleHUe 3(PpPeKTUBHOCTH (PPaKIIMOHUPOBAHUS MEIKOIMCIIEPCHBIX YACTHIl 3a CYET pa3pabdOoTKu
MYJIBTHBUXPEBOTO KJIacCH(pUKaTopa.

Takoke B MPOMBIIIIEHHOCTH IS IPOOJICHUS CHIITyYero MaTepraia HCIOIb3yIOTCs METbHUIIBL,
KOTOpbIe 00pa3yloT 4acTHUIIbI ¢ OOJIBIIKMM pa3dpocoMm pazMepoB. OnHAKO, B OOJBIIMHCTBE CIIy4aeB,

TpeOyeTcss  ONpENEeNCHHBI  JMana3oH  Pa3MepoB, KOTOPBIM  3aBUCHT OT  KOHKPETHOTO

TCXHOJIOTMYCCKOI'0 ITpo1ecca. VnaBnuBanue CBIITYYCro marcpraja MOKCET OCYHICCTBIIATLHCA C
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MOMOIIbIO IMKJIOHOB, CEMaparop, NbLJICOCATUTENbHBIX KaMmep M Jp. ammaparoB. Jlig kaxaoin
OT/IEJIbHOM TEXHOJIOTMUYECKOW JIMHUU pPa3padaThIBalOTCS HOBbIE MOJEIM alnapaToB Ha OCHOBE
KJIACCUYECKUX WJIM KOHCTPYKTUBHO JOMOJHSIOTCS CYIIECTBYIOIIMNE anmaparsl [4, c. 82].

ABropamMu paboThl Obuia pa3zpaboTaHa KOHCTPYKIUS MYIBTHBHUXPEBOTO KIacCU(pHUKATOpA.
[IpuHnun neicTBUs KiraccupukaTopa MOKHO ONMKCATh CIASAYIOIIMM 00pa30oM: 3albUICHHBIN T'a30BBIH
MOTOK MOMAaJaeT B YCTPOWCTBO yepe3 BXOAHOW MarpyOoK [, MOCJIe Yero OIycKaeTrcs BHHU3 IO
BHYTpPEHHEH [UIMHAPUICCKON TPyOe 10 MPSMOYTOJIbHBIX OTBEPCTHH 3, Jaliee TPACKTOPHS TBUKCHHUS
ra30BOr0 MOTOKA PE3KO U3MEHSETCS MEePICHINKYISIPHO TPYOe, B XO/I€ JBUKCHHSI 3alIbJICHHOTO ra3a
10 JAaHHBIM TPACKTOPHSIM YaCTh YACTHUII BBINAJACT U3 CTPYKTYpPHI IOTOKA U MajaeT B OyHKep 7 yepes
orBepctue 4 [5, c. 127]. [Ipu BbIxoze ra3oBoro noToka U3 Kaxaoro NpsiMoyroJbHOr0 OTBEPCTUS 3 OH
paznensiercss Ha 2 CTPYH, KOTOpPbI€ B OJAMHAKOBBIX IMPOMOPLUSAX JBUTAIOTCS B MPABYID U JIEBYIO
CTOPOHBI, JIOCTUTAasi BHYTPEHHIOIO CTEHKY IWJIMHIPUYECKOIO Kopmyca 6, CTpyd rasa
Pa3BOpPAUMBAIOTCSA U B 3aBUXPEHUU JBUKYTCS B BEPXHIOK YaCTh YCTPOMCTBA, MPHU 3aBUXPEHUSIX
BO3HUKAIOT LIEHTPOOEKHBIE CHUJIBI, OTOPACHIBAIOLINE YaCTHUIBl CHIY4Yero marepuaia Ha OCHOBE
CWJIMKAreJisi U3 CTPYKTYPHPOBAHHOTO TIOTOKA K IOBEPXHOCTSM YCTPOWCTBA, BBIOUTBHIC YACTHIIBI

MaJaroT B IMBUIEBOM OyHKep 7 [6, c. 79].

Puc. 1. TpexmepHas Moziesib MyJIBTUBUXPEBOTO KJIacCU(pUKATOPA:
I — BXOJHOM NaTpyOOK, 2 — peIIeTKa C COOCHO PACIOIOKEHHBIMHU TPyOaMHu,
3 — MpsIMOYTOJBbHBIE OTBEPCTHS, 4 — OTBEPCTHE, 5 — BHIXOAHON NaTpyOoK,
6 — KopIyc ycTpoicTBa, 7 — OyHKep

OCOOEHHOCTBIO MYJIIBTUBHUXPCBOT'O KJ'IaCCI/I(bI/IKaTopa ABJIACTCA TO, YTO Ka’KA0€ 3aBUXPCHUC TTPU
CBOCM BpalICHUHU JOIMOJIHUTCIIBHO YCKOPACT JBa COCCAHUX OTHOCHUTCIBHO ceOls SaBHXpCHHﬁ, 4qTo
YBCIUYMNBACT 3HAYCHUIA HeHTpO6e}KHLIX CHJI H, KaK CJICACTBHC ITOBBIIIACT 3(1)(1)6KTI/IBHOCTI)

yAaBIMBaHUSI YACTHI] U3 Ta30BOTO MOTOKA. B X0/e uccnenoBanuii ObIJI0 YCTAaHOBJICHO, YTO B CPEAHEM
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3¢ deKkTUBHOCTH Kilaccudukaropa ¢ KOHycooOpa3HOM BHyTpeHHeEH TpyOoil 6ombiie Ha 35,3 %, uem
KJ1accudukaTopa ¢ MIIMHAPUISCKON BHYTPEHHEH TpyOoii [7, c. 834].

B ocHoBe mpuHIMma aecTBUS Kiaccu(UKaTopa C COOCHO PAaCIOJIOKEHHBIMH TpyOamu
SBIISIIOTCSI HEHTPOOEKHBIE M MHEPLUUOHHBIE CHJIBI, KOTOPhIE 00ECIIeYMBAIOT HAMOOJBIIYI0 YETKOCTD
paszeneHus 4YacTul 1o pasmepaM. KOHCTpykuMs 5KpaHa HO3BOJSIET IPOMTH, B OCHOBHOM,
LEHTPAJIbHOM YacTu CTpyH, IZ€ MOJ AECHCTBHEM TYpOYIEHTHBIX MylIbCALMHA BO3IYLIHOIO MOTOKA
IIPOMCXOIUT BpallleHHE MeIKoAucIepcHbIX yacTull [8, c. 82]. Ilpu nBMKEHMM Ia30BOrO NOTOKA B
BEPXHIOIO YacTh YCTPOWCTBA OH MPOXOAUT Yepe3 PELIETKY C COOCHO PACIIOIIOKEHHBIMH TPyOaMu,
KOTOpast SIBJIETCS JONOIHUTEIBHBIM CENIapalliOHHBIM 3JIEMEHTOM, BHIOMBAIOLIAsi YACTHULIBI CHIITYYETO
Marepuasa Ha OCHOBE CHUJIMKArelss U3 CTPYKTYphl MIOTOKA, IIOCJIE Yero OHM TaKKe NasjaroT B OyHKep
7. OunIEeHHBIN Ta30BbIi TOTOK OT YACTHI] ChIIY4YEero Mareprajia Ha OCHOBE CHIIMKAreisl pa3mepom
10 30 MKM BBIXOAWT M3 KiacCH(UKATOpa ¢ COOCHO PACHOJIOKEHHBIMU TpyOaMH 4epe3 BBIXOIHOE
otBepctue J [9, c. 80].

Oco6eHHOCTBIO KJIaccU(UKAaTopa C COOCHO PAaCHOJIOKEHHBIMH TpPyOaMu SIBIIS€TCSI TO, YTO
Ka)XXJI0€ 3aBUXPEHHE ITPH CBOEM BPALICHUU JIOTIOJHUTEIBHO YCKOPSIET JIBa COCETHUX OTHOCHTEIHHO
ce0si 3aBUXPEHUH, YTO YBEIMYMBACT 3HAYCHUS LIEHTPOOCKHBIX CHJI M, KaK CIECICTBHE MOBBIIMIACT

3¢ GeKTUBHOCTD yNIaBIMBaHUS YaCTHUI] U3 Ta30BOro notoka (puc. 2) [10, c. 85].

Puc. 2. O6pa3oBaHue 3aBUXPEHUI B MYIBTHBUXPEBOM KilaccH(pUKaTope.
JIMHUM TOKa Ta30BOTO MTOTOKA (BH]] CBEPXY)

D¢ hexkTUBHOCTh yNaBIMBAHUS YacTHUI] cUiMKarens pasmepoM 1-100 MKM M3 3ambLIIEHHOTO
ra30BOro IOTOKA CEMapaTopoM ¢ COOCHO PacIOIOKEHHBIMH TPyOaMH ¢ KOHYCO0Opa3HOU BHYTpEHHEH
TpyOoii B cpenrem cocrasisuia 45,8, 31,1 u 65,1 % npu 3nauennn napametpa hq paBaoro 20, 50 u
100 MM cooTBeTrcTBeHHO [11, ¢. 64].

D¢ ¢dexTuBHOCT, (PAKIMOHUPOBAHUS YACTULl cuiuKarens pasmepom 1-100 MM  u3
3alBIJICHHOTO Ta30BOTO IOTOKA KJIACCH(PHUKATOPOM C COOCHO pAacIOIOKEHHBIMU TpyOaMu ¢
IUJTUHIPUYECKONH BHYTPEHHEW TpyOoul B cpemaHem cocrtasisa 22,1, 50,3 u 5,1 % npu 3Ha4eHUN
napametpa /g paBaoro 20, 30 u -10 MM COOTBETCTBEHHO, YTO B CPEIHEM MEHBIIIE B 2 pa3a, 4yeM Ipu

MCTOJIb30BaHUM KJIaccu(UKaTopa ¢ BHYTpEeHHEH koHycooOpas3Hoil Tpy6oii [12, c. 1089].
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Puc. 3 3aBucumocts n3mMeHeHuUs 3 (HEeKTUBHOCTH (HPaKLIMOHUPOBAHUS YACTHUI] CHIITYYeTo
MaTrepHaja Ha OCHOBE CUJIMKAress U3 ra30BOro MOTOKa OT UX pa3Mepa B KilacCu(pUKaTope
¢ KOHyCcOOOpa3HOW BHYTpeHHEN TpyOOoil MpH pa3iIiyHbIX 3HAYSHHSIX apameTpa hd, Mmm:
1-20,2-50,3-100

Takum oOpa3zom, Ui MOBBIIEHUS 3PPEKTUBHOCTH (PPAKIIMOHUPOBAHUS MEJIKOJUCIIEPCHBIX
YacTHI] aBTOpaMu paboThl Oblia pa3paboTaHa KOHCTPYKLUS MYIBTUBUXPEBOIo Kiaccugpukaropa. B
XO[€ TPOBEACHUN HCCIENOBAaHUH OBLIO YCTaHOBJIEHO, 4YTO B cpeaHeM 3(deKkTuBHOCTH
KJIacCU(UKaTOpa ¢ KOHycooOpa3HOil BHyTpeHHEH TpyOoit 6onbime Ha 35,3 %, yem kinaccudukaropa

C LWJIMHJPUYECKON BHyTpeHHel TpyOoii [13, c. 1056].

Paboma evinonnena npu @unancosot noooepoicke Cmunenouu Ilpesuoenma PD CII-
3577.2022.1.
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AHAJIN3 UCITOJIB3OBAHUA
AJBTEPHATUBHBIX HCTOUYHUKOB SHEPTUU B OMCKOM OBJIACTH

ONEeKTpOIHEepreTuka — 3TO IIOACUCTEMA DSHEPreTHKH, OXBaTbIBAIOLIAsl IPOU3BOJCTBO
3NIEKTPOIHEPTUU HA HIEKTPOCTAHLHUAX U €€ JOCTAaBKY NMOTPEOUTENAM IO JIMHUU JIEKTPOIEPEAAUH.
LleHTpanbHBIMU €€ YIIEMEHTAMU SIBJISIFOTCS SIEKTPOCTAHINH, KOTOPBIE IPUHATO KiIacCU(PULIMpPOBaTh
10 BUAY MCIOJB3yeMON MEPBUYHON SHEPTUU U BUAY MPUMEHSEMBIX Ul 3TOTO IpeoOpa3oBaTeiei.
Heo6xonumMo 0TMETHTh, YTO MpeodiiafiaHue TOro WM MHOTO BUAA AIIEKTPOCTAHLIUN B OIpeAeIEHHOM
rOCylapCTBE 3aBUCUT B IIEPBYI0 oOyepelb OT HaJM4YUsl COOTBETCTBYIOIIHMX PECYPCOB.
DJEKTPOIHEPreTUKY MPUHATO AEIUTh HA TPAAULIMOHHYIO U HeTpaauuuoHHyro. B 2019 rony 26,8%
MupoBoe moTpebiaeHne IEKTPOIHEPTUU OBLIIO YIOBIETBOPEHO M3 BO30OHOBIISIEMBIX HMCTOYHUKOB
SHEPTUH, BMECTE C s11epHOM 3HepreTukoit — 37,1%.

TerutosHepreTrka B MUPOBOM MacliTabe mpeoliagaer cpeiu TpaJullMOHHBIX BUOB, Ha 0ase
yris BeIpabaTsiBaeTcs 46% BCel IMEKTpOIHEprU Mupa, Ha 6asze raza — 18%, emé okomo 3% — 3a
cuer cCxuranusi Omomacc, HedTh ucmnonbdyercs it 0,2%. CyMmMMapHO TEIUIOBBIE CTaHIIUU
o0ecneynBaroT OKoJIO 2/3 OT 0011l BEIpaOOTKHU BCEX MEKTPOCTAHIMNA MUpA.

DNeKTpOCTaHIMs, BbIpaOaTHIBAIOIIAs AIEKTPUYECKYI0 SHEPIUI0 3a CuéT NpeodOpa3oBaHus
XUMHAYECKOM SHEPTHH TOIUIMBA B MPOIECCE CKUTAHUS B TEIUIOBYIO, a 3aT€M B MEXaHHYECKYIO
SHEPrUI0 BpallleHus Bajla »JJIeKTporeHeparopa. B kadecTBe TOIUIMBAa IIMPOKO HCIONb3YIOTCA
pas3UYHbIE TOPIOYNE HCKOTIaeMBbIe: YroJlb, IPUPOIHBIH a3, pexke — Ma3yT, paHee — Top( U roprouue
cnanipl. TexHonmormueckuit mpouecc Ha TOI[ 3akmrogaercs B HO3TAHOM MPeoOpa30BaHUU
Pa3IMYHBIX BHIIOB SHEPTUH (TIPH 3TOM, TEXHOJIOTHUYECKHUI MPOIIeCC NMEET OCOOCHHOCTh: KOHEUHBIN
MPOAYKT — OJIEKTPORHEPIUsT — HE MOMJSKUT CKIaaupoBaHuio). KocBeHHBIM MoKazaTeseM
COOTBETCTBHSI MEXJy NMapOoNpOU3BOJUTEIBHOCTHIO KOTIA MOIIHOCTBIO TYPOUHBI CIIYXKUT JIaBJICHUE
neperperoro mapa. /[ns onucaHus TEXHOJOTMUYECKHX IPOLECCOB U (POpMUPOBaHMS KpUTEPUEB
YIpaBIEHUS COCTABISAIOTCS MaTeMaTH4eckue Mojenu. Mx nzobpaxaroT B popMe ypaBHEHUH.

B kauectBe 00beKTa ympaBiIeHUs, XapaKTEPU3YIOIIEro TeXHoJIornueckuil mpouecc Ha TOL] B
IEJIOM, OOBIYHO BBHIOMPAIOT TUIHYHBIA SHEProOnoK. TexHOMOrnueckuil mporecce, MpoTeKaomuil B
TakoM OJI0Ke, MOXKHO MPEJICTABUTh B BUJIE JIBYX OCJIE0BATENBHBIX MPOLIECCOB: B TAPOBOM KOTJIE U
Typboreneparope. 3amacbl HEBO30OHOBISIEMbIX UCTOYHMKOB SHEPTUU OrpaHudeHbl. Hapsaay ¢ atum
elle OJHUM HEMaJOBaXHBIM BOMPOCOM OCTAETCSl JKOJIOrMuYeckas OOCTaHOBKAa B OTHAEIbHBIX
peruoHax, KoTopasi HEIOCPEICTBEHHO CBsSI3aHHA ¢ BBIOpOCaMM TEIUIOBBIX 3iekTpoctanimil (TOLI),
paloTaronx Ha OpraHMYeCcKoM ToIuIMBe. ECIU OLIeHUTH yrenbHble BRIOPOCH MPOAYKTOB CTOPAHHUs
IpU CXKUTAHUU TBEPAOIo, KHJIKOTO M ra3o00pa3HOro TOIUIMBA, TO HE COCTAaBUT 0COOOro Tpyna
CZIeNaTh BBIBOJ O BEIMYMHE 3arps3HeHus [ 1, 2].

3HepreTnKa ABJIACTCA OAHUM M3 TCX CCKTOPOB MHpOBOﬁ 9KOHOMHMKH, UBMCHCHHA B KOTOPBIX

HE0OXOUMBI, 4TOOBI M30€XKaTh HEMPUEMIIEMBIX MOCIEACTBHIA IMOOATBHOTrO MoTerieHus. OIeHKH
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SHEPTOMHGPACTPYKTYPHl HA OCHOBE TJI00aTBLHOTO 3MHUCCHOHHOTO Oromkera CO2 MOKa3bIBAIOT, YTO
nocie 2017 roga B Mupe He JTOJDKHBI BBOAUTHCS B CTPOM HOBBIC AJICKTPOCTAHIIMY, paOOTAOIINE Ha
HCKOIIAEMOM TOIUIMBE. BOJIBIIMHCTBO HampaBie€HUHN aJIbTEPHATMBHOW SHEPreTHUKUM OCHOBAaHBI Ha
BIIOJIHE TPAJUIMOHHBIX MPUHIMIIAX, HO MEPBHYHOW PHEPTrUEH B HHUX CIY)XaT JHUOO MCTOUYHUKHU
JIOKQJIbHOTO 3HAu€HUs, HapUMep BETpsiHbIe, reoTepMalbHble, JTUO0 MCTOYHUKH HaXOJSIIMECS B
CTaJUHd OCBOCHHMS, HampuMep TOIUIMBHBIC AJIEMEHTHl WM HCTOYHHKH, KOTOpbIE MOTYT HaMTU
IIPUMEHEHUE B IEPCIEKTUBE, HAIPUMEP TEPMOsIEpHAsl SHEPreTHKA. XapaKTEpHbIMU YepTaMu
QJIBTEPHATUBHOW PHEPTETHKH SIBIISICTCS €€ SKOJIOTHYECKask YUCTOTA, YPE3BBIYAWHO OOJIBIINE 3aTPaTh
Ha KallUTAIBHOE CTPOUTEIHCTBO (HANMPUMEP IS COTHEYHOW AEKTPOCTAHIIMH MoImHOCThio 1000
MBT TpelyeTcs MOKPHITh BECbMa JOPOTOCTOSIIMME 3€pKajaMy IUIOMIAlb OKOJIO 4-X KM?) U Maas
enuHU4YHAs MouHOCTh. CorntacHo nanHbM BP, B 2019 roxy noms ansTepHaTUBHBIX BO30OHOBISIEMBIX
nctouHukoB dHepruu (6e3 'DC) cocraBuna 10,8% B MUPOBOI TeHEpAIMH YIEKTPUUICCTBA, BIICPBHIE
000111 aTOMHYIO SHEPTHUIO 110 ATOMY ToKa3zatento. [1o cocTosuuto Ha 2020 rog cymmapHas MUpOBast
YCTaHOBJIEHHAs] MOIIIHOCTh BO30OHOBIISIEMOM dHEpruM (BKIt0o4asi ruaposHepretuky) 2 838 I'Bt. Ha
2020 rox ruAPOIHEPTETHKA 00SCIICUNBACT MPOU3BOICTRO J10 41% Bo3oOHOBIsIeMOl 1 10 16,8% Beelt
3JIEKTPO3HEPTUU B MUPE, YCTAHOBJIEHHAs TUAPO3HEpreTndyeckas MouHocTh gocturaer 1 170 I'Bt.
[To coctosHuio Ha 2020 roj cymMmapHass MUPOBas YCTaHOBJICHHAs MOIIHOCTh BO30OHOBISIEMOM
sHepruu (0e3 ruaposnepretuku) 1 668 I'Bt. Ha 2020 ron cymmapnHas MuUpoBasi yCTaHOBJICHHAs
MOILIHOCTh COJIHEYHOH 3Hepretuku pocturaer 760 I'Bt. Ha 2020 rox cymmapHas MupoBas
YCTaHOBJIEHHAs] MOIIHOCTb BETPOIHEPreTUKU JnocTuraer 743 I'BT, 4yTO SKBHBAJIEHTHO T'OIOBBIM
BbIOpOocam yriiepozaa B Bo Bcelt FOxHoit AMepuke win 6onee 1,1 mumapna toun C02 B roa. Ha
2020 rox cymMMapHas MUpOBasi yCTAHOBJIEHHAsi MOIHOCTb Ono3HepreTuku aocturaer 145 I'Bt. Ha
2020 rox cymMapHasi MUpOBasi YCTaHOBJIEHHAsI MOIITHOCTh reoTepMaiibHoOM sHepreTuku 14,1 T'BT. B
2019 rony oO1asi ycTaHOBJIEHHAsh MOIIHOCTh BCEW BETPOIHEPreTHKU Mupa cocrauna 651 I'Bt. B
2019 rogy KonM4eCTBO NEKTPUUYECKON SHEPIUU, IPOU3BEAEHHON BCEMU BETPOIr€HEPATOPaMH MUpa,
cocraBuino 1430 TtepaBart-yacoB (5,3% Bceil NMpou3BENEHHOM YENTOBEYECTBOM 3IEKTPHUUECKOM
sHeprun). B 2019 roxy oOmiast ycraHoBiIeHHass MOIIHOCTh BCEX PabOTAIOIIUX COMHEYHBIX MaHesei
Ha 3emse coctaBuna 635 I'Bt. B 2019 roxy Bcero paboraromiue COJTHEUHBIE TaHETH Ha 3emiie
npoussenu 2,7 % MUPOBOH IEKTPOIHEPTUH.

Hanpasnenus ansrepHatuBHON 3HEpreTuky [3-10]:

» BerposHepreruka;

o ConHeyHast SHEpreTHKa;

o Masble ruipodIEKTPOCTAHIINY;

o [eoTepMmanbHast SJHEPTEeTHKA;

» buosnepreruka;

e YCTaHOBKM Ha TOIJIMBHBIX 3JIEMEHTAX;

» BonoponHas sHepreTuka;

o TepMmosiiepHas PHEPreTUKA.

B coBpemeHHOM Mupe BOMpPOC O TNEpexone K HEeTPAIUIUOHHBIM (aJIbTepHATHBHBIM)

MCTOYHMKAM SHEPIHU OT TPAAUIMOHHBIX HMCTOYHHMKOB MPHOOpPEN JAOCTATOYHYIO aKTyallbHOCTh. B
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CBSI3U C 3THUM CTaJI0 BO3MOKHBIM TOBOPUTH O MEPCHEKTUBAX IIMPOKOTO MPUMEHEHUS aIbTePHATUBHBIX
ncTtouyHukoB. Jlaee Gosee moapoOHO OyneT paccMarpuBaThbCs SKOJIOTHYEcKass cuTyanus B OMCKoOM
peruoHe, a TaKKe BMECT€ C OTHUM IOTCHUUAIbHBIC aJbTEPHATHUBHBIC HCTOYHHKH DSHEPTrUH H
BO3MOXXHOCTH UX NMIPUMEHEHHS Ha TEPPUTOpUHN peruoHa, u Cubupu, B uenom [11-17].

Onepretrika OMCKOH 00JIaCcTH — CEKTOpP OKOHOMHUKH PETHOHA, O00ECIeUNBAIOIIHI
MIPOU3BOACTBO, TPAHCHOPTHUPOBKY U COBIT AMEKTPUYECKON M TeruioBoil sHepruu. Ha teppuropun
Owmckoii 001acTH HaXOUTCS 6 TETTOBBIX AMEKTPOCTAHIUHN (EIMHUYHON MOIIHOCTBIO Oonee 5 MBT),
obmieit momrHOCTRIO 1601,2 MBT, moakmrou€HHBIX K eauHON sHeprocuctemMe Poccun. B Omcke
paboTaloT TOJNBKO CpEIHHE CTAHIMMU, KOTOPBIE HCIOJIB3YIOTCS JUIs BBHIPAOOTKH TeIja B CXeMax
tertocHaOkenust (TOLl), B kadecTBe TOIIIMBA HCIONB3YeTCS Yroyib. bamaHc Mpou3BoACTBA M
noTpeOIeHus IEKTPUIECKONW SHEprur U MOUIHOCTH B OMCKOi 00jacTu mpeicTaBieHa B Tabiuie

(CucTtemHBII oreparop e€IMHON HEPTeTUICCKON CHCTEeMbI. DIIEKTPOHHBIN pecypc. https://www.so-

ups.ru).
Tabnuma
Bananc npousBoacTea u norpedaeHust
3JIEeKTPUYECKOi JHepruu u MouuHocT B Omckoii odaactu (2015-2020 rr)
HanmeHnoBaHue nmokazarens 2020 2019 2018 2017 2016 2015

00BEM BBIPAOOTKH 3JIEKTPOIHEPTHH 58172 6130,5 6625,5 6956,5 6876,4 | 7061,1
AIIEKTPOCTAHLUUSAMH PErHOHA, MIIH
KBTeu
[ToTpebnenue MeKTPOIHEPTUHU B 10350,3 10 684,0 | 11015,8 | 10808,4 | 10864,3 | 10991,7

Omckoit o6macTi, MiTH KBTeu

Pernon motrpebnsier >Heprum OOJbINE, YeM TEHEPUPYET, cleAcTBue, aePuuut OMCKoi
sHeprocucreMbl. CTpyKTypa reHepaiui Hed(h(heKTUBHA, TaK KaK OCYIIECTBISETCS B OCHOBHOM Ha
TBEPJIOM TOIIUBE. DTO BEAET K MOBBIICHUIO Tapu(OB HA EKTPOIHEPIHUIO, a TAKXKE 3arpsI3HEHUIO
OKPYKaIOIIEN CPEBI.

[Ipexxne yem mnepexoAuTh K OLIEHKE I1e1eCO00pPa3sHOCTH BHEAPEHUS HETPAJAULIMOHHBIX
VCTOYHHMKOB DHEPTUHU: COIHEYHBIE 3JIEKTPOr€HEPATOPhl, BETPSIHBIE JIEKTPOr€HEPATOPhl, COJTHEUHBIE
NaHeJM, BETPOIHEProyCTaHOBKA; ObUIa MpOaHAIU3UpPOBaHA reorpauueckas 30Ha pacroyioKeHUs
peruoHa, oneHeHa 3(pHEeKTUBHOCTD Ka)kJI0OTO U3 BO30OHOBIISIEMBIX PECYPCOB, PACCMOTPEH BOIIPOC O
BO3MOKHOCTH UX MpUMeHeHUsI B OMCKOM pervoHe.

ConHeyHast SHEpreTuKa — 3TO 00JacTh YHEPTEeTHKH, KOTOpasi CBA3aHHA C MPeoOpa3oOBaHUEM
SHEPrUH COJHIIA B TEIUIOBYIO U JEKTpUUYECKyt0. KonmnuecTBo aHepruu, KOTopoe MoCTynaeT kK 3emie
ot ConHua, coctaBinsieT 123 TpiH. T y.T. B rog — 370 B 3000 pa3 Oosbliie, 4yeM 3Heprus, noisydaemas
13 Bcex BUJIOB ToruBa. Eciu oT Beeil sHepruu, nocrynawomieid or CoHIla UCIOIb30BaTh TOJIBKO
0,0125 %, To maxe 3Toro Gosiee YeM JOCTAaTOYHO, YTOOBI YIOBIETBOPUTH HBIHEIIHUE NOTPEOHOCTH
BCEX CTpaH B dHepreTuke [18; 19].

KoncTpykuus conHeuHol mnaHenu. KepaMHM4eCKHH CONHEUYHBIM 3JE€MEHT COCTOHUT M3 JABYX
TOHKHUX JIUCTOB KPEMHUS C Pa3MYHBIMU J00aBKaMU: B BEPXHEM JIHCTE COJAEPKUTCS MEpen30bITOK

OJICKTPOHOB, @ B HM)KHCM HX HCAOCTATOYHO. JIMCTBI «CIIEKAIOTCS» BMCCTC, [[O6aBJI$I$I K HUM JB€

KOHTAKTHBIC TUIOIIAJAKW: BCPXHIOIO W HUKHIOKO, U @OTOBHCMGHT T'OTOB K HCIIOJIBb30BAaHUIO. HpI/I



https://ru.wikipedia.org/wiki/%D0%9E%D0%BC%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D0%BA%D0%B0_%D0%9E%D0%BC%D1%81%D0%BA%D0%BE%D0%B9_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%95%D0%B4%D0%B8%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%AD%D0%A6
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MHTEHCUBHOM OCBElIeHHH (OTO3IEMEHTa Ha 00a CJI0si KpEMHUS BO3ACHCTBYIOT (DOTOHBI — YaCTHUIIBI
clieBa. JTO MPUBOTUT K TOMY, YTO 3JIEKTPOHBI HAYMHAIOT MEPEXOAUTH C OJHOTO €105 Ha Apyroi. Tak
BO3HHUKAET EKTpHUECKU TOK. OcCTanoch OOBEIMHUTH HECKOIBKO JECATKOB MIIHM JaXe COTEH
(0TO311€MEHTOB B O/IHY MTAHEb.

Hcxons u3 ananusza HaydyHOU JIUTEPaTypbl, CIEAYET OTMETUTh MPUCYTCTBUE MEPCIEKTUB IS
pa3BUTHS U UCTIONb30BaHUS dHepruu ConHua Ha TeppuTopuu . OMmcka. s OMckoro permona u
Owmcka, B 4aCTHOCTH, XapaKTepHBIM sBIsieTcs ABmwkeHne CojHIa, a UMEHHO TO, YTO OHO HaOupaeT
HanOOJBIIYIO BBICOTY M, OCTaBasCh Ha HEW B TEUCHME BCETO JHA, OIYCKAETCS TOJIBKO K BEYepy.
[Ipome roBopsi, aBvkeHue COJIHIIA, B TAaHHOW MECTHOCTH, MPOUCXOAUT BOKPYr 0ObekTa. B neHb
3UMHET0 COJIHIIECTOSHUS (22 nexabpsi) MpoaoDKUTEILHOCTh qHSI B OMCKe cocTaBiseT 6 JacoB 48
MUHYT, TOT/Ia KaK B JIEHb JIETHETO COJIHIIECTOSHUS (22 WIOHS) MPOAOHKUTENIBHOCTD JHS paBHa 17
gyacam (08 wMuHytam. B3sB BO BHHMMaHHWE 5TH JaHHBIE, MOXHO CJelaTb BBIBOA, YTO
MIPOAOJDKUTENBHOCTD (CpPENIHsA) CONHEYHOTO CUSHUA paBHA 2223 u/ron. CpeqHee KOTUYECTBO THEH
«6e3 Comana» B OMCKe cOCTaBIseT NAThACCIT CeMb 3a rof. U3 3TuX NATHAECITH ceMU THEH COPOK
ceMb — 3uMHue THU. VIcxoas ux 3Toro, cieayeT BbIBOA, 4TO OMCK SIBIISICTCS IPUTOHBIM JJISI Pa3BUTHS
COJIHEYHOH SHEpPreTUKH, TaK Kak uMeeT Oonblue 3amackl sHeprud CoNHIA M JOCTaTOYHYIO
JUIMTEJIBHOCTh COJIHEUHBIX CyTOK [20; 21].

[Tpuponuo-kiumarnueckue ycinoBusi OMCKoM 00macTH ucrosib3oBaja kommanusa "Tazmpom
HedTh". B Hacrosimee Bpemsl CONHEYHAs SJIEKTPOCTaHIMsS MOIHOCTBIO 1,2 MBT 3amymiena B
skcrutyaranuio Ha OwmckoMm HedrenepepabarsiBaromieMm 3aBone (mpuHamiexut [TAO "T'azmpom
He(dTh"). C OIHON CTOPOHBI, ITO CHUKEHHE CTOMMOCTH AJIEKTPOIHEPTUH ISl KOMITAHUH, C APYTOH -
pelIeHne 3KOJIOTHYECKUX BOMPOCOB, YTO MO3BOJUT YXOAWUTHh OT COKMIAHUS YIVISI U JAPYTUX BUIOB
tormBa. [Inanupyercs U ganplie pa3BUBaTh 3TO HAIlpaBlIEHUE, B IJIAHAX HApaCTUTh COJIHEUYHYIO
reHepaiuio 10 20 MBT (6onbiie 10% ot norpednenust 3aBoaa cerofus) (FASIIPOMHE®Th-OHII3.
OnekTpoHHBIN pecypce. https:/clck.ru/eYFmr).

Komnanusi, KOTOpy0 MOCTpOMJIA HOBYIO CTaHLHIO. YTBEPXKAAET, YTO pacyeTHas TroAoBast
BbIpabOTKa cTaHIuu cocTaBUT 1,2 MitH KBT 1. Takoit 00beM 25KBUBaJICHTEH CKUTaHMIO Oosiee 1,8 ThiC.
TOHH YIJISI U MO3BOJIUT M30exarh 6osee 5 Thic. TOHH BbIOpocoB CO2 B arMocdepy OT BbIpaOOTKH
yronbHbIX TOLl. YcTaHOBNEHHBIE HA CTAHIIMM MHHOBALIMOHHBIE COJTHEYHBIE MOJYJIN OT€YECTBEHHOTO
MIPOM3BOACTBA BXOAAT B TOM-5 MO MoKa3aremto 3GEeKTUBHOCTH, CIIOCOOHBI paboTaTh HE TOJIBKO MpU
NpsIMOM, HO U TIPU paccesHHOM COJHeYyHoOM cBere. "M 3TO JOBYCTOpOHHHE MOJIYNH, KOTOpbIE
MO3BOJIAIOT BBIPA0AThIBATh AMEKTPOIHEPTUIO U3 OTPAKEHHOTO CBETA, B YACTHOCTU OT CHera. JTo 10
30% nomomHUTENbHON BbIpaObOTKH 3uMOl U 10 10% - snerom" (TACC. DnekTpoHHBIH pecypc.
https://clck.ru/eY GCV).

B Owmckoit o6mactu Hauana paboTarh CoOMHEYHAs MIEKTPOCTAHIUS MOIITHOCTHIO 30 MBT - 3T0
MepBbIil 00bEKT BO30OHOBISIEMON SHEPreTHKU B pETHOHE. DJIEKTPOCTAHIIMIO BO3BEIU Ha IOre
obnactu B HoBoBapimaBckoMm paiioHe, Ha 80 rekTapax apeHJIOBaHHOW 3eMJIM, HEMPUTOJAHOU K
UCIIONI30BAaHUI0O B  CEIBCKOM  XO3silicTBe. Bcs  BbhIpabaTbiBaemasi  dIEKTPOIHEPTHs] HaA

HoBoBapmasckoit COC Oymer moctymarb B EnuHyro sHeprocucrtemy. Bpigada MOIIHOCTH

COJIHEYHOH OJICKTPOCTAHIIUHU B JICTHUM nepuoa Aac€T BO3MOKHOCTE IPOMOPIHMOHAJIBHO YMCHBIIINUTD
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BEJIMYMHY 3arpy3KH TEIUIOBBIX 3JeKTpocTaHUui. Kpome TOro, CTpOUTENbCTBO abTePHATUBHBIX
HMCTOYHUKOB TMO3BOJIUT H30€XKaTh OTKIIOUEHUN JJIEKTPOIHEPTHU B CBA3U C MPUPOTHBIMU
Karakiu3dMaMu. Pa3Butue "3eneHbIX" TEXHOJOTHM JOJIKHO IOJIOKHUTEIBHO OTPa3sUThCA U Ha
HKOJIOTHUH PErHOHA, JKUTEIH KOTOPOT0 YacTO XKalTyloTcs Ha BRIOpockl oT MecTHBIX TOLI. Eme oqHo
MPEUMYILECTBO CETEBBIX COJTHEUHBIX 3JEKTPOCTAHILIMM Mepe] aBTOHOMHBIMH - UX OTHOCHTEIIBHO
HH3Kasi CTOUMOCTh. IHBECTHUIIMHU B MPOEKT COCTABUIIM MOPsIKa 3 MUIUTHAPAOB pyoseit. [Ipu sTom
CYMMa €XETO/IHbIX HAJIOTOBbIX OTUKCcIeHUN pH Bbixoge COC Ha IPOEKTHYIO MOLUTHOCTh COCTaBUT
okoio 200 munmuonoB pyonei. [To manabpiM npaButenbcTBa B OMCKO# 001acT, B OyaylieM Ha
Iore peruoHa IUIaHUPYeTCs IOCTPOUTH e€lle BOCEMb MOAOOHBIX 00bekToB. Creayroulyro
COJIHECUHYIO AJICKTPOCTAHIMIO CMOHTHUPYIOT B Pyccko-Ilomstnckom paiione (Poccuiickas rasera.
DnexTpoHHBIN pecypce. https://clck.ru/TgXdh).

WNHTepec K co34aHUI0 COOCTBEHHOW COJHEYHOW TeHEpaIlid pacTeT Uy MECTHBIX
KOMMEpPYECKUX Mpeanpustuii. B mpoumuioM rony OAMH W3 OMCKHX 3aBOJIOB 3allyCTHUJI B
AKCILTyaTalHI0 MUJIOTHYIO CTAaHIMIO, paboTaIoIyI0 Ha CONMHEUHbIX Moayasax. B 2020 romy Mere
OMCK OBUTH yCTAHOBJICHBI COJIHEUHBIE KOJUICKTOphI: 100 manemedt mo 20 TpyOOK Kakmasi, oOmiei
MoIHOCThI0 160 kBT, 1 B 2021 roay nianupyercst ycTaHOBUTD TONOIHUTENBHO 50 maHenei, KoTopbie
cyMMapHoO B JieTHu# nepuoj obecneuar 100% morpeOHOCTH B ropsideil Bojae Ui BCErO TOPTOBOTO
uentpa (Mera. Dnekrponnslit pecype. https://clck.ru/eYFhP).

AnprepHaTUBHAs SHEPreTHKA, OCHOBAHHAs Ha SKCIUTyaTallil COJTHEYHBIX MAHENIEeH U BETPSHBIX
TeHEepaTopoB, OKa3bIBAIOIINX MUHUMAJILHOE HETAaTUBHOE BO3/IEHCTBUE HA OKPYXKAIOLYIO Cpey. DTO
MIEPCIIEKTUBHOE HAIIPABIEHUE PAa3BUTHS COBPEMEHHON YHEPreTUKH. Tak ke HE MaJIOBa)KHO U TO YTO
peECYpChl, U3 KOTOPBIX IIOIY4YarOT DJHEPTUI0 COJHEYHBbIE IIaHEIW W BETPSHbBIE TIE€HEPATOPHI,
HeucueprnaeMbl. TEXHOJIOTUH HE CTOSIT Ha MECTE U B KAKOI-TO MOMEHT Y€JI0BEYECTBO IPUJIET K TOMY
YTO €IMHCTBEHHOE MMPEUMYIIECTBO TOILNIMBHOM 3HEPIUHU NEPe]] COMHEYHON MIIM BETPSTHOM, @ UMEHHO
KOHEYHBIN BBIXOJ DJJIEKTPOAHEPIMM B €IWHUILy BPEMEHH, INEPECTAHET UIparb pPOJIb IOCKOJIBKY
KOHEUHBIN BBIXO/ SHEPIHU OyAeT MPUMEPHO OAMHAKOBBIM. Korja 3To mpou3oiiieT 3aBUCHUT JHIIb OT

TOT'0, KAK aKTUBHO 6y21€T Pa3sBUBATHCA SHEPIrETUICCKAA MMPOMBIINIJICHHOCTE B 3TOM HAITpaBJICHHUHU.
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OMCKUI HHCTUTYT BOJHOTO TPAHCIIOPTA
I. Omck, Poccus

CPABHUTEJ/IbBHAS XAPAKTEPUCTHUKA PA3JIMYHBIX UCTOYHHUKOB
OCBEUHIEHUS B OBPA3SOBATEJIBHOM YYPEXKXKJAEHUHU
N B BBITOBLIX YCJIOBUAX

OcBeleHne — 3TO CHCTEMa YCTPOWMCTB M Mep, 00ECTEUMBAIOIIMX OJIATONPUATHYIO paboTy
3peHusi ueloBeKa B Ipoliecce Tpyda. ECTECTBEHHOE OCBEIIEHHE — 3TO OCBEIIEHHWE 3EMHOMU
MOBEPXHOCTH 32 CUET MPSIMOTO U3ITYyUECHHUs COTHIIA TN PACCESTHHOTO cBeTa Hebocroza [ 1].

JlaHHBIA BHUJ OCBEIIEHUs sBIsETCS HauOojee ONarompusTHBIM Ul 3PUTENBbHOM pPabOThI
YeJI0BEKa, [I03TOMY €r0 TAK)KEe UCIONIb3YIOT AJIsl OCBEILEHHsI y4eOHBIX U KWIBIX oMenieHuit. OHako
CO3/1aBa€MbIl MPSAMBIMU COJIHEUYHBIMHM JIydaMU CBET MOXKET H3MEHATHCS B 3aBUCUMOCTH OT
MIPUPOAHBIX YCIOBUN JAHHON MECTHOCTH (BPEMs IrO/ia M CYyTOK, CTENICHb 00JIAYHOCTH M IIPO3PaYHOCTH
arMocdepsl). EcTecTBeHHOEe OCBeleHHE NOAPA3ACIAT Ha CIeIylollue BHIbL OOKOBOE —
€CTECTBEHHOE OCBEILEHUE ITOMEIIEHHUS YEPEe3 CBETOBBIE ITPOEMBbI B HAPYKHBIX CTEHAX; BEPXHEE —
€CTECTBEHHOE OCBEUICHHE Yepe3 (oHapHu, MPOEMbI B CTEHAX B MECTax Ieperaja BHICOT 3IaHMUS,
KOMOMHHPOBAaHHOE — COYETAaHHE BEPXHETO U OOKOBOTO €CTECTBEHHOTO OCBEIICHHUSI.

HckycCTBEHHOE OCBELIEHHE — 3TO OCBEIICHUE IOMEIIEHUS MCTOYHUKAMHU HCKYCCTBEHHOI'O
cBeTa. VICKyCCTBEHHOE OCBELICHME MOAPa3IeisIOT Ha CIEAYIOIIHMe BUbL: paboyee — OCBELICHHE,
o0ecrneunBarolee HOPMUPYEMbIE OCBETUTENIbHBIE YCIOBUS (OCBEIIEHHOCTh, KAYECTBO OCBEIIECHHUS) B
MOMEILIEHUSIX U B MeCTax NMPOM3BOJCTBA BHE 3aHM; aBapuiiHOE — pa3fesiieTcs Ha OCBEIICHHE
6€301acHOCTH (UCIIOJIb3YeTCSl Ha TEPPUTOPUHU M MPEANPUATHIX, KOTOpble TPeOYIOT 00CTy)KHBaHUE
IIPU OTKJIFOYEHUH pabouero OCBEIIEeHHs ) M HBaKyal[MOHHOE OCBEIIeHUE (BKIIIOUAETCS IPU 3BaKyalluu
JO7iel); OXpaHHOE — OCBEUIEHME Ul CO3/aHUs MEPCOHATY OXpaHbl HEOOXOIUMBIX YCIOBHUW IpH
BBITIOJTHEHUH OIEPAaTUBHBIX 3a/1a4; JEKYpHOE — OCBEUICHHE, MpeIHa3HaYeHHOEe Ui 3(PPEeKTUBHON
OXPaHBbI 31aHUI BEYEPOM U HOYBIO.

HckyccTBEHHOE OCBEIIEHNE MOXKET OBITh IBYX CUCTEM: 00IIee OCBELIEHHE — OCBEIEHHUE, ITPH
KOTOpPOM CBETUJIbHUKHU Pa3MEIIAI0T B BEpXHEH 30He NMOMEIIEHNs paBHOMEPHO (00111ee paBHOMEPHOE
OCBEILEHHE) WM MPUMEHUTEIBHO K pACIONIOKEHHIO oOopynoBaHus (oOIliee JOKaIU30BaHHOE
ocBenienue). VickycctBeHHOe pabouee OCBEIIEHHE MPEIHA3HAUYEHO JUIS CO3JaHUs HEOOXOAUMBIX
yCIOBH pabOThl M HOPMAJIbHOM IKCIUTyaTalluy 3JaHui 1 TeppuTopuil. Pabouee ocBerenue cienyer
IpelycMaTpuBaTh JJI BCEX MOMEUICHUM M 3JaHUN, a TaKKe YYaCTKOB OTKPBITHIX MPOCTPAHCTB,
MpeHa3HauYeHHBIX 715 paboThl, MPOX0/1a JII0/IeH U IBUKEHUS TPaHCIIOPTa.

Ecnu ecTecTBEHHOrO OCBELIEHHE CTAHOBUTCS HEIOCTATOYHO JUIA NMPOIYKTUBHOM pabOTHI
OpPraHOB 3pEHUS, TO €0 JONOJHAIOT UCKYCCTBEHHBIM OCBEILIEHUEM, UTO B KOMILUIEKCE HA3bIBAETCS
COBMEIIEHHBIM OCBEIICHUEM [2].

[ToTpeOuTtenbCckuii ppIHOK Ha CETOMHSIITHUN JIEHb MpeaJiaraeT JaMITbl OCBEIICHUS Pa3TnIHON

CTOUMOCTH, IIpHU OSTOM HUX HOTpCGHTCHLCKHG M TEXHOJIOTMYECKHE CBOMCTBa CYHICCTBCHHO

OTJIIMYAIOTCA APYT OT Apyra. Pazan4garoT HECKOIBKO BHUAO0B JIaMII OCBCILICHHA . JIaMIIbl HAKaJIUBAHUA,
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JIIOMMHECUEHTHBIE JIaMIIbl; TaJOT€HHBIE JaMIIbl; ra30pa3psaHble JaMIbl BBICOKOTO JABJICHMS;
CBETOAMOJHBIE JIaMIlbl. PaccMOTpUM KaXabli W3 BHAOB JIaMII Ha INPEIMET OCHOBHBIX
MOTPEOUTENHECKUX M TEXHOJIOTHYECKUX 0CcOOeHHOCTEH [3-5].

Haubonee pacmpocTpaHeHbI >JEKTpUYECKHE JIaMIbl HakanuBaHus. lpuHiunm ux neictBus
OCHOBaH Ha NMpeoOpa3oBaHUM SJIEKTPUUYECKON SHEPruu, MPOXOASIIEH uepe3 €€ HUTh, B SHEPTHUI0
BUJIUMBIX M3JIy4EHUHM, BO3ICHCTBYIOIIMX Ha OpraHbl 3pEHUs] YEJIOBEKAa M CO3JAIOIIUX Yy HEro
OLIYIIEHUE CBETa, OJU3KOro K OemoMy. DTOT IpoIecc MPOUCXOMUT MPU HArpeBe HUTH JIAMIIBI 10
2600-2700°C. Hutp nammbl He meperopaer, Tak Kak TeMmIeparypa IUIaBICHUs Boib(ppama, H3
KOTOPOTo clejaHa HUTh, 3HaunuTeabHO BhIme (3200-3400°C) TemnepaTyphl Hakajga HUTH, a TaKKe
BCJIE/ICTBHE TOTO, YTO U3 KOJIOBI JIAaMIIBI YAaJIeH BO3AYyX JINOO KoJi0a 3an0JHEHa HHEPTHBIMU ra3aMu
(cMmechlo a30Ta, aproHa, KCeHOHA), B Cpejie KOTOPhIX METaJlT He okucsercs [1].

Cpoxk ciry<Obl JTaMIT HaKaJTMBaHUS KOJIEOJIEeTCs B MMPOKHUX MpeJeiaxX, MOCKOIbKY 3aBUCHT OT
yclIoBUH paboThl, B TOM YHUCJIE€ OT CTAOMJIBHOCTM HOMHUHAJIBHOTO HAMPSIKCHHS, HATWYHUS WIH
OTCYTCTBHSI MEXaHWYECKUX BO3JCUCTBUN Ha jammy (COTpsiCeHMs, BHOpaIiu), TEeMIEpaTypbl
OKpykarotei cpensl u ap. CpeHuiA Cpok cyObl laMi HakaauBaHus coctarisier 1000-1200 u.

[Tpu pOOKUTENHHOM padoTe JTaMIIbl HAKAIMBAHKS €€ HUTH IOJ BO3JCHCTBHEM BBICOKOMN
TEeMIIepaTypbl HAarpeBa MOCTENIEHHO UCTAPAETCsl, yMEHBIIAETCS B IUAMETPE U, HAKOHEL, [IEPEropaert.

Uewm BbIIlIe TeMIIepaTypa HarpeBa HUTU Hakaya, TeM OOJbIIEe CBETa M3JIydaeT JiaMIla, HO MpU
3TOM HMHTEHCUBHEE MPOTEKAET MPOLIECC UCHAPEHUs HUTU M COKPAIAETCs CPOK CIyX Obl Jamibl. B
CBSI3M C 3THUM JUIsl JIaMIl HAKaJIMBAaHUs YCTaHABJIMBAETCS Takas TeMIlepaTypa Hakajga HUTH, NpU
KOTOPO# o0ecrieynBaroTcst He00X0IMMasi CBETOOT/aua JJaMIIbl M OIpeiesIeHHAast IPOI0JIKUTEIbHOCTD
ee CiyxObl. [lpeumywecmea namn Haxaiuéanus: Majas CTOUMOCTb; HEOOJBIIME pPa3MEphl;
OTCYTCTBHE ITyCKOPETYJIUPYIOIIEH armnaparypbl; HE4yBCTBUTEIBHOCTh K MOHU3UPYIOIIEH pajinaluu;
OBICTPBII BBIXOJ Ha pabouMil PEeXKHUM; OTCYTCTBHE TOKCHYHBIX KOMIIOHEHTOB U KakK CIIEJCTBUE
OTCYTCTBHE HEOOXOAMMOCTH B HHPPACTPYKTYpE 10 cOOpPY M YTHIIM3ALKU; BO3MOKHOCTh PabOThI Ha
JT000M poJie TOKA; HEUYBCTBUTENIBHOCTD K MOJISIPHOCTH HANPSKEHUS; BO3ZMOXXHOCTh M3TOTOBIICHHS
JaMII Ha caMo€ pa3Hoe HampsbkeHue (0T JoJiel BOJbTa 10 COTEH BOJIBT); OTCYTCTBHE MEpPLAHUs MIPH
paboTe Ha MEepeMEHHOM TOKE (BaKHO Ha MPEANpPUATHUSAX); OTCYTCTBHE T'yACHMs IpH paboTe Ha
MIEPEMEHHOM TOKE; HEMPEPbIBHBIN CHEKTP M3JIy4eHHs]; MPUATHBIA U NMPUBBIYHBIN B OBITY CIEKTp;
YCTOMYMBOCTh K 3JIEKTPOMarHUTHOMY HUMIIYJbCY; BO3MOKHOCTb HCIOJIb30BAHUS PETYISITOPOB
SPKOCTH; HE OOATCS HU3KOM M TOBBIIMIEHHOW TeMIepaTypbl OKpYXKaloUlell Cpelbl; yCTONYMBBI K
KOHJICHCATY.

Heoocmamku namn uaxanueanus: HU3Kas CBETOBAs OTAaya; OTHOCUTEIBHO Majblii CPOK
CITy>KOBI; XPYIKOCTh, YyBCTBUTEIIBHOCTh K YAapy M BHOpaIuK; OPOCOK TOKA MPHU BKIIOYEHUH; TIPU
TEPMOY1ape WK pa3pbIBE HUTH IO/ HAPSDKEHUEM BO3MOKEH B3phIB OalsIOHa; pe3Kasi 3aBUCHMOCTb
CBETOBOM OTJAauu M CPOKa CITYXKObI OT HAMPSKEHUST; JTaMIIbl HAKAJIMBaHUsI IPEJICTABISIIOT MOKAPHYIO

ormacHocTb. Yepe3z 30 MMHYT IoOCiie BKJIIOUEHHUS JIaMIl HAaKaJIMBAaHMs TEMIEpaTypa HapyKHON

MIOBEPXHOCTU JOCTUTAET B 3aBUCHMOCTH OT MOIHOCTH cieayroumx Bennuus: 25 Br-100 °C, 40 Br
- 145 °C, 75 Bt - 250 °C, 100 Bt - 290 °C, 200 Bt - 330 °C. IIpu cCOnpUKOCHOBEHUH JIaMIl C

TEKCTUJIIBHBIMH MaTepuajlaMnu HUX Koyba HarpeBacTcCAa e CuiIbHee. COJ'IOMa, Kacaromiascst
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MOBEPXHOCTH JIaMITbl MOITHOCThIO 60 BT, BCIbIXuBaeT npuMepHO yepe3 67 MUHYT; HarpeB 4acTeu
JIaMIIbI TpeOyeT TEPMOCTOMKON apMaTyphbl CBETHIIBHUKOB.

JlroMUHECIIEHTHBIE JIaMIIbl — 3TO Ta30pa3psIHbI UCTOYHHK CBETAa HU3KOTO AaBiieHus. Ero
CBETOBOM MOTOK ONPEAEISIETCS CBEYEHUEM JIIOMUHO(Opa MOoJT BO3ACHCTBHEM YIBTPa(UOIECTOBOTO
U3ITy4yeHUsl, KOTOPOE BO3HMKAET BCJEICTBUE JJIEKTPUUECKOro paspsna. M3HyTpu cTeHKa KOJIOBI
MOKPBITA CMECHIO JIIOMUHECLIEHTHBIX MMOPOIIKOB, KOTOpasi Ha3bIBaeTcs JsroMuHO(op. Jlamiibl ¢ Tpex
MIOJIOCHBIM JTFOMHHO(GOPOM 00JIee SKOHOMHUYHBI, IIOCKOJIBKY CBETOBAas OTJa4a y HUX COCTAaBIISIET 10
104 JIm/Bt, HO oOnamaroT xymmeid mseromepenaueid (Ra=80), a maMmbl ¢ MATUIIONIOCHBIM
JIOMHUHO(POPOM UMEIOT OTIIMUHYIO 1BeTornepenaqdy (Ra=90-98) npu menbiel cBeToBoM oTaave (10
88 JIm/Bt). CymectByeT nBa crioco0a MOKUTATIOMUHECIICHTHBIX JIAMIT - 3JICKTPOMAarHUTHBIM H
AJIEKTPOHHBIM OayutacToM. Tum Gansacra BAMSIET Ha 3a)KUTaHKE JIAMIL, a TAKXKe Ha MepliaHue B padorte
U CPOK CIY)KOBI TIOJDKUTAIOIIUX JJICKTPoAOB. [Ipu mMmoKure IIOMUHECHECHTHBIX JIaMIl C
ANEKTPOMArHUTHBIM OaiactoM mnpoucxoaut A0 30% morepsb siaexTpodHeprur. (OCHOBHBIM
OTJIUYHMEM JTFOMUHECIIEHTHOTO CBETUJIbHHUKA C 3JIEKTPOHHBIM 0aJlsIacCTOM OT TaKOTO )K€ CBETUJIbHUKA
C DJIEKTPOMAarHUTHBIM 0ajuIacToM, TOMUMO SHEProcOepekeHus, Beca U 00beMa, SIBJISETCS 4acToTa
MepIanus: JIaMIbl ¢ AIEKTPOHHBIM OQJIIIAaCTOM PabOTAIOT ¢ BRICOKOW YaCTOTOW MEpIIaHUs OKOJIO 42
000 ' B cexyHy, TOT1a KaK JIAaMITbI C 3JIEKTPOMarHUTHEIM OaiactoMm paboTatoT ¢ yactoroit 100 I'ig
B CEKYHJY, UTO MPH JTUTEILHOM HCIIOIb30BAHUU BBI3bIBACT YCTAOCTh IJ1a3 [2].

JlroMuHeCIIeHTHBIE JIaMITbl — HauboJIee paclpoCTPAaHEHHBIN U YKOHOMUYHBIH HCTOYHHUK CBETA
JUTSL CO3JaHMSI PACCESTHHOTO OCBEIICHHS B IMMOMEIICHUSX OOIIECTBEHHBIX 3[aHMiA: Opucax, IIKOoIax,
y4eOHBIX M TMPOEKTHBIX HWHCTUTYTaX, OOJbHHIAX, Mara3uHax. C TMOSBICHHEM COBPEMEHHBIX
KOMITAKTHBIX JTIOMHUHECIIEHTHBIX JIaMII, IPeHa3HAYEeHHBIX JJI YCTAaHOBKH B OOBIYHBIE MaTpoHbl E27
i E14 BMecTo TaMIT HakaTWBaHKS, OHH CTAJTU 3aBOEBBIBATH IMMOMYJISIPHOCTE U B OBITY. [IpuMeHeHne
ANEKTPOHHBIX  MYCKOPETYJIHPYIOIIUX  YCTPOMCTB  (0autacToB)  BMECTO  TPaJUIIMOHHBIX
ANEKTPOMATrHUTHBIX MO3BOJISET YIYUIIUTh XapaKTEPUCTUKH JTIOMUHECIICHTHBIX JIJaMI — U30aBUTHCA
OT MEpIIaHUS U TYNa, eI€ OOJbIIe YBETUUYUTh IKOHOMUYHOCTD, IOBBICUTH KOMIIAKTHOCTb.

Ipeumywecmea nromMuHecyeHmHulX J1aMn: TO CPaBHEHUIO C JlaMIaMH HaKaJWBAaHUS
o0OecrieurBaeT TaKOM K€ CBETOBOH NOTOK, HO MOTPEONSIOT B 4-5 pa3 MEHbIIE SHEPIruu; UMEIOT
HU3KYIO TeMIIEpaTypy KOJIOBI, UMEIOT MOBBIIIEHHBIA CPOK CITYKOBI.

Heoocmamku  niomunecyeHmuvlx 1amMn:CHIKAET CBETOBOM IOTOK TMPH IMOBBIIIEHHBIX
TEeMIIEpaTypax; coJiepKaHue PTYTH (XOTS U B OYEHb Majblx KonnyecTBax, 40-60 mr). Ora goza
Oe3BpelHa, OJTHAKO IMOCTOSTHHAS ITOJIBEPKEHHOCTh AaryOHOMY BO3JICHCTBHIO MOXET HAHECTH BPET
3JI0pOBBIO; TIOMUHECIICHTHBIE JIAMITBI HE TIPUCIIOCOOJICHBI K paboTe Ipu TeMIepaType BO3IyXa HIKE
15-20 °C [1].

Komnaxmnuie (3nepeocoepezarowue) nomunecyenmuvle ramnsl. OHA BRIPAOATHIBAIOT CBET 1O
TOMY JK€ MPUHITUIY, YTO M OOBIYHBIC JIFOMHUHECIICHTHBIC JIAMITBI, TOJHEKO Ha Topas3/i0 MEHBIICH
TUIOMIA/IA, W SBIISIOTCS KOMIAKTHOM ambTepHATHUBOW JIOMUHECIICHTHBIM JlaMmaM-TpyOkam. Takas

Pa3HOBHUAHOCTb JIFOMUHCCHCHTHBIX JIaMII HanOoee y,Z[O6Ha JJI1 UCIIOJIB30BaHUSA B OBITOBBIX

YCIIOBUSIX.
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Ilpeumywecmea Komnaxkmmuulx 1amn TO CPAaBHEHWIO C JlaMnamMu HakainuBaHus: 10 80%
MEHbIIIee TOTPEOICHIE TOKA MPU TOM KE KOJIMUECTBE CBETA; CPOK CIYXKOBI B 6-15 pa3 Gosbiie 1o
CPaBHEHHUIO C OOBIYHBIMU JIAMIIAMH HAKAJIMBAHUS H COCTABIISET, COOTBETCTBEHHO, 6000-15000 yacos
B 3aBUCHMOCTH OT THIIA; MEHBIIME NOTEpU Ha OOCIY)KMBAaHUHM 3a CUET JJIMTEIHHOTO BPEMEHU
CITYOBbI; BO3MOKHOCTh BHIOOpA IIBETa CBEUCHHSI.

T'anocennvie namnvl. ITO YCOBEPIICHCTBOBAaHHBIC JIaMIIbl HaKaluBaHUA. J{OCTOMHCTBOM
raJIOTEHHBIX JIAMII SIBJISIETCSI HEM3MEHHO SIPKUM CBET, NpeKpacHasl repejada BETa U BO3MOXHOCTh
CO3/IaHUS Pa3HOOOPA3HBIX CBETOBBIX OTTEHKOB. biaromapsi mo0amieHuio B KoiOy ra3oB (ropa,
OpomMa, XJiopa, 0Ja, YMEHBIIAOIINX KOJWYECTBO HCHApeHHUs Bojibdpama, CpPOK CIYKOBbI JIAMITbI
yBenuumwics a0 2000-5000 wacoB. Mcmonp3oBaHuE CHEUANBHBIX (UIBTPOB, HAHECCHHBIX Ha
KBapIeBOE CTEKJO, «OCTAaHABIMBACT» YIbTpaduoner, 4ro obeperact oOcCBEUIaeMble BEIId OT
BbITOpaHud. J{UXpOWYHbIE OTpakaTeau OTBOJAT TEIJIOBOE M3JIyUYE€HHUE 3a Ipelieibl OCBELIaeMOM
wiomaau. SIpKocTh OCBEIIEHUSI PETYIUPYETCs] ¢ MOMOIIbI0 OONBIIOTO aCCOPTUMEHTA TUAMETPOB
OoTpakaTeJei.

JluHeitHbIe TaJIOTeHHBIC JIAMITBI C HUTBIO HaKaJia B (JOpMe CITUPAIIU U MPO3PAYHOM KBAPIICBOM
TpyOKOH, HCHOJB3YIOTCS Il OCBEIIEHMs IIMPOKUX HoBepxHocTed. brarogaps npumMeHeHUro
YVIPOUYHEHHBIX JeprKaTeliel, HUTH Hakajla 00JaJaloT BBICOKOW YCTOMYMBOCTBIO K MEXaHHYECKUM
BozaeicTBUAM. s mamn MomHOCThIO 10 500 BT mo3uniusi cBedeHus MpoU3BOIIbHAS, MOIIHOCTHIO
cBbiire 500 BT - TobkO TOpU30OHTaIBHAS, C IOMYCTUMBIM OTKJIOHEHHEM B 4°. JlaMIibl COBMEIIAIOT B
ce0e BBICOKYIO CBETOOTAAuy, ">KUBOW'" Oemblii OJeCK, OTIMYHBIN KO3()(UIMEHT LBETONepeaayy,
MIOCTOSIHHBIM CBETOBOM MOTOK B TEUYEHUE BCErO CpOKa CIIY)KObl, MTHOBEHHOE Mepe3aKuraHue,
BO3MO>XHOCTH PETYIIMPOBKHU SIPKOCTH.

["amoreHHbIe TaMIIBl CO CTEKJIIHHBIM OTpPa)kaTeJIeM U LBETHBIM 3aIUTHBIM CTEKJIOM, KOTOPOE
N00aBJIsIeT CBETOBOMY IIyYKy OINpEIENIEHHbIM OTTeHOK. Takue mammbl IpelHa3HaueHbl s
JEKOPAaTUBHOT'O OCBELICHMUSI.

lamorenHsie naMmbl C  MapaOONUYECKUM  CTEKISHHBIM — OTpaKkaTeleM, IOKPBITHIM
METAITINYECKUM aJTFOMUHUEBBIM CJI0€M, IPEJHA3HAUYEHBI JIJIsl CO3/IaHUS CBETOBBIX aKIeHTOB. Clerka
pudeHast IOBEpXHOCTh MEPEIHETO CTEKJIA XOPOILIO o 4epKUBaeT 3(pPexT "uckpsierocss” ceera u
3alMIIAET TOPENKY OT 3arpsi3HEHHs WM IBbLIM, a TAKXKE OT COIPUKOCHOBEHUS C PyKaMH YeJIOBEKA.
[TpumeHsieTcs B aKIIEHTHOM OCBEIIEHUH, B OCBEIIEHUH OOIIECTBEHHBIX U JKWIBIX MOMELICHUH,
YIMYHOW MOACBETKE (MPU UCIOIH30BAaHUU Ha YIIHIIE JIamIla JI0JKHA ObITh 3alllUIlleHa OT MONa aHus
BJIaTH).

["anorenHbple Jammbl ¢ JBOMHON Koi10OW paboOTalOT OT CETEeBOr0 HAINMPSKEHUS, HMEIOT
pe3pOoBOi  1OKOJN. Jlammbl  XapakTepu3ylooTcss CTaOWJIBHOM CBEeTOOTHAaued W OTIMYHOU
useronepenaueit (Ra=100). Jlamnel Moryt paboTaTh ¢ peryiastopoM sipkoctu. [Ipumenstores ans
OCBEILEHUS )KUIIBIX U O0IIECTBEHHBIX TOMEILEHHI.

Jlamnbl HakanmMBaHUS CO BPEMEHEM TEPSIOT ApKOCTh. COBpPEMEHHBIE TaJOTE€HHBIE JaMIIbl HE
MMEIOT 3TOTO HexocTaTKa Oyarogapsi J0OaBIEHHIO B ra3-HalOJHUTENb TaJJOTEHHBIX 3JEMEHTOB.

["anorenHsbie JaMIIbl UMEIOT SIPKUM HACBIIIEHHBIA U POBHBIN CBET, CIEKTPAJIbHBIA COCTAB KOTOPOTO

S3HAYUTCJIBHO OTIMYACTCA OT CIICKTpaJIbHOI'O COCTaBa CBETa OOBLIYHOM JaMIIbl HaKaJIMBAaHUS H
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NpUOIIHKEH K CIIEKTPY COJIHEYHOTO cBeTa. briaroaaps aToMy npekpacHo nepeaaroTcs iBeta medenu
Y UHTEpPbEpPA B TEIJION U HEUTPAJIbHOW raMMe, a TAaK)Ke LIBET JIMIA YeIOBEKa.

Ilpeumywecmea eanoceHHvIX aamn: BBICOKAs CBETOOTNA4a; CTAOWIIBHO SIPKU CBET Ha
MPOTSHKEHUHM CPOKA CIY>KOBI; MOJITHI CPOK CIY>KOBI; MUHUATIOPHAS KOHCTPYKIIHS, BO3MOXKHOCTb
PEryJIUpOBaHMsI CBETOBOIO IOTOKA; BBICOKUN YpOBEHb OE€30MACHOCTH, OCOOEHHO B YCIOBHSIX
MOBBIIIEHHON BIQXKHOCTH (HU3KOBOJIBTHBIC JIAMITBI).

Heoocmamku  2anozcennvix jaamn: 10 CTEKISIHHOM TOBEPXHOCTH JIAMIIBI JIy4llle He
JOTParuBaThCs TOJIBIMU PYKaMH, TaK KaK Ha HEM OCTAIOTCS KUPHBIC MATHA, YTO MOXKET IMPUBECTH K
OILJIaBJICHUIO B 3TOM MecCTe cTekisia KojoObl. Jlammy HeoOxoaumMo OpaTh, UCHOJIB3YsI KYCOK YHCTOMN
TKaHM, a €clu Koyi0a 4YeM-TO HCHauyKaHa, TO HYKHO MPOTEPETh €€ MEAMIMHCKUM CIIUPTOM;
TaJIOT€HHBIC JIAMITbl OY€Hb YYBCTBUTEIbHBI K CKAaYKaM HAMNpPsHKEHHS! CETH, MOATOMY UX CIEAYeT
BKJIFOYATh 4Yepe3 CTaOWIM3aTop HaNpsDKCHUS, a HHU3KOBOJIBTHBIE - dYepe3 TpaHchopMaTop;
TeMreparypa koiosl Moxet gocturartb 500 °C, mo3TomMy Nnpu yCTaHOBKE JIaMII CIIEAYeT COOII0AaTh
HOPMBI IIPOTUBOIIOKAPHOM 0€30MacHOCTH (HaIpUMep, 00E€CIIeYUTh JOCTATOUHOE PACCTOSHUE MEKIY
MTOBEPXHOCTBIO NMEPEKPHITUS U ITOABECHBIM IIOTOJIKOM) [2].

T'azopaspsounvie namnvl 8vicoko2o oasnenus. OCOOCHHOCTSMU ra30pa3psiIHBIX JaMII (SIBISETCS
UX BBICOKAs CBETOOTIaya W JJIUTEIBHBI CPOK CIyKObl B IIMPOKOM JHAla3oHe TeMmIepaTyp
OKpyXawlIleid cpenpl. B HalmieM KIMMaTHYeCKOM TMOsCe Ui apXUTEKTYPHOro (Hapy>KHOTO)
OCBEIICHUS TPEANOYTUTEIIBHEH HCIOIb30BaTh UMEHHO Ta30pa3psiHbIC JIAMIIbI, MOCKOJbKY OHHU
OTIUYHO paboTalOT TP MHUHYCOBOW Temmepatype. [IpuMeHeHHe ra3opa3psIHbIX —JIaMIl
PEKOMEHJIyeTCSl TOJIbKO C 3alllUTHBIM CTEKJIOM, KAdeCTBEHHBIMM KOMIUIEKTYIOIIUMH U
KBTI (DUIIUPOBAHHON COOPKOW CXEeMbl, HHaU€ OHU HEOE30MAaCHBI JIJIs OMAIIIHEr0 MCIOJIb30BaHUS.
Tak, HarTpuMep, B3PBIB JIAMITbI UJIM KOPOTKOE 3aMbIKAHHUE B LIETTH MOXKET MPUBECTHU K MOXkapy. Takxke
CJIeIyeT OTMETHTh, UTO Ta30pa3psiIHbIC JTAMITbI CBETST B MOJIHYIO CHITY HE Cpa3y, a 10 UCTCYCHUH 2-
7 muHyT. B Tpynny ra3opaspsaHbIX JaMIl BXOJSAT METAJUIOTalOre€HHbIE, HATPUEBbIE U PTYTHbHIC
JIAMIIBI.

Memannoeanoeennvie namnvl. ITO PTYTHHIE JIAMITBI BBICOKOTO [IaBJIEHUS, B KOTOPBIX
WCIIONB3YIOTCS JOOABKU M3 WOIAUAOB METAIIJIOB, B TOM YHCIIE PEIKO3EMEIbHBIX, a TAKXKE CIIOKHBIC
COCIMHEHHS 11e3Us M TajloreHuaa ojioBa. Bce 3Tu M00aBKM 3HAYUTENHHO YIYYIIalOT CBETOBYIO
OT/Iayy U XapaKTEPUCTUKH LIBETONEPEIayu JIaMIl MPU PTYTHOM pazpsae. Bce MeramioraioreHHbie
JIaMITbI JTal0T OeNblii CBET C Pa3jIMYHON I[BETOBOM Temmeparypoil. MIX 0coOOEHHOCTh COCTOWT B
XOpOIIeM YpoBHE IBeTonepenaydu. JIroObie MpeaMeThl U PACTEHUS MO HUIMH CMOTPATCS a0COFOTHO
€CTECTBEHHO. MeTauioraJoreHHble JIaMIbl MIMPOKO HCIIOJNB3YIOTCS B OCBEIIEHUH OOBEKTOB
KOMMEPUECKON HEJIBUKHMOCTH, a Tak)Ke BBICTABOK, CIYXEOHBIX IMOMEIICHUN, TOCTUHUI[ U
PECTOPAHOB, JUIsI TIOJICBETKH PEKJIAMHBIX IIIUTOB M BUTPHH, OCBEIICHUS CTIOPTUBHBIX COOPYKEHHH U
CTaJIMOHOB, JIJISl apXUTEKTYPHOM MOJCBETKH 3JaHUN U COOPYKEHUH.

Jlocmouncmea memannozano2eHHvix aamn: BBICOKas cBeToBas otnada (60-110 mm/BT);
00mb110# cpok cinyk0bI (70 10000 yacoB); KOMITAKTHBIE Pa3MEpPHI.

Heoocmamxu memannocanocennvix iamn. He noaxoasaT aJisd IUIAaBHOMU PETYIUPOBKHU; OOJTOC

3AKHUTaHUC U MECPE3aKUTaHUC.
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Hampuesvie namnvi. OHM TpUHAIUIEKAT K 4uciay HaubOosnee 3((EKTHUBHBIX HCTOYHHUKOB
BHJIUMOTO W3JIYYCHHS: OHHM 00JIaJJal0oT CaMOi BBICOKOW CBETOBOHM OTIAYeil Cpeau ra3opaspsiIHbIX
JIaMI, 5KOHOMHBI ¥ UMEIOT JJIUTENBHBIN CPOK CIy:KObI. OOBIYHO JIAMIThI U3TYYAOT XapaKTePHBIN
JKENTHIN I[BET, HO €CIIM B COCTaB 3Q)KHUTAIOIIETO BEIIECTBA BXOIUT KCCHOH, OHH JAIOT SIPKUI OeIbIii
cBeT. HarpueBbie 1aMIibl ObIBAIOT BHICOKOTO (M3JIy4atoT CBET TEIJIOTO JKEITOrO [[BETA, MOAXOASIINI
JUISL OCBEILEHUsI OOJBIINX MMAapKOB, TOPOT U IUIOMIACH) U HU3KOTO NaBieHUs (MICAbHO MOAXOAAT
JUI YIIMYHOTO OCBEILEHNUS).

Jlocmouncmea Hampuesvix Jamn: BBICOKUHA ypoBeHb cBeTooTAauun (mo 130 mm/BT);
JUTHTENIbHBIN CPOoK CirykO0bI (10 12 000 yacoB); sHepreTHYECKast dKOHOMUYHOCTD.

Heoocmamku nampueswvix namn: nnoxas mnperonepenada (Ra = 20); monroe 3axuranve u
nepesaxuranue (10 10 Munyr).

lazopazpsigHbie  HATpUEBBIE JaMIbl NPUMEHSIOTCS JJIi  OCBEUICHUS VYIMI, a TaKXKe
MIPOMBIIIIJICHHBIX MOMEIIEHHH, TJI6 OCHOBHBIMHU YCIOBUSIMHU SIBIISIIOTCS SKOHOMHOCTh M SIPKOCTbH, a
TpeOOBaHUs K CBETOINEpEIaue HECYIIECTBEHHBI.

Pmymmnas namna. E€ pabora 0OCHOBBIBAeTCS Ha MCIIOIB30BAaHUM H3JIYUEHUS DJICKTPUIECKOTO
paspsga B mapax pryrd. JlamMmbl [aHHOrO THIIA OTJIMYAKOTCS BBICOKOW CBETOOTHAYEH IpHU
CpPaBHHUTEJIBHO HEOONBIIMX TadapuTax, OHM MUMEIOT JJIMTENbHBIH CPOK ciayx)Obl. 40% uzmyueHus
NPUXOAUTCA Ha yibTpaduoneroByro o0macte crekTtpa. /Jlns yBenauueHuss CBETOOTAAYU
yIbTpaduOIETOBOE N3IYyUYCHHE TPEOOPa3yIOT B BUAMMEBII CBET C IOMOIIBIO JIIOMUHO(OPA, KOTOPBIM
MOKPBITA KOJI0A JIaMITbl. DTH JIAMITBI ITO3BOJISIOT 3HAYMTEIBHO CHUXKATh 3aTPAThl MPH yCTaHOBKE,
AKCIUTyaTallil U TEXHUYECKOM OOCTYXKMBAaHUU B CIEAYIONIMX O0JACTAX MPUMEHEHHS: TOPOKHOE
OCBellleHHuEe, ocBelIeHne JanamadTos [1].

PryTHas mammna BRICOKOTO TaBJICHUS COJEPIKUT MAPhl PTYTH, MAPIIUATIHLHOE IaBIIEHUE KOTOPHIX
BO Bpemst paboTsl gocturaet 105 Ila. Takue nammbl 001a1a10T BBICOKON HAJIEKHOCTHIO M XOPOIIIEH
useronepenadend. [IpuMeHArOTCS AJie BHYTPEHHErO0 M HApPYXHOTO OCBEUIEHUS KOMMEPYECKHUX H
MPOU3BOJICTBEHHBIX OOBEKTOB, [UIsI JCKOPAaTUBHOTO W OXPaHHOrO oOcBemeHus. PryTHO-
BOJIb()paMoBas JlaMIia - JiaMIia, BHyTPH KOTOPOM B OJHOM M TOM ke KOJO€ HaXOIATCS pas3psiHas
TpyOKa PTYTHOW JamImbl BBICOKOTO JaBJICHHWS U CHUpAIb JaMIbl HaKaJIMBaHUS, COCIMHCHHBIC
nocnenoBarenbHo. Komba MoxkeT ObITh OKpBITa TOMUHOGOpOM. BonbdpamoBast criupaib CIyKUT
JIOTIOJTHUTEIBHBIM UCTOYHUKOM CBETa B KPAaCHOM 00NacTH CBETa M OJHOBPEMEHHO BBIMIOIHSET
(GyHKIMIO 0aIaCTHOTO AAaBJIEHUS JUIsl pTYTHOM Topenku. biarogapst 3ToMy ycTpolCTBY yiydilaercs
nepeaya [BeTa ¥ OTHagaeT He0OX0IMMOCTh UCIIOJIb30BAHUS JOTIOJHUTEIBHOTO JPOCCEIIS.

Ilpeumywecmea pmymmuvix 2a30paspsAOHbLIX Jamn: IMPOKUHA JUANa30H MOIIHOCTEH;
JIOCTATOYHBIN ypoBeHb cBeTOBOI oTaauu (30-60 1m/BT); Gonbiioii cpok ciayx0bI (1o 12 000 gacoB);
He TpeOYIOT MyCKOPETyJIUPYIOIIETo anmapara; KOMIIAKTHbIE pa3MepHI.

Heoocmamku pmymmuvix 2azopaspsaousix aamn: TUI0Xas LBETONepeaaya; COJAep>KaT pPTYTh;
J0NTOe 3aKUranue u nepezaxuranue (10 10 munyt).[2]

Csemoouoonvie namnel. 110 MHEHHIO OOJIBIIIMHCTBA CIIEHUAINCTOB, OYAyIllee OCBEIIECHHS - 3

JIaMIIaMH U CBETHJILHUKAMH Ha cBeToaroAax. Ha maHHbBI MOMEHT CBETOIMOIHBIE JIAMIIBI €11l€ HE TaK

BOCTpe6OBaHBI Ha PBIHKE, KaK JIOMUHCCHUCHTHBIC JIAMIIBI UJIW JIAMITbl HAKAJIMBAHUA. B ocHOBHOM 3TH
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JamMIbl MPUMEHSIOTCA B apXUTEKTYPHOM, JaHAIAGTHOM M JIEKOpaTUBHOM ocBemeHuu. Ocoboe
BHUMaHHE XOTENIOCh YAENUTh CBETOAMOJAM, MPOIYLHUPYIOIIUM OOJBIION CBETOBOM MOTOK (Kak
MPaBUJIO, 3T CBETOAMOJBI ¢ MOIIHOCTHIO OT 1 BT m0 15 BT). JlaHHBIE UCTOYHUKH CBETa UMEIOT
JOCTaTOYHO OOJBIIYI0 CBETOOTHAdy, MNPHOIIKAIONIYIOCS YK€ K 3HAYCHHUIO CBETOOTAAaYd
ra3opaspsaHbIX JIaMIil, OOJBIIONW CPOK CIIYy»KObI, KOMIIAKTHBIE pa3Mepbl U JOCTATOUYHO OOJBIIYIO
SApKOCTh. Bce 3Tu cBocTBa OTKPHIBAIOT HOBBIE BO3MOKHOCTH MPUMEHEHHUSI CBETOJIMO/IOB, KaK JUIs
o0IIero, TaK U JJIsl MPOKEKTOPHOTO OCBEIICHUS. biiaromapsi OTCyTCTBHIO Tejla HaKajia CBETO OB
otnuuarotcst BeicokuM KIT/I u Gombiim cpokom ciryx061 (80 000 - 100 000 gacoB).
Ipeumywecmea ceemoouodos: Huzkoe suepromnorpedienue - He 6osxee 10% ot norpedieHus
MIPU UCTIOIB30BAHNUH JIAMIT HaKJIMBAHUS; TOJITHIA CPOK CITy)O0bI - 10 100 000 9acoB; BEICOKUI pecypc
MPOYHOCTH - YyAapHas W BHUOpAIMOHHAs YCTOWYUBOCTH, YHCTOTAa W pPa3HOOOpa3wWe IBETOB,
HANPaBIICHHOCTh W3Iy4YCHHS; perylupyeMas WHTEHCHUBHOCTh, HHU3KOe padoyee HampsDKeHUE;
HKOJIOTMYECKas U MPOTHBOIOXKAapHas Oe30macHOCTh. OHM HE CoJep’KaT B CBOEM COCTaBE PTYTH U
MOYTH HE HarpeBaroTcs. Terepb BHIHA YeTKas KapTHHA MEPCIEKTUBBI CBETOAMOJOB U HX SIBHBIC
MPEUMYIIECTBA TEepPea APYrUMH UCTOYHHKAMU CBeTa. [IpOM3BOACTBO CBETOAMOIOB B TIOCJICIHUC
roJibl ONEPEKAIOT BCE camble oNTUMHUCTHUYECKHE MporHo3bl Ha 20-30%. bonabmMHCTBO 3KCIIEPTOB

CXOOATCA BO MHCHHHU, YTO 4Y€PE3 7-10 ner CBCTOAHOAbI 3aXBaTAT BCC OCHOBHBLIC ITO3MIIUMH HA PBIHKC

ceera [1].
Tabnuna 1
Buasl jJamn [3-5]
IIBeroBas Cpox Cseroo
Buas! namn Haznauenue, npumeneHue TeMmIepary | CIyxObl, TAaya,
pa, K YaChl am/Br
BakyymHeie, 1.[ly1s 00111€T0, MECTHOTO, JIEKOPATUBHOTO 2500-2700 | 1000-1200 | 7-20
l'a3ononnble | ocBewIeHUs. OpanxeBo-
2. TpaHcropTHBIE JaMITbl (aBTOMOOWIIBHBIE, KpacHas
JKEJIE3HOJOPOKHBIE, Cy/I0BBIE, CAMOJIETHBIE). 4acTh
3. 1711 curHAJIM3auy ¥ UHAWKALUH. CIeKTpa
4. JInsi ONTHYECKUX CUCTEM U IPpHUOOPOB
lanmorenHbie 1. 3ameHa J1aMIT HaKaJIMBaHUSI. Opamxkeso- | 2000-5000 | 22-26
(KI) 2. B aBTOMOOMITBHBIX (hapax. KénTas
3. B npoxekTopax, paMiax, a Takxe Jis 4acTh
ocBelIeHus npu (HoTo-, KHHO- U BUJCOCHEMKE, B CIeKTpa
KHUHOIIPOEKIIMOHHOM anmaparype.
4. B xauecTBe HarpeBaTelIbHBIX JIEMEHTOB, K
MpUMEDPY, B SJEKTPOIUIMTAX, MUKPOBOJIHOBBIX
nevax (rpuiis), masubHUKax (craika K-
M3IIYICHUEM TEPMOILIACTOB).
JIromunecuen | 1. B ocBemnennu o0MECTBEHHBIX 3MaHNUN: IIIKOJ, 2700 — 1000 85 —
THBIE 00J1bHMII, OQHUCOB U T. 1. 6500 Oenas 120
2. B ObITy. 4acTh
3. B cBeToBOI1 pekiiame, NoAcBeTKE (acamos. CIIEKTpa
JITBI] (c | 1. B mpogoBonbCTBEHHBIX Mara3uHax, Bricokas
VIIyYIIEHHOH | MPEIIpPUSTHAX OOIIECTBEHHOTO MUTAHUS. 2.
useronepenay | JKuible nomenieHus
eil)
JIb B nomemienusx, rae Hy)KeH ApKUil CBET U HE Benprii ¢ Bricoka
TpeOyeTcs BEToIepeiaya: POU3BOACTBEHHBIX U | JIMJIOBATHI s
M
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BeroBas Cpoxk Cset00
Buns! namn Ha3znauenue, npumeHeHue TeMmIepary | CIyxObl, Thaua,
pa, K Yachl am/Bt
aJIMUHUCTPATUBHBIX IOMEILICHHSX, B OTTEHKOM,
METPOINOJIUTEHE IJI0XO0M
LBETOIIEpPE
Jaden
JIEL] Jlyis My3eeB, BRICTaBOK, B (hoTorpaduu, B ConuevHo- OtHOCH
(ecTecTBEHHO | 00pa30OBATENBHBIX YUPEKICHUSIX, KIITBIX Oebrit TEIHHO
I'0 CBETA) MOMEIIEHUSIX HU3Kas
JIA B npon3BoACTBEHHBIX U aIMUHUCTPATUBHBIX Benprii ¢ Bricoka
MOMeIIeHUsIX 0e3 BRICOKMX TpeOOBaHUH K NETKUM o
[BETOTIepeavue romy0oBat
BIM
OTTEHKOM
uc
BBICOKOH
CBETOOT/AA
qyei
JIALT Jnst My3eeB, BBICTaBOK, B (poTorpaduu, B benerii ¢ OtHocuren
MPOM3BOJICTBEHHBIX U aJMUHUCTPATUBHBIX NETKUM BHO HH3Kas
MOMEIICHUSX C MOBHINICHHBIMU TPEOOBaHUSAMHU K | TomyOoBat
LBETOIEepeaade, 00pa30BaTENIbHBIX YUPEKIACHUSIX, | bIM
KHUJIBIX TOMEIIECHHUSIX OTTEHKOM
U C HU3KOU
CBETOOTAA
el
PJIB/] OcBeleHrEe OTKPBITBIX TEPPUTOPUH, Spxuit 6000- 45-60
MPOM3BOJICTBEHHBIX, CETTLCKOX03IHCTBEHHBIX U OenbIit 20000
CKJIa/ICKMX TIOMEIIECHUH. CBET
(comepxut
HEBUJIUMOE
Yo
U3JIy4eHHe,
OTCYTCTBY
10T
KpacHas 1
roiy6as
YacTH
CIIEKTpa)
HJIBI Jl1d ocBeleHus MapKoB, TOPTOBBIX IIEHTPOB, JKénrerii,
JI0pOT, a TaKXKe, B HEKOTOPBIX CIIydasix, AJIs OpaH>KEBBI
JIEKOPATUBHOI'0 APXUTEKTYPHOI'O OCBEIIECHUS il cBeT
MI'JI JlekopaTUBHOE M apXUTEKTYPHOE Hapy>KHOE 3000-6000 100-
OCBEIIEHUE, OCBETHTENbHBIE YCTaHOBKH (OY) Or 120
MPOMBIIIJIEHHBIX M OOIECTBEHHBIX 31aHHH, TEILIOro 10
CIIEHUYIECKOE U CTYyANIHOE ocBemienue, OY s XOJIOJTHOTO
OCBEIIEHUS OOJIBIIUX OTKPBITHIX IPOCTPAHCTB Oenoro
(>Kene3HOJOPO’KHBIE CTAHITHH, KapbEephl | T. 11.),
OCBEIIEHUE CHOPTUBHBIX 00BEKTOB U JIP.
Kcenonospie | Jlamna Halia MMUPOKOE NPUMEHEHHE B 6100-6300 60-65
KHHOIIPOEKTOPaxX U aBTOMOOMJIBHBIX (papax Spkuit
OenbIit
CBET
Ceeroauoansl | 1. B pa3inuyHbIX CBETUIIBHUKAX, IPOKEKTOPAX, 2700-7000 | 40000 -
e mammsbl (CZl) | cBETOAMOIHBIX JIEHTAX, JEKOPATUBHON Benprit 50000

CBCTOTCXHHKC (yJ'II/I'-IHHe Mpa3sgHUIHBIC
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BeroBas Cpoxk Cset00
Bujpst namn Haznauenwue, npumeHeHme TeMIepary | CIyxObl, Taava,
pa, K Yachl am/Bt
THPJISIH/IBI), B KOMIIAKTHBIX OCBETUTEIBHBIX
npudopax (hoHAPHUKN)
2. J11s MOICBETKY 3aHHA, aBTOMOOWIICH, yITUIl 1
PEKITaMHBIX KOHCTPYKIHHA, (OHTAHOB, TOHHEJCH U
MOCTOB.
3. s MOACBETKY MPOU3BOACTBEHHBIX M O(DHCHBIX
MOMEIICHUH, JIOMAITHET0 HHTephepa 1 MeOeIH.
CM (Genwie) | 1. Baytpennee ocBemienue JIA 2. Buemnee 75-1000
(JIH) CMK | cBerocurHaibHOE 000pyIOBaHHE
(kpacHbIE)
JITB (JUI) 1. OcBelieHre NTACCAKUPCKUX CAJIOHOB U 85-120
TEXHOJIOTHYECKUX OTCEKOB JIA
KI'CM (KI') Bremrnee cBeTocurHansHOE 000pyIOBaHHUE 150...500
NOK  (I'J]) | BremHee cBeTocUTHANBHOE 000PYAOBaHUE 5000 ... CeetoB
(xpacHble) (poGIIeCKOBBIE MAsIKH ) 100 000 ast
BCIIBIIICK SHEPru
s
BCIIBIIII
KW,
JIm/c 14
000...
80 000
Ceeronuonnsl | 1. OcBeleHue MaccaKupCeKkux casoHoB JIA (B 2700 —
€ JIaMITBI COBpPEMEHHBIX CaMONIETax, HAIIPHMeED, 7000
SukhoiSuperjet 100)

HecmoTpst Ha kaxylieecs B HacToslee BpeMs OOJIBIIOrO KOJMYECTBA Pa3HOOOPA3HBIX IO
Ka4yecTBY, IIeHe M NpUHIMIAM paOOThl HMCTOYHHUKOB OCBEIIEHHUS NPUHIUNHAIBHO HX THUIIOB
JIOCTaTOYHO HEMHOTO0. PaccMOTpHUM NpakTHUECKHE BO3MOKHOCTH UX UCIIOJIb30BAHUS C TOUKH 3PEHHUS
BIIMSIHUS Ha 3/10pPOBbE YEIIOBEKA, YIKOJOTHIO U SKOHOMHUYECKYIO L[EJIeCO00Pa3HOCTb.

B nepByto odepenp 3TO TpaJUIIMOHHO HauboJiee YacTO UCIOJIb3yEMbIE JIaMIIbl HaKaJIMBaHUs,
BKJIIOYAsl TaJIOTEHHBIE, BBICOKOTEMIIEpATypHBbIE M KBapLEBbIE rajoreHHsle jammbl. HecmMoTps Ha
MIOYETHOE BPEeMs UX HCII0JIb30BaHMs1, 00Jiee BEKa, MX HECOMHEHHBIMH IJTIOCAMU M B HACTOSIILIEE BPEMs
OCTalOTCS HU3Kas 1IeHa MpU HEOOJBIINX pa3Mepax, BHICOKUI MHJAEKC LIBETONEpenaul, OTCYTCTBHE
MeplaHus U ryfeHus. HermpepbIBHBINA CEKTP U3IYyYeHHsI U OTCYTCTBHE TOKCUYHBIX KOMIIOHEHTOB, a
TaKkXke BO3MOXKHOCTh palbOThl Ha JHOOOM pojJe TOKa JAeNaeT MX IOHSATHBIMU MOTPEOHTENI0 U
IIPUBBIYHBIMU B UCIOJIb30BaHUM ycTpolicTBaMu. Ho Ha 3TOM IUIFOCHI UX UCIOJIB30BaHUS B TEKYIIEE
BpeMsl MPAKTHYECKH HCUEPNBIBAIOTCS, a MHHYCHI pacTyT ceiiuac W OyayT IpoAODKaTh pacTH B
OyayuieM. MUHYCHl HCIIOJIb30BaHUS 3aJI0KEHBI B CaMOM MpUHIUIE pabOThl M, HECMOTpS Ha
IIPUBBIYHOCTB OHBIX UX JOCTaTOYHO MHOTO. B nepByro ouepeas ato Huszkoe KIIJI ot 5 no 35, a yame
Bcero 12-19 Jliomen/Bart, Manblif cpok ciykObl, XpYHKOCTb, UYBCTBHTEIBHOCTb K yIapy H
BuOpauuu. [IpuBbIuHbIE TOTPEOUTENSIM CBETHIIBHUKH, JIFOCTPBI U T.J. YACTUYHO HUBEIUPYIOT 3TH
MHUHYCBI, a TaKXe OMaCHOCTb, BOZHHUKAIOUIYI0 npu Harpeanuu jamn (100-290 °C), Ho oHu camu

CTAHOBATCA CACPKUBAIOIIUM q)aKTOI)OM Pa3sBUTHUA WHBIX UCTOYHUKOB OCBCHICHUA, T.K. IJIA1 HUX B

9TOM BHJC MPAKTHUYCCKU HC HYIKHBI.
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Cnenyrouii  MCTOYHHMK  OCBEILEHUS, C KOTOpPBIM MompoOyeM pa3o0paThbCsi, 3TO
JIOMUHECHEHTHbIE JlaMIlbl. C MIII0caMy y HUX BCE SICHO 3HAUUTENbHO OoJbias ceerootnaua u KI1J]
(45-100 JTromen/Batt), mpuOIMKEHHBIA K €CTECTBEHHOMY CBETY CIEKTP U Pa3HOOOpa3ne OTTEHKOB
CBeTa, IUTENbHBIN cpok cay)0bl 0T 2000 1o 20000 yacoB B otiauune ot 1000 y mamn HakaTuBaHUS.
O MuHYCcax 3TOro UCTOYHHKA OCBEUICHHS TOBOPAT 3HAYUTEIBHO MEHBIIIE, IIPH 3TOM UX JIOCTATOYHO
MHOro. B mepByio ouepenb ciieyeT BCIOMHUTh O XMMHUYECKOH OMAcHOCTH (coiepxaTr pTyTh B
koiuuectBe oT 10 Mr no 1 r), npu HapylmleHMM LIEJOCTHOCTH CYIIECTBYET peajibHas ONAacHOCTh
OTpaBleHHUsI U HeoOXxoauma 00paboTKa MOMENIeHUs (AeMEpPKypH3alus), YT0 TOMUMO PUCKOB JIJIst
3JI0pOBbS, HECET U PUCKU (PUHAHCOBBIX U BPEMEHHBIX MOTEPb. C TOUKH 3pEHHUSI 30POBbS MUHYCOM
OyIneT W MepIaHue JaMIlbl, KOTOpoe ycTpaHseTcs yctaHOoBKoW OMIIPA — snexTpomMarHUTHOTO
IIyCKOPETYIMPYIOIIEro anmnapara JOCTaTOUHOM EMKOCTH, HO OHO MOBBIIIAET CTOMMOCTD U3/EIHS, U
IIPOM3BOJUTENIM YAaCTO 3KOHOMST Ha 3TOM, CHM)Kas €MKOCTb KoHaeHcaTopa. C TOUYKM 3peHHUd
JOJITOBEYHOCTH ATH JIAMITbI IEUCTBUTEIBHO MOTYT paboTaTh JOCTATOYHO JIOJITO, HO TMPU YCIOBUU
o0ecrniedeHurs T0CTaTOYHOI0 Ka4eCcTBa JIEKTPONUTAHUs, OaiacTa U COOMIOIEHUSI OTPAaHUYCHUHN 110
YKCJly BKJIIOYEHUN U BBIKJIIOUYEHUH (II03TOMY UX HE PEKOMEHAYETCS] IPUMEHATh B MECTAaX OOIIEro
[I0JIb30BAHUSA C ABTOMAaTHYECKMMH BKJIIOYATEISIMH C JaTYUKaMu JABMKEHUs). Takum obOpazom
MOTIBITKA MCIOJIB30BAaHUSI UX TMOBCEMECTHO B JJOMOXO3SIMICTBaX B BHJIE YHEProcOEPEraroliux Jamil,
CKopee Bcero He OyleT HMeTb CMbICIa B JIOJITOCPOYHOM TMEPCIEeKTHBE, a TMPUBEIET K
HEO0OOCHOBAHHBIM (PHHAHCOBBIM MOTEPSIM MTOTPEOUTENEH TP BBICOKOM KaueCTBE, TIOMUHECIIEHTHBIX
JIaMI1, JTUOO TOTEePSIM JIJIsl 3I0POBbsI TIPU HU3KOM [6].

Crnenyroniasi rpyImmna UICTOYHUKOB OCBELIEHUS — 3TO JYTOBBIE JIAMIIBI, K KOTOPBIM OTHOCSITCS
KCEHOHOBBIE Ta30pa3psiiHbIE M PTYTHBIE METAJUIOTaJOreHHbIE JIaMIbl. VX 10l Ha pBIHKE U
pacnpocTpaHeHHe Cpeau MoTpeduTeseld JoCTaTOYHO HeBeIUKO. C COBPEMEHHON TOUYKU 3pEHUs UX
XapaKTEPUCTUKUA HE BIEYATIIAIOT, JydlIue oOpasibl natT cBerootaady 50-55 Jlromen/Bart, mpu
TOM, YTO JJii paboThl UM HEOOXOJUMa MOHHU3AIMS IMOJ BO3JEHCTBHEM BBICOKOM TeMIepaTyphbl U
AJIEKTPUUECKOTO MOJIs (TeMieparypa Konosl — 10 500 rpasycoB), 4TO YCIOXKHST, @ COOTBETCTBEHHO
U YIOpOXKaeT KOHCTPYKIMIO, TpeOyeT Halu4yus MMIIYJIbCHOTO 3a)KUTalolero YCTPOMCTBA.
[lepciekTriBa WX IIMPOKOTO UCIHOJIb30BAaHUS HE TMPOCMATPUBAIOTCA M CKOpEe BCEro s
noTpeduTeneil OHU MaJIOMHTEPECHHI [6].

['pynmoi HCTOUHNMKOB OCBEUIEHMS C JyYIlIed Ha CETOAHSIIHUN J€Hb CBETOOTAAUEH OCTArOTCS
razopaspsiHble JJaMIbl B MEPBYIO OYepe/lb HATPUEBBIE JIAMIIBI BBICOKOTO M HHU3KOTO IaBJICHUS,
pabortaromue B mapax HaTpusi U UMerT 3ddexkruBHocTh 150 mM/BT. K coxanenuto, BMecTe ¢
JUTUTENIHBIM CPOKOM CIIYXObI 3TO, MOXalyi, MX €IMHCTBEHHbIM mmoc. K MuHycam naHHOTO
MCTOYHHMKA OCBELICHMS OTHOCHTCS; BBICOKAsh CTOMMOCTb, OOJbIIME pa3Mepbl, HEOOXOIUMOCTh
MyCKOPETYIHUPYIOIIeH anmaparypbl, JOJITHM BBIXOJ Ha pabouuii pekuM, a HaJu4ue MEpLaHus U
T'yJeHUs IpH paboTe Ha IEPEMEHHOM TOKE, TPEPHIBUCTHIN HETIPUBBIUHBIN B OBITY CLIEKTpP U3Ty4EHUS
JIENIaeT UX HCIOJb30BaHUE HENPUEMIIEMBIM B YAaCTHBIX JOMOXO3sicTBax. Mcnonb3oBaHue uX s

HApy’KHOI'0O OCBCHICHUA 3KOHOMUYCCKH, C TOUYKHU 3PCHHUA CBCTOOTAAYH BIIOJIHC OIPABAAHHO, HO

pa3BUTHE JIPYTUX HCTOYHHKOB OCBEIICHHUs (CBETOAMOJbBI) B JaHHBIA MOMEHT JENaeT UX
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HCIOJIb30BaHNE MAaJIONPUBIIEKATEIbHBIM B MEPCHEKTHUBE, YTO BAXKHO IS BHOBb CTPOSLIUXCA U
MOJICPHU3UPYEMBIX O0BEKTOB [2].

Camoii OBICTpOpa3BHBAIOIICHCS TPYMIIOH HCTOYHUKOB OCBEIICHHS B HACTOSIIEE BPEMs
SIBIITFOTCSL CBETOJIMOMBI M TOMY €CTh Macca 00bscHeHWH. K HECOMHEHHBIM ILTIOCaM B IEPBYIO
ouepeslb MOXKHO OTHECTH BBICOKYIO CBETOBYIO OTnady (B mpakTthueckux uznenusx no 100-110
Jlromen Ha BatT), 4T0 BMecTe ¢ Majoi HHEPIUOHHOCTHIO M HE3aBUCUMOCTBIO OT KOJIMYECTBA IIUKJIOB
BKJIFOUCHUSI-BBIKITFOUCHHUS (B OTJIMYHE OT TPATUIIMOHHBIX UCTOYHUKOB CBETA — JIAMIT HaKaTMBaHMUS,
ra3opaspsAaHbIX JIaMI) JAeNaeT WX PEATbHBIMH KOHKYPEHTaMU CYIIECTBYIOIIUX HCTOYHUKOB
HapYKHOT'O OCBEUICHHS. DKOJOTHYHOCTh, O€30MaCHOCTh U BO3MOXKHOCTh 1MOAOOpa CIeKTpa — OT
TErioro 0enoro 0 XOJOJHOTO Oeloro JAenaeT CBETOAUOAbl BeChbMa IEPCHEKTUBHBIMU IPU
WHTEPHEPHOM OCBEIICHUH, M HAKOHETI JUTUTENIbHBIN CpoK ciry:k06l — 0T 30000 10 100000 "acos (mipu
pabore 8 wacoB B JAcHb — 34 roma) BMECTE C BBICOKOW MEXaHHYECKOH TPOYHOCTHIO,
BUOPOCTOMKOCTBIO TO3BOJISIET pa3pabaTbiBaTh W MPOU3BOAUTH MJIA IMOTPEOUTENs YHHKAIbHbBIE
CBETOBBIE MPUOOPHI aHAJIOTOB, KOTOPBHIX HE Obu10. COMHUTEIbHBIE CBOMCTBA CBETOAMOIOB, KaK TO
yrout u3irydenuss — oT 15 1o 180 rpamycoB, HETYBCTBUTEIHHOCTh K HU3KUM U OBICTpast JeTpaaaius
P BBICOKUX TEMIIEpaTypax OCTAOTCS CKOpee TUTFOCaMK, YeM MUHYCaMH, TaK KaK MPOCTO TPEOYIOT
(dbopMUpOBaHUS MHOTO B3TJIsAa Y MOTpeOUTeNneil He COBpeMEHHbIe CBETUIIbHUKH, (HOHApH, AU3aitH
CBETOBBIX MTPUOOPOB. V13 MHUHYCOB Yaliie BCEro roBOpsAT O BHICOKOH 1IeHEe Ha CBETOANOIHbIC U3/,
YTO ceiiyac yxxe Henb3sa ckazaTh Ha 100%. [leno B ToM, 4TO cpaBHEHHE CBETOAMOJIOB I10 1IeHaM (3a
JIOMEH) JeNlaeT WX YK€ ceiddac KOHKYPEHTOCIIOCOOHBIM C KOMIIAKTHBIMH JIFOMHHECIICHTHBIMU
namnamu, a (GakTop IKOJOTHUU U Oe30MacHOCTU J00aBiIsgeT UM MpeuMmymiecTB. HeoOxoauMocTh
npailiBepa MUTaHUS M paaAMaToOpa OTBOJA Tera (IJi1 MOIIHBIX CBETOJUOJOB) HE MPEACTABISACTCS
MPOOJIEMHBIM (DaKTOPOM, TaK Kak TEPBONPHYUHA Yallle BCETO TOIBITKA «BOTKHYTH)» COBEPIICHHO

MHOM NpuOOop B MPEKHUN AU3aiiH, chOPMHUPOBAHHBIN AJI1 COBCEM APYIHX Lenei [6].

Tabnuma 2
CpaBHUTe/IbHASI XapaKTEPUCTHKA HCTOYHNUKOB CBETA

Ceemosas Cpeonuii  cpox
Tun namnoi

omoaya, im/Bm CyoHcobl, Y
JlamIIBl HaKaJIMBaHUA OOIIEro Ha3HAYECHUS 18-22 1000
JluneiiHple MOMUHECTIEHTHBIC JiamItsl (...18,36,58...BT) 60-80 10000-15000
KomnakTHbie IOMUHECTIEHTHBIE namisbl (...5,7,9,11,15,20,23...BT) 50-60 8000-15000
PryTHBIC JaMIIBI BBICOKOIO JaBJIEHUS C JIIOMUHO(GOpPOM (THIa i )
JPJT) (50,80,125,250,400,700...BT) 45-55 12000-15000
Metaimoranorenssle Jiammsl (35,70,150,250,400...BT) 70-100 5000-12000
Hatpueskie JIAMIIBI BBICOKOT'O JIaBJICHHS ) )
(70,100,150,250,400...BT) 90-130 10000-20000
CBeTOIMOIHEIE JIAMIIBI 100-110 30000-100000

Takum o0pa3oM, 0e3yCIOBHBIM (PAaBOPUTOM COBPEMEHHBIX HMCTOYHHUKOB OCBEIIEHUS CTajl
CBETOMO/IbI, HO KK/IbIM MOTPeOUTENIb OyIeT pemarh ajs ce0sl cam, Iellb aHaliu3a JIMIIb TOMOYb

eMy B 3ToM pazoopatscs [7-10].

JIuteparypa
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OMCKUI HHCTUTYT BOJHOTO TPAHCIIOPTA
. Omck, Poccus

IMPOBJIEMbBI KOHAYKTHUBHBIX HU3KOYACTOTHbBIX JIEKTPOMAT'HUTHDBIX
INOMEX IO CYMMAPHOMY KO®POPUIMUEHTY T'APMOHNYECKHUX
COCTABJAIOIIAX HAIPSIKEHUS U KOO®PUIUEHTY N-I KOO®OPUIIUEHTOB
TAPMOHHUYECKUX COCTABJIAIOIIUX HAITPAKEHU A
B QJIEKTPUYECKHUX CETAX OBLIEI'O HAITPSKEHU S

B mHacrosmmii MOMEHT OCTpO YCyryOmiack mpoOiieMa KadecTBO OJICKTPOIHEPTUU U
AJIEKTPOMAarHUTHOM COBMECTUMOCTHU 3JIEKTPOIHEPreTUUECKUX cUCTeM. Diekrpuueckue cetu 10-0,4
kB xapakrepusyrorcs BbICOKOH aBapuiHOCThIO. KOJIMYEeCTBO TEXHOJIOTMYECKUX HAapyIIeHUH B
OTEUECTBEHHBIX CETAX B OTIMYHUE OT APYIMX MPOMBIIUICHHO PAa3BUTHIX CTpaHax B 2-7 pa3 Ooiblie.
HanHast cutTyauusi OOBSCHSETCS HE TOJBKO TSDKEIBIM IO CBOMM IIOCIEACTBUSIM IOTOJIHO-
KJIMMaTUYECKUM BO3JEHCTBUEM Ha 3JeKTpodHepreruueckue cucrembl (09C), HO U CIOXKHOU
ANeKTpoMarHuTHON o0ctaHoBkol (OMO), oOycinoeneHHol HapymeHueM TpedoBanuii [OCT 32144-
2013 k xagectBy 2nekTposnepruu (K9) [1].

[ToBpIlIeHHOE BHUMaHHE K IpoOieMe KadecTBa AIIEKTPOIHEPTUU MOXKHO OOBSCHHUTH JBYMS
IIPUYMHAMU: CHUKEHMSI ypOBHS HanpsbkeHus B ceTsax 0,4-10 kB, B To Bpems Kak OCHOBHOE BHUMaHHE
HHEProCHAOKAIOLIMX OpraHU3alMii HalpaBIEHO Ha BBICOKOBOJBTHBIE ceTH (0T 35 kB); mpoGiiema He
TOJILKO B YaCTH AJIEKTPOMAarHUTHOW COBMECTUMOCTH, HO U € dHeprocOepekeHuem [2; 3].

DJEeKTPOIHEPTHUS UCTIONIb3YETCSI BO BCeX cepax >KU3HENEATEIbHOCTH YeI0BEKa, yUYacTBYET B
CO3/laHUU JPYTruX BUIOB TPOAYKIMM M HEMOCPEACTBEHHO BIMSET Ha HX KadecTBo. Kaxmoe
ANIEKTPUYECKOe O0OpY/IOBaHME MpeJHAa3HAYeHO A paboThl MpH CTaHAapTHHIX, cortacHo ['OCT
32144-2013, napaMeTpax 3JIEKTPUYECKON SHEPIrUU: HOMUHAJIBHBIX YacTOTE, HANPSHKEHUH U T. IL.,
CJIEZIOBATENIbHO, JUIsl HOpPMajJbHOW €ro paboThl JAODKHO OBITH 0OecredeHo TpedyemMoe KauecTBO
aNeKTpudecKoi sHeprun. Takum 00pa3om, KauecTBO IEKTPOIHEPTUHU ONPEAEIAETCS COBOKYITHOCThIO
XapaKTePUCTUK, MPH KOTOPHIX OO0OPYAOBaHHE MPOMBILIUIEHHBIX MPEANPHUATHNH MOTYT HOPMAJIbHO
paloTaTh U BBINOJIHATH 3aJI0KEHHBIE B HUX (QYHKIUH.

3HaYMMOCTh MpPOOJIEMbl MOBBIIIEHUS KauyecTBa BO3pacTaja COBMECTHO C pa3BUTHEM U
BHE/IPEHHEM Ha MPEINPUATHSIX PA3IUYHBIX BBICOKOA(P(EKTUBHBIX TEXHOIOTUYECKHX YCTAHOBOK
(yroBble CTasleIUIaBUJIbHBIE T1€4M, CBAPOYHBIE YCTAHOBKM M T.JI.) M HOTpeOUTENeH, KOTOpbIe
paboTaloT 4Yepe3 BTOPUYHBIE MCTOYHMKM THMTAaHUS M TEM CaMbIM YXYIMIAIOT KayecTBO
ANIEKTPOIHEPTUU B AJIEKTPOIHEPIeTUUECKOM cucTeMe. YiepOd, KOTOpbId HEeCyT MOTpeOUTenu u
SHEprocucTeMa JIeIsATCs Ha ANEKTPOMAarHUTHBIA U TEXHOJIOTHYECKUH [4].

I'OCT 32144-2013 «Onekrpuyeckass 3Heprusa. COBMECTUMOCTb TEXHMYECKHX CPEICTB
sNeKTpoMarHuTHas. HopMbl KauecTBa 3JEKTPUYECKOW SHEPrMHM B CHUCTEMax 3IIEKTPOCHAOXKeHUs
o011ero Ha3HaYeHMs» yCTaHABIMBAET MOKa3aTeIn U HOPMbI KauecTBa anekTpudeckoi sHeprun (KJ)
B TOYKax INepefayd >JIEKTPUUECKON HHEpPruM IOJIb30BATENSIM DJIEKTPUUECKUX CEeTeld HHU3KOro,

CpCAHCTO U BBICOKOI'O HAIPSIP)KCHUSA CUCTEM 3HCKTp0CH36)KeHI/I$[ OGH.ICFO HAa3HA4YCHUA NICPEMCHHOI'O

TOoKa yactotou 50 I
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Hacrosmuii crangapt npeaHasHayeH JUisl IPUMEHEHUsI IPH YCTAaHOBJICHUH U HOPMUPOBAaHUU
MoKa3aTesiedl  KadecTBa JJIGKTPOOHEPIHH, CBSI3aHHBIX C XapaKTEepPUCTUKAMU  HAIpsKEHUS
ANEKTPONHUTAHUS, OTHOCALIMMHUCSA K YacTOTe, 3HAYCHMSAM U (opMe HampspKeHHs, a Takke K
CUMMETpPHHU HaNpsHKEHUH B Tpex(a3HbIX cHCTeMax 3JIeKTPOCHAOKEHHS.

JlaHHbBIE XapaKTePUCTUKHU HAIIPSHKEHUS MOABEPKEHBI U3MEHEHUSIM U3-3a U3MEHEHU I Harpy3KH,
BJIMSHUSL KOHJYKTHBHBIX JJIGKTPOMAarHUTHBIX TIOMEX, CO3/1aBa€MbIX OTAEIbHBIMU BHJIaMU
000pyI0BaHUs, ¥ BOSHUKHOBCHHS HEHCIPABHOCTEH, BBI3BIBAEMBIX, IIABHBIM 00pa3oM, BHEIIHUMHU
coOBITHSIMA. B pe3ynbrare BO3HHKAIOT CIIydailHble M3MEHEHHUS XapaKTEPUCTHK HAMPSDKEHHUS BO
BpeMEHHU B JI0OOOH OTACIBHOW TOYKE TIEpelavyd dJICKTPHUYECKOW HSHEPrUHU  I0JIH30BATEIIO
AIIEKTPUYECKON CEeTH, a TaKke ClIydailHble OTKIIOHEHHS XapaKTePUCTUK HAIPSKEHUS B Pa3IHMYHBIX
TOYKaX Mepeadn NEKTPUUECKON SJHEPTUU B KOHKPETHBIM MOMEHT BpeMeHH [5].

CoBpeMEHHOE pa3BUTHE JJIEKTPOIHEPIETUKH XapaKTepU3yeTCs IIMPOKUM BHEAPEHUEM
HHEPrOEMKHX HETPATUIIMOHHBIX MOTPEOUTENCH AMEKTPOIHEPTHH, OTIIMYAIONINXCS HEJIMHEHHBIMU U
no¢a3Ho pa3IMYHBIMU MapaMeTpaMu, a TaKKe BBICOKOM CKOPOCTHhIO U3MEHEHHUS MX BO BPEMEHU [6;
7]. YBenu4eHue 10U HEIWHEHHBIX Harpy30K, pOCT HECHMMETPUHU B CHCTEMax SJIEKTPOCHAOKECHUS
no 1kB (mo mpoektam 3akinansiBaetcsi 10%) CyliecTBEHHO CKa3bIBA€TCS HAa SKOHOMHYECKUX
MOKa3aTeNsaX U HaJAEKHOCTH PadOThI JIEKTPUUECKUX CETEH U AIEKTPOYCTaHOBOK IMPOMBIIUICHHBIX
NPEANPUATHIM.

[Ipobnema HamMuusi BBICIIMX TapMOHHMK B JJIGKTPHUECKUX CETSAX CTAHOBHTCS Bce Oolee
aKTyaJIbHOM B CBSI3U C YBEJIMYEHHEM JOJM HEJIIMHEHWHBIX HArpy30K B 3JIEKTPUUYECKHX CETSX, Kak
IPOMBIIIICHHBIX MPEANPUATHHA, TAK U B YaCTHOM CeKTope. B HacTosmuii MOMEHT Ha TeppUTOpUU
Poccuiickoit ®enepanun aeiicteyer ['OCT 32144-2013 [8], HopMupyrOLIIMi MTOKAa3aTENN KayecTBa
ANEKTPOIHEPIHH, OTHOCSIINECS K TapMOHMYECKHM COCTaBIAIOMIMM HampspkeHus. CormacHo [8]
HOPMUPYIOTCS CIIEIYIOIINE TOKA3aTEeNH:

Kuq) — k03¢ (uimenTsl rapMOHUYECKUX COCTaBIAIONMX HanpskeHus (10 40-ro mopsijaka),
omnpenensieMoro 1o Beipaxkenuto (1); Ky — 3HaueHne cymMmmapHOro ko3(hGHineHTa rapMOHUYECKUX
COCTABJISIIOUINX HAmNpsHKeHUs (OTHOLIEHUSI CpPEIHEKBAIPATUYECKOTO 3HAUYEHUs CYMMBI BCEX
FapMOHMYECKUX cocTaBistommx A0 40-To mopsiika MO OTHOILEHUIO K CpeIHEKBaJIpaTHUYHOMY

3HAYEHUIO OCHOBHOM TrapMOHUKHN HaHpH)KeHI/IH), OIpeaACIIICMOro IO BbIPAKCHUIO (2)

Kum = , (1)

rac U(n) — AMIIIUTYJHOC 3HAUCHUC TapMOHUKHN HAIIPSKCHUA TOPAAKA 7, U — AMIIIMTYOIHOC

3HaUY€HHE OCHOBHOM TapMOHHKH HAIIPSAKCHUS.

.
ZZU(n)
K, =21"<___
u U, )
3HayeHMs] yKa3aHHBIX MOKa3arenei He JNOJKHBI MpeBblmarh yctaHoBleHHbIX ['OCT 32144-

2013 3na4yeHuit B TeueHne 95% BpeMeHU U He IOJDKHBI ITPEBHIIIATh YCTAaHOBJICHHbIE 3HaUeHUs Oosee

4yeM B 1,5 pa3a B TeueHME BCero nepuoja BpeMeHU U3MepeHuil. /laHHble 3HaUeHUs! BapbUPYIOTCS B

3aBUCUMOCTH OT KJIaCCa HAIIPSAKCHUA. CrouT TaKxke OTMECTUTD, YTO I[&HHI)Iﬁ CTaHOapT ,Z[GflCTByGT B
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TOYKaxX MepeAavyu 3JIeKTPUYECKOW SHEPruu U HE PacHpoCTpaHseTcs Ha KOHKPETHbIE Harpy3Kud U
noTpebisieMble UMU TOKH.

VlcTOYHUMKOM UCKaXEHUs, KaK IIpaBWIO, SIBISIFOTCS HEJIMHEHHBbIE HArpy3kd OTAEIbHBIX
notpebuTeneil. [lokazarenn kauyecTBa 3JIEKTPOIHEPTHH MOT'YT 3aBHCETh OT MapaMeTPOB MUTAIOIICH
CEeTH, a TaK)Ke HAJIMYMSI U JI0JIU B 00IIeM MOTpeOIeHUH AJIEKTPOIHEPTUU JIMHEHHBIMU Harpy3KaMu.
Hanuuue BhICIINX rapMOHUK BBI3BIBAET COKPAIICHHUE CPOKA CIY>KOBI AJIIEKTPOOOOPYI0BaHUS, BBIXOT
U3 CTPOsl YCTPOKMCTB KOMIIGHCAIMU peakTuBHOW MomrHocTH [9; 10], nmoxHBIe CcpabaThIBaHUs
YCTPOMCTB 3alIUThl U aBTOMATHUKH, BBI3BIBACT MPOOJIEMBI ITPU YU€Te peakTuBHOM MomHocTH [11; 12],
Koje0aHusT MarHUTHOTO TOTOKAa JBUTaTelied, JOMOJHUTEIbHBIE MOTEpU B Ipoliecce Mepenayu
anekTposnepruu [13-19] u ap. D10, B CBOIO OYepe/b, MPUBOJAUT K YMEHBIICHUIO 3(PPEKTUBHOCTH
IIPOM3BOJICTBA, YBEJIUYECHUIO 3aTPAaT Ha MPOU3BOJCTBO, CHUKEHUIO KauecTBAa KOHEYHOI'O TOBapa.
[Tpobnema KOMIIEHCAMM BBHICHIMX TapMOHUK SBISIETCS aKTyaJbHOW U Pa3IMYHBIX OTpaciieit
HAapOJHOTO  XO35iCTBa, B  YacTHOCTH  HedTenepepabaThIBarONIe, TOpPHOI0OBIBAIOIIECH,
METaJTyprHuecKOi, TPAaHCIIOPTHOM MPOMBIIIUICHHOCTH | ApYyrux [20-24].

B HedrenepepabaTriBaromield MPOMBIIUICHHOCTH JaHHAas MpoOJieMa BBI3BaHA OOJIBITUM
KOJIMYECTBOM 4YaCTOTHO-YINPABJISEMBIX IPUBOJOB, YYaCTBYIOUIUX B MPOIECCAX MMEPEKAYKU ChIPbs U
MIPOJYKTOB IPOU3BOJICTBA, MOATOTOBKH CBHIPBS, OXJIAXJACHUN MPOAYKTOB PEKTU(UKAINH, JOCTABKU
MIPOJYKTOB JI0 MECT XpaHEHUS U KOHEUHBIX OTpeduTeneii. B ropHo100bIBatoIei IpOMBIIIEHHOCTH
K HEJIUHEHHBIM Harpy3kam MO>KHO OTHECTU JJIEKTPONPUBOJbl KOHBEHEPOB, BEHTUIISILIMOHHBIX
YCTaHOBOK, pPa3JIMYHbIE IBUTATENIN, BXOIALINE B COCTAaB MEXaHMUYECKUX KOMILIEKCOB U MUTAIOLIUXCSI
OoT nmpeoOpa3zoBaTenel dYacToTel. B MeTamayprudeckoil MpOMBIIUIEHHOCTH HCTOYHUKAMHU
HEJTMHEWHBIX MCKAKEHUS SIBISIFOTCS DIIEKTPOIU3EPhl, MPUBOABI IPOKATHRIX CTAHOB, 000pyIOBaHUE
10 CBapKe U pe3ke MeTajuia. B TpancnopTHON cdepe OCHOBHBIMH HCTOYHUKAMH BBICHINX TaPMOHUK
SIBJISIFOTCSL BBITIPSIMUTEINIbHBIE YCTAHOBKU TATOBBIX MOJCTAHIIMN, BBHITPSMIISIONINE HAMIPSIKEHUS IS
MUTaHUS KOHTAKTHBIX JUHUHA. [IpoOnemaM, CBS3aHHBIM ¢ KOMIIEHCAIMEH BBICIINX TapMOHUYECKUX
MCKa)XEHUH MOCBSIIEH psfl paboT [25-28], cormacHo KOTOPBIM, OCHOBHBIMM CIIOCOOAMH YCTpaHEHUs
BJIUSIHUS BBICIIMX TAPMOHUK SIBJISIIOTCA: BBIOOP NMPABUIIBHOTO MOJAX0Aa K TOMOJIOIMH JIEKTPUIECKUX
ceTeil ¢ y4yeToM pa3MEIIeHUs HEIMHEMHBIX Harpy30K Ha J3Tale MPOEKTHUPOBAHUS; MPUMEHEHUE
(GUIBTPOKOMIICHCUPYIOIIUX ~ YCTPOMCTB; TMPUMEHEHHE AaKTUBHBIX  (DUIBTPOB;  YCTAaHOBKA
JIOTIOJIHUTENBHBIX PEAKTOPOB B AJEKTpUUECKOM ceTh. OIHAKO, 110 CEH JAEHb aKTyallbHbIM SBIISETCS
BOIIPOC OTpeeNIEHUs JOJIEBOro BKJaa MOTPEeOUTENs U MUTAIOLIEH CETU B HEJIMHEHHBIE NCKAKEHUS
nuTarouieil ceru. PemieHne AaHHOrO BOMNpOca IO3BOJUT, MOMHMO ONpPENEICHHUS BHHOBHHUKA
WCKXEHUH, Tak’Ke MPUMEHUTh TPAMOTHBIN MOAXO0/A K BBIOOPY CPEICTB U MapaMEeTPOB yCTPOHCTBA
KOMIIEHCAIIMH BBICIINX TAPMOHUK [26].

B cersax coBpemennbix COC cioxuiaach HEMpOCTas MEKTpoOMarHuTHas ooctaHoBka [29]. B
CBSI3M C OTCYTCTBHEM JIOCTOBEpHOW HHGOpMAIMM O KayecTBE OJJIEKTPUYECKOW OSHEpPruum Ha
CETOAHSAIIHUMA JeHb MOTPEOUTENISIM Tpe/IaraeTcs 3JIeKTpUYecKass SHEPrUsi ¢ COOTBETCTBYIOIIUM
KaueCTBOM — C MCKaXEHMAMU (GOpPM CHHYCOMJIAJIbHBIX KPHUBBIX TOKa M HampsbkeHus [30-32].

HecunyconaanbHOCTh HaNpsHKEHUS SBISIETCS] OHUM U3 Hauboliee pacrpoCTPaHEHHBIX OTKJIOHEHHH

ot TpeboBanmii ['OCT 32144-2013, npeabsBiaseMbIX K KadeCTBY AJIEKTpHUecKod sHepruu [33].
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[ToTpebnenue MEeKTPUIECKON SHEPTUN C TAKUMU MCKKEHUSMU TPUBOJUT K €€ JOMOTHUTEIILHOMY
pacxomy, IpexAeBpeMEHHOMY BBIXOTY U3 CTPOS AJIEKTPOOOOPYI0BaHUS, BOSHUKHOBEHHUIO aBAPHITHBIX
PEKUMOB, CHIDKEHUIO 3(P(QEKTHBHOCTH HCHOJIB30BAHUS DICKTPUUYECKOM OSHEPrHH, MOTEpU
ycToiunMBOCTH y370B Harpy3ok COC [34; 35].

Bnusinue Beicmmx rapmonuk (BI) Ha HampshkeHHe 3aBUCHUT OT HOMEpa W aMIUIMTY/bI
rapMmoHuku [36]. Jlns moTpeOuteneld Hambosiee oOmMacHbI TAPMOHHMKHM C HHU3KOH 4YacTOTOM.
Jlomyctumble 3HaYeHUs KO3()QUIIMEHTOB HECUHYCOMTAIILHOCTH HAINPSDKSHUS TIPUBEICHBI B [§].

OT BeIMUYMHBI HECUHYCOMIATBHOCTH HANPSDKEHUS, XapakTepusyromeics ko3humuenTom n-
O  TrapMOHHMYECKOW  cocTaBistomerd [8], 3aBuUCAT  mapamMeTpbl  PEXKUMOB  PaOOTHI
anekTpoodopynoBanus. OJHAKO BCIEACTBHE HEBO3MOXXHOCTH PErHCTPAllMM HECHHYCOUJATbHOCTU
HanpspKeHUs: OOBIYHBIMU TPUOOpPAMHU y4eTa Ha 3HAUUTEIbHOU IO MPOMBIIUICHHBIX MPEAPHITHR
OTCYTCTBYET KOHTPOJIb 3TOT'0 IOKa3aTesl KauyecTBa 3JEKTPUUECKON SHEPTUH.

Pacuets nokazanu [37], 4To HECUHYCOMIATBLHOCTh OKa3bIBaeT HaubomblIe BiusHue Ha AJl u
TpaHchopMaTopbl; B MEHbBIIEH CTENEHU STO BIUSHUE ONIYIIAeTCS HAa CHHXPOHHBIX JIBUTaTemsiX.
OcHoBHyI0 9acTh Harpy3ku COC Ha COBPEMEHHBIX O0BEKTAX MPOMBIIUICHHOCTH COCTABISIOT A/l,
KOTOPBIE OKa3bIBAIOT HEMOCPEICTBEHHOE BIIMSIHUE HAa YCTOMYMBYIO paboTy Bcel cuctemsl [38]. B
MOCJIEHUE TObI 3HAYUTEILHO YBETUYUIOCH KOJTMYECTBO HAYYHBIX padoT, MOCBSIICHHBIX yueTy BI'
npu skcrutyarauu AJl [39]. Uutepec x npobneme BnusHus BIT u monydeHHble pe3ylbTaThl
VKa3bIBaIOT Ha HeraruBHOe Bo3zzaeciictBue Bl Ha pabory AJl [38-40]. ComracHo mpoBeneHHBIM
uccnenoBanusM  [41], Kaxabli rox Ha JI0JIO DJIEKTPUUECKUX JBUTAareiaed MPUXOAUTCS
OPUEHTUPOBOYHO /10 35% OT 00IIero KoJIMyecTBa MOBPEXICHHUH AnekTpoodopynoBanus. [Toatomy
pabota AJ] mpu HECHMHYCOMIATbHOM HAIPSDKEHUM JIOJKHA OBITh MCCIIeI0BaHA OYEHb TIIATEIHHO
[42].

B xone skcmiyaranumun AJl mpu HalIMYUMM HECHHYCOUAAIBHOTO HAINPSHKEHUS BO3HUKAIOT
JONOJTHUTENbHBIE (J00aBOYHBIE) TOTEPH MOLIHOCTH, 00ycIoBIeHHbIE pucyTcTBUeM BI', u motepu
B CTaJIM cTaTopa M portopa. JlomosHWUTENbHbIE NOTEpH, BbI3bIBacMble BI' B AJl, Moryr mmers
Cepbe3HbIE TOCJEICTBUS B CBA3M C IOBBIIIEHUWEM Kak OOUIe TeMieparypbl IBHUraTelns, Tak U
OTJENbHBIX COCTABHBIX AJIEMEHTOB, OCOOEHHO poTopa. Tak)e Ha MOBBIIIEHHBIX YacToTax (Mpu
Hanmuuu BI') B oOMOTKax cTaropa u poTopa MposiBIIsieTCsl MOBEPXHOCTHBIN 3¢ ¢ekT. Benencraue
3TOTO MOTEPHU B CTATOPE U POTOPE BBILIE, YEM HA MIPOMBIIIIEHHON yacToTe [43].

Taxxe BemyTcsi paboThl IO ONPENEIECHUIO MOTPENIHOCTEH OLEHKH J100aBOYHBIX MmoTepb. C
HCIIOJIb30BAHUEM H3BECTHBIX METOAMK OBLIM BBIMOJIHEHBI pacueThl [44], pe3yiabTaThl KOTOPBIX
IoKazanu, uto npu ydere BI' no 13-ii BKIIIOUNTENBHO BO3HUKAIOIINE MTOTPEMIHOCTH HE NMPEBBIILIAIOT
7%. Kpome toro, BI' mpuBoasT k 3HauMTENbHOM BUOpauu Bana [43].

HecunyconmanbHOCTh HAmpsDKEHUST TMPUBOAMT K YBEJIMYEHHMIO BpPEMEHM pasroHa U
MOBBIIICHHOMY HarpeBy ooOMoTok [41].

HeratuBHoe BiMsSHME HECHMHYCOMJAIBHOCTH KPHMBBIX TOKAa M HaIPsDKEHUs OTpa)kaeTcs Ha

paboTe He TONBKO JIBUTATENEH, HO U APYroro AekTpoodopynoBanus [45]. [Ipobrema HeraTuBHOTO

Bimsiausg BIT Ha kaGenu cranma m3pectHa Oonee 60 et Hazaxa [46]: BcieacTBue 601ee HHTCHCUBHOTO
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HarpeBa COKpaIlaeTcsi CpOK CITYKObI KaOeIbHBIX JIMHUHA. Pa3IuuHbIM MTOCIeCTBUAM OT AercTBus BIT
B ceTsx 0,4 kB yneneHo BHUMaHWE B Pa3IMYHBIX HAYYHBIX ITYOJIMKAIUAX, HAapUMep B [47]:

1. BcnenctBue meperpy3kd TOKaMH TPETbed TapMOHUKH HYJEBBIX PabOUYMX MPOBOJHUKOB
Ka0eIbHOW JIMHUY BO3MOXKEH MX TEPErpeB U pa3pylieHrne. ITO MPOUCXONT B CIIydasiX, €CIIU TOKU B
HYJIEBbIX pabOUYuX MPOBOAHHKAX 3HAYUTENLHO MPEBBIIIAIOT TOKU (ha3HBIX IPOBOJHUKOB (B cly4yae
HEJIMHEWHBIX MOTpeOUTeNel 3JIEKTPOIHEPTUH), MPH 3TOM OTCYTCTBYET 3allluTa OT TOKOBBIX
[IEPETPY30K B LIEMSAX HYJIEBBIX IPOBOIHUKOB.

2. BO3HUKHOBEHHE IOMOJHUTEIBHBIX MOTEPh B TpaHChopMaropax (BILIOTH J0 BBIXOJA U3
ctposi). Hammume B oOMoOTkax TpaHchopmaTopa HECHHYCOMIAIBHBIX TOKOB H3-3a MPUCYTCTBUS
nmoBepxHocTHOTO dpdexra u 3ddekra OMM30CTH CMOCOOCTBYET YBEIUYCHHIO aAKTHBHOTO
COIIPOTHBIIEHUSI 0OMOTOK TpaHc(hOpMaTOpa U €ro JOMOJHUTEILHOMY HarpeBy. Heyder npeBblienus
TEMIIEPATYPbI BIIOJHE MOXKET MPUBECTH K CYIIECTBEHHOMY COKpaILlEHUs CpoKa ero ciyx0bl. K Tomy
xe BI' SBIsIOTCS MpUUYMHOM MOSBIECHUS BUXPEBBIX TOKOB B 0OMOTKaxX TpaHcpopMaTopa, UTO TaKxKe
MIPUBOJIUT K €r0 MepPerpeBy U BOSHUKHOBEHUIO JIOTIOJIHUTEIbHBIX OTEPh MOIIIHOCTH.

3. JloxxHOE cpabaThIiBaHHE KOMMYTAIIMOHHOTO 000py10BaHus1, COOU B paboTe U BBIXOJ U3 CTPOS
KOMIIBIOTEPHOTO ~ 000pyIOBaHHA. OTOT TMpPOIECC TaKkKe OOYCIOBIEH BO3HUKHOBEHHEM
MOBEPXHOCTHOTO 3(dekta U dPpdexta OIU30CTH MPU MNPOTEKAHHMH HECHHYCOUAAIBLHOTO TOKA.
CornacHo HaOMIOAEHUSM, UMEIOT MECTO Cllydal HEOOOCHOBAHHBIX CpabaThIBAHUN aBTOMATUUYECKUX
BBIKJTIOUYATENICH, BRBIOPAaHHBIX B COOTBETCTBUU C TpeOoBaHusMU [TYD.

4. TloBbIlIEHHBIH W3HOC W TPEXKIESBPEMEHHOE pa3pylIeHHe OaTapeil CTaTHYECKHX
KOHJICHCATOPOB YCTAHOBOK KOMIIEHCALlUM PEAKTMBHOW MOIIHOCTH. barapen cTaTM4ecKHX
KOH/IEHCAaTOPOB U3MEHSIOT HOpMalIbHBIN IyTh BI' Toka OT HemMHEHHOro MOoTpeOuTeNs K HCTOYHUKY
MIUTaHUs, IPOITYCKask 4YacTh 3TOTO TOKA uyepe3 ceOs.

5. CoxparieHue cpoka CiIyxO0bl 3JeKTpooOopynoBaHus. [Ipu TOMOTHUTETLHOM HarpeBe
3JIEKTpOOOOpYIOBaHUS BCaEACTBHE JeHcTBUs Bl XumHueckue peakuuud B H30JSILHMOHHBIX
MaTepHuaiax yCKOpSIOTCs, YTO MPUBOAUT K COKPALIEHUIO CpoKa ciyxObl obopynoBanus [47]. Ilpu
OLIGHKE OTPHIATEIbHOTO BO3JEHCTBUS HECHHYCOMJAIBHOCTH HAINpPSKEHUsT HAa CPOK CITYKObI
AIEKTPOOOOPYIOBAHUS DIIEKTPUUECKOE CTAPEHUE U30JISINH, KaK MPABUIIO, HE YUUTHIBAIOT [46].

6. YXyzleHne kKayecTBa M MCKaKEHUE CHHYCOMIAJbHOCTH IUTAIOIIEro HampspkeHus. [Ipu
BOo3HUKHOBeHUHU BI' (hopma KpuBOIi HANpPsHKEHUST HOCUT HECUHYCOUJANIBHBIA XapaKTep BCIEICTBHE
YBEJIMUYEHUS Na/IeHNs HAPSDKEHUsI HA BHYTPEHHEM COTNPOTHUBIIEHUHU CETH.

7. Pe3oHaHCHBIE SIBIICHUS B 3JIeKTpoycTaHoBKax 0,4 kB. BeneacTere HHAYKTUBHOTO XapakTepa
COIIPOTHBIIEHUH DJIEMEHTOB CETH IPU HAJIMYNUU YCTAHOBOK KOMIIEHCAIMU PEAKTUBHOM MOIHOCTHU U
HEJIMHEHHBIX MOTpeOuTeNnel 3JIeKTPUYECKON SHEPrUu BEpPOATHHI BO3HMKHOBEHHS PE30HAHCHBIX
SIBJIGHUH KaK I10 TOKY, TaK U [0 HANIPSKEHHUIO.

8. CHmxenne ko3 duiireHTa MOUTHOCTH 3JIEKTPOYCTAHOBOK.

9. Ilomexu B ceTsX TeIEeKOMMYHMKalUMi. BcenencTBue OJIM3KOrO pacrojiOXKEeHHs CHIIOBBIX
kabeneil u kabenel TeneKOMMYHHMKAaIMK P BO3HMKHOBEHUH B CHJIOBBIX Kabensx BI', B xabemsax

TEJIEeKOMMYHUKALUKA BO3MOXHO HaBeneHue nomex. C pocTOM HOMEpa rapMOHUKH YBEIMYHBAETCS

YPOBEHB TIOMEX, CO3/ITaBaCMbIX MU B TEIICKOMMYHHUKAIIMOHHBIX Kabensx [47].
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Tak kak OOJBITMHCTBO 37aHUI MPOEKTUPOBATUCH 0€3 OPUEHTAIMH Ha 3HAYUTEIBHBIA POCT
HEJTMHEHHBIX Harpy30K, HE0OOXOAMM OCOOBIM MOIXO0/ K AKCIUTyaTalliy dTUX 3JaHUH, YUUTHIBAIOIINUNA
BECh HAKOIUICHHBIA TEOPETUYECKUM U IPAKTUYECKUH OIIBIT.

HecmoTpst Ha TO, 4TO B MOCIEIHUE TOJbI PE3yJIbTAaThl HAYYHBIX MCCICAOBAHUI MO3BOJIMIN
3HAQYMUTEJIbHO pACHIMPUTh TMOHUMaHHWE (PU3WYECKOro sBJICHHUS BO3HMKHOBeHHs Bl [46],
HCCIIEA0BAHUS B 3TOM HAIIPABJICHUH C LIEJIbI0 CHU)KEHUSI HECUHYCOMIAJIbHOCTH TOKA U HANPSKEHUS
B JJIEKTPUUYECKHUX CETAX MPOJOJIKAIOTCSA. 3a/laya MOBBIIMICHHUS KAauecTBa JJIEKTPUUECKOU SHEPrUH

SIBIIICTCSL OJTHOM M3 BaXKHEUIIINX 33]1a4 COBPEMEHHOTO 3JIEKTPOCHA0KECHHUS.
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YK 620
Kyreiinukos I1./1.
MOCKOBCKHI HEPre€TUYECKUN UHCTUTYT
I. Mocksa, Poccus

HCHOJb30BAHUE HAKOIIUTEJIEN SJHEPT MU
JJIA CTTTAXKUBAHU S IIMKOB HAI'PY3O0K

B HacTosiiiee Bpemsi B MHpe aKTUBHO HCCIEIYIOTCS BOIPOCHI NMPUMEHEHHUS HAKOMHUTENeH
anekTpuueckor 3Hepruu (HD). Takoit mHTEpec cBsi3aH ¢ pa3BuTHeM TexHoiormi Smart Grid u
nepexogoM EDC Poccuum Ha HOBYIO TeXHOJNIOTHUYECKyro Tiargopmy MHTEmIeKTyanpbHON
ANEKTPOIHEPreTUUECKOM cucTeMbl ¢ akTuBHO-aganTtuBHOM ceThio (MOC AAC). Ilpuniun
cTabuUIbHOM pPaboOTHI JTHOO0N SHEProcHCTEMBI 3aKIIOYaeTcs B MOIJCpKAaHUHU OajlaHca clipoca Ha
AIIEKTPOIHEPTHUIO U €€ MPEUIOKEHUs Ha PHIHKE MOCPEICTBOM ONEPAaTUBHOTO MOKPBITUS TIpaduka
Harpy3ku. V3BecTHO, 4TO rpaduK HArpy3Kd >HEPrOCHCTEMBI IMPEICTABISET OO0 CyMMy BCeX
rpadMKOB HAarpy3Kd KOHEYHBIX HOTPEOHUTENCH, MOATOMY OH TaKXKe XapaKTepU3yeTcs NMUKaMH U
MpoBajaMH HArpy3kd M HMeEeT YPOBHHM 0a30BOro, MOJYMUKOBOIO M IHKOBOTO MOTPEOICHHUS.
HepaBHoMepHOCT, TpapMKOB HArpy3kd SHEprocucreM OOyCJIOBIEHA TEXHOJIOTUYECKUMU
MpOIeCCaMi MPOMBIIIJICHHBIX MPEANPUATHIA, BO3pAaCTaHHEM OBITOBOW HAarpy3kd B yTPEHHHE U
BEUEPHHUE YacChl M 3HAYUTEIHHBIM CIIaJIOM B IHEBHOE U HOYHOE BpeMs. HepaBHOMEpHOCTH rpaduKoB
HArpy30K MPUBOAUT K PsIIy HEraTUBHBIX MOCIEACTBUN, U3 KOTOPHIX HanboJiee BhIPasKEHbI: CHUYKEHUE
HAJEKHOCTH JJIEKTPOCHAOXKEHHS, PE3KOE IMOBBIIICHUE HArpy3KH Ha TEHEPHUPYIOIIHME YCTAaHOBKU,
COKpAIIEHHE CPOKOB KCILTyaTallii 000PYI0BaHMs U yBEIMYEHHE IKCIUTyaTallUOHHBIX pacxoioB. Ha
KOHKYpPCE CTYACHUYECKUX PALTPEUIOKESHHUI M0 IHEProcOepeeHU 0 U IHEProdPPEeKTUBHOCTH ObLIA
NpeUIOKeHa HJesl TOKPBITUS Tpaduka HArpy3kd IOCPEACTBOM IPUMEHEHHs HaKomuTenen
SNEKTPUYECKON »HHepruM Ha 0a3e aKKyMyJISTOPHbIX OaTapell y KOHEUHBIX HOTpeduTenen
(npeumyiecTBeHHO Ha HanpsbkeHue 0,4 kB Ha MPOMBINIIEHHBIX TPEANPUATHSX ). JlefCTBUTENBHO Ha
JIOJTFO TIPOMBIIIIJICHHBIX MPEINPUATHI CTPaHBI PUXOAUTCS OKOJIO IBYX TPETEH 00IIero nmoTpedaeHus
ANIEKTPOIHEPTUH, a CYLIECTBYIOIIAs TEHACHIUS K YBEIMUEHHIO eMKOCTH aKKyMYIISITOPHBIX OaTapeii,
MUHUMM3ALMN UX pa3Mepa M YIYYIIEHUIO pEeKUMa SKCIUTyaTallid, a TaKXKe COKPALICHHI0 HX
CTOMMOCTH TIO3BOJISIET paccMaTpuBaTh HX B KadecTBe 0a30BOI COCTaBIAIOIIEH YCTpoOICTBa
HaKoTUIeHH dekTpodHepruu [ 1], [3], [6].

HakannuBast »IEKTpOPHEPrui0 B TEpUOA HOYHOTO MHUHUMYMa, KOIZla €€ CTOMMOCTb
MUHHMMaJbHa M BBIAaBas €€ B IMEPHUOJbl MAaKCUMYMOB, HAKOIIUTENb CHOCOOCTBYET CIVIa)KHBAHHUIO
CYTOYHOIO rpaduka, 4yTo, B CBOIO OYepedb IO3BOJISIET YMEHBUINTH PAacClOiaraéMyl MOIIHOCTH,
CHHM3HTD IEPETOKN MOITHOCTH TI0 JIMHHSM IEepEIaroIell CeTH B EPUOIbl MAKCUMYMOB. B kauecTBe
HAKOMUTEJeH, MPUMEHAEMBIX JIJISl CIIIAXKUBAaHUS CYTOYHBIX IPa()UKOB HArpy3Ku ucnonb3ytoTcst TADC
WIM HAKONUTENN Ha CKATOM BO3[yXe, MO3BOJSIONINE HAKAIUIMBATh B TEUEHUE HECKOJIIBKHX YacoB
OompIe 00BEMBI SHEPTHH [5].

3a cyeT BBIpABHUBAHUS CYTOYHOTO TpaduKa dIEKTPUISCKUX HATPY30K B pacHpeAeTHTeIbHBIX

CCTIX BO3MOXHO, BO-IICPBLIX, CHHU3UTH KAIIUTAJIbHBIC BJIOKCHUA HaA CTPOUTCIIBCTBO HOBBIX U

MOACPHU3AUIO CYHICCTBYIOIUX SJICKTPOCCTCBLIX OGBGKTOB, 3arpy3ka KOTOPBIX ITPCBLIIACT
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HOMHUHAJIBHOE 3HAU€HHE, BO-BTOPBIX, YBEIUUNUTh KOJIUYECTBO AIEKTPOIHEPTUHU, KOTOPasi MOXKET ObITh
nepeaaHa Harpy3Ke B Te4eHUe CyToK. B kauecTBe KpuTepueB ONTUMAILHOCTH BbIOOpa NapaMeTpoB U
MecT pasmernienus CHD MoXeT BBICTYNAaTh 3HAYUTENHHOE YHCIO (AaKTOPOB (APTYMEHTOB IEIEBOM
(GyHKIMHM): cXema CeTH, JIMHA JMHUN, CEUeHHs] MPOBOAHHUKOB, MOIIHOCTH TPaHC(HOPMATOPOB,
XapaKTePUCTUKU I'paMKOB HArpy3KH, PEKUMHBIE ITapaMeTphbl CETH U 1p. [2].

B nocneanee Bpemsi MHTEpeC K HAKOIMUTENSM 3JIEKTPOIHEPIHH CYIIECTBEHHO BO3POC BBUIY
TOT0, YTO OHHU SABISAIOTCA BAKHEHIIMM 3JIEMEHTOM HHTEIUIEKTYaJbHOW 3JEKTPOIHEPreTHUECKOU
cucreMbl. Hanbonee mepcreKTUBHBIME B 3TOM HAlpaBJIEHUH CYMTAIOTCS HAKOMUTENIH HAa OCHOBE
JUTUNA-MOHHBIX AKKYMYJIATOPOB, KOTOPBIE XaPaKTEPU3YIOTCSI BBICOKOH 3HEPrOEMKOCTBIO U HU3KUM
TOKOM camopaspsia. OHU IpeacTaBisieT co00i rTMOpUIHBINA TUI KOHJEHCATOpa KIIACCU(PULIUPYETCs
Kak TUI cynepkoHaeHcarop. OH Ha3bIBaeTCsl TMOPUIHBIM, IOTOMY YTO aHOJ] TAKOM XK€, KaK B JINTHI-
MOHHBIX Oarapesix, a KaTo/ TaKoH ke, Kak B CyIepKOHAeHcaTopax. AKTHBUPOBAHHBIN YrOJib OOBIYHO
UCMOJb3YeTCs B KauyecTBEe Karoja. AHOI COCTOMT U3 YIVIEPOAHOIO Marepuala, KOTOpPBIH 4acTo
IPEBAPUTEIHHO JIETMPOBAHHOTO JIUTUEBBIX HOHOB. DTOT MIPOLECC MTPEBAPUTEIILHOTO JIETMPOBAHUS
CHIDKAET MOTEHLMAaJ aHo/la U 00ecleuMBAaeT OTHOCUTENBHO BBICOKOE BBIXOJHOE HANpSKEHHE I10
CPaBHEHHIO C JPYT'MMHU CyNEpKOHJeHcaropaMu. BenuuuHa yaenpHON SHEPIUMM HAXOIUTCS B
nuamazonax 19-262 Br*u/kr; ymenbHas MOIIHOCTh HaxonuTcs B auamazonHax 300-156000 Bt/kr
CeronHs cpenu NpOM3BOAMTENEH JUTUH-MOHHBIX KOHJIEHCATOPOB Takue koMmaHuu, kak ‘“Hitachi
AIC”, “JM Energy”, “NEC Tokin” 1 MHO)XecTBO 1pyrux komnanuii. Cpenn poCcCUICKUX BBIACTISACTCS
000 «POHEPA» (Bxomut B TorusHyto komnanuto Pocaroma «TBOJI») - akTHBHO pa3BUBarOIIUNCS
oTpacieBoil mHTerparop Pocaroma B 001acTH CHUCTEM HaKOIJIEHHs 37eKTposHepruu. Kommanus
MIPOU3BOJUT JTUTUHA-UOHHBIE aKKYMYJSTOPBI JJIS Pa3HbIX LIEJIeH, B TOM YHCIIe AJIS CIIIaXKUBAaHUS TUKOB
Harpy3ok (https://clck.ru/dX{PE).

OCHOBHBIMU HEJIOCTaTKaMU TAaKUX aKKyMYJSTOPOB SIBISIFOTCSI BHICOKAs YJ€JIbHAsi CTOUMOCTD,
HeOOoJBIION pecypc paboThl, CYIIECTBEHHOE YMEHbBILIEHHE pecypca MpU paboTe B MUKOBBIX pEXKUMaxX
IpU pas3pse U 3apsje, HaJuuue ClelualbHbIX TpeOoBaHMU K NTyOuHe paspsna. VIHHOBarmoHHOe
pellleHre MO CO3/IaHHI0 HAKONHUTENs,, B KOTOPOM CKOMOMHHMPOBaHBI aKKyMYISTOpHas Oarapes H
Oarapeu CynepKOH/IE€HCATOPOB (MEKTPOXUMUYECKOE YCTPOICTBO, KOHJIEHCATOP C OPraHUYECKUM UITU
HEOPraHMYECKUM  OJIEKTPOJIUTOM. [JIaBHBIM  KOHCTPYKTUBHBIM  OTJIMYHMEM OT  OOBIYHBIX
KOHJIEHCATOPOB SIBJIAETCS HAJIMYHME JBOMHOIO 3JIEKTPUUYECKOTO €O HAa TpaHMIE DJIEKTPOAA WU
AIIEKTPOJIUTA, U3-3a YETO YBETMUUBAETCS EMKOCTh HAaKOMIUTES U YMEHbIIIAeTCs BpeMsl 3apsaa), Obuio
peanuzoBano OObEMHEHHBIM HHCTUTYTOM BbicokuX Temnepatryp PAH no 3akazy OAO «®CK EDC».
Takoe THOpUAHOE COYETaHHE MOXKET JaTh CYIIECTBEHHBIH A(PQeKT, Tak Kak B OTIMYHE OT
aKKyMYJIITOpa CYNEpKOHJAEHCATOp MPU HU3KOH DHEPrOEMKOCTH JIETKO «CIIPABIIAETCSA» C BBICOKUMU
TOKaMH Harpy3kd M HMeeT BecbMma Oosbmiol pecypc. Takum o0pazom, 0e3 MOAKIIOYEHHS
aKKyMYJISITOpa CYIEpPKOHJIEHCAaTOp KOMIIEHCUPYET BO3MYIIEHHS, AJSIIMECS HECKOJIbKO MEPBBIX
MUHYT paboThl, Tpu Oosiee ATUTEIbHBIX BO3MYIIEHHSIX MOAKIIOYAETCS AKKyMYJISTOpPHAas 4acTb
HakoruTens [1].

Bri6op HakomwmTenel OCYIIECTBISETCS MO TOJHOW CyMMapHOW MomiHocTH. Kpome Toro,

HeoOxoauMo yuuThiBaTh 3anac 20-30% asis no3arpy3kud BO BpeMs dKCIUTyaTalluu. ABTOHOMHOCTH
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HaKOMUTENCH 3aJaHHOW €MKOCTH MpU paboTe ¢ KOHKPETHOM HArpy3KOW OIICHUBAETCS YIPOIICHHOM
dhopmyIoii:
rCU
P

rne T — pacuetHoe Bpems pesepBa, 4u; C — cymmapHas eMkocTh, A*u; U — HOMHUHaJIbBHOE
HanpsbkeHue, B; P — nonnas MomHoCTh Harpy3ku, BT.

Jns BeIpa®OTKM moAXoAa K aHanmudy d((EKTUBHOCTH NPUMEHEHHS YCTPOMCTBa st
HakoIieHus: anekTposHeprun (YHD), ¢ Touku 3peHus reHepupyroueil KOMIAaHUU, PacCMOTPUM
MIPUMEPHBIN CYTOUHBIN Tpaduk HArpy3KH, MIPUBEACHHBIN Ha pUCyHKe. B TeueHue cyTok BbIpabOTKa
AIIEKTPOIHEPTUU CTAHLUSAMH, PabOTaOIIUMU B 6a30B0ii, MOTYIUKOBON U MUKOBOM YacTax rpaduka,
paBHa Woas, Wi/mk © Wk cOOTBeTCTBEHHO. CTOMMOCTHBIE MTOKa3areian BeIpaboTku 1 kBT 4 paBHBI
Coas, Crmux, Crx. YCTPOHCTBO TSI HAKOIUICHHUS SHEPTUU pabOTaeT B IMOJYITUKOBON 30HE B PEeKUME
3aps/ia, B TMKOBOU — B pexXUMe pa3psaa, Ipu 3ToM W pasp= NWiap, e 1 — KIL YHD; W3ap — sHEprus

3apsaga yCcTporcTBa; Wopasp — DHEPIrHs paspsija yCcTpoucTsa [4].

P

Puc. IIpumeHeHne HakoNUTENEN JEKTPOIHEPTUH

U1l BBIDABHUBAHUS Pa0OTHI SHEPrOCUCTEMBI

VYcepennennass cTtoumMocTh TeHepauuu | KBT'4 B TedeHHME CYTOK B DHEPrOCHCTEME,
(byHKIHOHUPYIOIIEeH 6e3 yCTpOWCTBa Ui HAKOIUICHHUS AJIEKTPOIHEPTHH, MOXKET OBITh OmpesesieHa
cienayomuM odpazoMm [4]:

Wia:Caaz + Wi 1 muCo 1 msc +WonaeCoe Cx
Wisas Wi 1 e + W T Ws

B cinyuae nogxmrouenuss YHO, 3apsa KoTOporo mpoucXOQUT B MOJIYNMKOBOM, a pas3psi — B

Cyczﬂ =

MUKOBBIX 30HAX CyTOYHOTO rpaduka, popmyna nocie npeodpazoBanuii mpumer Bu [4].

Cy[-[gycp _ CZ +W3ap(Cn | nux — ﬂCnuK)
Ws +W3ap(1 - 77)

)4 & BBIICIIPUBCACHHBIX (bOpMYJ'I MOXXHO OHNpCACINTb YCIOBUC CHHUIKCHUS prC,[[HCHHOﬁ

CTOMMOCTH reHepanuu 1 kBT 4 B s3Heprocucreme B ciiydae ucrnoiab3zoBanus YHO [4].
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_ CZWsap (1— 77) -W Zme(Cn | nux — 77Cnux)
WZ(VVZ +W3ap(l— 77))

Hannoe ycnoBue BbinonHsercs Bcerga, €cld Cupwx > (Cwmmd/M). B uHOM ciydae (Cuue <

>0

YHO
Cycp - C yep

(Cwmu/M)) HEOOXOMMMO cobmoperne MeXIY Cyep, Cr/mx ¥ Crux CIIEIYIONIETO COOTHOIICHUS [4]:

Cra(1=1)

Cn | nux
Cnux

TexHoJIornu HaKOILUICHUS OHCPIUr pa3BHUBAKOTCA BBICOKMMH TCMIIAMU, HAKOIIUTCIIM SHCPTHUU

CnuK =

HaxosT Bce Oojee MIMPOKOE NPUMEHEHHME B NMPAKTHKE PEryJIMpOBaHUS U YNpPaBICHHs PEeXUMaMU
ANIEKTPOIHEPTeTUUECKUX CHCTEM, TIIOBBIIAs HAJEXKHOCTb JJIEKTPOCHAOKEHHsSI MOTpeOUTENeH.
JlaHHOE pelIeHre IOMOTAeT PELINTh aKTyaIbHbIE TPOOJIEMBI C KaUeCTBOM DJICKTPOIHEPTUH, a TAKKE
CHU3UTh CTOMMOCTD 3JIEKTpo3Hepruu. OJHaKo HEOOXOIUMO YIOMSHYTb, YTO MPH MOKPBITUU ITHKOB
HY)XHO yuuTeIBarh, yTo MBIl ncnonb3yrores Ha NpennpusaTHsAX A8 pe3epBUPOBAHUS aBapUHHBIX
PEKUMOB, U OHM HE JOJDKHBI 10 KOHLA pa3pspKaTbCs, YTOOBI NMPH BO3HUKHOBEHUM aBapUHHON

CUTYyallu¥l OHU MOTJIM paboTaTh MO Ha3HAYECHUIO.
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VYIK 663.18
Mycraduna I'.P., KonaparseB A.E., KaHj. TEXH. HayK
KaszaHckuil rocy1apCTBEHHbBIN SHEPIreTUYECKUM YHUBEPCUTET
r. Kazann, Poccus

TEXHOJIOTI' sl ®EPMEHTAIIMA BUOTA30BOM YCTAHOBKH

Co3manue SKOHOMUKHM 3aMKHYTOTO ITMKJIA MOJJEPKUBACTCS aHAadpOOHOH QepmeHTaiuei,
HEOOXOIMMOTO Ui aJbTePHATUBHOTO MPOM3BOACTBA OHOTOIJIMBA B Ta3000pa3HOM BUJE,
3aMEHSIONINE TPAAUIIMOHHBIE BU/IbI TOIUINBA, YPAaBHOBEIINBAS TEM CAMBIM KPYrOBOPOT IMUTATEIBHBIX
BEILIECTB ITyTEM HCIIOJIB30BaHMsI COPOKEHHOTO MPOAYKTAa B Ka4eCTBE OPraHMUYECKOTO YIOOpEHHS,
KpOME TOrO TpEeUIararoTCsi peHieHuss B 00JacTH MepepaboTKH OTXOMIOB, COKpaimas OO0BEeMbI
3aXOpPOHEHUs OpraHuveckoil ¢pakiuu. HecomHeHHO, QepMeHTAIMsI B OMOTa30BBIX TEXHOJOTHSIX
cTaja crroco0OM HKOJIOTHYECKOTO YIOBIETBOPEHHUS IIOCTOSIHHO PACTYILETO CIIPOCca Ha SHEPTHUI0

depmenTaTop OMOTa30BOI YCTAHOBKHU SIBIISICTCS OCHOBHBIM 3JIEMEHTOM, IpEIHAa3HAYCHHBIN
s cOpakuBaHus cyOctpara. Jinst onTuManbHON paboThl OMOTa3oBOi YCTAaHOBKM HEOOXOIMMO
1o700paTh KOHKPETHBIE YCIOBHS PaOOTHI B 3aBUCHMOCTH OT IepepadaThiBaeMOro Chipbs. [aBHON
0COOCHHOCTBIO (pepMeHTaTOopa SBIAETCS MOAJCP)KaHHE ONTUMAIBHBIX YCIOBHU U 0Opa3oBaHMs
MHKpPOOPTaHU3MOB, TEM CaMbIM, CTPEMJICHHE K JOCTIKEHHIO BBICOKOTO BbIxoza Ouorasa [1, c. 89].

CymectByer 3 BHaa OMOra3oBBIX CHCTEM: BIIaXKHAs HeENpepbIBHAs (EepMEHTALUsS; cyXas

HenpepbIBHas (hepMeHTalus; cyxas nepuoandeckas ¢pepmenranus [2, c. 131].

Tabnma
XapakTepuCTHKH Pa3IMYHbIX TeXHOJIOTUi epMeHTaTOpPa
ITonaua Temnepatry | IlepememrBa Cripne Hanexno | Kmumarude
pa HHE CTb CKHe
YCIIOBUS
Brnaxnas | HempepsiB | Me3odunbn | Peakrop ¢ | Jlerxo IIpumecu | Bo BCEM
HEeNpepbIBHA | Has ast WIN | TIOCTOSIHHBIM | TIPOKa4MBaeTcs, MOTYT mupe, 0e3
S TepMo(MiIb | TepeMenIrBa | UCIOJB3YeTCs JIsl | CO3/1aBaTh | OrpaHUYEHH
(hepmenTait Has HUEM C | pa3IU4HOTO TexHu4yec | i
us MEIIAJIKaMH, | CBIPbs KHe
THIIPABINYEC npobiem
KuM bl
(bepmenTaTop
0e3 MenIaaoK
Peaktop ¢ | HempepsiB | OObIYHO Brone  wm | Ilognatorcs Bricokas | Bo BCEM
MyTbCUPYIO | Has TepMomib | TIOTIEpEK TepeKavKe cTolikocT | mupe, 0e3
LM Hasl, HO | TOTOKa, HacocowM, B|b K | OrpaHUYEHU
ITOTOKOM TaKxe BEPTUKAJIBHBl | OCHOBHOM npumecst | u
BO3MOXHBI | €  CHUCTEMBI | HCIIOJIB3YIOTCS M
Me30huIbH | 0€3 MeLIaNoK | JJIs
as KOMMYHAJIBHBIX
OpPraHUYECKUX
OTXOJIOB
«T"apaxxnas» | IIpepsiBuc | OOBIYHO bes memanok, | I[lonnaercs Hanexnst | Bo BCEM
CUCTEMa Tad Me30(uiIbH | pacmpenenieH | IITabenupoBaHMIO | M peakTop | mMupe,  0e3
as, HO | He , B OCHOBHOM | Oe3 OTrpaHHYCHHU
TaKxe HNEPKOJISIIMOH | UCIOJIB3YeTCs Ul | IBIKYILU | H
BO3MOXHA
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[Tonaua Temnepary | IlepememiuBa Coipbe Hanexuno | Knumartuue
pa HUE CTh CKHe
YCIIOBHS
TepMouIb | HOM KOMMYHaJIBHBIX xcsl
Has KUAKOCTH OTXOJIOB qacTen
buorazoBass | Hempepsis | Temmepary | O6prano 6e3 | JKumgkocTs, [Ipumecu | Termbre
yCTaHOBKA Has c|pa nepeMeniuBa | 0ObIYHO MOTYT LINPOTHI,
OTCTOWHOIO | JUINTENbH | OKpY’Karoll | HUA HCIIONIb3yeMas co3laBaTh | Takue  Kak
THTA BIM el cpenpl TUTS TEXHUYEC | TPOMUIECKHU
CpPOKOM TEXHOJIOTUYECKUX | KHe € pPeruoHbI
XpaHEHUs WM CTOYHBIX BOA | MpoOieM
(>100 Bl
JTHEH)
briToBBIC Tloutu Temmepary | OObruHO 063 | MecTHbIC IIpumecu | Temmneparyp
(depMeHTaTO | HETpEpHIB | pa IepeMelnIuBa | OPraHUYECKUe HE b1 >10 °C
pHI Hast OKpY’Karoml | HUS OTXOIBI,  HABO3, | JOJDKHBI
ell cpenbl CEJIbCKOXO034ICTBE | MONAaAaTh
HHBIE OTXOJIBI B IIpOLECC
E‘;fﬁ”'““! 0% 10% 0% 0% 0% 50% %
wens [
U uase~ ) Cyean neguamieckaa depuestama '
e Biazeias SopHeHTaLns CHMrakHe
et i ) Cyean wengeguisuan depuenTan

Puc. 1. O630p TexHOMOTHH B 3aBUCHIMOCTH
OT COJICPIKAHHUS CYXOTO BEIeCTBA JISi BO3MOYKHOTO PEXKUMA PabOThI

s nepepaboTKM BO BIKHOW (DepMEHTAlMM BO3MOXKHO HCIONb30BATh TOJNBKO JKUAKUE
OpPraHMYECKHUE OTXOJbI CENbCKOXO3SIICTBEHHOT0, arpapHOTo M MPOMBIIUIEHHOTO TPOM3BOACTBA. Tak
e BO3MOYKHO HCITOJIb30BaTh TBEPIBIA CyOCTpaT, MepepadOTaHHOTO BO BIIAYKHOM COCTOSIHHH, TIPH
paz0aBieHUH BOJOW WM KUJAKAMU OTXOJAaMH, Hampumep, HaBo3oM. OOs3aTelbHBIM YCIOBHEM
paboTel (epMmeHTaTOpa SBISETCS €ro W3OS, HArpeB ChIPhS A0 ME30(UIBHOTO WM
TepMO(MUIBLHOTO PEKUMA U TIOCTOSTHHOE TIEpEeMEITNBaHIE, UCKITIOUasi TEM CaMbIM, BCILIBITHE CIIOEB U
omryckanue. [Tocie mepepaOboTKy KUIKAN JUTECTaT UCTIONB3YIOT B KaUeCTBE YIOOPEHHI HITH CHIPhEM,
MpeIHAa3HAYeHHBIM U1 TIepEeMEIINBaHusI ¢ TBEpAbIMH oTxofgamu. O030p pabOTHI M 3JIEMEHTOB
YCTaHOBKH MOKa3aHO Ha pucyHke 2 [3, c. 148].

B peakropax ¢ HelpepbIBHBIM MEPEMEIINBAHUEM CBIPhS TOJa4da MPOU3BOIUTCS HEMPEPHIBHO C
OTIpeIeIEHHBIM KOJTMUYECTBOM 3arpy3KHu Kkl eHb. CoepikaHue CyXoro BEMIecTBa JOCTUTACTCS
5-15%. ®epmenTatop paboTaeT MpH OAHOCTAAMMHOM WJIM MHOTOCTAJAMIHOM mpolecce (TO €CTh C
JIOTIOJTHUTETBHBIM THIPOIU3HBIM pe3epByapoM). Takast ycTaHOBKA MOTYYHIIa IIUPOKOE TPUMEHEHHE
B arpoINpOMBIIIICHHBIX OTpacisax. DepMeHTaTopbl MOTYT OBITH JIFOOOTO pa3Mepa, HO Yalle BCEro

BMECTO YCTAaHOBKHM OOJBIIOTO pa3Mepa HCHOJIb3YIOT HECKOJIbKO, pabOoTalomuX MapaieIbHO WIH

nocsienoBarenbHo [4, ¢. 143].
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Puc. 2. O630p paboTHI 1 3IEMEHTOB OMOra30BOM YCTAHOBKH BO BIaXXHOH (hepMeHTaLuH

B ruapaBianueckux pepmeHTaTopax, COCTOSIINMA U3 IBYX OTCEKOB, MPOUCXOAUT aHAJIOTHYHBII
mpolece, ¢ coaepkanueM cyxoro BemiectBa 6-16%. B mepBoM mpo3Boautcst Oombliasi 4acTh, a BO
BTOPOM H3-3a 00Jiee BEICOKOTO JIABJICHUS ChIPhE MOHUMAETCs BBepX. Koria kiaman Mex 1y OTceKaMu
B OTKPBITOM TIOJIOKECHHH, KUJIKOCTh CTEKAeT BHH3, BELICBOOOXK 1t BEICOKYIO KHHETHUECKYIO SHEPTHUIO.
[leperopoaku mepeHOCIT MOTOK, OMHOBPEMEHHO IepemelnrBas cyoctpal. B sTtom cimydae, Her
HEO0OXOUMOCTH MEIIAJIOK, YTO OCBOOOXKIAET YCTAaHOBKY OT JBMXKYIIMXCS 4yacTeil BHyTpu. Tem
caMbIM OOECIIeYMBACTCS MEHBIIEEe IOTPEOICHUE JJICKTPOIHEPTUH W MEHBIINE 3arparbl Ha
obciyxuBanwme [5, c. 279].

Cyxas HenpepbiBHas (pepMeHTAIHs MPOU3BOIUTCS B PEAKTOPaX C MYIbCUPYIOUIUM TTOTOKOM.
[Ipouiecc mpou3BOAUTCS MPU MEATICHHOM MEepeMeIeHNH OMOMAacChl OT BXO/a K BBIXO/TY, TEM CaMbIM,
obecrnieunBasi 00pabOTKYy YacTH OJMHAKOBO IO BpeMeHH. PaboTa BHYTPH YCTaHOBKH MPOW3BOIUTCS
0e3 Memaliok, HO ¢ HeOOXOIMMOCThIO pabOTHI HacOCa B yCTaHOBKe. Marepuan HeoOXOAMMO IT0/1aBaTh
HEMpPEephIBHO, KpPOME TOTO0 HMEIOTCS OrPaHWYEeHHs] 10 THUMNY [epepadaTbiBAeMOrO ChIPbS,
HCIONB3YIOTCS TOJIBKO TeTePOTeHHBIE OTXO/IBI IOMAIITHETO X03sicTBa. Co/lep:kaHus CyXOro BellecTBa
B CbIphe OT 15 1o 45 nponenToB. Janublil epmeHTaTop paboTaeT Yale BCEro npu TepMoPpuiILHOM
pexuMe, HO TIPH HEOOXOMUMOCTH BO3MOXKEH U Me30(UIbHBIN pekuM. OObeM peakTopa orpaHUdEH,
MO3TOMY BO3MOXKHA PabOTa HECKOJIBKHX YCTAaHOBOK MapaijienbHo. TBepaas ¢pakiius KOHEYHOTO
MPOAYKTa OOBIYHO TIOCTKOMIIOCTUPYETCS, a JKUAKAs HCIONb3yeTCsl B KauecTBE YIOOPEHHIA.
TexHomorust Cyxoi HeMpepbrIBHON (DepMeHTallUK MoKa3aHa Ha puc. 3 [6, c. 176].

B cyxoii nepuoanueckoit hpakiue nepepadoTka MPOU3BOAUTCS MAPTUSIMH, KOTOPBIE OCTAIOTCS
B (hepMeHTaTOpe Ha HEKOTOPBIN cpok, 00braHO Mecsil. [locie aToro epMeHTaTOp 0CBOOOKIAIOT U
3arpy:karT HOBBIM ChIpbeM. HOBBIE 3arpyKeHHbBIE OTXO/bI HHOKYIUPYETCS] TBEPABIM JUTECTATOM U3
MIpeIbIIYILEro Mpoliecca, OCYIIECTBIISAS MIPOLECC CMeUIeHHsl BHYTpU deppMeHTaropa. OunsTpar us3

JPEHaXHOW CHCTEMbl PELUPKYIUPYETCS B BHJIE NMEPKOISIUOHHON KHUAKOCTH W PacHbLIsSeTcs Ha

CBIPbE JIJISI MHOKYJISIIIMK ChIPbsSl OAKTEPHUSIMU M YJIYUIICHHS KOHTAKTa C pa3jiaraeMoi Guomaccoit [7,
c. 79].
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Puc. 3. Texnomorus cyxoii HEeMpepHIBHOH (hepMeHTaInn

brorazoBbie yCTAHOBKM OTCTOMHOTO THIIA XPAHATCS HA OTKPBITBIX TEPPUTOPHUSIX C OTXOIAMH,
KOTOpBIE MOJIBEpKEHbI BIOpocam aeMeHToBCH4. HanbGosee nmpocTeiM pereHrueM 3Toi mpooieMbl
SABJIACTCA TIOKPBITUC ChIPbA MeM6paHHOI>'I U3 IIOJUATHIIEHA BEICOKOU IIJIOTHOCTHU, HO JaHHYIO
TEXHOJIOTUIO MOXET CAYTHb U3-3a TPYAHOCTH €€ KPCIJICHUA B 3CMIJIIO. HpI/I JAaHHBIX YCJIOBHAX BBIXO[
Ouorasa OyJeT MEHbIIIe, TOCKOJIBKY IoJlada OCYIIECTBIISAETCS BpyuHYH0. [lomorpeB ocymiecTBisieTcst
IpU TOMOINM CMECHTEISIMA M CHUCTEMOW IOJOTpeBa, TaK Kak Hpu pabore ¢ TemIeparypoi
OoKpyxkatomei cpenbl A((GEKTUBHOCTh YMEHBIIACTCA. T[eXHOJIOTHS OHWOra30BOM YCTaHOBKH

OTCTOMHOTO THIIA TIOKa3aHa Ha PUCYHKE 4.

Xpauunuuwe 6uorasa

Bxopswwit notok gpepmenTartopa
/ BoixonHo# noTok pepMeHTaTopa

fAueika 2

Puc. 4. Texnonorust 0MOra30Boil yCTaHOBKH OTCTOHHOTO THIIA

[Tpu pabote ycranoBku npu TOL o6si3aTenbHa yCTaHOBKA OUYHUCTKH Ta3a Il BHICBOOOXKICHUS
OT MPOJIYKTa IEPEPaOOTKN COSTUHEHUS CEPHI U BOJIBI.

[Ipotins Bce sTambl mepepabOTKH, JUTeCTaT OTHPABISIETCS B XPAaHUIHILE [l TOCIIETYIONIEro
npuMeHeHus. OpraHnuecKuii 0caIoK Mmocie mporecca OpoKeHHUs BO3MOXKHO Ka4ECTBEHHO YITYUIITUTh
IpU TIOMOIIM pa3JelieHus Ha TBEpAble M KUIKH (Gpakiu, CYIIKH, TpaHyIHUpOBaHUS U
KOMITOCTUpOBaHUsS. [l yMEHBbIIEHHS] COIEp)KaHHs BIAKHOCTH MOXHO €€ U3BIEYb IyTeM
BaKyyMHOTO BBITAPUBAHUS, WJIKM MEMOPaHHOU (QUIBTpAINH, a TMTATeNbHBIE BEIECTBA OCAXKICHUEM
WJIM OYMCTKOM CTOUHBIX BOJ TMOO OTPaOOTAHHOTO BO3yXa KUCIOTHBIM MPOMBIBATEIEM. ITO MOKET
MOBBICUTH LIEHHOCTh U MPUBECTHU K 00JIee JIErKOMY TPaHCIIOPTHPOBAHHUIO.

JlaHHOE MPOM3BOJCTBO HECET TI00ATBHBIN XapakTep:

— COKpallCHHUEC TPpaJUIIUOHHOI'O BUAA TOIUIMBA, YTO YBCIWYHUBACT IMPOAOJLKUTCIBHOCTL CpOKa

HUX UCUCPIIAHUA,
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— MOJIy4Y€HUE Ha BBIXOJI€ HEOTPAHMUYEHHOTO MCTOYHHUKA SHEPTUH, MOAAEPKHUBAsT MOCTOSHHOE
BO300HOBIJIEHUE;

— COKpallleHHEe BRIOPOCOB MAPHUKOBBIX I'a30B B OKPYKAIOIIYIO CPEy, pa3pylias KIuMar.

Ho nst momy4eHus: BHICOKOKa4e€CTBEHHOM MPOMYKIIMH HEOOXOIMMO 00ECIEYNTh HOPMaJIbHBIN
pexxuM OuopeakTopa, obecrieunBas TepMETHUYHOCTh pe3epByapa. llogaepx uBarh MOCTOSHHBIN
YpOBEHb TeMIIepaTypbl, HE JOIMYyCKas PE3KOro IMOAHATHE WM CHIDKeHHs. BecTu KoHTponb 3a
CUCTEMOM IMOAOIPEBa U YCTOMUMBYIO pabOTy MEIIANIOK, U 110/1a4y ChIPbS.

PaCCMOTpI/IM TAKIKC COLIHAJIBHBIC ACIICKTBI IIPOU3BOACTBA. TexHnonorusa MOJIy4YCHUMA
OHMOra3zoBOro TOILIMBA CIOCOOHBI YCOBEPIICHCTBOBATh OJaromnoiydyre U KadyecTBO KU3HU JIOACH B
0COOEHHOCTH TPOKMBAIOIIETO HAceJIeHHUs B OJn3u ntuiieadbpuku. D10 00yCIIaBIMBACTCS TEM, YTO
YpOBEHb 3a00J1eBa€MOCTH BO3JIe (hepM MOBHIIIAET ypOBEHb 3a00neBaeMocTH. Kpome Toro, HaceneHue
00€CIIOKOEHO HEMPHUSATHBIM 3aIIax0M M3-32 PA3JI0KEHUsI OMOIOTHIECKUX OTXO/IOB.

buorazoBble ycTaHOBKHM Ojaromoiydus >KU3HM HaceleHus, Onaromaps Oecnepe0oitHOro
ANIEKTPUYECTBA U TeriocHabxeHus. Tem caMbIM, COKOHOMUB Ha 5TOM BpeMsi Ha BeJICHUE X0341CTBa
U 3aTpaThl

briToBERIC (’pepMeHTaTopr MOT'YT UCIIOJIb30BATHCA TOJIBKO IIPU TCIIJIOM KIIMMATE, TaAK KaK HArpcB
OCYIIECTBIISIETCS €CTECTBEHHBIM ITyTEM IIPH TEMIIEPAType OKPYKaIOIIEH Cpebl.

bonee nnutenvHOe yaep:kaHHME ChIPbsl WM €ro mepepadoTKy MPHU BBHICOKHX TeMIleparypax
HEOOXOIMUMO TOJBKO M ae3uH(pekunu. IlomMruMo Hee BO3MOKHO TONYYUTh TapaHTUPOBAHHYIO
CTaOMITN3aIINIO0 OPTAaHUICCKUX OTXO/I0B B KAUECTBE BAYKHOTO IIara JIjisl AaJICHUs 3armaxa, ¥ CHIDKCHUS
BPEIHBIX BEIOPOCOB.

[ToTpebnenue SKOTOTUIECKON MPOAYKIIMH TPU TPUMEHEHUHU BBICOKOA((EKTUBHBIX yIOOpeHU

OyneT OJaronpusTHO BO3/IEHCTBOBATH HA HACEICHUE M Kaue€CTBO KU3HH.
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KIIOYEBBIE COBBITHUA B OTPACJIM DHEPI'ETHUKMU B 2021 T'OAY

2021 rozg 6bUT TOBOJILHO HAIIPSKEHHBIM B TUIAHE CYIIECTBEHHBIX U3MEHEHUHN B SHEPTETUYECKOM
orpaciu. B manHoil pabore paccMaTpuBarOTCs AECATh KIIOYEBBIX COOBITHI B SHEPTeTUKE, KOTOPHIE
OKa3aau HauOolbllee BO3/IEHCTBHE Ha BHYTPEHHIOK 3KOHOMMKY MHOTHX TOCYIApCTB, a TaKxkKe
3aTPOHYIH CEKTOP INI00aTbHOI0 SHEPreTUYECKOrO PhIHKA.

1. Pa3pabotka TypOunsl, pabotatorieit Ha 100% ammuake

Mitsubishi Power B pamkax WHUIMATHBBI, KOTOpas OTBEYAE€T BO3POCHIMM IJIOOAIBHBIM
aMOuIMAM 10 J1eKapOOHM3aLMK, a TaKXKe HelaBHEH NOpOXKHOM KapThl SIMOHMHM MO aMMHAYHOMY
TOIJIMBY, pa3pabarbiBaeT razoByto TypOuHy (40 MBT), cnocobnyto Hampsimyto cxurate 100%
aMMmuaka. KoMmmaHusi M0 MPOM3BOICTBY SHEPreTUYECKOTO0 OOOpYIOBaHUs, Oa3upyrOMIascs B
Moxorame u sBisromasicst gouepHeil kommanueii Mitsubishi Heavy Industries, B Mapre 2021 roxa
3asBUJIA, YTO MJIAHUPYET KOMMEPLMAIN3AIMI0 HOBOM ra30Boi TypOUHBI, KOTOpas OyJeT co3faHa Ha
ocHoBe cepuu H-25 opuentupoBouno B 2025 romy. Oskupmaercs, 4To pa3zpaboTka TypOUHBI
MOCTIOCOOCTBYET JAECKapOOHM3AIMKA MAaJIbIX M CPENHUX OJIIEKTPOCTAHIMK, PACIOIOKEHHBIX Ha
OCTPOBHBIX TEPPUTOPHUSAX CTPAHBI U MTPETHAZHAYCHHBIX JJIs1 IPUMEHEHHS B IPOMBIIIZIEHHOM CEKTOPE.

2. HoBplii B3mIs11 HA T€OTEPMAIIBHYIO 3HEpTHIo [ 1, c. 54].

Cornacio noknany Munsnepro CIIHA ot 2019 roma, BbIpaOoTKa TreoTepMalbHON
AJIEKTPOIHEPTHN B CTPAHE MOXKET YBEIWYUTHCA Oosiee yeM B 26 pa3 k 2050 rogy — mo 60 I'Bt
YCTaHOBJICHHOW MOIIHOCTH, YTO JO CETOJHSIIHErO [JHS BBIISAEIO HEJOCTHKUMOM IIEeINbIo
aMepHKaHCKOW sHepreTuku. Ha maHHBI MOMEHT OCYIECTBUMOCThH IUIAHOB BBINIAUT PEATbHOM,
MIOCKOJIBKY B MUPE aKTUBHO pa3palaThIBalOTCs M IPOBEPSIOTCS Ha MPAKTUKE HOBbIE METO/IbI OypeHUs
CKBaYKHH, TO3BOJISIOIIUE YCOBEPILIEHCTBOBATh T€0TEPMAJIbHBIE CUCTEMBI C IKOHOMUYECKH BBITOAHBIM
nonxogoM. Tak, kommanusi Quaise Energy, 3anumaromasics pa3pabOTKOW TEXHOJIOTHUH TIO
paclIMpeHHIo reoTepMaIbHOM YHEPreTUKU B TII00aNbHOM MaciiTade, yrBepxaaeT, uro k 2050 roqy
BO BCEM MHpe MOKeT ObITh nonydeHo A0 30 TBT TepmanbHON 3HEPTrUu 3€MHBIX HEJp.

Boo0Ome r0BOps, OONBIIMHCTBO HBIHEIIHUX TPAAUIIMOHHBIX TEOTEPMAIBHBIX CHCTEM,
MOCTABJIAIOIINX PHEPTUI0 B CETh, UCIOJB3YIOT THAPOTEpMANIbHBIE PECYpCHl, OAHUMAIOIINECS Ha
MOBEPXHOCTh 3e€MJIM 4Yepe3 MMEIOLIHECs B TOPHBIX MECTHOCTSX TPEIIMHBL TeXHOJIOTrHs, KOTOPYIO
npemiaraer Quaise Energy, HampoTHB, MO3BOJMUT OypUTh HOBBIE CKBaXHMHBI Ha TyOuHy 10 20
KWJIOMETPOB JJIsl TOJIY4EHHS JOCTyHNa K TeIly CYXMX CKaJlbHBIX IOPOJA, KOTOpble HMEIOTCS
MPaKTUYECKH BO BCEX YACTAX MHpa U COAEpKaT ropasfo Oojiee BBICOKYIO TEMIIEparypy, 4eMm Yy
TPaJUIIMOHHO JOOBIBAIOIINXCS TPYHTOBBIX BOJ [8, c. 22].

3. Beog I'DC na 50 munpa nonnapos CIHIA B Dduonuu

Bnactu O¢uonuu B 2021 roxy 3asiBUIIM, YTO OHU MPHUOIMKAIOTCA K BBOJY B SKCILTyaTallUio

ruapoaekTpoctanm Grand Ethiopian Renaissance Dam (GERD), xoropasi sBisieTcsi 4acTbio

CCMBACCAT MEPBOro0 SHCPIrCTUYCCKOTO IMPOCKTA, BKIOUYCHHOIO B prnHLIfI HHBGCTHHHOHHLIﬁ
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noptdens croumocthio 40 mupa noswtapoB CLIA s yBenmndeHUs: TPOU3BOICTBA IIEKTPOIHEPTUH B
cTpaHe B TeueHue ciuenyroniero necatuierus. '9C GERD momnocteio 6450 MBT, cTposimasicst Ha
peke Tomyboit Hun u npeqHa3zHaueHHas AJisl yBETUYCHHSI CYIIECTBYIOIICH MOIITHOCTH TIPOU3BOICTBA
AIIEKTPOIHEPTUHU B D(PUONHH BABOE, KaK OXKUIACTCA, ITOCTIOCOOCTBYET COKPAIIEHUIO TTOTOKA BOJIBI U3
Huna B Cynan u Eruner no mepe 3aroiaHeHus €10 BOAOXPAHWINILA JAHHOW INIOTUHBL. OTHAKO CIIOPBI
0 IpaBax Ha BOJY, a TAaK)Ke OMACEHUs 10 MOBOLY BopocHabxeHus u 6e3omnacHoctu ['DC sBistoTCS
NPUYMHON MHOTOJIETHEH HampsHKeHHOCTH Mexay ODduonueid u ApyruMH CTpaHaMM, HACEICHUE
KOTOPBIX 3aBUCHT OT BoJ ['omyboro Huma. [locneanue 3asBusior o Tom, uyto crpoutensctBo GERD
YIPOXKAET HE TOJBKO MX HAIMOHAJIBLHOMY BOJ000ECIEUeHHI0, HO U Oe3omacHOoCTH rocyaapcts. [1o
MOBOJY paspenieHus qanHoi mpooiemMbl ocenbto 2021 roga Coset bezonacnoct OOH npusBan Bee
3aJICHCTBOBAHHBIE B BOIIPOCE BOIOOOECIICUCHUS B PETUOHE CTPaHBl BO30OHOBUTH IEPETOBOPHI MO/
PYKOBOIACTBOM AQPUKAHCKOTO COI03a, C IENbI0 JIOCTUYh O00S3aTeIbHOrO COIVIAIICHHUS TI0
skcruryarauuu ['9C u BO30OHOBUTH CTPOUTENHCTBO TUIOTHHBI B OMibKaiiiee Bpems [9, c. 72].

4. TloBbllIEHME NOTEHIIMAIIA 3€JICHOTO BOIOPOAA B HOBBIX SHEPIeTUYECKHUX CTPATETUSAX

CrpaHbl Bcero MUpa BCE Halle pPacCMATPUBAIOT B CBOMX aMOWIIMO3HBIX DHEPIETUUYCCKUX
CTpaTrerusx NOTEHIMAJ 3€JIEHOTO BOAOpOAa I JOCTIDKEHHS IIeJied 1Mo JeKkapOOHM3aluu
TPYAHOYIJIEPOJHBIX CEKTOPOB 3KOHOMHMKHM. B nHauwane 2021 roma K CHHCKY, COCTOSIIEMY U3
cnenytomux crpan: @panuus, Anonus, Asctpanus, Hopserus, ['epmanus, [lopryranusa, Ucnanus,
U, Ouunsaaus, a takxke Epponeiickuii Coro3 €O CBOMMHU IUTAHAMHU IO CTHUMYJIMPOBAHHUIO
9KOJIOTMYECKH YHCTOrO TPOM3BOJCTBA BOIOPOAA MPUCOSAUMHWICS KPYIMHBIH B IHEPreTUYECKOM
cektope urpok — Kanaga. B umenom, paccmarpuBaemasi sHEpreTMyeckas MOJUTUKA JaHHBIX
TOCYIapCTB yYUTHIBAE€T BO3POCHINI TNIOOANBHBI WHTEpEC K rasy, MPOU3BOASIIEMYCS CETOIHS M3
TaKUX BPEIHBIX IO BEIOPOCAM JUIsl OKPY>KAIOIIEH Cpe/bl BEIIECTB, KAaK METaH U YTrOJb.

CornacHo 6a3e JaHHBIX BOJIOPOIHBIX MPOEKTOB MeXAyHapOIHOTO SHEPreTHYECKOTO areHTCTBA
(MDA), B Mupe Obu10 00BSBICHO O peanu3anuu okosio 320 JeMOHCTPALMOHHBIX MPOEKTOB IO
MIPOM3BOACTBY 3€JIEHOTO BOAOPOAA, UTO B OOIIEH CIIOKHOCTH IpeAcTaBiseT coboi okomno 200 MBT
MOIIIHOCTH JJIEKTPOJu3epoB. [IpruueM HOBBIE TPOEKTHI JOOABIAIOTCS MPAKTUUSCKU €KEHEACTBHO U
2021 rog Takke BHEC HEMaJIbIi BKJIAJ B II00AbHBIE YPHEPTETHUECKUE JeKapOOHU3AIMOHHBIE TSI
[11, c. 4874].

5. Ilepexon OT MUTUN-MOHHBIX AKKYMYJSTOPOB K [TUHK-HOHHBIM

JInTnii-noHHBIE aKKyMyJsTOPBl — CaMblid TIOIYJISPHBIM Ha CErOAHSAIIHUN JE€Hb BAPHUAHT
XpaHEHUs] HDHEPTrUM, 3aHUMAIONIWN, IO HEKOTOPhIM oOIlleHKaM, Oosiee 90% MHUPOBOTO pHIHKA
Hakorutene. OIHAKO MO MPUYMHE TOTO, YTO I[EMOYKA MOCTABOK JIMTUH-MOHHBIX Oarapei, Kak
OTMEYAIOT HCCIIEAOBaTeNd, CTAHOBUTCS Bce Oojiee OrpaHUYCHHOW, PHIHOK HOBBIX ITHHK-HOHHBIX
akkymynaTopoB B 2021 rogy npenmaraer 6osnee 6€30macHbIl M, B KOHEYHOM cUeTe, O0jIee JACIIeBhIA
BapUaHT XPaHECHUsI SHEPTHH.

Kak u nuTuii-noHHBIE, IMHK-UOHHBIE HAKOMUTENU (DYHKIIMOHHUPYIOT C MOMOIIBIO TpoIecca
uHTepKaIAuny. To ecTh MOHBI IUHKA BCTYMAIOT B PEAKIIMIO0 Ha 000X ANIEKTPOJaX U MepeMelatoTcs

MEXIy HUMU 4epe3 3JIeKTPOJIUT Ha BOAHOM ocHOBe. Bo BpeMs paspsaa MeTalIM4ecKuil UHK Ha

AHOJC PACTBOPSCTCS B DJICKTPOJIUTEC B BUAC NOHOB IMHKA. B aT0 )€ BpEMA MOHBI HUHKA ITOITIOMIA0TCA
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U3 2JIEKTPOJIMTA Ha Katoze. Bo BpeMs 3apsia paccmarpuBaeMblil IPOLECC TPOMCXOIUT B OOpaTHOM
HaIPABJICHUU.

B 5TOM KOHTEKCTE BaXXHO OTMETUTh, YTO IUHK-HOHHBIE OaTaped OTBEYAIOT YCIOBHUAM
COBMECTHMOCTH C TUTUI-NOHHBIMU. 3/1€Ch UCII0JIb30BAHNE NHTEPKAIALIMY O3HAYAET, YTO AIEKTPOJIUT
BBINOJIHAET TOJNBKO (YHKLHUIO IPOBOJHUKA I HMOHOB, YTO IIO3BOJSIET MCIIOJIb30BaTh JIMIIb
HeOoublI0e ero konuuecTBo. KpoMe Toro, akTuBHbIE MaTepHalibl, UCIOJIb3YEMbIE B IIMHK-MOHHBIX
Oarapesix, 001aJaI0T BBICOKOM YHEPreTUYECKOM INIOTHOCTBIO, YTO MTO3BOJISIET HAKATUIMBATD U XPAHUTh
J0CTAaTOYHO OOJIBIIIOE KOJIMYECTBO SHEPTUH AaXKe B TOHKUX dJ1eKTpoaax. [loaTomy pakTuyecku UHK-
MOHHBIE OaTaper MOTYT MOMOYb YIYYIINUTh IIPOM3BOJACTBEHHBIE MPOLECCHl JIUTUI-MOHHBIX. M3-3a
OypHOH peakLuu JIUTUS C BOJOW MHOTHME 3Tambl MPOM3BOACTBA JOJKHBI MPOXOJUTH B CTPOIO
KOHTPOJIMPYEMOi aTMocdepe, UTO AeaeT MPOoLece X CO3MaHus 60iee JOPOrOCTOSIIUM U CIIOKHBIM.
VY IMHK-HOHHBIX Oarapeil Ha BOJHOW OCHOBE TaKMX OrpaHWYCHHU HE HaOmomaercs. Kpome Toro,
LUHK-MOHHBIC HAKOIUTENHU, MO OnyonukoBaHHBIM B 2021 romy JaHHBIM aHAJUTHUKOB, ObICTpee
NEepexXoJsIT C TPOU3BOACTBEHHBIX JMHUH K MOTpEOUTENAM, YTO O3Ha4aeT 00 aKTyalbHbIX
BO3MOXKHOCTSIX 00Jiee HEJOPOroTro M OBICTPOro MacIITaOWPOBAHUS 3TOTO PHIHKA, IO CPABHEHUIO C
CYIIIECTBYIOIIMMHU HA CETOAHSAIIHUMN JCHb aHAJIOTaMU B CEKTOPE XpaHeHus sHepruu [ 6, c. 682].

6. DHepreTuyeckuil kpusuc B Texace

B Texace B Hauane 2021 roga m3-3a aHOMAJILHO XOJOJHOM 3MMBI HallMOHAJIBHBIA COBET MO
HA/IKHOCTH JEKTPOCHAOKEHUsT ObUT BBIHYXKJIEH OTKIIOYHTH OT reHepamuu 34 ['BT MomHocTei
MECTHOM 3JIEKTPOIHEPreTUUECKOM CHUCTEMBbl Ha LEIble CYTKHM, YTO CYLIECTBEHHO CKa3aJoCh Ha
skoHoMHUKeE CIITA, TOCKOIBKY IITAT ABISETCS OAHUM U3 KPYITHEUIINX 110 TEPPUTOPUU U YUCIEHHOCTH
HACEJICHNs CTpaHbl. MIHIIMAEHT NpuBEN K BBEICHUIO YpPE3BBIYAMHON CHUTyallUH B 3allaJHOW 4acTH
peruoHa, oHaKo, o 3asBJICHUSIM CIEUAINCTOB, UTHOPUPOBAHNUE CUTYALIUU U POJIOJIKEHHE paOdOTHI
SHEProCHUCTEM MOIVIO NPHUBECTH K Oojiee MAacIUTAaOHBIM OTKIIOYEHHUSM U aBapusM B OTpacCiH
AJIEKTPO3HEPIETUKH, 3aTPOHYB 14 npyrux mraros rocygapersa [12, c. 13].

7. IIpOo€KT BEICOKOMOILIHOCTHOTO JIEPHOIO PEAKTOPa Ha PaCIUIABIEHHON COJN

B xonme centsOps 2021 roma kananckas kommanus Terrestrial Energy mnpencraBuia
MOJIEPHU3UPOBAHHBIA MPOEKT 3jekTpocTaHimu Ha 390 MBT c uHTerpajabHbIM pEakTOpoM Ha
pacmnaBax coneil (IMSR), oTBevaromuii TpeOOBaHHUAM KOMMYHAJIBHBIX CIIYy’KO M TMOBBIIIAIOIIUN ee
KOHKYPEHTOCHOCOOHOCTh MO cTouMocTu. CieayeT OTMETHTh, YTO CTaHLUS ObUIa Mpe/cTaBlieHa B
pamMKax YCWIMM 1O TNPOABMKEHHIO HWHUIMATUBBI KAcaTeJbHO €€ YCTAaHOBKM Ha aTOMHOM
anekTpoctanuu Japmuarron ot Ontario Power Generation. Kommanus Takke oOBsSBHIIA O psijie
M3MEHEHUH, KOTOPbIE MOT'YT CIIOCOOCTBOBATh €€ CTPEMIICHHIO KOMMEPLIMAIU3HUPOBATh YIIOMSHYTYIO
TEXHOJIOTHIO MaJIbIX MOYJIbHBIX PEAKTOPOB YETBEPTOI'O MTOKOJIEHNS M Ha4aTh JKCILTyaTaluIo IEPBOU
ctaniuu k 2028 roxuy.

CaiiMoH Aiipuill, TeHepabHbIM IUPEKTOP KOMIIAHUU-pa3paboTyrKa TeXHOJIoruu u3 OKBUIIA,
Onrapuo, nogenwics nHpoOpMaLUEHd O TOM, YTO MOJACPHU3UPOBAHHBIN MPOEKT 3IEKTPOCTAHLIUHU
IMSR400 oObenuHseTr JABa WHTETpalbHBIX COJEBBIX peakTopa MomHocThio 195 MBrT,

pa3pabaThIBAIOIIMXCSI HECKOJIBKO IECATHIICTUH U 001agaromux 3G PeKTHBHOCTHIO, S)KOHOMUYHOCTBIO

U TUOKOCTBIO, HEOOXOIMMBIX, YTOOBI CHITPaTh 3HAUMTENIBHYIO POJIb B MEPEXO/AE CTPaHbl K YUCTOU
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SHEpPreTHKe, BKJIOYAs MPOU3BOACTBO UYMCTOTO BOJOpPOJA B MPOMBIIUICHHBIX Maciitabax. Ilo
3asBieHUsAM komnanuu Power, B snektpoctanumsx IMSR ot Terrestrial B kauecTBe nepBUYHOM
TOTUIMBHOM M BTOPHYHOW OXJIAXKIAFOIICH COJHM HCIONB3yeTcs (TOPUCTAs COJb, TIPeodpasyromascs,
IPU  OMPEICTCHHBIX YCIOBUSX, B BBICOKOCTAOMIBHYIO WHEPTHYIO JKHUJKOCTh C HAJACKHBIMH
OXJIAXKJAIOIIUMUCA CBOWCTBaMH, a CEpICYHUK-OJIOK peakTopa XapaKTepu3yeTcs IOBBIIICHHON
0€30MacHOCTBIO U JUTUTEIbLHBIM CPOKOM CITY>KObI okoso 7 et [ 10, c. 474].

8. Kak ycranoBka AP1000 wMeHseT mapaaurmy sIOSpPHOH DHEPreTHKH Onaromaps
[EHTPATM30BAHHOMY TEIJIOCHA0KEHUIO U OTPECHEHUIO BOJIBI

SAnepnas anmekrpocrannus XaisH komnanuu Shandong Nuclear Power Co., npumMevarenbHa
TeM, 4YTO CcTaja BTOPOM B MHPE BBEICHHOM B HSKCIUIyaTallMI0O PEAKTOPHOW YCTAaHOBKOW,
peaNM3yIoneiicss OJHOBPEMEHHO B JBYX BAXKHBIX aCMEKTaX sIepHOU nuBepcudukanuu Kuras:
[IEHTPAIM30BAaHHOE TEIUIOCHA0KEHHE W MOPCKOE OINpecHeHue. XoTs oOmuid miaH pa3sutus ADC
XalisH npeycMaTpruBaeT CTPOUTEIHCTBO Ha TUIOMIAIKE €1E YEThIPEX peakTopoB MOIIHOCThIO 1 I'BT,
B 2021 romy cTaHuMsl OTIMYUIACH PSAOM IPOEKTOB, KOTOPHIE, KaK OXKHJIAETCS, PACIIUPST ee
3HAYUMOCTh U JIOXOJbl. BCkope mocie Hauajga KOMMEpPYECKOM AKCIUTyaTalldyd CTAHIIMH JI0YEPHSS
xomranus State Power Investment Corp. u YHuBepcurer L{uHXya Hauanu M3ydaTb BO3MOXKHOCThb
UCIONIb30BaHUsl OTPabOTAaHHOTO Mapa U OCTAaTOYHOIO TEIia sIAEPHBIX OJOKOB AJII OJHOBPEMEHHOM
BBIPAOOTKH TEIjIa U OMPECHEHHOM BOJBI.

B HOs10pe 2019 rona Ha ADC Obliia peanu3oBaHa nepBas Ga3a YHHKAIBHOTO KOTEHEPAITMOHHOTO
MPOEKTa, 00ECIeUNBaIOIIAs TEIIOM TEPPUTOPHIO BOKPYT CTAHIMH TUT0MIa a6k 700 THIC. KBaIpaTHBIX
METPOB, BKJII0Uast OOIIEKUTHE ITIs1 COTPYAHUKOB 1 HEKOTOPHIE JKHIIbIE PaiioHbI TPUOPEKHOTO TOpoIa
XaiissH B npoBuHuuu lllanpayn Ha BocTtoke Kurtas ¢ HaceneHuem okojgo 660 ThIC. YEIOBEK.
[Ipeanonaraercs, uro k koHiy 2021 u wawamy 2022 roma ¢asza mpoekTa pacuIupuT IUIONIAIb
tertopukanuu Ha 4,5 MIIH KBaJpaTHBIX METPOB M IMOJHOCTHIO OXBAaTHT TOPOJCKYIO TEPPUTOPUIO
0003HauUEeHHOTO peruoHa [35, c. 9].

9. Tpancdopmarus sueprerudeckoro cekropa CIIA nocne yxona Tpamna

B naugane 2021 rona npe3unent CIIA [Ixo baiifen Bcero uepe3 HECKOJIBKO YaCOB IMOCIE CBOCH
WHAyTypallud BBEJI HEMEJICHHOE 3aMOpaKMBAHHUE psifa MEp MO JEePEryIUpPOBAaHUIO, KOTOPHIC
HEIMOCPEACTBEHHO BIMSIOT HAa SHEPIeTUUECKUN CEKTOP, @ TAK)KE€ OTMEHWJI JJIMHHBINA CIIUCOK MPABUII
U UCHOJHUTEIbHBIX ACHCTBUH, KacarelbHO HEPreTHYECKOW MOJUTUKHM rocyaapcrtBa. 20 siHBaps
MPE3UJICHT TaKXXKE JIajl CTapT KaMITaHWUHW IO BO3BpalIeHnio AMepukn K IlaprkckomMy comaiieHuro,
HarpaBuB B Opranuzanuio OO0benuHeHHbIX Hamwii kparkoe NMUCBMO, B KOTOPOM OTMETHJI, YTO
MIPUHSLT BCE CTaThU U MYHKTHI MEKYHAPOAHOTO COTTIAIICHHUS IO KIIUMATY.

[lepBbIM TOKyMEHTOM, OOHApPOJOBAHHBIM CO3/1aHHON OpuduHr-KOMHaToil benoro moma
baiinena, crtam MeMmopaHAyM I pyKOBoauTeleH (QemepadbHbIX areHTCTB, MPHU3BIBAIOIINMA
3aMOpPO3HUTh BCE€ MpeAjiaraeéMble B HHEProCEeKTOpe MpaBHja JI0 TeX MOp, MOKa OHU HE OyayT
pPacCMOTpPEHbl HAa3HAYEHHBIM MPE3UJICHTOM IJIaBOM WJIM APYTUM JieJeraroM. MemopaHAyM Takxke
MpHU3Baj]l YMHOBHUKOB HEMEJICHHO OTO3BaTh BCE HEOMYyOIMKOBaHHBIC MpPaBHIIA, KOTOpPHIE OBLIH

OTIpaBlieHbl B YmpasieHue denepanpHoro peructpa (YOP), m omnoxuts Ha 60 1mHEH naTsl

BCTYIJICHUS] B CHJIy BCEX IpPaBHJI, KOTOpPbIE OKa3ajlHCh OMYyOIMKOBaHbI, HO HE BCTYIWJIHM B CHUIY.
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O6bruHO YOP TpeOyet, YTOOBI OCHOBHBIC NMpaBWa B DHEPTETHKE — SKOHOMUYECKH 3HAYMMbIC U
TpeOyrolre paccCMOTpeHHs YIpaBieHHeM o UH(pOpMaluu U HOPMAaTUBHBIM BOIIPOCAM — BCTYHAIH
B CHJTy HE MeHee ueM uepe3 60 qHeii nociue narel myonukanuu B @enepaibHOM peecTpe.

JenictBusa benoro noMa Takyke 3aTpOHYIN Psif PABUII, HAXOMAIIMXCS HA PACCMOTPEHUN WU
HEJIaBHO MPUHATHIX ATEHTCTBOM 110 oXpaHe okpyxatrotieit cpeapl CLIIA, Bkitouas 1o MeHblle Mepe
TPU IIPaBUJIA, PETYITHPYIOIINE OCTATKU OT CKUTAHUS YIVIs, a TAKXKe OOIIre U3MEHEHHsI B TPeOOBaHUIX
K MOHUTOPHHTY BBIOPOCOB M OTYETHOCTH JJISl DJIEKTPOCTAHIMH, pa0dOTAIOMMX Ha HCKOIAaeMOM
tortuse [7, c. 587].

10. MaccoBoe cokpaiiieHue paboynx MeCT KoOMIIaHuel Siemens

Siemens Energy B ¢eBpane 2021 roga oobsBuia o cokpamieHun kK 2025 rony 7 800 pabounx
MECT B CBOEM IMOAPA3JECICHUHU 10 MIPOU3BOACTBY ra3a U I€HEpallMy IEKTPOIHEPTUU MO NPUYHUHE
TOTO, YTO KOMITaHUS TBITAETCS CTaTh 00Jee KOHKYPEHTOCIMOCOOHOH Ha MHPOBOM SHEPreTHYECKOM
pBIHKE, HAXOSAIIEMCS Ha dTare Mepexoia OT UCKOMaeMOro TOTIMBA K BO30OHOBIISIEMbIM UCTOYHUKAM
sHepruu. Tak, B omyOIMKOBaHHOM B Hauase (eBpayis peinuse o A0X0JaX KOMIaHUs cooOUuia, yTo
IUTAHUPYET COKPATUTh MPUMEPHO OJHY LIECTYI0 4YacThb IE€PCOHAja, 3aHMMAIOLIErocss MOCTaBKaMu
TypOuH. B Siemens 3asiBuH, 9TO OOJBIIMHCTBO COKPAIICHUH MTPOU30KACT B ONIMKAWIIINE TIApy JICT.
Onu 3arponyt okono 3000 pabounx mect B ['epmanuum u oxomo 1700 B CIHA. Ilnanupyembie
COKpaIlleHHs OKaXXyT BO3JeicTBUE Ha §,5% COTPYIHUKOB KOMIIAaHUU 110 BceMy MUpy [4, c. 3836].

Takoxe OBUIO OOBSBICHO, YTO OOJBIIMHCTBO YBOJBHSEMBIX B HACTOSINEE BPEMS COTPYIHHKOB
3aHUMAIOT PYKOBOISIINE IODKHOCTH M JOJDKHOCTH B cdepe mpomax. Kommanws, oOBSBISA
IIOKa3aTesIn CBOMX J0XOJ0B 3a nepBrlid kBapTan 2021 roga, ormernia, yto B nepuox ¢ 2020 mo 2023
rOZIbl TOTOBA TOHECTH BCE PACXOABI HA YIIOMSAHYTYIO PECTPYKTYPHU3ALUIO U IPOCUT BCEX YYACTHUKOB
HHEPreTUYECKOrO PhIHKA OTHECTUCH K U3MEHEHHSIM C TIOHUMaHUEM, a TaKKe YUECTh UX BaKHOCTh U
He00XOMMOCTh HE TOJIbKO ISl SKOHOMUKH Siemens Energy, HO U U1 T100anbHOM 3HEPTETUKU B
nenom [2, c. 152; 4, ¢. 3837].

Kpuctnan bpyx, npe3uieHT U TIaBHbIM UCOJHUTEIbHBIN AUPEKTOP KOMIIAHUH, BBICTYIIUI CO
CJIEIYIOIIUM COOOIIEHHEM: « DHEPTETUUECKUHN PBIHOK CYIIIECTBEHHO MEHSIETCSI, UTO OTKPBIBAET MEPE]
HaMU BO3MOYKHOCTH, HO B TO K€ BPEMsI CTaBUT Oouiblliue 3ajayd. MBI IpeanpuMeM BCE€ MEpHI 10
pecTpyKTypHu3alui Hanbosee colnaabHO OTBETCTBEHHBIM 00pa3oM. [lokaszarenu nepBoro kBaprana
2021 roma n1oKa3bIBalOT, YTO MbI HAXOAMMCS HAa IPABUIBHOM IIyTH K JOCTHIKEHHUIO TOJOBBIX LEJIEH.
Komanpa Siemens Energy Bcerna qo6uBanach yBEpeHHbBIX pE3y/IbTaTOB JIaXke B CIIOKHBIX YCIOBHUSX.
C nomoImpi0 HOBOM MpOrpaMMbl Mbl XOTHM BOCCTAaHOBHUTH HAlly KOHKYPEHTOCIOCOOHOCTh M
(bMHAHCOBYIO MOILIb C IENIBIO TOTO, YTOOBI CPOPMUPOBATH HOBBIM SHEPTETUUECKUI MUD 3aBTPAITHETO
OHA. 5l NEeHCTBUTENBHO BEPIO, UYTO CE€Yyac Mbl MPEINPUHMMAEM HMEHHO T€ JAEUCTBUS, KOTOPbHIE

omnpeaensT Oynyiiee o0albHOr0 SHEPreTHYECKOro peiHKa» [3, c. 15; 4, c. 3837].
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METO/ PACIIO3HABAHUSA HAMEPEHUA ABU/XEHUSA
B PEAJIBHOM BPEMEHMU JJIs1 DK30CKEJIETA

OYHKIMM YeIOBEUYECKOl pyKH OYeHb OOrarbl, U OHa MOXKET BBIIOJHATH MHOXECTBO 3ajlad B
MMOBCEHEBHOM JKM3HU, TaKMX Kak XBaTaHue W muchbMoO [1]. OmHako QyHKIMS pyK y MAlUEHTOB C
XPOHUYECKHUM HHCYIBTOM MOXeT ObITh HapymieHa [2]. CommacHO TeopuH HEHpOIIaCTUYHOCTH,
IBUratreabHas (PyHKIMS YeTOBEUECKOM PYKH MOXKET OBITh BOCCTAHOBJICHA B ONPENEICHHON CTETIEHU
C TIOMOIIBbIO Pa3yMHOM M Hay4yHOH peabunurtanuu. B xome kypca peabunutanuu GyHKIHH KUCTH
BOCCTaHOBJICHHUE MOBPEKICHHBIX HEPBOB MOXKET OBITH YCKOPEHO 3a CUET HEMPEPHIBHON CTUMYIISALIUN
MBIIII, YTOOBI YITY4IIUTh (DYHKIIMIO KUCTH Y MAMeHToB ¢ HapymeHusMu [3]. C qpyroii CTOpoHHI,
peadmIUTaIMOHHBIE TPEHUPOBKH MOTYT 3()()EKTHBHO MPENOTBpALIaTh aTPOGUI0 MBI, AATre3UI0
CYXOXKUJIMI M CKOBaHHOCTh CYCTaBOB, a TaK)Ke CIIOCOOCTBOBATh LUPKYyIAHH KpoBu [4]. [TosTomy
JUIA TIallMEeHTOB, MEPEHECUINX WHCYIBT, ObUIM pa3paboTaHbl pa3IMYHBIE CUCTEMBI OOy4YeHUS
peadmIUTaK KUCTH/3aISICThS C Pa3THYHBIMU (POpPMaMHU.

Cy1iecTByomue CUCTEMbl 00yueHus: peaduIuTali pyK MOXHO YCIIOBHO pa3/IelIUTh Ha JBE
Kateropuu: (yHKIMOHATIbHAS OJIEKTpocTUMYISIUs (FES) u peaOUIUTAMOHHBI poOOT ¢
sk3ockeneToM [5]. Cuctema FES ucnonb3yeT 3MeKTPOAbI ISl TPOBEICHHS C1a00ro BHEIIHETO TOKa
JUISL CTUMYJISILIMY MBILIL] B ONPEAEIEHHBIX MOJI0KEHUAX YEJIIOBEUECKOrO TeJa, BhI3bIBAas TEM CAMbIM
HENPOU3BOJIBHOE COKpAILEHNE MBIIIII] Y€JIOBEKa U MPUBOJS B JBH)KEHUE KOHEYHOCTU. UeM cuiibHee
TEUEHHE, TEeM CHJIbHEE COKPAIalOTCS MBI DTOT METOA MOXKET OBbITh MCIOJIB30BaH IS
CTUMYJISIIMM MBI TAllMEHTOB B 3HAYMTENIbHOM CTENEHH M CIIOCOOCTBYET BOCCTAHOBIICHHUIO
¢dbyakuu kuct [6]. OMHAKO JeTKO BBI3BAaTh OOJE3HEHHOCTHh MBIIII. B o1HON peabuiuTaiimoHHON
TPEHHUPOBKE TPOJODKUTENBHOCT, FES, Kak TpaBWIO, KOPOTKA, YTOOBI 3alUTHTH MBIIIIIEI
NAIMEeHTOB, U CTUMYJISIUS MOXKET OBITh POJOKEHA TOIBKO MOCIIE ATUTEIBHOr0 OTabIXa [7].

PeabunuranmoHHbl poOOT-3K30CKENET TAHET KOHEYHOCTH IMAllMeHTa C MOMOIIbIO BHEIIHUX
nBuraresneid. TpaeKTOpHIO €ro IBHKEHHMS MOXKHO 3a(UKCHPOBaTh WIIM CIUIAHUPOBATh OHJIANH,
pacrno3HaB HaMepEeHHE JIBMKEHUS IO IMOJIyYEHHBIM JTaHHBIM 3JIeKTpOsHIEe(daIorpaMMbl YeloBeKa
(O3I') wnmu moepxHOCTHOU siekTpomuorpaduu (COMI') [8]. PeabunmutanmoHHbI poOOT C
HK30CKEJIETOM MOXET CHU3UTh TPYAOEMKOCTh pabOThl MEIUIIMHCKOTO IepcoHaia B OONBHUIIE,
YIPOCTUTH MPOLECC PeadMIMTALMOHHBIX ONEpaluidi U MOBBICUTH APPEKTUBHOCTh peabUIUTAILIIH
nanueHToB. [loaToMy cuctema 3K30CKeneTa IUPOKO MPUMEHSIETCS] U U3y4aeTCsl UCCIIEA0BATENSIMH.

UYro kacaeTcst mpoOIeMbl MEXaHUYECKOTO MTPOEKTUPOBAHUS CUCTEMBI DK30CKeINeTa, TO CHcTeMa
9K30CKEJIETa MO CYLIECTBY SIBISETCA OJHOW MEXaHMYECKOM CHUCTEMOM, MOITOMY LIEHTP JABUKECHHS
najblla MOXKET HE COBIAJaTh C LEHTPOM JBMKEHMSI MEXaHW3Ma, KOTJa MallMeHThl HOCAT poloTa-
AK30CKEJIET PYKH, YTO CO3/1aeT MPoOIeMbl COBMECTUMOCTH U KOMQopTa.

B acnexkre pacno3HaBaHusd U peajindalliii HAMCPCHUA ABUIKCHUSA MHOTHUC YUYCHBIC IIPOACIIAIN

COOTBETCTBYIOILYIO paboTy.
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OcCHOBBIBasICh Ha aHAJIM3E UX PadOT, B 3TOM pabOTe MpeACTaBIIeH pa3pad0TaHHBI MAHHUITYIISTOP
JUIsl peabuIuTanuu pyk ¢ dk3ockeneroM 7-DOF (puc.) W mpeajaraercsi METOA paclo3HaBaHHS
HAMEPEHHUs JIBIDKEHUS B PEATbHOM BPEMEHH. DTO MOXET OBITh MPUMEHEHO K MAaHUTMYISATOPY
9K30CKeJIeTa, YTOOBI IMOHSATh, YTO HEMOBPESKICHHAS CTOPOHA TAIMEHTa YIPAaBISET JBMIKEHUEM
MOPaXEHHON CTOPOHBI C TOMOIIBbIO MAHUITYJISITOPA SK30CKeIeTa.

KomOunupyst mexanu3m space RSSR ¢ MeXaHM3MOM JIBOMHOTO Iapajuieiorpamma, IEHTp
BpAIllCHUsT MEXaHW3Ma MPUOIU3ZUTEIHHO COBMAAET C IICHTPOM ABMKCHHUS CYCTaBa YEIOBEUCCKON
pyk#, 9T0OBI M30€KaTh BTOPUYHOTO IMOBPEKICHUS, BHI3BAHHOTO BMEMIATEIILCTBOM MEXaHU3Ma B
YEJIOBEYECKYIO PYKY B olpeziesieHHoU creneHu. [lotomy uto coenunenne MCP, B KOHLIE KOHIIOB, HE
SBIISIETCS UJACATBHBIM IOBOPOTHBIM COE€IUHEHHEM. MeTo KOIMPOBaHHUS CHANKOB B COYETAHUH C
¢byukuusmu sEMG Bo BpeMEeHHOW 00JIaCTH UCTIONB3YETCs 7S 3aMEHBI UCXOAHOTOo curHana sEMG, u
mpeIaraeTcss METO/ PAcIO3HABAHMS HAMEPCHHS JIBIDKEHUS PYKH B pealbHOM BpeMeHu. Oomas
amnmaparHas cUCTéMa C KOMITBIOTEPOM U BCTPOEHHOH CHCTEMOIl MOCTpOeHa [Uisl peajn3aluu

O6y‘-IeHI/ISI B PCIKUME PCaJIbHOTO BPEMCHU 110 HpI/IO6peTeHI/IIO HaMCPCHUS IBUKCHUA U pea6I/IHI/ITaHI/II/I.

Puc. Mopenb Ha 1€BOM pPUCYHKE
1 (HaKTUIECKHIA SK30CKENIeT PYKH/3aIsICThs Ha TIPABOM PUCYHKE

[TpakTuueckas 3He4eHrEe pabOTHI COCTOUT B TOM, YTO:

1) IlpennoxkeH MeTon pacmo3HaBaHHUS HaMEPEHHs ABM)KCHUS B PEaTbHOM BpPEMEHU IS
peanu3aluy paclo3HaBaHUs CEMHM JABMKEHUH C HCIOJNb30BaHUEM Tpex aaruukoB sSEMG, ¢
HCIIOJIb30BaHUEM CIIOCO0A OLEHKU CKOJB3SIIEr0 OKHAa, MOIYNS HW3BJIEUEHHUS NPU3HAKOB, METOJA
YIaKOBKHU M MOJYJISI IPUHSATHUS PEILIEHUS O ABUKECHUU.

2) ®ynkuus anroput™a (BSA) sEMG cHadana BBOAUTCS B MOJIE OIICHKH HAMEPEHHUS ABIKEHUS,
KOTOpoe oObeauHsieTcss ¢ (QYHKIHEW CcpeaHeKBagpaTHdHoro 3HadeHus (RMS) sEMG nns
npeacravinenuss ponm sEMG. Tlockonbky curHan sEMG 1O CyTH SIBISIETCS CYNEPIIO3HITUEH
HMMITYJIbCHBIX CUTHAJIOB, 3Ta paboTa MPUHECET HOBBIHN crtocob u3BnedeHus: Gpyakuuii SEMG ¢ Touku
3peHust (HPU3MOIOTHYECKOTO MEXaHU3Ma, U OH OyleT MPUMEHEH K AK30CKENeTy Uil peaduIuTaiuu

KucTU/3amsictbst 7-DOF ¢ TpocTOli MHOTOMO3UIIMOHHON CBSI3bI0, METaHU3MOM RSSR, ABOWHBIM

napajeaorpaMmMom 1 BecoM 1,815 kr.
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Cucrema UMeET CeMb CTeTIEHEH CBOOOIBI 1 MOYKET OCYIIECTRIISITH OHJIAMH pacIiO3HABAaHUE CEMU
JBIDKEHUN Ha OCHOBE TpeX MardyukoB SEMG dry. I1o cpaBHEHHIO ¢ CYIIECTBYIOUIUMHU CUCTEMaMHU H
METOIaMH BUIHO, UTO pa3paboTaHHas CcTeMa HMEET OOJIbIINE MPEUMYILECTBa B 0011l CTOMMOCTH,
(YHKIMOHATIBHOCTH, PEXKHME PEaJIbHOr0 BPEMEHU M TOYHOCTH. B Oynymeit pabore cucrema Oyner
IPUMEHATBHCS B IPOLECCe PEeadMIMTAllMOHHOIO OOY4EHHUsS peajbHbIX IAalMeHTOB, IEPEHECIINX
MHCYABT. JJI MOBBIMIEHUS ITPOU3BOJUTEIBHOCTH OyneT NPUMEHSTbcA 0ojiee MHTEIICKTYaJlbHbIN
MeTon KoHTpoist [9]. B psae paboT paccMaTpuBaiOTCs TaKHe COBPEMEHHBIEC MOAXONBI B 00JacTu
CIIO)KHOW MeXaHHW3allMd, B TOM YHCJIEe C NPUMEHEHHEM MEXaTpoHHBIX cucreM. Heobxomumo
OTMETUTh, YTO (PYHKIIMOHUPOBAHUE OCYILECTBIIAETCS TONBKO MPU HAIMYUU TPETHEr0 KOMIIOHEHTa —
sHepreTuyeckoro [10-13].

Byner pa3paboTaH aBTOHOMHBIM TPHBOA HA CTOpPOHE MAalMEHTa, KOTOPBIA Oyxer
MCTIOJIB30BaThCs B PEA0MIINTAIIMOHHOM O0yYeHHH BMECTE C TEXHHKOH 3[0pPOBOTO OOKOBOTO MPHBO/IA

B ATOM pabore.
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OBIIME TPEBOBAHUA K CUCTEMAM JUAT'HOCTHUKHA

TexHuyeckasi TMarHOCTUKA UMEET IIeNIbI0 MTOJIyYeHHEe U aHaIu3 WH(OpMAaIUU, TTO3BOJISIONICH
OIICHUTh TEXHUYECKOE COCTOSHHE MAIIWHBI B IIEJIOM HJIU €€ JJIEMEHTOB 0e3 pa300pKH, a TakkKe
COCTaBUTh MPOTHO3 BO3MOXKHOI'O TOSIBJICHUS T€X WM HHBIX HEUCIPABHOCTEH M BpPEMEHH BO3-
HUKHOBEHUS 0TKa30B. OHa M03BOJISIET CBOEBPEMEHHO MPHUHSITH MEPhI IO YCTPAHEHUIO BBISIBICHHBIX
HEUCIIPABHOCTEH M BBIMOIHACTCS OIBITHBIMHU CJECapSIMU-PEMOHTHHUKAMU WM MEXaHUKaMH B
MPOIIECCe TUIAHOBBIX MPOMUIAKTUYCCKHMX OCMOTPOB, a TaKXKe IEepell PEMOHTaMHU C IICNBI0 YC-
TAQHOBJICHUS ITOUICKAIUX JTUKBUIAIUHN AePeKTOB [1].

MeTonamMu TEXHUYECKOW AUArHOCTUKH SIBIISTFOTCSL:

CybvekmusHbvlti Memod OIpPEeACIICHUs] TOBPEXKICHUM 10 BO3HUKHOBEHUIO CTYKOB W
MIOCTOPOHHUX IIIYMOB, TIIOBBIIIICHHOMY HAarpeBy OT/ACJIbHBIX YacTel MAaIlNHBI, YBEIUYEHUIO
BUOpaIIMii, TOSBICHUIO 3allaX0OB rapy, Macia, ra3a, HaIMYUIo CTPY>KKH B Maclie, a TAK)Ke BU3YaIbHO.

Jluacnocmuxa ¢ TIOMOUIBIO PA3NIMYHBIX MPUOOPOB M CTEHIOB, MOBBIIAIONIAS CTENEHb
OOBEKTUBHOCTH OIICHKM HCTUHHOW KapTHHBI Je()EeKTOB MamuHbL. [IpOM3BOIUTCS € TIOMOIIBIO
CTCHJIOB JUArHOCTHKH OTJICIIBHBIX Y3JI0B, MEXaHU3MOB, CHCTEM M MAIIIUHBI B IICJIOM, IIPUOOPOB IS
KOHTPOJISI TOJLIMITHUKOB, AMCTAHIIMOHHOTO KOHTPOJS TEMIIEpaTypbl, TEPMOIMArHOCTHYECKUX
npuOOpOB, CTETOCKONOB M JPYrHMX MpHOOPOB s OOHApY:KEHUs NIYMOB (aKycTHYecKas
JMarHOCTHKA), TpUOOPOB BUOPOMETPUUECKOTO KOHTPOJIS U TIp.

Tepmuueckas uHOukayus HEUCTPABHOCTEW I PETHUCTPAIMH WU3MEHEHUsS TEMIepaTyphl ¢
MIOMOIIIBI0 TEMIEPATYPHBIX JATYMKOB, TEPMOUHIUKATOPHBIX KPACOK, U3MEHSIOIINX B 3TOM Cllydae
CBOU LIBET, U Ap.

Apomamuueckasn ouacHocmuka TO TIOSBIEHUIO 3amaxa MpH KPUTHYECKOM HM3HOCE JIETalu C
MTOMOIIIBIO aMITYJIBI C MAXyYHUMU BEIIECTBAMH, 33/1€JIbIBAEMON B JaHHYIO JIE€Tab.

Buzyanvuvii memoo ¢ WCHOIB30BAaHUEM CBETOBOJAOB i OOHapyXeHUs ae(pekToB B
TPYIHOJOCTYITHBIX MECTAX.

Memoo ananuza kauecmea (OTKJIOHEHHS pa3MepoB, POPMBI U PACIIOIOKEHHUS TTIOBEPXHOCTEH )
W3JIeTHs, TTPOU3BOAMMOTO Ha TaHHOM 000pyaI0BaHuH [2].

Memodamu npoeno3upogarus 0TKa30B 000PYIOBAHUS C TOMOIIBIO TEXHUYECKOW JUATHOCTUKH
SIBJISIFOTCSL:

1. CratucTuueckuii METO, MPU KOTOPOM OIIBIT AKCIUTyaTalliy JTaHHOTO WJIM aHAJOTHYHOTO
000pYyIOBaHUS TO3BOJIAECT BBIIBUTH 3aBUCUMOCTH YHCJIa OTKAa30B OT BPEMEHHM HAPaOOTKH C IEIBIO
oTpesieNieHUs MOMEHTa B paboTe 000pyIoBaHus, KOTJa He0OXoauMa Mpo(puIakTUKa Uil PEMOHT.

2. Meton MHAMBUAYaTbHBIX U3MEPEHUN, MO3BOJISIONIMN CYIUTh O TEXHUYECKOM COCTOSHUH

MalllMHBbI UJIN €€ DJIEMEHTOB Ha OCHOBAHUU JUATHOCTUYCCKUX CUMIITOMOB (CI/IFHa.]'IOB), IMOJIYUCHHBIX

C TIOMOILIBIO TMarHOCTUYECKOM anmnapaTtypsl 0e3 mpeIBapuTesbHON pa300pKH MalIuHbI.
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3. MeTtoj rpaHUYHBIX UCTIBITAHUI, OCHOBAHHBIN HA MOJIYYEHUH TPOTHO3UPYIOIIUX MApAMETPOB
MaIlMHbI UJTU €€ JIEMEHTOB B YCIIOBUSX YTSKEIEHHBIX PEKUMOB paOOThI, YTO MTO3BOJISIET B KOPOTKOE
BpeMs YCTAaHOBUTh 3aKOHOMEPHOCTh BO3HMKHOBEHHS HEHCIIPABHOCTEW M OOHApYXUTh cialble
3JIEMEHTBI, KOTOPBIE B MTPOLIECCE IKCIUTyaTallU MAalllMHbl MOTYT BbI3BATh BHE3AIHbBIE OTKA3BI.

Pabora no oGecrneyeHn 0 HaJAEKHOCTH JIOJDKHA HOCUTh KOMILJIEKCHBIN XapakTep, OXBaThbIBas
BCE CTa/IMU )KU3HEHHOI 0 LiuKJa 00opynosanus. [Ipu 3ToM HE0OXOAMMO UCXOAUTH U3 IPUHIUIIA, YTO
HAQ/IOKHOCTh  3aKJIAJbIBACTCSI TMPH HPOCKTHPOBAHWU OOOpYIOBaHUS, OOeCleYnBaeTcs NpHU
U3rOTOBJIEHUM, BOCCTAHABIMBAETCA U TMOJNACPKHUBACTCS IpPU IKCIUTyaTalluM MU pemoHTe. B
3aBUCUMOCTH OT croco0a IOJydeHHMs] MCXOJIHBIX JaHHBIX METO/bl OINpE/eTeHUs IoKa3aTesnen
HaJIeKHOCTH  MOAPA3AEISAIOTCS  HAa  pacueTHblE,  SKCIEPUMEHTAIbHbIE U PACUYETHO-
9KCIIEPUMEHTAJIbHBIE.

PacuerHble MeTOABl ABISAIOTCS HauOojiee MEPCHEKTUBHBIM HCTOYHUKOM  MOJIYYEHHS
uHpopManuu o OyaymieM HoBedeHMM MaiiuHbl. OHM OCHOBaHBI Ha BBIYMCICHUU IOKa3aTesei
Ha/IeKHOCTH 110 CIIPAaBOYHBIM JJAHHBIM O HAJIe)KHOCTH COCTaBHBIX YacTel ¢ yueToM (DyHKIIMOHAIbHON
CTPYKTYphl U BUJOB pa3pyLICHUs, IO JaHHBIM O HaJEKHOCTU M3JIENHUI-aHAJIOrOB; 110 pe3yibTaTaM
HKCHEPTHON OLEHKH M JPyroi HHPOPMALUU, UMEIOIICHCS K MOMEHTY OLIEHKH HaJIe:)KHOCTH [3].

Tonbko pacyeTHbIM INyTEM MOKHO CYIUTh O HAJEKHOCTH MAIIMHBl U €€ BO3MOXHBIX
KOHCTPYKTUBHBIX BapMaHTOB Ha CTaJUM IPOEKTUPOBAHMs, [0 MHHHMYyMa CBECTH BpeMs,
HE0O0X0MMOE ISl ONpEeNICHHs MoKa3aTele HaJeKHOCTH O0OpYyJOBaHUs, BBIIBUTH OCHOBHBIC
B3aMMOCBSA3M MEXJy [OKa3aTeNsIMU HAJEKHOCTH M  [apaMeTpaMH, XapaKTepU3yHOIUMU
KOHCTPYKLHUIO, TEXHOJIOTHIO, PEXKUMBI M YCIIOBUS KCIUTyaTallui MAIIUH.

Bces nndopmarus, noaydeHHas Kak B Ipoliecce SKCIUTyaTalliy MaIIWH, TaK M Ha Pa3JIMYHbIX
JTanax X CO3/JaHUs U OTPaOOTKH, SIBJISIETCS OCHOBOM 3HaHMI, HA KOTOPBIX Oa3UPyeETCs MPOEKTHAs U
IIPOM3BOJICTBEHHAS JESITEIbHOCTD NMpeAnpusaTus. JlanpHeliee pa3BUTHE 1€peBO0OpaOATHIBAIOLIETO
CTaHKOCTPOEHUs U 3((HeKTUBHAs IKCILTyaTallus 000pYAOBaHUs YK€ HEBO3MOXKHbI 0€3 MpOBeIeHUS
THIATEJIBHBIX OKCIEPUMEHTAIbHBIX MCCIENOBAaHUN HA HAAEKHOCTb BHOBb CO3JAaBAEMBIX,
MOJIEPHU3UPYEMBIX MJIM BBITYCKAa€MbIX CEPUMHO MAaIIMH B YCJIOBHUSIX CTAHKO3aBOJOB U
nepeBooOpadaThIBAOIIMX MPETPUITHIA.

X0/10BYIO TMarHOCTUKY MPOBOJAT HEMOCPEJICTBEHHO BO BpeMs paOOThl MALIMHBI HA JTMHUU C

MOMOIIBIO0 BCTPOCHHBIX B MAIIMHY MPHOOPOB UM BPEMEHHO HA HEW yCTaHOBJICHHBIX (Ta0I.).

Tabnuma
roja ¢ce0eCTOMMOCTh
Ha COCTAaBHYIO 4acCTh HEU3MEHHAs 4acThb
2018 14571,73 44657,26
2019 147247 45126,2
2020 14904,4 45676,7

AKYCTI/I‘-ICCKI/IC METOAbI MO3BOJIAIOT  U3MCEPATH TCOMECTPHUICCKUC napamMeTpbl npu

OOAHOCTOPOHHEM MOOCTYIIC K M3ACIIHNIO, a TaKXKC @HBHKO-MCX&HH‘IGCKI/IG CBOMCTBa METAaJIJIOB U

MeTayuton3ienuii 0e3 ux paspymeHus. [Ipu TeXHHUYECKOW IUarHOCTHKE METaUTyprUdecKoro
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000pyZ0BaHUS AAHHBIA METOJ MPUMEHSETCS JOCTATOUHO YacTO JAJIs1 KOHTPOJISI TOJILIMHBI JINCTOBBIX
METAJJIOKOHCTPYKIIMM TEXHUYECKHUX YCTPOMCTB, IPOBEPKU Ka4€CTBA CBAPHBIX IIIBOB.

C noMo111b10 MAarHUTHO-TIOPOLIKOBOT'O METO/IA HAJIEKHO BBISBIISIOT IOBEPXHOCTHBIE TPELIUHBI,
MUKPOTPEIIMHBI, BOJOCOBHHBI, (DJIOKEHBI U Jpyrue nedekTbl. MarHuTHO-rpadu4ecKuil MeTon
HauOoJIblIee TPUMEHEHHE MOIYUrIT 111 KOHTPOJIsl CBapHBIX coequHeHui. OH M03BOJISIET BBIABIISATH
TPELIMHbI, HEITPOBAPHI, IUIAKOBBIE U I'a30BbI€ BKJIIOUEHUS U JPyrue 1e(eKThl B CTBIKOBBIX CBAPHBIX
mBax. [Ipu TexXHHYECKOW JMArHOCTUKE METAJUTypru4eckoro OOOpyNOBaHMS JaHHBIA METOJ
MPUMEHSETCS YacTO PU KOHTPOJIE Harnd HAKIOHAIOUIMXCS TeYeH 1 JINTEHHBIX KOBILIEH [4].

OnTtuyeckre METOABl OCHOBAaHbl HAa  B3aUMOJECHCTBUM  CBETOBOTO  M3JIyUYEHHUS C
KOHTPOJUPYEMbIM 00beKTOM. [Ipu TeXHMUECKOH AMArHOCTHKE METaJUIypruueckoro o0opyoBaHuUs
9TOT METOJ IIPUMEHSETCS O4YeHb peaKko. MOoKeT NIPUMEHATHBCS COBMECTHO C BHU3YaJIbHO
U3MEPUTENIBHBIM KOHTPOJIEM. MeTOopl KOHTPOJIS IPOHUKAIOIMMHY BEIIECTBAMU IIPU TEXHUYECKOU
JIMarHOCTUKE METAJIypru4eckoro o00pyaoBaHus IPUMEHSETCS CaMblil paclpOCTPAHEHHBI METOJ
KallWJUIIPHOTO KOHTPOJsl — 1BeTHOH. OH 1o3BoJIsieT 0OHapyKUBaTh J1€(EKThl MPOU3BOJCTBEHHO-
TEXHOJIOTUYECKOTO ¥ AKCIUTyaTal[HOHHOTO  MPOUCXOXKIEHHs: TPEIMHBI  NUIM(OBOYHBIE,
TEPMUYECKHE, YCTAIOCTHBIE, BOJIOCOBUHBI, 3aKaThI U JIP.

PaguanuoHHble METOIBI OCHOBaHBl Ha B3aUMOJEHCTBUU IPOHUKAIOLUX H3JIy4EeHUHN
(pEeHTTeHOBCKOE, TOTOKA HEUTPOHOB, Y- U B-lIyueil) ¢ KOHTPOJIUPYEMbIM 00beKTOM. X pUMEHSIOT
JUTS. KOHTPOJISI Ka4eCTBA CBAPHBIX M MAsHBIX IIIBOB, JIUTHS, Ka4eCTBa COOPOUYHBIX PaOOT, COCTOSIHUS
3aKpBITBIX IIOJOCTEW arperaroB W T.A. [Ipm TEXHUYECKOW JIHMAarHOCTHKE METaJUIyprHYeCKOro
000pyI0BaHUS IPUMEHSETCS PENIKO.

PaanoBomHOBBIE METO/IBI TPU TEXHUYECKOH THAarHOCTUKE METAJUTYPrHUeCKOro 000py10BaHHs
MPUMEHSIIOTCS. PEIKO. DTH METOJbI €llle HE HALUIM JOJHKHOTO NMPUMEHEHMSI B NMPOMBIIIIEHHOCTH,
XOTS U SIBJISIOTCS BECbMa NEPCIIEKTUBHBIMU. Tak, C MX TOMOIIBIO MOKHO OOHAPYKUBATh HETIPOKJIEH,
paccnoenus (mnomanbio oT 10 Mm? u Gosiee), BO3LYIIHbIE BKIIOYEHHUS, TpelmuHbl (0T 10 MKM u

60)166), HCOAHOPOAHOCTH IIO IIJIOTHOCTHU, HAIIPAKCHUA, UBMCPATH TCOMETPHUICCKUC PASMEPLI U T. II.

[4].

COUNT RATES

pRare

Puc. 1. VinerpaduonerorpaMma parMeHTOB MOBEPXHOCTH JOOOBOM YaCTH HA MPECCYIOIIEM
JTUBIIEKTPHUYECKOM KoJibile ipu 3 1kB B yBenmmueHHoM Buze (o6macts Ne 32 116 naza) paspsaHsie 001actu
BBIXOJIa CTEP)KHEH M3 Ma3a ONTUYECKU HEJOCTYIHBI (4ucio pa3psaoB —1423- 938 /mMuH.)
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TennoBble MeTOABI NMPUMEHSIOT ISl U3MEPEHUs TeMIepaTyp, NOJydeHHs HHPOpPMaLUU O
TEIUIOBOM DEXHUME OOBEKTa, ONpEAEICHUs U aHajau3a TEeMIEpaTypHbIX MoJeH, NeeKToB Tuma
HApyIIEHUs] CIUIONIHOCTH (PAacClOCHMs, TPEUIMHbI M T.I.), BBIABICHHUS Je(EKTOB MalKu
MHOT'OCJIOMHBIX COEAMHEHUH U3 METAJJIOB U HEMETAJIOB, CKJIEHKH METajlll — MeTalll, MeTaul —
HemeTalll W T. 0. IIpm TeXHUUeckoll [amarHocTuke oO0OpyNOBaHMS B MeETaNTypruyecKon
IIPOMBIIIJICHHOCTH aKTUBHO NTPUMEHSETCS TEIIIOBU3MOHHBIA METOI.

TenaoBU3MOHHBI KOHTPOJIb METAJUTYPIUYECKOro 000pyaoBaHusl SBISETCA A(P(HEKTUBHBIM
METOAOM OOHApY>KEHUs TaKuX NePEeKTOB, KaK paszpylieHue (GyTepoBKH U MPOrOpaHue Meded mpu
KPUTHYECKHUX TeMIIepaTypax.

TennoBu3MOHHAs  JTUArHOCTHUKA YCTPOMCTB W OOOpPYIOBaHHMS B METaUTyprHYECKOM
IIPOMBIIIJIEHHOCTH O3BOJISIET:

BBISIBJISITh YYACTKU C IOBBIIEHHOW TEMIIEPATypOK;

OIIpeNIeNIATh TEMIIEPATYPY B JII0OOM yyacTKe 000py10BaHMS;

copMHpOBATH TEMIIEPATypHbIE NPODUIH;

CpaBHUBATh PA3IMYHBIC YUACTKU 000PYIOBAHHS;

pemaTs 3a1aqy Heprod((HEeKTUBHOCTH IKCILTyaTaluu 000pYAOBaHMUS.

UYro B CBOIO OYepeib CIOCOOCTBYET MPEJOTBPALICHUIO aBapUil U BBICOKO3aTPATHOTO PEMOHTA
00opynoBaHUsI.

DNEeKTpUYECKUe METOABl MPUMEHSIOT Ui BBIIBICHUS PAKOBUH W JpPYruX Je(pEeKTOB B
OTJIMBKAX, PAaCCIOCHUH B METAIIMUECKUX JIUCTAX, PA3THYHBIX Ae(EKTOB B CBAPHBIX M MAsTHBIX IIBaX,
TPEIIMH B METAINIMYECKUX M3ACIUAX, PACTPECKUBAHUI B dMaJEBBIX MOKPBITUSAX U OPraHUYECKOM
CTeKJIe U T. J. DJIEKTPOMArHUTHBIA (BUXPEBBIX TOKOB) METOJ MpPHUMEHSETCS s OOHapyKEHUs
MOBEPXHOCTHBIX /1€()eKTOB B MarHUTHBIX M HEMAarHUTHBIX JeTalsix U nonydadpuxarax. Meron
MO3BOJISIET BBISBJIATH HAPYLIEHUS CIUIOIIHOCTH, B OCHOBHOM TpELIMH, Ha pPa3JIM4HbIX I10
KOH(Urypalnuu AeTaisix, B TOM YUCIIe UMEIOIIUX MTOKPBITHSL.

Ha puc. 2 npezacraieHsl 1aHHbIe 00paOOTKH KOPOHHON aKTMBHOCTH MPU BBHICOKOBOJIBTHBIX
ucnelTaHuAx oOMoTKM TypOorenepatopa TBB-800 MBT mnocie mnpoBeneHHOTO pPEMOHTA.
Pacnipenenenue uncia 35eKTpopa3psIHbIX UMITYJILCOB KOPOHBI IPUBEAECHO B KOOpAUHAaTax (och Y-
YHUCIIO 3JIEKTPOPA3PSAHBIX MMITYJIbCOB B MHH) IO PA3JIMYHBIM 30HaM IOBEPXHOCTH OOMOTKH C
NPUBSI3KOM K HOMEpaM Ma3zoB cratopa (ock X- 42 maza) Julsl TpeX YpPOBHEH MCIBITaTebHOTO
HanpsokeHus [5].

Kak BHIHO, HECMOTpsI Ha HECKOJIBKO MOBBIIIEHHBIH YpOBE€Hb KOPOHHOM aKTHBHOCTH Ha
OTIENBHBIX 3JIEMEHTaX OOMOTKU M CBSI3aHHBIX C HEH 3JIEMEHTOB (TPYOKM OXJaKICHHUS CTEpP KHEH)
30HBI 21, 24; u 31 ma3oB ypoBeHb KOPOHHOW aKTMBHOCTHU He mpeBbimaeT 3000 uMn/MuH npu
WCTIBITAHUSX MMOBBIIICHHBIM HamnpsbkeHueM 3 1kB. [Tocnennee cBUaETENbCTBYET O XOPOILIEM KaueCTBE
MIPOBEJIEHHOT0 peMOHTa TypboreHeparopa [6].

Z[J'IH CUCTCM C 3alla3/IbIBAHUCM ICPEMCHHLIX COCTOSAHUA WU BO3JCHCTBUI YpaBHCHHUA

COCTOSIHUS TIPE/ICTABIAIOT cO00M cucteMy AuddepeHnnanbHO-pa3HOCTHRIX YpaBHEHUH BUIa
DY(t)/dt = AY(t- Ty ) + BU(t - Ty) + + CV(t - Ty) + DF(t - Ty), (1)

rac — BpEMs 3amnasablBaHUsA COOTBETCTBYIOIICTO BEKTOPA.
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Hiq) Charge distribution Fit(z)- mpu BO30YXICHHH IHHEHHBIM
HanpspkeHueM 6 kKB (61pro30BbIii).

5;‘1" Fitl(z)- npu BO30YXIeHUH JTUHEHHBIM
) v HampspKeHHeM B nuana3one 9-21 kB
(cuHwMI).
~W—r i , Fit2(z)- npu B030yXICHUU JTUHEHHBIM
AW\ NOBBIIICHHBIM ~ HANpsHKEHHEM B
= 29 E‘{ ‘*;{ — nuarnasone 31 kB (kpacHsiit).
W Norma(z) - HWKHHHA JONYCTHUMBIHA
o0 10 —= B! ypoBeHb (mo 1000 wumm./ wMuH
TeXHU4YecKoe cocTosHue «Hopmay
4{2‘}: ! (3eneHbIi TyHKTHUD).
s NSO(z)- - cpeaumii mOMyCTUMBII
A ypoBenb (ot 1000 wumm./ wmwuH-
1103000mmIT/ MUH) TEXHUYECKOE
40 COCTOSIHUE «Hopma C
40 OTKJIOHCHUSIMIDY (3eneHsbIit
soln ! ITyHKTHD)

10000 1.1¢0¢

T

= _:3—0-1#7’

1

l
20 3
q

Puc. 2. Pacnipenenenue 4ncia 31eKTpopas3psIHbIX HUMITYJIBCOB KOPOHBI (OCh Y - YHCIIO 3JIEKTPOPA3PSIIHBIX
HMITYJIBCOB B MHH) 110 Pa3IMYHBIM 30HaM TIOBEPXHOCTH OOMOTKH C TIPUBSI3KOM K HOMEpaM I1a30B cTaTopa
(ock X- 42 maza) It pa3MyHBIX YPOBHEH HCIIBITATEIHHOTO HAMPSHKESHUS.

[IpuBenennslii kpatkuii 0630p MetonoB HK mo3Bossier crmenath BBIBOJ, YTO AJISi KOHTPOJIS
METAJIJIOB U METAJUIOU3EIINI UMEETCS TOCTaTOUHBII apceHal METOI0B U CPEACTB HEPA3PYyILLAIOLLErO
koHTposs. Crnexyer otMeTuTh, 4to MeToapl HK He sBisroTcst ynuBepcanbHbiMu. Kaxaplidi U3 HUX
MOJKET OBITh HCTIOJIB30BaH Hanboree 3PGEKTUBHO JIUIsl OOHAPYKEHHUS OTIPEIICIICHHBIX AC(EKTOB.

Crneupanuctel B xoJe pabOT 1O TEXHUYECKOMY JMAarHOCTUPOBAHUIO OOBEKTOB
METAJITyPrUUeCKON IMPOMBIIIJIEHHOCTH MNPUMEHSIOT KaK TPaJWLUOHHBIE, TaK U COBPEMECHHBIE
METOJIbl HEPAa3pyILIAIOLIEro KOHTPOJSA, YTO IO3BOJSET HaM I0JIydaTb TOYHBIE U JIOCTOBEPHBIE
pe3yNbTaThl KOHTPOJIS, a TaKKe JaBaThb IPAaMOTHBIE PEKOMEHJAIMH 10 YCTPAaHEHUIO JAePEKTOB U
HEMNoJaI0K.

1. Pa3zpaboraHa HOBas TEXHOJOTHs BbISBIEHUS HETEPMETUYHOCTH (DIAHLEBBIX COEIMHEHHUN
BepxHero Osoka BBOP-1000 mpu ruznpoucnsiTanusx mnepBoro kontypa ADC. Pazpaborana u
peanin3oBaHa Ha OBM marematndeckass Mo/ielb KOHBEKTHMBHOTO TEIJIOOOMEHA CMECH BO3AyXa H
refusi B KOJbIIEBOM KaHaJle MOJIENIM YyBCTBUTEIBHOTO JIEMEHTA JaTYhKa T'eJTMeBOr0 TeUencKaTess
C JUCKPETHBIM TEIUIOBBIICJICHUEM BJOJb IO IOTOKY C IeJbI0 BhIOOpa €ro ONTUMAalIbHBIX
TE€OMETPHUECKUX XapaKTepUCTUK U TapaMeTpoB paboyero mporecca [Uid JUArHOCTUKU
repMeTHYHOCTH BepxHero O0ioka BBOP-1000 B mporecce ero ruapoucnbITandil. YUCIEHHBIMU U
SKCIIEPUMEHTAJIbHBIMU MCCIIEI0BAHUSMHU YCTAHOBJIEHO, YTO IIPU MaJIbIX MACCOBBIX KOHIIEHTPALMSIX
refquss B JUarHOCTUPYEMOM IIOTOKE C MHIAYKTOPHBIM ra3oM TelIMEM YYBCTBUTEJIBHOCThH JaT4MKa
CO3/1aBa€MOI'0 T€JIMEBOr0 TECUEHCKATENs yBEJIMUMBACTCS, a MpH OONbIIMX - cHWXKaercsa. C yueToM
BBISIBJICHHBIX ~ONTHUMAJIbHBIX XapaKTEPUCTHK IO YYBCTBUTEIBHOCTH CO3JAaHbl JATYUKU C
ONTHMAJIbHBIMU T€OMETPHUUECKUMH XapaKTEepUCTUKaMU U IapameTpamMu paldouero mpoiiecca Jist

BBISIBJICHHUS HEIJIOTHOCTEH B HUCCICAYCMBIX KOHCTPYKIUAX ADC Ha TCPMETUYHOCTD. YcranopieHa

CBIA3b MCKAY TCHJIO(I)I/IBI/I‘ICCKI/IMI/I U JJICKTPUYCCKUMU XAPAKTCPUCTUKAMU UYYBCTBUTCIILHOTO
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JJIEeMEHTa, YTO MO3BOJISIET MoAOUpaTh OoJiee MEenieBbIe MaTepHalbl CO37aBaeMOro JaTdyhkKa 0e3
CHIDKEHUS (PU3MKO-TEXHUUECKUX XapaKTEPUCTUK I'eJIMEeBOT0 TeueucKaTens [7].

Pazpaborana u >(QQeKTHBHO HCHOJB3YETCS B HATYPHBIX YCIOBHSX HOBas TEXHOJOTHUS
JMAarHOCTHKHU HETUIOTHOCTEH (hIaHIEBBIX COCAMHEHHUH BepXHHMX OJI0KOB peakTopoB BBOP-1000 B
MEepUOJl TUAPOUCTIBITAHUN NEPBOr0 KOHTYpa ABYXKOHTYpHbIX ADC, OCHOBY KOTOPOW COCTaBISET
CO3/IaHHBIII HOBBIA MaJlOra0apUTHBIM T'eTUEBbIM TeUeHuCKaTelb ¢ aBTOHOMHBIM U YHUBEPCAIbHBIM
3NIEKTPONMTAHMEM C UyBCTBUTEIBHOCTHIO He xyxke 1,0010° wmlla/c m cuctemoit momaun
MHIYKTOPHOT'O Ta3a reius B BepxHuii 6110k peakropa BBOP-1000.

2. Pa3zpaboTana u anpobrpoBaHa Ha TECTOBBIX 33/1a4aX METOAMKA YUCIEHHOTO MOJICTTMPOBAHUS
KOHBEKTHBHOI'O TEIIOMACCOIIEPEHOCa B KOJIbLIEBOM 3a30pe (praHIeBoro coeanHenus cucrtemsl CY3
BepxHero Omoka peaktopa BBDOP-1000. C noMompio CO3MAaHHBIX JABYX W TPEXMEPHBIX
MaTEeMaTHYECKUX MOJIEIEH BIEpBbIE BBIABIECHBI TEMIIEPATYPHbIE PEKUMBbI LUKINYECKUX YCUIIMM,
BO3JICHCTBYIOIIMX HAa YIUIOTHSIONIYIO KOHCTPYKIUIO (PIIaHIIEBBIX COEAMHEHUN BEpXHEro OJioKa
peakropa BBDOP-1000 u npuBoAsmmMx K BO3HMKHOBEHHMIO HEIUIOTHOCTH. Ha ocHOBe 3Tux
pe3yabTaTOB pa3pabOTaHbl METO/ M CPEICTBA TEXHUYECKOHN AMAarHOCTHKH PAaHHETO OOHAPY)KEHUS U
HETPEPBIBHOTO, KOHTPOJIS TPOTEUEK TEIUIOHOCUTENS Ha BepxHeM O610ke BBOP-1 OO0 kak B epuon
THJIPOUCTIBITAHUMN, TaK U NpHU paboTte sHeprodioka ADC Ha MOIIHOCTH.

3. BriepBble co3/1aHbl M UCIIBITAHBI JATYUKY PAHHETO OOHAPYKEHUS NMPOTEUYEK TEIIOHOCUTES
Ha Bb PY BBOP-1000, koropble OTIWYAIOTCS BBICOKOW YYBCTBUTEIBHOCTHIO, HAIEKHOCTHIO,
HeOOIBIIMMH Ta0apUTaMH, Pa3MEIAIOTCS B MEKIPOKIAJOYHOHN MOJIOCTH (PIIAaHIIEBOTO COCTUHEHHUS
U TI03BOJISIIOT BECTH KOHTPOJIb BJIQXKHOCTU KaK B peKMMax THAPOUCIBITaHUM, Tak W mpu paborte
sHeprobioka Ha MoutHOCTH. [Toka3aHo, UTO MOHTaX JaTYMKOB Ha PY He co3faer JONmOJHUTENbHbIX
3HAYUTENIbHBIX MOHTQ)XHBIX M JIEMOHTQXXHBIX paOOT, MOMeX s HOPMalbHOW SKCILTyaTalluu
peakTopa. JlaT4MKu HCHBITaHBl HA CTEHJIAX B YCJIOBUAX, OJM3KMX K HATYpHBIM YCIOBUSAM
skcrryatauu PY BBOP-1000, coBMECTHO ¢ KOMIUIEKCOM anmnapaTHBIX U MPOIPaMMHBIX CPEICTB
HaOmrofeHNsT 3a mpolueccaMd (QYHKIMOHMPOBAHUS U O00ECHEYMBAIOT BO3MOXKHOCTh PAHHEIO
OoOHapyKEeHHsI U KOHTPOJISI MPOTEYEK.

4. BnepBble co3llaHa KOMIBIOTEPU3UPOBAHHAS (IMAJOrOBBII M aBTOMATUYECKUN pPEKUMBI
paloThI) cUCTEMa paHHET0 OOHAPYKEHUS U HENPEPHIBHOIO KOHTPOJIS NMPOTEUEK ¢ aBTOMATHYECKUM
OIIpeJIeIEHUEM MECTa U BEIMYMHBI MPOTEUKH ((hI1aHel) TeIUIOHOCUTENS U3 (pIIaHIIeBbIX COSTMHEHUI
Bb PY BBOP-1000 xak npu rHIpOMCHBITAaHUSX, TaK U MpU paboTe 3HEprodsioka Ha MOIIHOCTH.
VY cTaHOBNIEHO, YTO KOMITBIOTEPU3UPOBAHHAS CUCTEMA paHHEr0 OOHAPYKEHUS U KOHTPOJIS MPOTEUYEK
Ha BepxHeM Osoke BBOP-1000 mo3BosisieT onpenenuTs B T€YEHHE 5 MUHYT BEIMYUHY MPOTEUKU
menee 0,02 11/4), a Takke MECTO NMPOTEUYKH C TOYHOCTHIO O OJHOTO (haHma. Y CTaHOBJIEHO, YTO
CHCTEMa paHHEro OOHApYKEHUS U HETIPEPHIBHOTO KOHTPOJIS MPOTEUEK TETJIOHOCUTENIS Ha BEPXHEM
6moxke BBOP-1000 mo3BossieT HalekKHO BBISBISATh HEMJIOTHOCTH B IMPOLIECCE THUAPOUCIBITAHUI
BEPXHEro 0JI0Ka, TaK KaK JaTYMKH CUCTEMBI Pa3MEIIeHbI B MEKITPOKIaJOYHON MOJIOCTH (DIIaHIIEBOTO
COEMHEHUS MaJIOro 00beMa U MPAKTUYECKH MTHOBEHHO (JIOJIM CEK.) B peaJIbHOM MaclITade BpeMeH!

p€arupyroT Ha HM3MCHCHHEC BJIQAXXHOCTH, YTO IIO3BOJACT PCTUCTPUPOBATH OYCHL MAJIBIC TCEYH

BCJICZICTBHE OOJIBIIION YyBCTBUTEIBHOCTH JATYMKOB M IIIMPOKOTO JUANa30Ha CUTHAIA (1[Ba MOPSIIKA)
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Mexay "cyxum" u "BaaxHbIM" cocTostHUEM. [TokazaHo, uTo TMOKas cuCcTEMa YIPABJICHUS PEKUMOM
OIIpOCca JATYMKOB MO3BOJISIET IIEPEPaACIPEENISITh PECYPChl CHCTEMbl MOHUTOPHHTA B 3aBUCUMOCTH OT
MOBEJICHUS JaTYMKOB B LIUKJIE TUAPOUCTIBITAaHUH [§].

5. Pa3paboTan u co3faH crienuaTu3upOBaHHBIN MPOrPaMMHBIA KOMIUIEKC JUIsI 0OeCTIeYeHuUs
MOHUTOpHMHTA (PIIaHIIEBBIX coeAuHeHud BepxHero Oioka PY BBOP-1000, Bxmrowaromuii B ceost
CpeICTBa aBTOMATHMYECKOTO  BBINOJHEHUS M3MEPEHUN  BEIMYMHBI MPOTEYEK Ha  BCEX
KOHTPOJIHPYEMBIX (IAHIIEBBIX COSAMHEHHSIX, CPEICTBA OOpAaOOTKH pPE3ylIbTaTOB M3MEPEHUH IS
MOBBIIICHUS UX JIOCTOBEPHOCTH, BCTPOEHHBIC CPEICTBA KOHTPOJS PabOTOCIOCOOHOCTH CHUCTEMBI
paHHero oOHapy>KeHusl, CpeAcTBa Juid 00ecledeHus] HaIe)KHON Mepeaadn pe3yabTaToB U3MEPEeHHIA
or BepxHero Oioka BBDP-1000 mo BIIY. pa3HooOpa3Hbie cpencTtBa JTOKYMEHTHPOBAHUS
pe3yabTaToB u3MepeHuil. Paspaborana sKcIuTyaTalMOHHAs JOKYMEHTAllMs Ha MPOTrPaMMHOE
obecrieyenue. IIporpammnHoe oOecrieueHHE HE COACPKUT 3AIIUIIAEMBIX  JTUIICH3HOHHBIMH
COIIALICHUSIMU KOMITIOHEHT. Peann3oBaHa cucTteMa MEHIO, TO3BOJIAIONIAS B JUAJIOTOBOM PEKHUME
U3MEHSATh HACTPOUMKY CHUCTEMBI U PEXHUMBI €€ paldoThl (AOMyCTUMBbIE OTKIOHEHHS MapaMeTpOB
(1aHIEBOTO COCTUHEHHUs, CKOPOCTh MEpeAayy JaHHBIX, MMOCIEI0BATEILHOCTh OMPOCca JTaTYNKOB U
np.). Pa3zpaboTaHHBII KOMIUIEKC almapaTHBIX W MPOrPaMMHBIX CPEJCTB, BKIIOYAIONIMA B CeOs
nojicucTeMbl coopa mHpoOpManuu, MpeaBapuTeIbHOH 00pabOTKH, Mepenayu, JOKYMEHTHPOBAHUS,
perucTpallii ¥ YIOpPaBJICHUS TMPOIIECCOM MOHUTOPUHIA, IO3BOJSET HAKalUIMBaTh JAaHHBIE O
MOBEICHUN (DIIAHIICBBIX COSTUHEHHN U (POPMUPYET TaOIHIIBI Pe3yIbTaTOB HAOIOICHUH 3a CYTKH, 7
cytok, 30 cyrok u 180 cyrok. IIpegycmorpena ruOkas cucTemMa YMIpPaBICHUS IPOLIECCOM
HaOII0IeHUs ¥ HaJleXKHasl Tepeiaya TaHHBIX Ha paccTossHus 10 900 M.

6. [TokazaHo, YTO KOMITBIOTEPU3UPOBAHHAS (ABTOMATHYECKHI 1 UATIOTOBBINA PEXKUMBI paOOTHI)
CHUCTEMa paHHEro0 OOHapyXEHHs M KOHTPOJS MPOTEUeK TEIUIOHOCUTENsSI Ha BEpXHEM OJoke
peaktopHoil ycranoBku BBOP-1000 BbimaeT AMAarHOCTUYECKHWE CBEICHUS O MPUOTMHKCHUN
rapaMeTpoB JaTdyhKa K BEPXHEMY MpeJeiy YCTaHOBJIEHHOIO JIONMYCKa, & TAaKXe O MPEBBIIICHUU
YKa3aHHBIMH TapaMeTpamMu MpeAebHO JOMYCTUMOrO0 MOpOra MO MaKCHUMAaJIbHBIM IPOTEYKaM.
[ToxazaHo, 4To 3Ta MHpOpPMAIUS MOXET HCIOJIB30BATHCA OOCITYKMBAIOIIUM IE€PCOHAIOM IS
MPUHATHS TEXHUYECKUX PEIICHUN KaK Ha 1Tare THAPOUCHBITAHUM TOCIIe OYEPEIHBIX MEePErpy30K

SJICPHOTO TOIIJIMBA, TaK U MpU paboTe 010Ka Ha MOLIHOCTH [9].
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IHEPCHHEKTHUBBI BETPOOHEPI'ETUKH B POCCHUH

3amacoB yrisi, HeTH U ra3a Ha 3emiie ¢ KaKIbIM THEM CTAaHOBUTCS BCE MEHBIIIE, K TOMY )K€
N00bIYa 3TUX MCKONAEMbIX 3arps3HseT Hally IUIAHETY, UMEHHO MO03TOMY HEOOXOJMMO OCBauBaTh
HEHU3BE/IaHHbIE, SKOJIOTHUHbIE UCTOUHUKHU HEPrUH, HauboJiee BbIJAIOIUMUCS U3 KOTOPbIX ABJISETCS
BETPOIHEPreTHKA.

DOHeprust BeTpa — BO30OHOBJSIEMBI BHJ DHEPruH, KOTOPBIA CIEHUANIM3UPYETCS Ha
IIPEBpAIlleHUH KHUHETHYECKOH »HHEepruy BO3AYLIHBIX Macc B arMocdepe B 3JIEKTPUYECKYIO,
MEXaHNYECKYI0, TEIJIOBYIO C IIOMOIIBIO BETPOr€HEPATOPa, BETPSIHON MEJIBHUIIBI, ITapyca [1].

Emme 10 n300pereHus napoBoii MalMHbl SHEPT U BO3AYIIHBIX TOTOKOB 3aHMMAaJIa JIUAUPYIOIIEe
IIOJIOKEHUE B PALY APYTUX BUIOB SHEPIUH, HCIOJIB3YEMBIX YEJIOBEKOM. 3a CUeT €€ BO3YIIHBIX
IIOTOKOB IE€PEIBUTAJICSI BOGHHBIN M TOProBbIi (10T, paboTanu MenbHuUIbl. Koraa napoBsle MalinHbl
n300peny, JBUraTesld BHYTPEHHETO CrOpaHUs U 3JIEKTPUYECKHE MAallMHbl BETpOJBUTaTeNiel Obuin
BBITCCHEHBI 00JIe€ MOIIHBIMH CIIOcO0amMu moTydeHus sHepruu. OHako yxe K cepennne XX Beka u3-
3a SKOJIOTHYECKUMX NPUYMH B Hamboliee pPa3BUTHIX CTpaHaxX ObBUIM MPHUHATHI TOCYIapCTBEHHBIC
IIPOrpaMMBbI TOAJEPIKKH BETPOIHEPIETHKH.

JUIg BETPORHEPreTUKHM NPEANOYTUTEIbHBI PETHOHBI CO CPEIHHUMU 3a T'OJl CKOPOCTSMHU BETpa
Boitie 7 m/c. B Poccun 310 Geper CeBepHOTO JI€IOBUTOTO OKeaHa OT Koibckoro mosryoctpoBa 110
beprHrosa nposivBa u apKTHYECKHE OCTPOBA, a Takxke /JanpHuii BocTok. Ha rore eBponeiickoi yactu
Poccuu ckopocTh BeTpa cocTaisieT 6-9 m/c, e€ ocTaTouHO A pa3BUTHs BeTposHepreTuku. Camoit
BETpEeHO! TeppuTopHeil B cronuie pecnyonuku Tarapcran ssisercs ceno KpacHoBunoBo Kamcko-
VYcThUHCKOTO palioHa, TO €CTh UCIIONIb30BaHUE YHEprun BeTpa B Kazanu Bo3mMoxkHO [2].

CaMbiMH  3(Q(EKTUBHBIMH BETPOr€HEPATOpaMu SIBIIIOTCS  BETPOTEHEPAaTopbl C  TpeMs
JIOTIACTSIMU M BEPTUKAIBHON OChIO BpaleHus. B Poccun BeTporeneparopbl ¢ FTOpU30HTAIBHON OCBIO
BpAILEHHs, CTAPTOBAsi CKOPOCTh KOTOPBIX HauMHaeTcs ¢ 3-6 M/c, MPaKTUYECKU HENTPUMEHUMBI, TaK
KaK B Halllell CTpaHe CPeJHEroJoBas CKOPOCTh BETpa HE MPEBBIIIAET 5 M/C, BEPTUKAIBHOMY XKe
noctatoyHo 1 wm/c, 4TOOBl HauaThb NPOU3BOAUTH AIeKTpod’Hepruto. Hambonee mnporpeccuBHOM
TEXHOJIOTHEN SBIISIETCA COYETAaHHWE JBYX BMJIOB I'€HEpPAaropoB B OJHOM YCTPOMCTBE, a UMEHHO
BEPTUKAJILHOTO BETPOr€HEpATopa M TEIUIOBOTO Hacoca. BmecTe OHM IPOM3BOAST AOCTATOYHOE
KOJIMYECTBO JIEKTPUUECKOI U TEII0BOM 3HEpPruu Bo MHOTUX dacTsax Poccum [3].

Haunbonee nmepcneKTHBHBIMU MECTaMH MCTOYHHMKOB BETpa SIBISIOTCA NMPHOPEKHBIE 30HBI, HO
CTPOUTENBCTBO B Mope (Ha paccrossHud 10-12 kM oT Oepera) BETpOIHEPreTUUYECKUX YCTAaHOBOK
o0oiinércs moutu B 2 pasza JOpOXKe, YeM Ha cylle. Takhe YCTaHOBKM HAa3bIBalOT OQIIOPHBIMU
BETPSIHBIMU JIEKTPOCTAHIIUSAMU, OAIIHU KOTOPHIX YCTAHABIMBAIOT Ha (YHIAMEHTHI U3 CBail, 3a0UTHIX

Ha FJ'IY6I/IHy 0 30 MCTPOB. Takxe oHa BKIIIOYaeT pacnpeacianuTCIbHbIC TTOACTAHIUN U ITOABOJAHBIC

kabenu 10 mobepexns [4].
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Pa3BuTHe BeTpO3HEPreTMKM KPYMHBIX MacmTaboB  3aMe[igercs U3-3a  OOJIBLION
METaNTIOEMKOCTH, CJIOKHOCTH KOHCTPYKIUI BETPOIHEPrOyCTAaHOBOK, MOTPEOHOCTH B OTPOMHBIX
IUTOIIASIX, HEBBICOKOW MPOJYKTUBHOCTU M HEAOCTAaTOYHOM CTaOMIBHOCTH pabOTHI.

OcCHOBHbBIE XapaKTEPUCTUKH BETPOr€HEPATOPOB: €r0 HOMHHAJIbHAS MOIIHOCTD U pa3mep; 00bEM
BbIpa0aTbIBa€MON PHEPIruM; pacy€THas, CTapTOBas M MaKCUMallbHAas SKCILTyaTallMOHHAsI CKOPOCTU
BETpa; crocol peryanupoBaHus BETPOT€HEPATOPOB; BHICOTA MAYTHI; IIYM [5].

Camu BEeTpOIHEPreTUYECKUEe YCTAaHOBKU OYEHb IIIYMHBIE, X 3BYK JACHCTBYET OTPULIATEIBHO HE
TOJIBKO Ha JIF0JIEH, HO ¥ Ha 3BEPE, I0ATOMY B paliOHaX BETPONAPKOB HE CEIATCS )KUBOTHbBIE U IITULIBL.
[Tpu paGoTe BETPOANIEKTPOCTAHIIMM MTPOUZBOAUTCS JBE PA3HOBUIHOCTH IIyMa: MEXaHUYECKHH — OT
paboThl MEXaHUYECKUX U AJIEKTPUUECKUX KOMIIOHEHTOB M a3pOIUHAMHYECKHI — IIIyM, IIOPOK1aeMBblii
B3alMOZICHCTBUEM BETPOBOTO IIOTOKA C JIONACTSIMU BETPOYCTAHOBKU. Tarke BETPOIHEPreTUUECKHE
YCTaHOBKHM TPEOYIOT OOJIBIINX TEPPUTOPUH, BElb HEOOXOAWMO, YTOOBI JONACTH HE MEPeceKaIrnch
apyr ¢ apyroM. K Tomy e He UCKITI04aeTcsi BO3MOXKHOCTh PUCKOB, CBA3aHHBIX C OTPBIBOM JIONACTEMN
U JPYTMMHU aBapUsIMU Ha KPYIHBIX BETpodJeKTpocTaHuusx. Kpome toro, npu pabore MHOXKeCTBa
BETPOTEHEPATOPOB Ha OOJIBIIMX IUIOMIA/AX BO3MOXKHO JIOKAJIbHOE CHIDKCHHWE CHJIBI M M3MEHEHHE
KoH(Uryparuu BeTpoB. CIOKHOCTH CO31aéT U niepepaboTKa JIONACTeH, HCUepIIaBIINX CBOM pecypc.
CylecTByIOT /IBa OCHOBHBIX CIoco0a MX MmepepadoTKH: MeXaHW4YecKui u tepmuueckuii. [lepBorit
METOJ] BKJIIOYaeT B ce0sd MeXaHMYeCKOe W3MENBYCHHE BOJIOKOH M TpaHyll, COCTaBJISIONINX
KOMITO3UTHBIM Marepuasl JiomacTed, KOTOpbIE 3aTeéM HCIHOJB3YIOT B KayeCTBE ChIpbA IS
MIPOU3BOJICTBA HU3KOCOPTHOM mpoayKiuu. Ho B OONBIIMHCTBE ClydaeB BBIPAOOTABIIHME PECYpPCHI
TypOHMHBI CXKHTaloT. B 3uMHee Bpems roja MPOUCXOAUT OOJEeIeHEHUE JIOMmacTel, 4TO YCIOXKHSIET
AKCIUTyaTallul0 BETPOYCTAHOBOK B ASTOT NEpHOA. TakKe BO3HHMKAIOT CIIOKHOCTH MPH 3aMEHE
KpyIHOTa0apuTHOM JIeTalii, HalpuMep, JIOMAcTH WM poTopa, Ha BeicoTe Oonee 100 merpos. [lpu
AKCIUTyaTallud KPYIMHBIX BETPOUIEKTPOCTAHIMM MOSBISIOTCS PagUONOMEXH, HO 3Ta Ipoliema
penaeTcsi yCTaHOBKOM JIOMOJIHUTENbHBIX PETPAHCISATOPOB, UTO B CBOKO OUEPE/Ib YBEIUUUBAET CYMMY
BJIO’KEHUI HAa IOCTPOMKY BETPOAIEKTPOCTAHINI. K TOMY 5k€ BETpOIHEpreTHKa OTPULIATEIbHO BIUSET
Ha KJIMMarT, BEJlb MPHU HCIIOJIH30BAHUU YACTH KMHETHUYECKOW SHEPTHH JBM)KCHHS BO3IYIIHBIX MaccC
CHIDKAETCS CKOPOCTh MX JIBWKEHHsS. B panpHeiilneM 3amMenyieHHE BO3IYIIHBIX IMOTOKOB MOXET
OKa3aTh 3aMETHOE BIUSHUE HA KIIMMAaTHYECKUE YCIOBUS: MEJIEHHO JIBHXKYIIMECS BO3AYIIHBIE MACChI
OyIyT yclieBaTh 4yTh CHJIbHEE HATPEBAThCS JIETOM, & 3UMOM, HA000POT, UYTh CHIIBHEE OXJIaKIaThCS.
Emé orGop yacTu KMHETHYECKOI SHEPTUU y BETpa MOXKET IPHUBECTH K U3MEHEHUIO BIIAYKHOCTHOTO
YpOBHS Ha JaHHOW TeppuTopuu. Berep - HecTaOWIBHBIN HMCTOYHUK. JlaHHYIO MPOOIEMY MOXKHO
nomnpoOoBaTh PEUIUTh IUTAHUPOBAHHEM (PAKTUYECKOH MOIIMHOCTH KaXKIbIH Yac Ha OCHOBE
MIPOTHO3UPOBAHMS CKOPOCTH BeTpa. Ecnam nanpHeWmive ycinoBus HEOIarompusTHBI, TO MOXKHO
BOCIIOJIb30BaThCsl  3apaHee IOJTOTOBICHHBIM PE3EPBOM MOIIHOCTEM IyTeM HCIOIb30BAHUS
COJTHEUHBIX TIaHeNell COBMECTHO C BETPOYCTAaHOBKOW, 4YTO TIOMOXET YCTPaHUTh TaJeHHe
aneKkTpocHabxkeHus [6].

CoBpeMeHHbIE KOMIAHUU OTHAIOT TMpEANOoYTeHHe OONBIIMM BETpOreHeparopaMm Ui

CTaOWIBHOM pabOThI CUCTEM dHEeproodecneueHus. B kauecTBe mpumepa pacCMOTPUM €BPOTICHCKUINA

BerporeHeparop 1.5 MBart Ha 690 BoabT ¢ Tpems JionactsiMu U JuaMeTpoM BeTpokosieca 70-87
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METpOB, a ero Bec cocrapisier 61500 kuiorpamm, caMoe MIABHOE, YTO JAHHAs YCTAaHOBKAa MOKET
BbIpa0aThIBaTh AEKTPUUYECKHUI TOK, COXPaHAsS yCJIOBHS aOCONMIOTHOM O€30macHOCTU ISl KU3HU U
3IOPOBBS KUBOTHBIX U Jrofeil. K ToMy ke Takue 6omnbiire BOY ocHaIeHBI: HY)KHBIMH JTIaTYHUKAMH,
C MIOMOIIBIO KOTOPBIX ITPOUCXOIUT PErYINPOBKA CKOPOCTH M HAIIPaBJICHUS [TIOTOKA BETPA; CUCTEMOH,
KOTOpasi MO3BOJIIET U3MEHUTH YIIIbl JTAHHBIX JIOMACTEHW; CHCTEMOM YIpPaBIEHUsS, KOTOpas MOMKET
paboTarh Mpu MOMOIIM MHUKPOIPOLECCOPOB Yepe3 CETh KOMIBIOTEPOB; CHCTEMOM, MPU MOMOIIH
KOTOPOM IPOMCXOAUT BBIHYXICHHBIM IIOBOPOT JIONACTEW B HAIIPABICHUH BETPA.

Kakue ke 37eKTpoCTaHIMU BBITOJIHEE HCIIOJB30BaTh: BETPOBbIE WM TemoBble? [oprodyee B
BUJIE YIS, HETH OOXOIUTCS JOPOTO U €r0 pacxXof] KX bl IEHb COCTaBIsET OONIbIIOE KOJINYECTBO,
JUIS BETPOBBIX CTaHIMIl TOMIMBO OecIulaTHOe, K TOMY e BO300OHOBIsieMoe. TerioBbie
ANIEKTPOCTAHIIMU BBINOIHAIOT CBOKO pabOTy KAauyeCTBEHHO TOJBKO MPHU JIOCTATOYHO OOJBIINX
pasmepax, B OTJIMYUE OT BETPOBBIX, MMEHHO IIOATOMY BBIOOp B TIOJNB3Y BETPOTCHEPATOPHBIX
YCTaHOBOK OUEBH/JIEH.

Paccmotpum nonpo6Hee, 13 4ero COCTOUT BETPOBas ycTaHOBKa. PoTop mnepenesbiBaeT SJHEPTUIO
BETpa B DHEPrUI0 BpallleHUsd. PeqyKrop yBenMuuMBaeT CKOPOCTb BpAILEHUS Baja C HEBBICOKOM
cKopocTH (mpuOIM3uTeNnbHO OT 12 10 24 000pPOTOB B MUHYTY) J0 BBICOKOW CKOPOCTH BPALICHHUS
(mpumepro 1000-3000 o0opoTOB B MUHYTY), U HPUBOAUT B IBUIKEHHUE TE€HEPATOP, KOTOPBIMA,
UCIIONIB3YS MAarHUTHBIE TIOJS, MPEoOpPa3OBHIBACT PE3YIBTHPYIOIIYIO BpAlATEIbHYI) SHEPTUIO B
ANEKTPUUYECKYI0. AHEMOMETp M (UIIOTep TMOKAa3hIBAIOT 3HAYCHHE CKOPOCTH BeTpa. Besi coOpanHas
nHpOpPMAIUS UCIIONB3YETCs] CUCTEMOU YIpaBIICHUS [UIS TOTO, YTOOBI MPOM3BECTH MAaKCHMAaIbHOE
KOJIMYECTBO DHEPTUHU. /[aHHBIE CKOPOCTH BETpa TAKKE MCIIOJIB3YIOTCS JUIsl yCTAHOBJIEHHSI KOHTPOJISA
Ha/1 paboTOM, a TakXKe MO3BOJISIOT ONEPAllMOHHON CHCTEME HaYMHATh U OCTAHABIMBATh TypOUHY.

HeiHewnsis BeTpsiHas 37€KTPOCTaHIMsl HAYMHAET BhIpaOaThIBaTh SHEPTHUIO IPU CKOPOCTH BETpa
0T 4 M / ¢, ¥ BBIKJTIOYAETCSI IPU CKOPOCTU OKOJI0 25 M / ¢. MexaHu3M phICKaHUS TTOBOPAUYUBAET POTOP
B HampaBjeHUe, I7e Ipeobianaer Berep. TpaHcopmarop nmepenesbBaeT HalpsKeHHe, KOTOpoe
TpeOyercs ais 3eKTpudeckoi cetd. OH MOXKeT OBbITh BCTPOEH B OalllHIO MJIM PACIIONIOKEH Yy €€
ocHOBaHUs. CTPOUTENBCTBO BETPSIHOM AMEKTPOCTAHIIMH IIPOU3BOAUTCS OT YETHIPEX MECSIIEB A0 JIByX
JIET, UX CPOK pabOTHI OT ABaALATH IO JBAALATH TISTH JIET.

HeoObI4HbIe 1 HeHcuepaeMble HCTOUHUKN SHEPTHH MOIb3YIOTCSI OTPOMHBIM CIIPOCOM BO BCEM
mupe. CTpaHbl, KOTOpbIE MOTYT MCIIOJIb30BATh BETPOTE€HEPATOPHI, MOBBIIIAIOT OTEHI[MAJ BETPOBOU
SHEepruu. B JaHHBIT MOMEHT BETPOBBIE YHEPreTUUYECKHUE YCTAHOBKH MPEICTABIEHBI B CEMUAECITH
IATU cTpaHax Mupa. Beaymumu o pa3sutuio BerposHepreTuku spisitores Kurail, CILIA, Unaus,
Kanana. [IpuoOperenue BeTpoBOI yCTaHOBKH HYXKHO paccMaTpHBaTh, KOTa CPEIHss CKOPOCTh BETPa
B PETMOHE COCTaBIsET HE MeHee 4 M/C WM KOTJa MPOBEJCHUE JNIEKTPOIEpeaad K KHUIOMY JOMY
00XOIUTCSI CIUIITKOM JTIOPOTO.

J1J1 TOCeNnKoB, KOTOPbIE YAAIEeHbI OT HEHTPAJIBLHOTO NEKTPOCHAOKEHHSI, MO)KHO PACCMOTPETh
UCTOJIb30BaHHE BETPOIHEPTETUUECKON YCTAaHOBKU 00Jiee BBICOKOM MOIIIHOCTH, TaK KaK OHa CMOXET
YAOBJIETBOPATh HHEPreTHUECKHUE MOTPEOHOCTH cpa3y Ul HECKOJIbKUX JOMOB. Takke MHOKymKa

BETpOreHeparopa MOHaA00UTCs sl TaUHbIX YYACTKOB MPH OTCYTCTBUM LIEHTPAIbHBIX HCTOYHHKOB

SHEPTOCHAOKEHHUS.
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Takum 06pazom, Mbl IOHUMAEM, YTO B JaHHBIN MEPHOJ BETPOIHEPreTHKA MEPEKUBAET HOBOE
poXeHue, Be/lb HayKa He CTOUT Ha MecTe. biiarogaps Tomy, uto Poccust umeet oO1mupHbie pa3Mepsl
U pa3IMyHble KIUMAaTHYECKHE TI0siCa, IMPOTPEcCy BETPOIHEPTETUKHU CIIOCOOCTBYET OIPOMHBIN
TEXHUUYECKUH noTeHual. BeneacTBue HeManeHbKOrO pacCTOSHUS MEXAY HAaCEIEHHBIMU ITYHKTaMU
OoJbllie MOJIOBUHBI TePpUTOPUAM B Poccuu He OCTYMHO IIEHTPAIM30BAaHHOE AJIEKTPOCHAOKEHHE.
CrocoOoM pelieHUs] JaHHOW MPOOJIEMbI MOXET CTaTh BETPOIHEPreTHKa, HMEIOIlas OrpOMHbBIC
nepcneKTuBsl pa3putus. Ckopee Bcero, B OyaymieM Poccust Oyner 3aHUMATh JIMAUPYIOIIEE MECTO IO
nepepaboTke sHeprun BeTpa. CTOUT OTMETUTH, YTO THIIPOIHEPIeTHKA BIsIeTCs Ooiee cTabuIbHOM 1
MOIIHOM TI0 CpPaBHEHUIO C BETPOIHEPreTUKOM, HO B CTENHBIX paloHax, Ha tore Poccuu,
CTPOUTENLCTBO JONOMHUTENBbHBIX [DC u ADC HEBO3MOXKHO, MOATOMY BETPOIHEPreTHKA Tam
HaunboJsee nepcreKTUBHA.

Ha ceropnsinmauii A€Hb UCTIONB30BAaHUE YHEPTUU BETpa MMEET MEJKHE MaciTadbl. [uapo- u
sIepHasl SHEPreTHKa B CBSA3KE C YrOJbHBIMM WM MazyTHbIMM TOLl mpakTUdecku NOJHOCTBIO
3aKpBIBAIOT MOTPEOHOCTh HACEIECHUS, a PErHMOHBI, HE MMEIOIUE MOJKIIOUEHHUs, MOKa OOXOISATCS
JU3EIbHBIMU UM OEH3MHOBBIMU reHeparopamu. [losToMy peanuzanus nporpamm ajabTepHATUBHBIX
crIoco0OB BBIPAOOTKH SHEPTUU H, B YACTHOCTH, BETPOIHEPTETHKH, €IIe HE CO3pelia Il PeaTbHOTO
BOILIONICHUS B ’H3Hb. Camblii Tydmunii 3¢ exT B ycinoBusx Poccun crnocoOHbI MOKa3bIBaTh UMEHHO
HeOOoIbIINe BETPAKH, BeIb JIJIS OTIAJICHHBIX [TOCEJKOB, TAUHBIX HIIM KOTTEKHBIX, TJI€ MOIKIIOYCHHE
CTOHUT OYEHBb JJOPOTO, & COCTOSIHUE CETEW JIOIyCKAaeT YacThle M BHE3aITHbIE OTKIIIOUYEHUS U nepedou,
UCTOJB30BaHNE COOCTBEHHOTO BETPOTEHEparopa CIOCOOHO CTaTh HEIUIOXMM  BapHAaHTOM
JONOJTHUTEIBHOTO WJIM OCHOBHOTO HCTOYHMKA MUTaHHUSA OBITOBOM TEXHUKM M MaJIOMOIIHOTO
obopynoBaHusi. MHOTuE yXe UCHONb3YIOT BETPSKH, CO3JJaHHbIE U3 MOJAPYYHBIX MaTepHANIOB JJis
OCBEILIEHUSI WM BoJOCHaOkeHus. OHU BIIOJIHE CHPABIISIOTCS CO CBOEH 3ajaueil, UMEIOT BBICOKYIO
PEMOHTONPUTOTHOCTh M HENPUXOTIMBBI B OOCTYXHBaHUH. OTH MPEUMYIIECTBA IPHUBIEKAIOT
O0JIBIIIOE KOJIMYECTBO JIFOZIEH, JKeIalolMX YCTaHOBUTh KOMIUIEKT BeTporeHeparopa y ce0s Ha
y4acTKe, 4YTO II03BOJIAET YMEHBUIMTb HArpy3Ky OJJIEKTpPOCETE M COKOHOMHUTb Ha CueTax 3a
AIIEKTPUYECTBO.

Berpoanexrpocraniuii B Poccun Hemano: B Kanununrpazackoit u OpenOyprckoit o0nactsx, B
bamkoprocrane, Kanmbikun, Ha Yykorke, B benropoackoit oGmactu. MHOXeCTBO
BETPORJIEKTPOCTaHLUI HaxoaTcst B KpbiMy, r1e BoIroiHOE reorpaduieckoe mojaoKeHue, U MOTOKH
BETpa UMEIOT atMocdepHylo 0cobeHHOCTh. M3ommpoBanHas sHeprocucreMa KpbiMa BO MHOTOM
OMHpPAETCsl Ha BETPOrEHEPAaToOpbl, MO3BOJSIOLINE HCIOIb30BaTh COOCTBEHHYIO JHEpPruio, a He
IIOCTABJIIEMYIO C MaTepuka. Mmeromuecs: Ha CETOAHAIIHUN J€Hb BETPOUIEKTPOCTAHIINY SABIISIOTCA
NEPBBIMM MPOOHBIMU KOMIUIEKCAMH, CO3JAaHHBIMM B TOM YHCIE JUIS TONYYEHHUS MPAKTUYECKOTO
OTIBITA IKCIUTyaTallMK TOAOOHBIX COOPYKEHHM | JIJIsi cOOpa CTaTUCTUKH, Jaromeld HHPOPMAIUIO O
BO3MOXHOCTSIX ~ BETPOXJIEKTPOCTAHLIMM B YCIOBUAX POCCHHWCKUX pernoHoB. [louemy ke
BETPOd’HEPreTHKa J0 CUX MOp He pa3BuTa B Poccuu ceroyHs Tak, Kak Xotenoch 0617 Benb oO0mupHbIe
MIPOCTPAHCTBA, CPABHUTEIHHO HU3Kasl IJIOTHOCTh HACENICHUS M X035 ICTBEHHBIX 00bEKTOB MOHUKAIOT

skostornueckue pucku padbotst BOC B Poccuu o cpaBHEHHIO ¢ eBpoIelickuMu ctpaHamu. [IpudnHa

KpOETCsI B OTPOMHBIX PACCTOSIHUSX U ¢1ab0 pa3BUTOM TPaHCIIOPTHON MH(GPACTPYKTYPHI, YTO OYEHB
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CWJIBHO 3aTpyIHSeT pa3BUTHE BeTpodHepretuku. Crenyromas NpUYMHA— HaJIUuue OOJBIINX
3aIacoB YIIeBOAOPOAOB, KOTOPHIE SIBIIAIOTCA 0oJiee EeMIEBBIM AIHEPTEeTUUECKUM ChIPbEM.

Takum 00pa3oM, y BETPOIHEPreTHUSCKUX CTAHIIMA MHOTO IOJIOKUTEIBHBIX CTOPOH: HA WX
COOpYXEHHE He TpeOyeTcsi OrPOMHBIX 3aTpar, OHU HE 3arps3HAIOT BO3AYX U HE UCIOJIB3YIOT BOAY, B
OTJIIMYUE OT OOBIYHBIX DJIEKTPOCTAHIUH, YTO MO3BOJIIET CHU3UTH HArpy3Ky Ha BOJHBIE PECYPCHI.
bonpmmm mirocoM sBISETCA M TO, YTO BETEp — 3TO HEUCUYEPIAEMbId MCTOYHUK sHepruu. [lpum
COIIOCTABJICHUHU IOJIOKUTEJIBHBIX U OTPULIATEIBHBIX CTOPOH 3aMETEH IEPEBEC B IOJIb3Y BETPSIHBIX
YCTaHOBOK, MMEHHO II03TOMY SHEprus BeTpa OO0JIaaeT MEpCIEeKTUBOM B PAa3BUTHUU OTpacien

aJbTepHATUBHOMN YHEPreTUKH B Oymyrem [7].
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Hedreraszosoe nesio

VK 532.685
3esenoBa M.A., kaua. ¢pus.-mar. Hayk, ['yoaiiayaann P.I.
Creprnutamakckuii ¢pummran balmkupceKkoro rocyapcTBEHHOTO YHHBEPCUTETA
r. Crepnurtamak, Poccus

PA3BBUTUE MATEMATUYECKHWX MOJIEJIEN ITOJIEW JABJIEHUS
B HEOTEHOCHOM ILJTACTE C YYETOM BJIUSHUSA CKBAKWHBI

B xome pa3paboTku HEPTAHBIX MECTOPOXKICHUNA CKBOKUHHBIM METOIOM HEOOXOIHM
MOCTOSTHHBIM KOHTPOJIb MapaMeTpoOB IUIACTa M CKBAXKUHBL. JlMarHocTMKa (PU3NYECKUX TMoJei
(maBneHwus1, TEMIEpaTyphl U T.1.) MO3BOJISIET KOCBEHHO OIICHUTH JI0OBIBHBIE BO3MOXKHOCTHU 3JIEKHU U
OTKOPPEKTHUPOBATh TAKTHKY BEICHHS MPOMBICIOBBIX paboT. Bemgymiee mecto cpenu BceX METOIOB
KOHTpPOJIZ 3a pPa0OTOH JEHCTBYIOIIMX CKBAXMH 3aHMMaeT mbe3oMeTpus. WHdopmanus o
MIPOCTPAHCTBEHHO-BPEMEHHBIX PACIpE/ICIICHUSX IaBJICHUS B CKBOKUHE U NpU3a00iHON 30HE BaKHA
JUIS OLIGHKH MapaMeTpOoB IJIACTOB, SIBISIOIIMXCA KOJUIEKTOpaMHU HE(TH U Ta3a, U OMpeesIeHUs
k03¢ UIeHTa MPOAYKTUBHOCTH HE(TAHBIX, T'a30BBIX W T'a30KOHJCHCATHBIX CKBaXWH. OmHAKO
M3BECTHBIE MOJIEIIN PACIIPENEIICHNS TT0JIEU JaBICHUS B IJJACTE HE YYUTHIBAIOT BIUSHUS U3MECHEHUS
JUHAMUYECKOTO YPOBHS JKUJIKOCTU B CKBaKMHE HA MPOLECC YCTAHOBJICHUS JABICHUS, YTO JI€TIAET
MOJIEJIb HECOBEPIICHHOW U MOXKET B 3HAUUTEIBHON MEPE UCKAXKATh PEaIbHBIE IIPOLECCHI.

BaxkHocTh yué€Ta CKBa)XHMHBI IIPU MOJAEIUPOBAHUM MOJieH JaBiieHUs B HedTeqo0bIBaroIIeM
1acTe uMeeT 0OJIbIIoe 3HaYeHNE, 0COOSHHO /JIsl MaJIbIX BPEMEH, T.€. Ioclie IMycKa Hacoca. VIMeHHo
B TaKHUX YCJOBUAX BKJAJ CKBaXHHBI B (hopMUpOBaHUE (PUIBTPALIMOHHOTO MOJIS IABIECHUS SBISIETCS
onpenenstonM. Ilponeccel ke (GOPMHPOBAHUS 3TOTO TMOJI SBIAIOTCS PEJIAKCALMOHHBIMU.
N3ydeHne penakcallMOHHBIX IPOLIECCOB IO3BOJISIET MPEAJIOKUTh HOBBIE CIIOCOOBI HM3MEpPEHUs
($u3NYECKUX TapaMeTPOB CUCTEMBI «CKBaKMHA-IIJIACT).

B Hacrosmell paGoTe ydeT BIMSAHMS CKBOKUHHBIX YCJIOBUH OCYIIECTBIEH B BHUJE
muddepeHInaIbHOr0 ypaBHEHMsI, IPEACTABISIOIEr0 IPAaHUYHOE YCIIOBHE U MOTYY€HHOE Ha OCHOBE
OanaHca macchl. B crarbe paccMoTpeHa MoJienb HepTeconeprkalero miacrta, KOTopblid IpeacTaBiIeH
TpeMsl TOPU3OHTAJIbHBIMU CcHOAMU. HukHMI M BepXHHM ciou (MOIOIIBa U KpPOBISI) SBISIOTCA
HENPOHULAEMBIMU JJIsl YITIEBOJOPOJHOIO ChIPbs. LIEHTpabHBIN CII0i C IOPUCTOCTBIO 771, BCKPBITHIN
Ha Bco TtommuHy h (—H; <z < H,) CKBaXUHOW, OCh KOTOPOH COBIAAAaeT C OCBIO Zz
LUJIUHIPUYECKON CHUCTEMBI KOOPAMHAT, XOPOLIO IIPOHUIAEM B pPaJAMAJIbHOM HAIPaBICHUU U

CJ'Ia60l'IpOHI/II_IaCM B BCPTHUKAJIbHOM. PangnanpHas KOMIIOHEHTa TCH30pa IMPOHUIACMOCTHU

IEHTPAILHOTO CIIOS kAZ4).
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Puc. I'eomerpus 3agaun

cI)I/IJ'H)TpEl,I_II/I};[ B IIACTC I10JIaracTcCsa akCuaJllbHO CHMMGTpH‘IHOﬁ, a I10JIC JaBJICHUA OIIMCBIBACTCS

ypaBHEHHEM IbE30TPOBOTHOCTH C IEPEMEHHBIMU K03 punmeHTamMu

dP,

,u,Bm(z)——k() 6rd( a_rd)' o<1y <R, tg;>0. (1)

VYpaBHeHMe Ui JaBICHUS B CKBa)XKUHE ONPEAEICHO Ha OCHOBE OajlaHca Macchl JKUAKOCTH,
M3BJICKAEMOM U3 IJ1acTa, OTOMpPaeMON HACOCOM U3 CKBKMHBI M MAaCChI, HAKAIUIMBAEMO B HHTEpPBAJIC

ra30)XKUAKOCTHOI'O pa3cia
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B pesynbrare mpoueaypbl acUMITOTHYECKOro ocpeaHeHus 3agaun (1) — (4) nomydyum

MMOCTAHOBKY IJIA SKBHBaJICHTHOM OZ[HOpOI[HOﬁ CpCabl
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Pdlrd=7‘0 = Pld' PIT'd=Rd = OI (7)
Pd|td=o =0, Pldltd=0 =0, )]

e (k) — cpeHsist MPOHUIIAEMOCTh TIOPHCTOM CPEJIBL.

C ucnonb30BaHUEM KpHTEpHUEB 00e3pa3MepUBAHHUS

(kr)tq Ta R4 Pq Piq uQro
t = , r=—, R:—'Pz—’ P. =—, =m o ————,
pumpr; To To Po 1 Py 1 PIFTo Po(k;)S )
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a=mppgH
S
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oP 10 0P
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r Mr(rar) 0, 1<r<R, t>0, (10)
P ( ap) = t>0 (11)
ac \or)l_, =77 ’
Pl,—y =P, Pl=g =0, (12)
Pli=zo =0, Pil=o = 0. (13)

Pemenue nmocraBneHHOM 3a1a4u OBLIO OCYIIECTBICHO HECKOJIBKUMHI METOIaMHU.

1. Memoo unmezpanvuvix npeobpazosanuii. IIpuMeHeHre MHTETpalbHBIX MpeoOpa30BaHUMA
Jlannaca — Kapcona x (10) — (13) nosBomser auddepeHunpoBaHre MO BPEMEHU CBECTU K
YMHOKEHUIO Ha TapameTp mnpeoOpazoBanuss p > 0. 3amada B MPOCTPAHCTBE H300paxKeHUMH

MMPpEACTAaBUTCA KaK

10/ oP%
u=—_—(r— 14
pP rar(r ar)' r>1 (14)
P (apu> = (15)
Pt —a(ror)| =-4
P“|T=1=P{‘, P|r=R=0- (16)

Pemenue ypaBuenus (14), ¢ y4€roM TrpaHUYHBIX yclIoBui (16) mpencraBisercss B BUIE

JTMHEWHON KOMOWHAIUK OecceneBbIX (PYHKIIMH MHUMOTO apryMeHTa [5; 6]
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pu — Ko(RVR)o(rVP) ~ b(RVP)Ko(rP)
KaRYD)Io() — lo(RP)Ko(p)

(17)

op¢
Jlist onpenenenust GyHKIUU Pf', MOACTaBUM BBIPaXKEHHS (r —)

P , cienyromee u3 (17), B

r=1

ypaBaenue (15). [Tomyunm nuHelHOE anreOpandeckoe ypaBHEHHE, U3 KOTOPOTO HAXOAUM

u_ Ko(R\p)L(\/p) + Io(Ryp)K:(\/p) -
A= 4| R (o) (R Ka(P) 7] - o

[Toctpoenue opurunanoB BbeipaxeHuit (17) u (18) B BuIe aHAIUTHYECKUX QOPMYI
HEMOCPEACTBEHHBIM TIEPEX0/IOM HAa OCHOBE MHTErpaia MeinHa He MpPeACTaBIsSeTCS BO3MOXKHBIM.
[To sToii mpuymHEe WX OOpamieHHEe B CBOMX HCCICAOBAHMIX aBTOPAMHU BBIIOJHEHO HAa OCHOBE
quciieHHoro anroputMa aeH M3erepa [1]. Ilpu BBICOKOH YHHMBEpPCAJIBHOCTH ITOT METOA TpeOyer
MIOCTOSIHHOTO KOHTPOJISL XOTsSI Obl B OTJAENBHBIX TOYKAX, JUISI YEr0 MCIIOJIb30BAHO CONOCTABJICHUE C
YHCIEHHBIMU METOJIaMH U MPEIeIbHBIM aHAIUTUYECKUM [7].

Ecmu B 3amaue (14) — (16) mpaByro TpaHMIy yCTPEMUTh B OECKOHEUYHOCTH R — 0o, TO

nonyueHHsie pemienus (17) u (18) npunumarot Bun [5; 6]

Ko(ryp) .,
*(p)

qKo(\/p)
JPVpKo(Jp) + ek (Vp)]

P = (19)

P = —

(20)

Pemenus (19) nonyckaer nmocTpoeHne OpuruHalia Ha OCHOBE MHTETpasia OOpalieHusl, 4To Mo-
MPEKHEMY  COIMPOBOXKIAETCS BEChbMa TIPOMO3JIKHUMHU TMpeoOpazoBanusiMu. Jljig  ympoieHus
IMOCTPOCHUEC OPUTHHAJIOB IOJTYYCHHBIX peHIeHI/II\/JI OCymeCTBUM C TIOMOIIBIO PE3YIbTATOB,
nonyuyeHHbIX B MoHorpaduu Kapcnoy, Erepa [2] mpumenuTensHo K Teriodusudeckoil 3amade,
pelieHre KOTOpOH MPENCTaBIeHO B €ro paboTe B MpPOCTpaHCTBe IpeoOpazoBanuit Jlammaca. Jlns
MpeACTaBICHHs noydeHHoro pemenus (19) B mpocTpaHcTBe m300paxeHus Jlammaca 10cTaTogHO

MOJICTTUTH €T0 Ha TapaMeTp MPeoOpa3oBaHUS p

1 ak(ryp)
b olka(p) + ke ()]

PuL=_

@2y

Janee Bocnonb3yeMcst BeipakeHuem (7.6) u3 [2, c. 337]
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- aQ'Ko(q'r) g = P
kSpq'[q'Ky(aq’) + aK,(aq")]’ K

OpUTHHAJ KOTOPOTro, coracHo (7.7) u3 [2, c. 337], umeeT clieayroniuil BuI;

j (1= e o (u2) 1160 = 1,01 = o (w0) o) = s @0} s

mcS

Aw) = [wo() — a/yW]* + [uY(w) — a¥; W]

IMomaras a=1, k =1, ¢ = Q', uCKOMOE BBIpaKEHHE JUIS TIOJS JaBICHHS B IUIACTE

MMpeaACTaBuM Kak

— 2q (" du e~ Ut
P —-—'7;'0 u2 (1 ) X (22)
yJoGrwluYo@) — a¥y ()] — Yo (rw) [ujo(w) — afs )]

[u/o(w) — aJ;(W)]? + [u¥y(u) — a¥; (w)]?

BeipakeHnue a5 JaBieHus B CKBaXXHHE, coriacHo (16), cienyeT U3 nogy4eHHOro perieHus mpu
r=1

2. Koneuno-paznocmuwiii memod. C LeNbl0 YUCIEHHON peaju3alMy IMojeil JaBiIeHus IMpH
paavanbHOM (QuibTpauuu paccMmarpuBaemas 3agada (1) — (4) mpeoOpa3oBaHa K JIMHEHHOW
MOCTaHOBKE ITYTEM 3aMEHBI TIEPEMEHHOM X = In 7, KOTOpas MpencTaBseT TeOMETPUIECKH (PakTop
ucxoqHoW 3amaud. [IpeumyliecTBOM Takoro NpPEACTaBICHUS 3a/Ja4ud SIBISETCS BO3MOXKHOCTD
UCIIOJIb30BaHUSI PABHOMEPHOM CETKH, KOTOpass B pealibHOM 3ajadye OyAeT COOTBETCTBOBATH
CTYILAIOIIENCS — NP YMEHBIIEHUH 3HaueHuil . HemocTarkom Takoro mnepexoja OT pagualbHOM K
JMHEWHOW TEOMETPHH SIBIISIETCS BO3HHKHOBEHHE IEPEMEHHOro kod(dduumeHra B ypaBHEHHUH

MMbE30IIPOBOAHOCTHU:

PoenZl x>0 t>0 23)
P, oP
el (a) =—q t>0, (24)
P|x=0 =P, PIx:L =0, (25)
Pli=o =0, Pili=zo = 0. (26)

Jns 3amauun (23) — (26) mocTpoeHa KOHEYHO-PA3HOCTHAS IIporpaMMa, OCHOBaHHAsI Ha SIBHOU

cxeme, KoTopasi obecrednBaeT pacu€Tsl OJIEH NaBIeHUS B IIacTe U CkBakuHe [4]. YpaBHeHus (23),
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(24) u ycnoBus (25), (26) 3anmurcanbl B KOHEYHO-Pa3HOCTHOM opMe Ha paBHOMepHO# ceTke. [llar mo
IIPOCTPAHCTBEHHOM KOOpJMHATE X MPHHST PaBHBIM /, a 10 BpeMeHU 0003Ha4eH T. Tekyiiue HoMepa
y3710B 0003Ha4eHbl 0 ocu X depe3 i € [0,1], mo Bpemenn t —n € [0, N]. 3necs [ +1, N+ 1 —
KOJIMYECTBO Y3JIOB CETKU 10 OCH X W BPEMEHHU t, KOTOpbIE M3MEHSIOTCA B IpEAesax WHTEPBAIOB
POCTPAHCTBEHHOH KoopauHatel u BpemeHu x € [0,L = U], t € [0,T = TN] cOOTBETCTBEHHO.
3Ha4eHUs] HCKOMOTO TIOJIs IABJICHUS B y3JIaX paBHOMEPHOU ceTKu 0603HauuM P, T1ie BepXHUiA
HH/IEKC COOTBETCTBYET BPEMEHHOMY CJIOK, a HI)KHUH — TeKyIel MpOCTPaHCTBEHHOW KOOpAMHATE.

OxoHYaTeaIbHO KOHEYHO-Pa3HOCTHBIN aHaNor ypaBHeHUs (23) npencraBiseTcs Kak

Prt + PRt — 2Pt

Pl' = P! 4 7e72! Tz

27)

KoHeuHo-pa3HOCTHBIN aHanor ypaBHeHHs (24), KOTOpOe SBISETCS YCIOBUEM Ha JIeBOH

rpaHnuine, B BUAC paBCHCTBA
at
Py =Pyt + T (PPt =P3™Y) —gqr, (28)

00ecrneurBaroIIero BHIYMCICHUE 3HAYEHHS IaBJICHHSI B CKBaKUHE B TEKYIIIEM BPEMEHHOM CJI0€
4yepe3 3HaueHUs B MpenuiecTByromeM. [lomydyeHHOE PEeKyppeHTHOE COOTHOLICHHE 00ecTedrBacT
pean3annio SBHOM CXEMBI JIJIs1 pAaCCMATPUBAEMOM 3a/1a4H.

Jliis obecrieyeHUs] YCTOMYMBOCTH aJITOPUTMa TPHHSATO CIICAYIONEEe COOTHOIICHUE MEXY
NPOCTPAHCTBEHHBIMH U BpeMeHHbIMH Imaramu 7 < 0.1/2. Eciu  MONOXKUTH  BEIMYHHY
HKCMOHEHIIMAIBHOTO KOd((UIIMEeHTa Tepea BTOPOM MPOCTPAHCTBEHHOW MPOM3BOIHON paBHOU
MaKCHMallbHOMY 3Ha4€HHIO, TO COOTBETCTBYIOIEE ITPeeIbHOE COOTHOIIEHHE nMeeT Bua T/1% < 0.5.
Takum 00pa3oM, IPUHATOE COOTHOIICHHUE MEXIY MPOCTPAHCTBEHHBIMH M BPEMEHHBIMU IIaraMu C
OOJBIIIMM 3aMlacoOM TapaHTUPYET BHITIOTHEHUE YCIOBUS YCTOWYMBOCTHU MPH JFOOBIX 3HAUCHUSAX T U t.
[IpenBapUTEeNsHO OCYIIECTBIEHO TECTUPOBAHUE MPOTPAMMBI HAa CXOAUMOCTh U YCTOWYMBOCTHh U
OCYIIECTBIISJICS KOHTPOIIb MOJYYEHHBIX Pe3yJAbTaToB B mporiecce GyHKIIMOHUPOBAHUS MPOTPAMMBI.
OcyIIecTBICHO COTIOCTABICHUE YUCIEHHBIX PACUETOB ¢ aHATUTUICCKUMH MOJIEISIMU [4].

3. Acumnmomuuecxuii memoo pewenus. K 3amgaue (10) — (13) mist cmydast 6e3rpaHUYHOTO
miacTa, korga R — 0o, MOXKeT ObITh MPpUMEHEH MeTo (POPMaTHLHOTO ACUMITOTHYECKOTO MTapaMeTpa,
KOTOPBINA XOpoIiro pa3BuT mpodeccopom A.. UIUMOBBBIM U €0 YICHHKAMHU.

s s dexTuBHOrO MPUMEHEHHST METO/Ia B 3a7a4de OCYIIECTBICHA 3aMEeHa MEePEMEHHON X =
In(r), KoTOpast TO3BOJIAET MEPEUTH OT YPAaBHEHHS ITHE30IPOBOIHOCTH B PAJAHAIBHBIX KOOPANHATAX,

MPUBOASAILIETO K ypaBHEeHUIO beccens, K ypaBHEHUIO B TMHEMHBIX KOOpAWHATAX

x>0 t>0, (29)
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i ( ) = t>0 30
ac  Naxll_,~ 7 ’ (30)
P|x=0 = Pl' Plx—mo = O, (31)
Pli—o =0, Pilt=g = 0. (32)

C omHOH CTOPOHBI, Takas 3aMEHA YCIIOKHSAET ypaBHEHHE, IIOCKOJIbKY IIPEICTABICHHE B
JMHENHBIX KoopAuHaTax (29) colepKUT nepeMeHHbIH koapduuuent e ~2*. C npyroif CTOPOHbI, TaKoe
npeoOpa3oBaHUE  YpPaBHEHUS  IO3BOJIAET  YINPOCTUTh  3ajadyy  I[yTeM  HUCIOJIb30BAaHUSA
ACHMITTOTHYECKOTO Pa3JIOKEHUS U MPEICTABUTH (PYHIAMEHTAIbHBIC PEIICHUS B BHJIC SKCIIOHEHT.

OcymiecTBiaeHHas BBIIIE 3aMEHa [TO3BOJIET ONIPEAETUTh MECTO (POPMATIBHOTO IMapaMeTpa €, OH

BBOJIUTCA B KauecTBe coMHoxkutens nepeq (e 2% — 1) B (29).

aoP 0%P a%p
— x>0, t>0, (33)

a HCKOMBIC (bYHKI_II/II/I HAaBJICHUA NPCACTABIAOTCA ACUMIITOTUYCCKUMU Q)OpMy.]'IaMI/I 1o

napameTpy &€

P =PO 4 pWy  yenp® 4 g y
P,=PO +ep, Wy 4enp ™ 49, ™, G

W3 ypaBuenus (33) BumgHO, uto mpu € = 0 OHO CBOAUTCSH K OAHOMEPHOMY YPaBHEHHIO
MbE30MPOBOTHOCTH, KOTOPOE HE COACPNKHUT IMEPEMEHHBIX KOIPPHUIIMEHTOB. DTO O3HAYaeT, 4TO
HYJICBOC TPUOIMKCHHE pPAacCMaTpuBaeMOM 3aJladd MOKET OBITh MPEACTABICHO KaK pENICHHE
OJTHOMEPHOI'O YPaBHEHUS B INHEHON T€OMETPHH.

Bbonee mompo6HO maHHBIN anropuT™ mpezactasieH B [3]. B pabore HaiiieHbl aHATUTHYECKUE
BBIPQXEHHS I HYJIEBOTO U MEPBOTO aCUMITOTUYECKUX MpuOmbkeHuil. [Tokazano, uto mponenypa
MOCTPOEHUS HYIEBOIO KO3(PPUIIMEHTAa aCHMIITOTUYECKOTO Pa3IoKeHNsI COOTBETCTBYET MEPEXOY OT
paavaibHON K JUHEMHOW reoMeTpun TeueHus. Ha 0CHOBE cOMOCTaBIEeHUS pe3yabTaTOB PACu€TOB MO
MOJTy4YE€HHBIM HYJIEBOMY U IIEPBOMY aCUMIITOTUYECKUM MPUOTUKEHUSIM C TOYHBIM PEIICHUEM 3a]1a9u
JUIS TIOJISL JIABJICHUSI, YCTAHOBIICH BKJIAJ TE€OMETPHUECKOTOo (pakTopa.

[TonpoGHOE omucaHue BceX MPEACTABICHHBIX METOAOB U UX IpadUyecKoe COMOCTaBIIEHUE

OCYIIIECTBIIEHO B paboTax [3-6].

Paboma svinonnena npu gpunancosoii noodepaicke Poccutickoeo ¢honoa HayyHvix
uccneoosanuti Ne 22-22-00132.

JIuteparypa
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