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MOAOBbBIE PACXOAbI TEMNAOTbLI, XONOAA N BAATU B CKB U CB
3AAHN: OCHOBbI TEOPUN N NPUMEPbLI PACHETOB

A. . COTHUKOB, A-p TexH. HayK, npodeccop, YAeH npesnanyma HIMN «ABOK —
Cesepo-3anaa»

ObuweHayuoHaNbHAA NPobaema IHep203hPHeKmuUBHOCMU U IHep2ochepedceHUs 3ampazugaem 8ce OMPAcaU HAPOO-
HO020 X03silicmea, c8si3aHHble ¢ 000bluell NONEe3HbIX UCKONAeMbLX, 8blpabOMmMKoll, mpaHcnopmuposKoll u nompebreHuem
mennogoll u anekmpuueckoll sHepeuul. Cucmemst obecneueHus mukpoxaumama (COM) nomeweHuS — OMONNEHUSL, BeH-
MUAAYUL, KOHOULUOHUPOBAHUS U 0OCTYHCUBAIOULLLE UX CMENCHBLE CUCTeMbL JIeKMPO-, MeNJo- U X0N000CHAbICeHUS —
nompebasOmM 3amMemHuyto, @ Mo U OCHOBHYH 4ACMb Menogoll U aJlekmpuueckoll aHepaUU 8 0MOeabHOll Keapmupe, Npo-
U3800cMBEHHOM NOMeleHULL, 30aQHUL, HA NpednpuUsmuUL, 8 20p00cKoll UHPpacmpyknype u 8 cmpaxe 8 yesiom. Hecmompst
HA MHO20UUCJIeHHble NYOAUKAYUU HA NPOMsAYceHUL nocsiedHux 50 nem, memooukda pacuema 20008blX pacxodos 00 cux
nop A8eMcsl CNOPHOLL U He N036051eMm NOLYUUMb 06BeKMUBHO20, COOMBEMCMBY W20 PeaIbHOCMU pe3yibmamad.

3a nocnexuue 60 yeT 3TOW MpobaeMolt — Me-
TOAUKAMU PACUYeTOB PacXo/0B TEIUIOTHI, XOJoJa U
Biaru B CKB u CB — B Toi1 winu uHOI Mepe 3aHUMa-
JIUCh OTedecTBeHHbIe crienuaaucTel JI. b. YcneHckasd,
A. {A. Kpeciunb, A. M. Cusos, T. 1. CazoBckad,
E. E. Kapmuc, I1. B. YuactkuH, 0. T. [1lab10BCcKUH,
B. H. Borocnosckuii, FO. A. Kysmumuos, b. I'. lnus,
A. A. PoivkeBud, H. B. Kouenkos, H. B. KobrbIeBa,
B. 3. Hunuc, A. T. CoTHUKOB U Ap. OCHOBHBIE METO-
VKW KpaTKO Ha3BaHbI B Ipwil. 7.1 [21], a 6osee moz-
POOHO — B TOTOTOBJIEHHOM K U3/IaHUIO JIByXTOMHU-
ke [22]. [lepeunicieHHBIe BbIIIE aBTOPHI npucnoca-
6iusanu paspabaTbiBaeMble METOAUKY K PA3TMYHBIM
BHUZIaM KJTUMATOJIOTMYeCKON MHGOPMAIIMU, OT CAMOU
MPOCTO 0 Hanbosee CIOKHOM 1 TOYHOH. B crpa-
BOYHMKAX MOCJIEJHUX U3ZIAHUN COAEPKUTCA MHOTO-
obpasHasg KJMMartosorudeckas wmHbopMmanua [4],

ImpeacTraB/i€eHrE O €€ Pa3HOBUIHOCTAX U BO3MOXKHO-
CTAX MOXXHO IIOJIYYUTDb U3 GJIOK-CXEMBI (BHI/ISY).

BbIGOp KIMMAaTOJOTHYECKOi HHbOpMaIuu

Crporo roBops, [y Haubojee MOJTHOrO ydyeTa
KJINMaTA4YecKol WHPOpMAIMd B peIleHuH pac-
CMaTpUBAeMbIX NPOOJIEM ClleAyeT UCIOIb30BaTh
MHOTOMEDHBIE pacIlpeZieJIeHHs] CPOYHBIX 3HAYeHUN
MeTeOpOJIOTUIECKUX BEJWYMH 3a rof (aMmIupude-
CKOe WM WX TeOpeTUYecKoe OINMCAHUE), U3T0KeH-
Hble B pabotax A. M. CusoBa [7-9], T. B. KaTkoBoii
[2], T. B. KapryxuHa u H. B. KobbreBoii [1] u ap.
B crartbe [3] yBfA3aHBI 3HeprocbepekeHue IpU pa-
6ote CKB 1 XxapaKTepUCTUKU KJIUMaTa, KPOME TOTO,
B HeM TpezcTaBieHbl TpeboBaHUA K WHbOpMAIUU
IIPYU pa3sHOW CMEHHOCTH U IPYTUX YCIOBUAX PabOTHI
oOBbeKTa.

KinaccupukanuoHHas cxemMa KJIMMAaTOJIOTHYecKoi uHdopManuw,
HCIOJIb3YyeMOM NpH HCCIefOBaHUAX, NpoeKTHpoBaHuu u onrumusanuu CKB, CB u CO
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Oznako Takasg MHOOpPMAIMA U1 MPAKTHIECKUX
pacyeToB yalle BCEro HeZOCTYITHA, U II03TOMY B Psifie
CJIy4aeB CTapaIOTCs BOCIIOIB30BATHCSA YIIPOIIEHHEIMU
MeToAaMHU. DTO OOBSICHAETCS TEM, YTO COCTABJIIONIIE
pacyeTHBIX GOPMYJI 3aBUCAT HE OT BCErO KOMIUIEKCA
MeTEeOBeJIMYMH, a OT OZHOTO OCHOBHOI'O ITapaMeTpa
(HampumMep, TeMIlepaTypsl Hapy»KHOTO BO37IyXa) U B
HEKOTOPOH, OOBIYHO MEHbIIIEH, Mepe — OT JPYroro
(HanpuMep, COMHEYHON pajlaliviv, KOTOPYI0 MOXXHO
«IIPUBS3aTh» K TEMIIEpaType Hapy»KHOI'O BO3/yXa).

O TOYHOCTH pacd4eToB IroAOBbBIX pacxoJoB

CrienuanaycThl JaBHO COLLINCHL BO MHEHUU O TOM,
YTO Ha pasHbIX cTaAuAX paspabotku COM (mpeampo-
eKTHBbIE TIPeJIOKEHNsI, TIPOEKT, pabodas JOKyMeH-
Tanus) He TpeOyeTcss OIMHAKOBO BbICOKAs TOYHOCTD
pacuyeTa TOZIOBOTO >HepromnoTpebyenus. [loaTomy
MpU TIpeJBapUTENbHONM TpopaboTKe (TIPeApOeKT-
Hble TIpeJJIOKEHUS) MOXKHO HCIIOJIb30BaTh 6osee
MIPOCThIe U MPUOTIMKeHHBIE MeTOABI. Ha mocieHux
CTaZIUSAX, TZIE TOTPENTHOCTb dHEpronoTpebaeHus (1o-
JlaraeM, 4To oHa gomyctumMa +10 %) momKHa OBITH CO-
U3MepuMa C IMOrPelIHOCThI0 pacdyeTa KaluTaJlbHbBIX
3atpat (okoso +10 %), Heo6XOAUMEI H0JIee TOYHBIE

dp/dty, 1/°C
dp/diy; xr/xx

MeToAbl. OCHOBHAS IPUYHHA ITOT'PEITHOCTH KPOETCS
B OMMCAHUU CJIOXKHBIX SMITMPUYECKUX OTHOMEDPHBIX
pacmpezeaeHU TpUOIMKEHHBIMU TEOPETUYECKUMU
3aKOHaMU: KOMIIO3ULIIMOHHBIM (puc. 1), Tpameleu-
JAJbHBIM. ACHMMETPHUIO ONBITHBIX JaHHBIX JIETKO
OIIEHUTD, €CJIM CPABHUTD CPEJHIOI0 TO/IOBYIO TEMIIE-
parypy B JaHHOM TyHKTe (Tabs. 1) ¢ mosycyMMoi
BEJIMYUH d; U b;, 9TO pa3iuyre MOXXeT COCTABJIATh OT
JIECSTBIX ZIOJIEH rpaZiyca 10 HECKOJbKHUX IPaJlyCoB.

OGsacTh TIpUMEHEHUs
npejjaraeMoil MeTOJUKHU

Ha OCHOBe KapTHPOBaHHOM
KJIMMaToJIOru4deckoii mHdpopmanuu

ToZioBBIE pacxofbl TEIUIOTHI, XOJIOZa, SJIEKTPO-
SHEPI'UU U BOJBI ITO 3TOU METOJUKE MOKHO IIPOU3BO-
[IUTD C OTpe/ieJIEHHBIMU KOPPEKTUBAMM [IJIsT Pa3HbIX
YCJIOBU:

°* Pa3IUYHBIX IYHKTOB TeppUTOpUU Poccuu u
6uiBirero CCCP;

* Pa3HOrO COYETAHUS ITOMEIIEHUH 3AaHusA U 00-
CITYKUBAIOIIUX UX CUCTEM;

* pasHBIX [TAPaMETPOB BO3AyXa B IOMEIIEHHH,
[TOCTOSTHHBIX WM IIEPEMEHHBIX TEILIOBIAaKHOCTHOM
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Puc. 1. OnucaHue SMINPUYIECKUX YeHMPUPOBAHHbIX OZHOMEDHBIX paciipeseneHuii (IITPUXOBbIe IMHUM) TEMIIEPATYPHI
Y SHTAJIBIIUY HAaPYKHOTO BO3ZyXa KOMNO3UYUOHHbIM 3aKOHOM (CIUTOIIHbIE IMHUN) KaK CIeI[HaIbHON KOMIIO3UIIUY HOP-
MaJIbHOTO 3aKOHa paclpeeeHNsA U 3aKOHA PABHOMEPHOH ITIOTHOCTH

CI16 — Cankr-Iletepbypr; A — Apxanrenbck; T — TamkenT; Y — YepaeiHb;

H — Hosocubupck; M — Mocksa; K — KueB; npuMedaHUe: IEHTPHPO-

BaHHBIM paclipeZie/IeHHEeM I1apaMeTpa ABJIAETCA TaKoe, IIPU KOTOPOM OT TEKYIEero 3Ha4Y€HHA MapaMeTpa BBIYUTAIOT €ro MaTeMaTHU4YeCKOoe OXHJaHue, T. €.
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Tabnuua 1

ITapamMeTpsl KOMIIO3MIIMOHHOTO 3aKOHa paclipe/leJIeHHs TeMIIepaTypbl U SHTAJIBINH
U JorapupMHUYECKH-HOPMAJILHOTO paclpelesieHusl BIarocojepikaHus HapyXKHOTO BO3ZAyXa
B KpymHedmmx ropogax Poccuiickoii ®ezepanuu, Ykpaunsl u Bemopyccunm (mo gawaeim ITO umm. A. U. BoeiikoBa) [19-22]

KoopzauHaTs! TemmepaTypa DHTaNbINUA Braro-
. cozepxKaHue
v opon em |- % 1 5% [ o] % Jtgm| & [ & ]
C. . B. 4. < Ry Vi |ndyepron| Oindy
ApxaHTenbCcK 64,5 | 41 -11,6 | 15,3 8 3,36 | 0,8 -20 30 10,0 | 5,0 -5,6 | 0,58
7 AcTtpaxaHb 46,5 | 48 -14,0 | 30,0 50 | 6,64 | 94 | 49 57 7,0 8,84 | -5,2 | 0,46
40 Bosrorpaz 49 45 -14,0 | 27,1 6,2 | 6,62 | 7,6 -15,0 | 52,0 | 8,2 9,3 -5,4 | 0,56
42 BopoHex 51,5 | 39 -16,3 | 26,0 6,8 | 6,22 | 2,6 9,5 49,0 | 7,8 7,5 -5,4 | 0,56
52 JuenponeTpoBck | 48,5 35 -8,2 26,4 56 | 6,18 | 8,5 -7,3 52,8 7,0 8,58 | -5,3 | 0,55
56 ExatepunOypr 57,5 60 -18,0 | 21,0 7,6 | 5,13 | 1,2 -21,0 | 46,2 9,7 6,93 | -5,7 | 0,62
72 Kazanp 56 49 -16,4 | 20,7 7,4 | 5,0 2,8 -12,0 | 44,5 | 8,6 6,57 | -5,5 | 0,60
85 Kues 50,5 | 31 -8,0 25,8 59 | 572 |72 -7,3 52,0 | 6,9 8,6 -5,3 | 0,53
98 Kpacnozap 45 39 -6,0 27,0 56 | 589 | 10,8 | -7,3 55,0 7,4 8,42 | -5,1 | 0,50
103 | Kypck 51,5 | 36 -10,6 | 26,5 6,5 | 5,71 | 5,4 | -8,3 48,8 | 7,4 7,7 -5,4 | 0,55
119 | MuHck 54 26,5 | -7,7 19,3 71 | 3,8 54 | -6,0 47,5 7,0 7,64 | -5,4 | 0,52
122 | Mocksa 55,5 | 37,5 | -12,5 | 20,5 7,2 | 4,6 3,8 -10,9 | 46,0 | 8,4 6,77 | -5,5 | 0,58
129 | Hwxknuii Horopog | 56,5 | 44 -15,0 | 30,0 5,0 | 9,0 3,1 -18,0 | 51,5 8,0 8,7 -5,4 | 0,60
135 | HoBopoccuiick 45 38 —-6,0 27,0 5,0 | 6,6 12,7 | -5,0 55,0 | 7,5 8,0 -5,1 | 0,51
136 | HoBocubupck 55 83 -22,0 | 22,0 8,0 | 5,5 -0,1 | -25,0 | 46,0 | 6,0 11,8 | -5,7 | 0,64
138 | Ogecca 46,5 | 30,5 | -7,7 26,2 49 |69 9,8 -5,0 55 8,2 7,35 | =5,4 | 0,54
143 | Open 53 36 -10,8 | 22,5 71 | 47 4,6 -9,0 47 7,7 7,3 -5,5 | 0,60
149 | Tlepmb 58 56 -17,5 | 19,7 7,7 | 4,8 1,5 -19,0 | 45 9,6 6,7 -5,6 | 0,61
163 | PoctoB-Ha-ZloHy 47 39 -8,4 26,8 6,1 | 5,8 8,7 | -8 53,5 7,6 8,1 -5,2 | 0,54
166 | Camapa 53,5 | 50,5 | -16,6 | 25,0 7,0 | 594 | 3,8 -16,5 | 47,0 9,2 6,9 -5,5 | 0,61
168 | Canxt-Ilerepbypr | 60 30,5 | 9,4 19,3 75 | 3,82 | 43 -14,0 | 40,0 | 9,5 5,68 | -5,5 | 0,53
170 | Caparos 51,5 | 46 -15,4 | 24,0 6,6 | 6,0 5,3 -15,5 | 47,8 8,7 7,3 -5,4 | 0,60
195 | Tomck 57 85 -22,0 | 21,5 8,0 | 543 | -0,6 | -28 45 7,0 10,4 | -5,8 | 0,65
217 | XapbkoB 50 36 -10,0 | 26,1 6,2 | 5,8 6,9 -8 50 7,0 8,3 -5,3 | 0,54
223 | YenabuHck 60,5 | 62 -20,0 | 19,7 7,0 | 5,7 1,5 -25 44,3 | 9,4 7,4 -5,7 | 0,63
[IpumevaHud. 1. CpegHerogoBoe BIarocoZiepkaHyue Hapy>KHOI'O BO3/lyXa, KI'/KI, B KaXK/JOM IIyHKTe U ero CpeiHeKBaipaTuye-
CKOE OTKJIOHEHHE, KI/KT: dy o ron = exp[lndﬂ' ep. rox + 0,501, 0, } 564, = |44 cp. rox [exp(clzn dn)—l},; MOJa, KI/KT, T. €. 3Ha4eHHe d; Ipu
HauboJIbIIeH IVIOTHOCTU OBTOPsAeMOCTH, Moy = exp[ln dy. cp. rox —0'12nd } 2. CpesnHerofioBoe sHauY€HNe SHTAJbIIMU Hapy>XHOT'O BO3-
AyXa OTPEZEIIAIOT [0 COOTBETCTBYIOIUM CPEAHETOAOBBIM by cp. rox ¥ Ay, cp. rox X POPMYTE i = ¢t + ind, Tae ¢y = 1 KK/ (kr - °C); iy =
= 2500 kI /KT.
*Homepa ropozoB mpuHATE 1o CHull 2.04.05-91%(2000).

U TIapora3oBOM Harpy3okK MOMeIleHHUA, CUCTeM II0-
crosinHo# (CAV) wiu nepemenHo# (VAV) nmpousBo-
JVTETHHOCTHU II0 BO3ZYXY;

e coBMelieHnrsa CKB mau CB ¢ oToruieHHeM WK
HE3aBUCUMOK pabOTHI 3TUX CUCTEM B XOJIOAHBIH ITe-
pHoZ roja;

* pa3HOro 00OpyZOBaHUA CUCTeM (MECTHBIE aB-
TOHOMHBIE 1 HEaBTOHOMHBIE, IleHTpajbHble KOH-
JVIIMOHEPHI, JOBOAYUKY PA3HBIX TUIIOB, BOJASHbBIE U
TapoBbIe YBIAXKHUTEIN);

* pa3HbIX GYHKIIMOHAIBHBIX Ha3HAYEHUH U YCII0-
BUH HCIIO/Ib30BAHUA allllapaToB TeIIOBIAXKHOCTHOU
06paboTKU BO3AyXa;

* pasHOro ajnroputMa GYHKIMOHUPOBAHUS CHU-
CTeM B T€UEHUE rofia;

* pasHBIX PELIEHHH 10 YITPABIEHUIO aliapaTaMu
Y HarHEeTaTeAIMU CUCTEM; PabOThI CUCTEM B PA3HBIX
PeXUMax MPpY pa3HOU TPOU3BOAUTENILHOCTH 1 06pa-
60TKe BO3Zyxa B pabouee u Hepabouee BpeMs, TIpU
pasHOi CMEHHOCTH.

OrpaHuyeHUs NpPU HCIOJIB30BAHUU
OJHOMEPHBIX paclpe/ieleHu

PexxuMbl  paboTHl ammapaToB (HarpeBaTesis,
OXJIAZIUTENIAA, YBIKHUTENS) OTPAaHUYEeHBI OJJHUM I1a-
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pamMeTpoM: TOTbKO U30TEPMOU, N303HTATBITHEN WU
JIVHYUEH NOCTOSHHOTO BJArocofepxaHud. B cury
OTpaHMYeHHOro 0ObeMa JaHHOM CTAaThU HIDKE pac-
CMOTpPEHH! He BCe, a TOJIbKO HEKOTOPhIE 13 BO3MOK-
HBIX CIIOCO6GOB pacyeTa, IPUTOAHBIE /1711 IIPOU3BOJIb-
HOT'O IyHKTa Tepputopuu Poccru; 60see opo6HO
cMm. [21, 1. 11, 9. 1, 22].

MeToz, OCHOBAHHBIM Ha MCIIOJIb30BaHUU
KOMITOSUIIMOHHOTO 3aKOHa

MeToz OocHOBaH Ha 3aMeHe [5] aMIupHUyYecKUx
OHOMEpPHBIX paclipefieieHu 3a rof (ty, iy, dy) B
MIPOM3BOJBHOM IIYHKTE CTPaHBl CIVIA)KEHHBIM KOM-
MIO3UI[MOHHBIM 3aKOHOM (A7 t; U i) C TapaMeTpa-
MU d;, b;, O, U a;, b;, ©; ANA TeMIepaTyphl U SHTATb-
MUY COOTBETCTBEHHO 1O TabJ1. 1 WM KapTam, U3 Ko-
TOPBIX IPUBOAUTCA OJHA AJIA TeMIlepaTypsl (puc. 2)
[13, 14, 16, 17], u aorapudpmMuvecKU-HOPMAaTbHBIM
3aKOHOM A1 dy ¢ mapamerpamu Indy p oy ¥
Olng, MO Tabs. 1 wiu KapTe, KoTopas 37ech He IpU-
BOZUTCSA. DTU ITapaMeTPBI B BI/IE COOTBETCTBYIOIINX
U30JMHUN HaHeCeHbI Ha KapThI-CXeMbl TEPPUTOPUN
Poccu, 1 UX MOXXKHO HAWTH, 3Has KOOPAWHATEHI ITyH-
KTa, WIN OIPEJENUTh JAJs PAfa TOPOZOB B KHUTE
[22]. TTorpemHOCTh pacueTa He mpeBbimaeT +10 %,
TaK KaK TeKyIIUe OTKJIOHEHUS CIIa)KEHHOW KPUBOU
OT SMITUPUIECKON I'MCTOTPAMMEBI HEBEIKU U 3HAKO-
nepeMeHHHI (cM. puc. 1).

MeTo/ T03BOJIAIET YYECTh U APYTOl MapaMeTp —
paZuaIyio, KoTopas KOppelupyeT ¢ TeMIIepaTypoi
Hapy>KHOTO BO3ZyXa, a TOYHee, NPAKTHUYECKU JIU-
HeWHO MeHseTCA B 3aBUCUMOCTH OT Hee Ha YPOBHE
CpeZHeMeCIYHBIX, HeCMOTpPSI Ha PasHBI XapakKTep
STOU 3aBUCHMOCTH OT 3HMBI K JIETY, U HAa0OOPOT
(BecHOU pagualys CyIIeCTBEHHO BBIIIE, YeEM Oce-
HBI0). DTa METOANKA IPUTOHA /I JIF0O0Tr0 IMyHKTA
Poccuu v B JajibHeHIIEM onrcaHa 6osiee MoAPOOGHO
KaK OCHOBHas. ['0ZI0BOM pacxoj Bjaru Ha yBIaX-
HeHUe WIN KOH/ZIeHCUPYEMOTO BOZJSHOTO Iapa Ipu
OXJIQXK/IEHUU-OCYIIEHUY OIIPe/IeNIAI0oT 110 MeTOAUKe,
omnucaHHOM B pabotax [13, 17] u kuure [22] B mpes-
MIOJIOXKEHUU JIoTaprdMUYECKU-HOPMaJIBbHOTO pac-
IIpe/ie/IeHUsI BIarocojepKaHus.

MeTo/ anmpoxkcuMaruu
KOMIIO3UITMOHHOT'O pacIpezeleHus
MPUOGIIKEeHHO-TPaneenAaJlbHbIM

Mertoz paspaboras IO. I. [IlabnoBckrM u A. T. Cot-
HUKOBBIM [18]. OCHOBHBIE 3aBUCMMOCTH M3 TEOMETPU-
YECKUX ITOCTPOEHUH /I PAacyeTOB IO 3TOM METOAWKE
Tpe/icTaB/ieHbl B KHurax [21, 22]. Meroauka BecbMa
TIPOCTA U IPUTOIHA /IS TIPUOJIMKEHHBIX PACYETOB B JTIO-
60M MyHKTe Poccyy TIpY M3BECTHBIX MapaMeTpax pac-
TIpe/ieIeHyIsI TTI0 KOMITO3UITMOHHOMY 3aKOHY (CM. Ziajiee).

MeToa Ha OCHOBe
ABYMEPHBIX 3MIIUPUYECKUX paclpezeieHUui

MerToz ABasseTca Hanbojee TOYHBIM U CJIOXKHBIM
pacdeToM Ha OBM Ha OCHOBe KaK 3MIHMPUYECKUX
(JI. B. Ycnenckas, A. . Kpecimub, A. A. PeiMKeBUY,
H. B. KoueHnkoB), Tak u criaxkeHHBIX (A. M. Cu3oB)
pacnpegenenuii. Hemocratkom metoza A. M. CuzoBa
SBJSIETCST CIVTA’KUBaHWe pacipezeeHus Haubo-
Jee mpocTtou QyHKIMeN laycca, KoTopas He TO-
3BOJISIET TIOJTHO M TOYHO OIMCATh TOJOBbIE pac-
npeJieieHds TeMIlepaTypbl M BIaXHOCTU. Kpowme
TOTO, B OOIIEAOCTYITHON JUTEPAType, MpEXKIe BCe-
ro B TpyzZax BHUUI'C [24], Takue AaHHbIE B BUJE
ty—(Qy-AVarpaMM MpUBeJeHB He O6ojiee 4YeM s
JlecITKa CTAHI[UM, XOTS OHM JJaHbl B CIIPABOYHUKE
[4]. MeToguku pacyeToB pa3paboTaHbl, HO HE JO-
BeJIeHHI /10 MPAKTUYECKOTO TpuMeHeHusA. Hanbonee
TOYHOE OIMCaHue TPEXMEPHOTO paclpeziesieHus 1o
Moprenurtepay—I'ymbesnto gauo B pabore [1].

CoxpameHHe yucjia METEeO0dJIEMEHTOB,
YYUTbIBA€MBIX B pacdeTax

CyIlecTBYIOT pa3HBIE TOYKU 3pEHUs IO TIOBO-
Ay TOTO, Kakue Mapsl (ty—iy; ty—qpay U AP-), TPOUKH
(tydy—Gpag; ty—dyVy ¥ AP.) U Oosee CIIOKHBIE CO-
JeTaHUs [1apaMeTPOB — METe03IeMEHTOB — CJIe/y-
€T WCIIOJIb30BaTh B IOJZOOHEIX pacyeTax. JTO U He-
YAWBUTENBHO, TaK KaK TEIUIOBIAXKHOCTHBIM U BO3-
JYLIHBIH PeXKUMBI IOMeEIeHUA U 3/JaH1A B 061IeM CIIy-
Jae OIpesesaioTCs MHOTHUMU MeTe03IeMeHTaMu:

Quom = Qu(ty Vi, qpa/:[) + Qpws (1)
Gan. om = Ger. 1t @1 Vi) + G, 5o 2

a CTeTleHb UX BIUSHUA Ha TEIUIOBYIO U BIQYXKHOCTHYIO
Harpy3KU Pa3HbIX MMOMEIIeHUN pa3jinvyHa U MOXKET
OBITh 006001IeHa TOJIBKO JIS OZHOTUITHBIX 3JaHUMI.

[ToaTOMYy TeKyIrie U TOAOBBIE PACXOABI TEILIOTHI
U X010/, 110 A. A. PEIMKeBU4Yy, HA OCHOBE ITIOHATUA
o TepmoamHamudeckol mozenu CKB (puc. 3) aB-
JIAI0TCA B U3BECTHOU Mepe QyHKIMEH BceX MeTeo-
2JIEMEHTOB. BBHIOOD 3THX BEIUYUH MT€PEMEHHBIA U
3aBUCUT OT YCJIOBUH. B OfHUX TOMEMIEHUSX, JaXKe
C TIpUMeHeHHeM Mep COJIHIe3alIUThI, HabIoJaoT-
cs 3HAYUTEIbHBbIE M30BITKYA BHEIIHEH TEIIOTHL. KX
BKJaz zocturaeT 50-70 % B pacueTHble U3OBITKU
TerwioTel U 20-30 % — B rogosble. B apyrux xe mo-
MeIlleHUAX BHEITHUE TEIUIONPUTOKWA MEHbINEe, U Ha
ux oo npuxoautca Bkiaaz 10-20 % B pacueTHble
U30BITKU U 5-10 % — B rofjoBBIE. B ITOC/IEHEM CITY-
yae HeT CMbICJIa CTPEMUTBHCSA K GOMBIION TOYHOCTU
pacyera U3OBITKOB TEILIOTHI, CO3JAOIIMXCSA IPUTO-
KaMH HU3BHE.
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Puc. 3. TlocTpoenus pacyeTHbix cxeM T/IM CKB: a — ciryuaii, korza napaMeTpsl B IOMeIleHUH 3aJaHbl TOukoi, a CKB c pe-

LUPKY/IALUel; 6 — ciydail, Korza apaMeTpHl Bo3ZyXa 3aJaHbl YeTEIpeXyroabHuKoM, a CKB paboTaeT Ha Hapy»KHOM BO3ZyXe;

6 — CIIy4aii, KorJa llapaMeTphl BO3/yXa 3alaHbl YeThIpeXyroabHIKOM, a CKB ¢ peliupKylyeil; 2 — Hanbosee o0yl cirygai
TZIM CKB, Korza 4nciio pexxuMoB paGoThl HAaNGOJIbIIIEE
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MeToANKa pacyeTa TOAOBBIX PacX0/[0B
TEIUIOThI M X0JIOZA Ha OCHOBE
KOMIIO3UI[MOHHOTO 3aKOHA paclpezeleHns

B HacTosIIee BpeMsa OCHOBHBIM aHATUTUIECKHUM
METO/ZIOM OTIpe/ieJIeHUs TO0OBBIX PacX0/i0B TEIIOTHI
u xosoza CKB u CB, pacroysoXeHHBIX B IPOU3BOJIb-
HOM reorpapu4ecKoM IMyHKTE, B TOM YHCJIE ['OJIOBBIX
PacxXo/ioB YTUIN3UPYeMOU TEIUIOTHl, MOXXKHO CYUTATh
MEeTOZ, OCHOBAHHBIM Ha allpOKCUMalUU 3MIUPU-
YECKOTO paclpe/ie/IeHUsA TeMIIepaTyphl U SHTAIbIINU
HapYy)XHOT'O BO3/yXa TEOPETUYeCKMM KOMIIO3UIIM-
OHHBIM 3aKOHOM. B COBMECTHBIX HCC/I€JOBAHUAX
ITO um. A. V. BoetikoBa u JITUIXII u kHUrax aBTopa
[13-17] moka3aHo, 4YTO SMIUPHUYECKUE U alllIPOKCU-
MUPYIOIIUX pacipeenenus (cM. puc. 1) 6;1u3ku, Jjo-
KaJbHble OBBIIIEHUA U TOHMKEHNA KOMIIEHCHPYIOT
ZpYyT Apyra, Tak Kak TOZ0Bble pacXoJbl eCTh CyMMa
(MHTerpajs) MTHOBEHHBIX. BHIOpaHHBIN JJIs OIMKCa-
HUA 3aKOH paclpe/ie/leHui Majio ONKcaH B MaTeMa-
TUYeCKOH JUTepaType, HO IPUBOAUTCA B KJIMMATO-
JIOTUYECKUX H3ZaHuAX. II03ToMy paccMOTpUM ero
HECKOJIBKO IToZIpobOHee.

IInoTHOCTH pacmpeaeneHUd

Ha mpumepe TeMIiepaTypsl Hapy»KHOTO BO3/yxa
IIPY KOMITO3UIIMOHHOM 3aKOHE IUIOTHOCTb paclipe-
JleJIeHVs ONTMCHIBAETCS COOTHOIIEHUEM

dp 1 (tﬂ_af)/ot
ft)=—"=——"— exp(—x? / 2)dx =
", (bt—at)\/g(tﬂ_l{)/ct
1 Lp b= | pfta—be , 3)
bt_atL O¢ Oy

IZie p — BEPOSITHOCTD, ITEPECYUTHIBAEMAs B TOJOBYIO
IIOBTOPAEMOCTb YMHOXKeHUeM Ha 8766 4/Tof ¢ yue-
TOM KO3QUIMEHTa CMEHHOCTH PabOThI CHCTEMBI
(CKB, CB).

AHaJIOTMYHO MOXXHO ONHCATh IUIOTHOCTD pacipe-
JieJIeHVsT SHTIBIINN HapY>KHOT'O BO3AyXa. JTa IUIOT-
HOCTbH OIpefiesiAeTcss KaK IPOM3Be/ileHre TUIOTHOCTU
3aKOHA PaBHOM BEPOSTHOCTU Ha PA3HOCTh UHTETPAJIb-
HBIX QYHKUIMU HOpMabHOTO pacnpezenenusa () npu
6e3pa3MepHBIX apryMeHTax (t;— a,)/c; 1 (t;— by /o
TakuM 06pa3oM, KOMITO3UITOHHBIN 3aKOH pacipee-
JIEHUs TeMIlepaTyphl XapaKTepU3yeTca TpeMs Iapa-
MeTpaMu: d;, b;, G;, aHAIOTMYHO — TI0 SHTAJIBIIHH.
OTu mapaMeTpHl BEIYUCIIAIOT Yepe3 BTOPOi U YeTBep-
TBHIN [IeHTPaJIbHbIEe MOMEHTHI pacpe/ieIeHUn.

OO6sacTh IpUMEHEHUs
KOMITO3UI[HOHHOTO 3aKOHa

JlaHHBIN 3aKOH HabII0JaeTcs B TOM CIydae, KOor-
Jla pacupezeeHre TEMIepaTypbl U SHTAJBIIUM Ha-

PYKHOTO BO3ZyXa IIPOMCXOAUT KaK IIOZ BAWUAHUEM
MHOKECTBA CJIyJalHBIX (paKTOPOB, JAIOIINX B COBO-
KYIIHOCTH HOPMaJbHOe paclpezeseHue, Tak U IOZ
BIUsAHMEM (aKTOpa, paBHOMEPHO U3MEHAIOIErocs
BO BpeMeHHU. DTO paclipe/ie/ieHre IIPUMeHUMO JJIA
JIOOBIX MYHKTOB TeppuTopuu Poccuu M OBIBIIETO
CCCP, 3a wuckirrodyeHHueM mobepexbs CeBEpHOro
JleoBUTOrO OKeaHa. By GyHKIMY IUIOTHOCTH TaKO-
ro paclpe/ie/ieHUs OIpefessaeTcd COOTHOLIEHHWeM:
y= (b-a)/c, Ha3pIBaeMBbIM TTapaMeTPOM ILIOCKOBEP-
IMUHHOCTH. 3HaYeHUsA BEJINYUH d, b 11 6 110 TeMIiepa-
Type U SHTaIbIINH 711 KpyIIHeHINnX ropozios Poccun
U HEKOTOPBIX COCEJHUX TOCy[apCTB IIPUBEEHEI
B Ta6i. 1. [Ipy MasbIX 3HaYeHHAX 3TOrO KOMIUIEKCA
(y=3+4), xapakTepHBbIX I IyHKTOB ceBepa Poccuy,
pacipezeseHrde OCTPOBepIIMHHOe (CM. pacipeze-
nenue ana CaHkT-IleTepOypra u ApxaHTenbcKa Ha
puc. 1). Ha rore 3T0 pacmpezeneHue 6oiee IIOCKO-
BEPIINHHOE, a 0OCYKAaeMblii TapaMeTp AOCTUTAET
3HayeHuu 7-9.

OcCHOBHOe IpeuMylecTBO pacuyeToB Ha OCHOBE
TaKoro pacnpeziesieHUs — JOCTYyITHOCTb U IIPOCTOTA
ompeziesieHUsA MCKOMBIX KJIMMAaTOJOTUYECKUX Iapa-
METPOB q;, b, 0, U1 mto6oro myHkTa Poccuu v cocea-
HUX TOCyZapcTB (paHee IO KapTe pUC. 2) Ha OCHOBE
M3BECTHBIX reorpadpruyecKux KOOpAWHAT IYHKTa U
HWHTEePIIOJANNY JaHHBIX MEXAY U30JUHUAMHY, a TaK-
ke o mpuit. 3.3 [22].

PacyeTHble 3aBHUCHMMOCTH, IO3BOJIAIOIHE
ornpeAe/jinTb UCKOMBIE€E TOZOBBIE€ PacxXxobl

TEIUIOThI W XO0JI0ZA IIPpU OINKMCAHUHW IUVIOTHOCTHU

pacrnpezaeneHud KOMIIO3SUIIMOHHBIM 3aKOHOM

B ciydae eciyi rpaHuIa HarpeBaHUsI — U30TePMa,
rozoBas IOBTOPSEMOCTb, 4/TOZ, COYETaHUA Iapa-
MeTPOB HapY:KHOT'O BO3/[yXa B UHTEPBAJIE OT ty min =
=—0o0 IO t;; = t,, OTIPEZIeJIIETCSA U3 COOTHOIIEHUS

t,
T =8766\ :[oEdtH =

t./
_ 8766y, " of b= | pf tube | g —
b —q o Gt Ot
8766
S FICRCS)| @
t

71 Y — K03 HUIIMEHT, YIUTHIBAIONINI CMEHHOCTD
paboTel 06bekTa U cucteMsl; Y = (b — a) /6 — mapa-
MeTP IUIOCKOBEPITUHHOCTHA KOMIIO3UIIMOHHOT'O pac-
TIpe/ieIeHNsI TEMIIEPATYPhl U SHTAJIbIIMU HAPY>KHOTO
BO3/yXa; FK =(ty —a;)/0o;; i =(iy —a;) / 6;— OTHO-
cuTebHAA TeMITepaTypa WIH SHTAIbIIUSA TPaHUIBI
HarpeBaHUs WIN OXJAXKJEHUs BO3/AyXa, MPUHATAA
IIpY KOMIIO3UIIMOHHOM pacmpezeneHuu; Jq(x) —
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WHTEerpaJl OT UHTEI'PAIbHON QYHKINY HOPMaJIBEHOTO
3aKOHAa, BEIYMCJIEHHBIN Ha DBM 1 onpeziesiseMbIii 0
tabs. 3.

T'ogoBasa moOBTOPAEMOCTDb, 4/TOZ, COYETaHUA IIa-
paMeTpOB Hapy»KHOTO Bo3zyxa (TeMIlepaTyphbl, 5H-
TaJbIIMK) B IIPOU3BOJIBHOM HHTepBaJle, HallpuMep,
OT ty = tyq A0 ty = tyo, BEIBOAUTCA U3 GOpMYIH (4) B
BHJe 3aBUCUMOCTHU

t}cz dp
T=8766V, | =

H
ta

e ta
=% J. d—pdtH _ J. d—pdtH —
b, —a; _mdtH _wdfn

=876Yﬁ[tfl(x2)—h(xz =Y -
t

—Jl(x1)+J1(x1—yt)]. (5)

CyMMa mpou3BezieHUi TeMmeparypsl, 4-°C/Tof,
WA SHTAJbIIUU Hapy>XHOTO BO3/yXa Ha WX IIOBTO-
PAEMOCTb OIIpeZEeNIAETCs IT0 3aBUCUMOCTH

t
X 8766vy.,,0
Nty 1= %[J2 (0 +(a, / 6 (x) —

~Jy(x=v) -y —a; /o) (x=v)]  (6)

t

rze Jo(x) — uHTerpal oT Ipou3BeeHNsa NUHTerpab-
HOM QYHKIIMY HOPMaJIbHOT'O 3aKOHA Ha ee apTyMeHT,
orpezieisieMblii 1o Tabs. 3. JleileHueM BhIpaKEHUS
(6) Ha (5) ompezenAlOT cpefiHee 3HaUeHUE TeMIle-
paTypsl (SHTaNbIINM) Hapy:KHOTO BO3/lyXa B paccMa-
TpUBaeMOM UHTepBaJe.

X1 Xy

TomoBOIi pacxoj TeILUIOThI HAa HarpeBaHUe
Hapy»KHOTO BO3/yXa

B ocHOBe HIDKENPUBOJAMMBIX 3aBUCHMOCTEN Jie-
’KaT Ipe/CTaBJeHNUA O KOMIUIeKCe HCXOZAHBIX JaH-
HBIX, TOPOOHO ONMUCAHHBIX A. A. PiMKeBHYeM [6].
Vicxonst 13 2TOro IpU NPOU3BOJBHBIX U B 0OIIEeM
cIy4ae IepeMeHHBIX ty, Atnp, Qus6> Lp, Ly B cucTeMe
(CKB, CB), paboTatoleli B XOJOAHBIA MTEPUO/ ToAa
6e3 yBIa)KHEHUS WIK C TAPOBBIM (M30TEPMUYECKUIM)
VBIQKHEHUEM HaPY>KHOTO BO3/lyXa, HarpeBaHue He-
130eKHO TpU HAPYKHBIX TEeMIIEpaTypax HUXKe He-
KOTOPOW MEPEMEHHOU ty rpay, ONPEAENIEMOM U3
ypaBHEHUA

ty <ty rpad — g — (Qn36 + LHpCBpBAth)/ LyyCpP5, @)

3pech Aty, — HarpeB MPUTOYHOTO BO3/lyXa B BeH-
TWIATOpPE, 3JIEKTPOABUraTesie, YCTAHOBJIEHHOM B
IIOTOKE IPUTOYHOrO BO3Ayxa, °C; Atn, = 0,8Ppeyy/
(MperrNgp)> TA€ Ppeyy — TMOJHOE aBeHNE BEHTUIA-
TOpa B PACYETHOM PeXHMe ero paborsl, KI1a; Nyeyr,
Ny — KII/I BeHTWISITOpA U ABUTATENSL B PACIETHOM
peskuMe uX paboTel; Q.6 — TEKyIIHe TeIIOU30bIT-
KM IIOMellleHus, KBT; an, L, — Texyuuii niu pac-
YeTHBIU pacxoZi IPUTOYHOI'O U HAPY>KHOT'O BO37AyXa
B CHCTEME, m3/c.

ObsacTs Hen36eKHOTO HarpeBa B i—-d-AuarpaMmme
BJIQXKHOI'O BO3/lyXa paclONOXKeHa HIDKE H30Tep-
MBI by ppag- AV 6osee OOBEKTUBHOTO pacyeTa rofo-
BBIX PacXo/IOB 3/leCh U Jlajiee IIpY IlepeMeHHBIX Beu-
9IUHAX Qys6, Liyp, t; ¥ APYTHX B PaCcYeTaX MO/ACTABIIAOT
UX CpefiHMe 3a peXKUM HarpeBaHUA WK OXJIaKAeHUA
3Ha4yeHus. VICKOMBIH roZiloBoi pacxo/ TerioTsl B CKB
1 CB B 3TOM cJydae oIpeiesifioT 110 dopMysie

Tabnuua 3

X1 Xy

Ta6muna ¢yHKumiiJ;(x;) :ﬁ J. I exp(—x2 /2)dx nJy(xq) :ﬁ _[ .[ x-exp(—x2 /2)dx mo paHHbIM [16, 17]

xq J10xq) Jo(xq) X1 J10(x7) Jo(xq)
-3,0 0,00037 -0,001 -0,4 0,23000 -0,218
-2,8 0,00074 -0,002 -0,2 0,30700 -0,241
-2,6 0,00146 -0,004 0 0,39900 -0,250
-2,4 0,00271 -0,007 0,2 0,50700 -0,239
-2,2 0,00488 -0,012 0,4 0,63000 -0,202
-2,0 0,00848 -0,020 0,6 0,76900 -0,132
-1,8 0,01430 -0,031 0,8 0,92000 -0,026
-1,6 0,02320 -0,046 1,0 1,08300 0,121
-1,4 0,03670 -0,066 1,2 1,25600 0,311
-1,2 0,06610 -0,091 1,4 1,43700 0,546
-1,0 0,08330 -0,121 1,6 1,62300 0,826
-0,8 0,12000 -0,154 1,8 1,81400 1,151
—-0,6 0,16900 -0,188 2,0 2,00800 1,520

I[Ipumeuanue. [Ipu aprymente x; > 2,0 npuHuUMath J1(x1) =x3 ¥ Jo(x7) = O,5(x12 -1).
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t

H. TpaH

Q. rog — 2 QTiTi = (LHCBthB —Quss. cp

t t

H. TpaH H. rpaH

- anCB Ps Atnp) 2 T = LGy Py 2 tHiTi =

t t

H. TpaH H. 'paH

=GyuCWem | tk 2 T~ 2 tHiTi 5 (8)

Ly TpaH Cy. TpaH
rae 2 T, 2 {y,T; IPY YKA3aHHBIX [peJieax u
— 00 — 00

KOMITO3UI[MOHHOM pacIipe/le/IEeHU TeMIIEPaTypPhl
Hapy»KHOI'O BO3/yXa B JAHHOM ITyHKTE OIPEAETISIIOT
o popmynam (5) u (6).

[MosicHUM [JaHHYI0O METOAMKY pacyeTa IpUMe-
POM.

ITpumep 1.0npedenums 2000801l pacxo0 meniomasl Ha Hazpe-
8aHUe HAPYICHO20 6030yXA NPU OMCYMCMBUL 8 cucmeme eHMu-
JAYUU YBAANCHUMENA 8 KAUMAMUUeCKUX ycaosusx Mockgbl npu
maxux 0anHbix: ty = 20 °C, Aty, = 11 °C, Quz6. op = 8 KBm, Ly, =
=1,5M3/c, L,=0,83 m3/c (G,, =1 x2/c). Paboma cucmemvl Henpe-
DbLBHAS, ., = 1. Pe3ynsmamaut pacuema cpagHums ¢ OGHHbIMU U3
CHull [10, 11].

Ilo ycnosuro npumepa 8 OAHHOU cucmeme He UCNONb3Yemcst
yeJaaxcHeHue 8030yXd, NO3MOMY epaHuuell pexcuma HazpesaHus
seasiemces udomepma. Ilo popmyne (7) onpedensiem epaHuly pexcu-
MA HA2PeBAHUSL: by ,pqy =20 — (8+1,5-1-1,2:1,1)/1-1 = 10 °C (5ma
memnepamypa Ha38aHa KOHeUHOU memnepamypoil 0t npoyecca
Hazpesa t,). [To maba. 1 unu kapme puc. 2 u u3Becmusim 2eoepadu-
yeckum koopouramam Mockewt (56° c. ut., 38° 8. 0.) onpedensiem
napamempel pacnpedeseHus Memnepanypsbl HApy#cHo20 8030yXa:
a,=-12,5°C, b;= 20,5 °C, 6,= 7,2 °C, komnnexc Y, = (b, — a.)/c,=
= [20,5 - (-12,5)]/7,2 = 4,5. Onpedensiem apeymenm x = (t,. —
—ay/o,=[10-(-12,5)]/7,2 = 3,1. Onpedensiem apzymeHm x — Y, =
= 3,1 - 4,5 = —-1,4. Onpedensiem apzymenm Y, — a,/0; = 4,5 —
-12,5/7,2 = 2,76. Ilo mabn. 3 naxooum J;(x) = J1(3,1) = 3,1;
J10x =) =J1(-1,4) = 0,037; Jo(x) =J5(3,1) =4,31; Jo(x — V) =
=Jy(-1,4) =-0,066.

ITosmopsiemocms nepuoda Hazpesauus 8030yxa npu t, < t, =
= 10 °C u HenpepblgHOll pabome cucmembl 8blHUCASIEM NO PHOP-
myne (4):

t,

H. TpaH
2 7;=8766-1(3,1-0,037)/4,5 = 5320 4/roz.

Cymma npousgedeHutl memnepantyp Hapy1cHo2o 8030yxXd HA UX

108MOPSEMOCMb 8 IMOM Jice UHMePBaLe MeMNepamyp 8bluUCAseM

no gopmyne (6):

L. rpant
Z T = 8766-1-7,2(4,31-12,5-3,1/7,2 + 0,066 — 2,76 x

—oo

x0,037)/4,5=-16 700 (4-°C) /roz.

Hckomplil 20008011 pacxod menomsl Ha HazpesaHile HApYHCHO-
20 8030yxa onpedensiem no gopmyrne (8):

Q. rop=1-1-1[10-5320 - (- 16 700)] = 70 TrIC. K/PK/TOA =
=19,5 kBT-4u/Toa.
ITo CHuIT [10] nepuod ¢ memnepamypotl HapyicHo20 8030yxXa
t, <10 °C 8 Mockee umeem npodoscumensHocms T = 231-24 =

=~5530 u/200, no «[locobuio» [23] ama npodosxcumenbHOCMb
5495 /200, a cpedHASL MemMnepamypa 6 mom nepuoo t o, =

=-2,2 °C. Omum O0aHHbIM 8 YCA08USX NpUMepa coomeemcmayem
2000801l pacxod mennomst Qp, ,o9 = 1-1-1-5530[10 - (-2,2)] =
=68 000 k/Jnc/200 = 18,8 kBm-u/200.

CpasHeHue pe3y/bmamos 3moz20 pacuema C pacyemom no
CHull nokasano, 4mo pacxojcoeHue pe3yabmamos He NpesblClO
3 %.

[Mocnegusa crazua 06OOIIEHUS TOAOBBIX pac-

XOZIOB [Jji1 IPOM3BOJIBHOTO IIyHKTa CTPaHBIdFe
yZenbHbIe FOZI0BbIe pacxopl TeIUIOTH [21] u xonoza
Ha HarpeBaHUe WK OXJIaXK/eH1e BO3yXa IIpH yAesb-
HBIX PACYETHBIX TEIUIOBBIAENEHUAX Quon = 1 KBT,
t;=20°C, Atp =7°C, Atnp =1,5 °C g npAMOTOYHBIX
CUCTeM W HeNpPephIBHON paboTe B IPOU3BOIHHOM
nyHkTe Poccuu. [lapameTpsl paciipe/ieieHUs TeM-
nepaTypbl WIN 3HTAJIbIINU HapyKHOT'O BO3/JyXa W3-
BECTHBI, OHU OIIPEJeAI0TCA JJI KPYIIHBIX TOPOZIOB
mo Tab1. 1, a AysT MHOTMX ropozioB Poccuu u cTpaH
CHI' —no npus. 3.3 [22], AJig ApyTUX TOPOJIOB — UH-
TepIoyALMel JaHHBIX KapThl puc. 2. [IpuMep Takoi
HOMOTpaMMBI IT0OKa3aH Ha puc. 4. [Ipu BeIlYKCIeHUN
YYUTBIBAIOT KO3PUIIMEHT CMEHHOCTH \f,;, PABHBIN
IIPY OZHO-, IByX-, TPEXCMEHHOU 1 HelIpepEIBHOM pa-
6oTe cucteMsl U 41-4yacoBoii pabodeil Heziese COOT-
BetcTBeHHO 0,25; 0,50; 0,75 1 1,0. Ha ocHOBe Takux
rpadUKOB WIN COOTBETCTBYIOIIUX KOMITBIOTEPHBIX
IIpOrpaMM MOXKHO OTIPe/Ie/IUTh:

* TOZOBBle PAacCXOZbl JJIEKTPOIHEPTUM Ha Iepe-
MellleHre IPUTOYHOTO U yJasasdeMOoro Bo3Ayxa IpHU
IIOCTOAHHOM WIH [IepeMEeHHOM pacxofe U PasHbIX
croco6ax ympaBieHus;

* TOZOBBIE PACXOZbI TEIUIOTH! Ha OTOIUIEHHE, BEH-
TWIALKIO ¥ KOHAWLIMOHUPOBaHUE B 3/laHUU B pas-
HBIX CJIyJasIX ¥ PeXXUMax pabOoTEHI CUCTEM;

* TOZOBBIE PacXOZbl X0JI0Za Ha KOHAWLIMOHUPO-
BaHMe /JIA PasHbIX TexHUYeckux pemeHuit CXC u
PasHBIX TUIIOB BOJOOXJIAXK/AIONINX MaIIH.

[TosscHUM IIpHEMepOM MeTOAUKY pacdyeTa I'oZl0BO-
r'o pacxoZa TeIUIOThI Ha HarpeBaHue Hapy>KHOI'O BO3-
Zlyxa B cCCTeMe BeHTWIALNHU.

IIpumep 2.0npedenums 2000801 pacxod meniomst 8 CB ons
HA2pesaHus HapyxcHoz0 8030yxa npu Q. = 30 kBm, t, = 20 °C,
thp = 11,5 °C, dsycmennotl pabome CKB W, = 0,5 6 ycnosusx
Canxm-Ilemep6ypea. Pe3ynsmamsl pacuema cpasHums ¢ pacue-
MOM Ha 0CHOBe OAHHBLX O NOBMOPSEMOCMU HAPYHCHLIX Memnepa-
myp no CHulI 2.01.01-82.

Jna Canxm-ITemep6ypea (168 — Homep no CHull 2.04.05-
91) no puc. 2, maba. 1 unu no npun. 3.3 [22] naxodum napame-
mpbl KOMNO3UYUOHHO20 pacnpedesieHUst MeMnepantypbl Hapyic-
Ho20 8030dyxa: a; = —9,4 °C, b, = 19,3 °C, o, = 7,5 °C, v; = 3,82,
by, cp. 200 = 43 °C. Ans npamomounoil CKB npu Ly/Lnp =1, tg =
=20 °C, tg=tyy =7 °C, Aty = 1,5 °C, Qpop = 30 kBm u d8yxcmeH-
Hotl pabome CKB (y,,, = 0,5) cmasum mouxy u onpedensiem yoesb-
Hblll 20008011 pacxod mensomut Ha Hazpesarue (Quy, = 1 kBm,
Yep = 1), cocmasnsrowuii 11,3 meic. kBm-u/(200-kBm). /lns cpas-
HeHUst 8 6oiee MOUHOM pacueme No OAHHLIM O NOBMOPSEMOCMU
HapyscHblx memnepamyp CHull 2.01.01-82 nepuody t, < t, — Atp -
= Aty =20 - 7~ 1,5 = 11,5 °C coomeemcmeytom nepuod cpednetl
npodonxcumensHocmosio T = 6100 u/200 u cpedHsIL memnepamypa
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Puc. 4. CBogHast HOMOTpaMMa /i IPUOIVKEHHOTO OIIpeZie/IeHUs YZeIbHOTO FOZI0BOT0O pacxozia TeIvioTs [KBT-4/(kBT-roz)] Ha Harpesa-
HUe HapyKHOTro Bo3/lyxa B CKB 1 CB B Ipor3BoIbHOM IYHKTe Poccuu pu Qpoy = 1 KBT, ¢y =20 °C, At =7 °C, Aty = 1,5 °C a1 cucrem
¢Ly/Lyp =1 npu HenpepbIBHON paboTe CUCTEeMBI AJIsI Pa3HBIX 3HAYEHUH by ¢p. rox ¥ TAK HA3BIBAEMOT'0 [IapaMeTpa IIOCKOBEPIIMHHOCTH
pacnpezenenus v, = (b, — a,) /0, B Ipor3BoabHOM IyHKTe Poccuu. Jlanusle 1O. I1. CrenHeBoit u A. T. CorauxoBa [21]. Lindpe! B nose
rpadyKa COOTBETCTBYIOT Haubosiee KPyIHbIM reorpadgudeckuM IMyHKTaM (0OJIAaCTHBIM IIeHTpaM), HOMepa KOTOPBIX yKazaHbsl B CHull
2.04.05-91 (° — aya kpynmHBIX TOpoZoB Poccnu, X — A KpyNHbBIX TopozoB CHIY). 3HaukoM ® oTMeueHBl KIMMaTOJIOrM4ecKye rnapa-
METPpbI pACIPe/eeHNs] TEMIIEPATYPSL by cp. ronq = 3,9 °C U ¥, = (by — @) /6, = 5,44, COOTBETCTBYIOLIME YCPEAHEHHBIM TEMIIEPATYPHBIM
XapaKTepUCTHUKaM POCCHHM C y4eTOM YUCIEHHOCTU U MHGPACTPYKTYPHI B 33/laUax paciyera roZloBBIX PACXOZOB TEIUIOTH Ha OTOIUIEHUE U
BEHTWIALIIIO

ty. op =—1 °C. B amom cnyuae boniee mouno onpedenerHblil yoens-
Hbtil 2000601 pacxod menaomuvt Q. 500 = GppCeltic = by, ¢ 11073 =
=11[11,5~ (-1)]-6100-103/(7-1) = 10,9 moic. kBm-u/(200-kBm).
Kak eudHo, npubnusceHHbLil U MOUHBLI pacuem Omauuames He-
3HauumenvHo (Ha 4 %). Hckomblil 2000801 pacxod mensiomsl 8
danHotl CKB npu Qg =30 kBm u ., = 0,5

Qr. rog = 0,5-30-11,3 = 170 matc. kBm-u/200 (146 I'an/200).

MeToZ, YKPYITHEHHO-000011eHHOTO O/HIl-pacdyera

TOZIOBBIX PacXOZOB TeIUIOTHI U xomoza B CKB
JUIsl TIPOU3BOJIBHOrO IyHKTa Poccun

U yCJIOBUH HarpeBaHUf
(oxnmaxkZleHuA-0CyllIeHnsA) BO3JAyXa

V3/105keHHBIN BhIIlIe METOZ, pacyeTa UMeeT OZUH,
HO CyIIeCTBEHHBIH HeZIOCTAaTOK — QUKCHUPOBAHHYIO,
XOTS U XapaKTepHYIo, KOHEUYHyl0 TeMIlepaTypy Ha-
rpeBaeMoro Boszyxa t, = 11,5 °C, 4To mo3BoIuIO
KapTHUpoBaThb pe3ynbraThl pacdera (puc. 4). [ida
JII00OTO IPYTOT0O 3HAYEHHUS ITOU TEMITEPATyPhI (M1
SHTAJIBIINM) pacYeThl U TOCIeAyoIre 0600IIeH s
HYy>KHO BeCTH 3aHOBO. Hibke IpuBeZieHa crelyaib-
Has MeToJWKa pacueTa roZloBOro pacxofa TeIUIOTH
Qr. rog ¥ X05m072 Qy ;- B CHICTEMAX € PELMPKYJIALU-

u

el yYUTHIBAIOT, YTO IIPU U3MEHEHUH TT0CIe/[0BATENb-
HOCTH TIPOIIeCCOB 06pabOTKH, a UMEHHO CMeIleHNs
Y HarpeBaHusA (WIM OXJTaK/AEHWs), MTHOBEHHBIE U
TO/IOBOM pacxoZibl TEIUIOTH! (WX X0JI0Za) He MeHd-
forcd. [oaToMy, yIUTBEIBasg U3BECTHOE paclipesieie-
HU€e TeMIIepaTyphl WIH SHTAJIbIIUKU HAPY>KHOTO BO3-
Zlyxa, ONPeZesIAETCS PAcXo/ TEIIOTH Ha HarpeBaHUe
WM XOJIoZla Ha OXJIaKAeHHEe HapyKHOI'O BO3AyXa,
cJIe Yero OH CMEITUBAETCA C PEUPKY/IAIMOHHBIM.
?{%Heq}laﬂ TeMIlepaTypa 3aBUCHUT €Ille U OT IIPOLIeHTa
HapY)KHOT'O BO3/[yXa B CMECH, C €T'0 TOHIKEHHEM 3Ta
TeMITepaTypa TaKKe CHIDKAETCA.
KinmaTosnorndeckass oCHOBa JAHHOM METOAUKU
6oJsiee TTpoOCTa, YeM APYTUX, TOTOMY YTO UCIIOTbh3yeT
IpUOIIDKEHHYI0 3aMeHy (puc. 5) IUIOTHOCTH pac-
TpefieJieHYsI TEMITEPaTyPhl ¥ SHTATbIIUN HAPY>KHOTO
BO3/yXa BMECTO CJIOKHOTO KOMITO3UIIMOHHOTO pac-
npeziesieHuyst 60Jiee MPOCTHIM TpaTellenjaTbHbIM, YTO
B CBOe BpeMs ObU10 Tpeioxeno 0. T. [TabimoBcKuM
u aBTopoMm [18]. PacyeT mo TakoW MeTOAWKE IpO-
MU3BOJAT MO pasHbIM GOpMyJiaM B 3aBUCHUMOCTH OT
MIOJIOXKEHVST KOHEYHOU TEMIIEPATYPHI L, YUIU DHTAJIb-
U i, IO OTHOIIEHUIO K PAaBHOBEJIUKOH Tparenuu
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Puc. 5. 3ameHa KOMIIO3UIIMOHHOTO 3aKOHA pacipezeneHusa TeM-
IepaTypbl 3KBHBaJIEHTHBIM TparienenajabHbIM (KOHe‘{Haﬂ TEeM-
TiepaTtypa HarpeBaHUuA t}( HaxXoguTCA Ha HJIaTO)

c mapameTpamu a;, b, u 6;, BeicoTolt 8766/ (b, — a,)
U mwromazpo 8766 4/rof, a UMEHHO Ha ee IUIaTo
(B unTepBane or a; + O; 0 b, — G;) WIN CKJIOHAX.
B gacTHOM, HO XapaKTepPHOM CJIydae, KOIZa BeTudy-
Ha t, WM i, HAXOAUTCA Ha IUIATO Tpallelldu, a Harpe-
BaHUe Hapy>KHOT'0 BO3/lyXa IPOUCXOJUT 10 TeMIIepa-
TYPHI t, TOZOBOM pacxo/, TeIUIOTHL, ThIC. KBT-4/roz, u
aHaJIOI'MYHO X0JI0a OTIpe/ie/IAI0T 110 IPUO/IKEeHHON
3aBUCUMOCTHU

= O -3
Qr. roa ~ 8766y cy THaI‘pQT. cp Q. pacy 1077 =

—_— t - t .
z87661|JCMTHapp % Q1. pacy =
K~ "H. pacy
= 8766kcanT. pacu> ©)

rae Qg cp> Tmarp U Wey — OTHOCHTENIBHbBIE 3HAYe-
HUA CpeJHero 3a pPeXUM pacxofa TeIUIOTHI, IIpo-
JOJDKUTENBHOCTH 3TOTO pEeXuMa, KoddpduimeHTa
CMEHHOCTU PabOTHl CUCTEMEBI, 3aBUCSIIETO OT YUC-
Jla 9acoB paboTHI B CYTKH M YUCIA JHEH pPabOTH B
HeJIeJIo [[epBble ZIBE BETUYUHBI MOTYT OBITH BBI-
paXeHBl yepe3 IapaMeTphl a; U b, rofoBoro pac-
npe/ie/ieHsl TEMIIEPaTypbl Hapy*HOT'O BO3/lyXa IO
dopmynam: Qo =0,5(t —ap) / (t —ty, pacq) u
?Harp =ty —a)/ (lI;t —qa,), TIOCje Yero BBIYUCIAIOT
ux npousseseHne]; Qp pacy — PACIETHBIN YaCOBOM
pacxo/ TEIUIOTHI Ha HarpeBaHue Hapy>KHOTO BO3/yXa
IPH Ly pacy> KBT.

B ciydae mpruMeHeHUA M309HTAJIBIIMHAHOTO (BO-
JSTHOTO) YBJIQXKHEHUS HAaPY)KHOTO BO3ZAyXa WIN €0
CMeCHU C PeLUPKY/IIUOHHBIM dopmysna (9) 3amuchl-
BaeTcs aHAJOIMYHO, HO He yepe3 TeMIepaTyphl, a
yepes SHTaJIbIINHU.

Koadpdunuentom cmpoca Ha mnoTpebasgeMyro

TEIUIOTY HAa30BEM IPOM3BE/EHHE BEIMIUH Qq cp,
Tyarp ¥ Wey KK OTHOWIEHUE Qp 1on/ (8766Q)y pacy
aHAJOTMYHO BBOAUTCA KO3QPUIMEHT cIpoca Ha
moTpebisieMeiii xonog. Popmyna (9) MoKeT OBITH
TpaHcHOPMUPOBaHa I IIPUOIKEHHOTO OIpeze-

JIEHUsI CPefHEr0 pacxXofa XOJoAa Ha OXJIAXJEHUe
WIN OXJI&XKAeHUe-OCylleHre HapyXHOTO BO3ZAyXa
WIN €r0 CMeCU C PelUpKY/SIUOHHBIM. Hampumep,
U OXJIQK/IEHUA-OCYIIeHNsT MOXXHO HCIIOIb30BATh

dopmyry
= = -3
Qx. rog = 8766y Qy. cp ToxnQx. pacqlo =
-1

K
- Qx. pacy>
H. pacd ~ 'K

. cp

~ 8,766 ey Toxn (10)

rae Qx.cp =0,5(b; — 1) / (iH.pacq —b) U Toyy =(b;—
_lK)/(bl —al-).

V3MeHeHUe TOC/IeZ0BaTENbHOCTH MPOLIECCOB HE
MeHsIET HU YaCcOBOM, HU TOJOBOM PaCXOZAbI TEILIOTHI
U XosoZia. B ciyyae cMellleHUs KOHEYHAs! TeMIIepa-
Typa HarpeBaeMoro Hapy)XHOTO BO3JyXa OIpenes-
eTcs 1o popmyie

te =ty = (ty —typ +Atyp) / Gy, (1)

rie G,, — OTHOCHTEJbHBIN pacxos] HapyXHOTO BO3-
ZlyXa B CMECH.

AHaJIOTUYHO oOIIpeZiesiieTcs KOHeYHas SHTalb-
IV TIPY HarpeBaHWM WIH OXJIKAEHUH-OCYIIeHUH
HapY)KHOI'O BO3/lyXa:

b =Ty = (fy —Iyp + AL, ) / Gy
[TosicHUM IPUMepPOM MeTOAUKY pacdyeTa OTHOCH-
TeJBHOT'0 F'0ZI0BOT'O PACX0/a TEILIOTHL.

(12)

IIpumep 3.IIpubnusiceHHo onpedenums koddduyuerm cnpo-
€a Ha pacxo0 mensomvl NPU HAZPEBAHUU HAPYHCHO20 8030yXa 8
yenosusx: Carkm-Ilemep6ype, ty pacq = =26 °C, a; =-9,4 °C, b =
=19,3 °C, 6, = 7,5 °C 0o koHeuHol memnepamyput t,. = 11,5 °C, Ko-
apPuyuenm cmeHHocmu Y, = 1. Pesynemamst pacuema no amott
Memoduke cpagHUMmMs ¢ npumepom 2.

IIposepsiem obnacms npumererust gopmynst (9): t, = 11,5 >
>a;+06,=—9,4 + 7,5=-1,9 °C, 3Hauum, ycio8ue pacuemos 8bino-
Hsemcsl. Boiuucnsiem koagpdpuyuenmet: QT‘ op = 0,5[11,5-(-9,4)1/
[11,5 - (=26)] = 0,28; Tyarp = [11,5 — (-9,9)1/[19,5 - (-9, 4)] =
=0,72; uckomblil koadduyuenm cnpoca kCHp = 0,28-0,72-1 =
=0,20. /Ina cpasHeHus 8 npumepe 2 pacuemuslil pacxod menso-
mol: Qp pacy = (30/1-7)1-[11,5—-(-26)] = 161 kBm. Pasdenus
2000801l pacxo0 mMenaomsl HA pacuemmslil 4acosoll, nomyuaem
kenp = 11 300-30/(161-8766) = 0,23, pe3ynsmams. pacuemos om-
Juuaromes Ha 15 %.

B cBs13u ¢ 06Cyk/1aeMbIMU pacdeTaMH T'0Z0BOTO
pacxoza TEIUIOTH obpamum 8HUMAHUe HA pAcnpo-
cmpaHeHHoe CyjcOeHlle 0 MOM, YUMo peyupKyaayus
aKoHOMUM mensiomy. DTO IpeJCTaBIeHNe ITIyOOKO
omM60YHO, TAaK KaK Ha PACXO/ TEIUIOTHI BIUSET TOJb-
KO Pacxo/i Hapy»KHOro Bo3zyxa. [loaTomy Bo Bce dpop-
MYJIBI /IS HarpeBa U OXJIAXK/IeHUA BXOAUT Pacxo/ Ha-
PY’KHOT'O BO3/IyXa, a He CMeCH. PellupKy/IAIusa — 3To
JIUIIb Jo6aBIeHre MacChl ¢ TeMU ke TapaMeTpaMy,
YTO U B IOMeleHuH. [1oACHUM KpaTKUM IIpHMepoM
3TO TIOJIOXKEHNE.
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IMpumep 4.0Onpedesums, KAk USMEHUMCS pacuemHblil u cpeo-
HUIL 3a pexcUM Ha2PesaHust pacxo0 Menomat, ecau nNo CPABHEHUI0
¢ yerosuamu npumepa 3 pacxod HApyx#cHo20 6030yXa YMeHbILUMD
0o Gy =Gy / Gpp =0,7, npumenus peyupkynayuio. Cpagrums pe-
3ybmamst pacuema.

IpedsapumenvHo onpedessiem no gopmyne (11) xoneurnyro
memnepamypy Hazpesaemozo HApYHHO20 8030yXa:

t,=20-(7 +1,5)/0,7=8 °C.

IIpogepsiem  ycnogue
HepaseHcmay:

ty=8>a;+06,=-9,4+75=-1,9 °C.

Boiuucnsiem koadduyuenmuot: QT, op = 0,5[8 - (-9,4)]/[8 -
~ (-26)] = 0,256; Tyarp = [8 — (-9,4)1/[19,5 - (-9,4)] = 0,60,
uckombtil KoadPuyuernm cnpoca keyp = 0,265-0,6-1 = 0,159, m. e.
HeCKOIbKO yMeHbWUmcst. Pacuemmslil Hazpes u3-3a coKpaujeHust
pacxoda HApyyCHO20 8030yXA U CHUXCEHUsS. MeMNepamypsl t, co-
kpamumest 8 Qq pacq= 10,20/(0,7:0,159) = 1,79 pasa. B umoze
cokpaujeHue pacxoda HapyxcrHozo eozdyxa ¢ 1/0,70 = 1,43 pasa
cHuaum pacxod mensomst Ha 80 % no cpasHeHulo ¢ pacuemom 8
npumepe 3.

pacdema pacxoaa merJiomsl no

OG6oOueHHas TeMmnepaTypHas
KJIMMaTosiorudeckass uHQpopmanus

TeJIbHOW Harpy3K IJjisi TEPPUTOPUU PoccuiicKoun
Deznepany IpUMeEpPOM.

IIpumep 5.0ueHums pacuemuyo OMoNUMeNbHyH Ha2py3Ky U
2000801l pacxod mennomsL Ha omonyeHue 30anuil Poccuu u3 npeo-
NOJIONCEHUS, WMO UUCJIEHHOCMb HAcesleHUs cocmasasiem 143 man
yen08eKk, a Ha 00HO20 Jcumesnsi HaA pabome u 0OMA NPUXOOUMCSL
YC0BHO yOeibHble Menonomepu qq = ZkHFH =0,014 xBt/°C.

Ipu 3a0amHbLX Yc108USIX YOelbHble menionomepu ecex 30aHull

Poccuu ZqO =143-100.0,014 = 2,0-10° kBT/°C. Pacuemwas omo-
numenvHas Hazpyska 30anuil Poccuu 8 npuHsameix 00NMyw,eHUAX
Y Qo =2,0-10°[20 - (-30)] = 100 M KBt = 90 TeIC. TKan/4.
Todosoll pacxod mennomsl Ha omonneHue ecex 30anuil Poccuu
Y Q) ron=2,0-10°[20 - (~4,6)1-5016-10~9 = 246 Mpz KBT-4/T0f =
= 213 muH I'kan/roz. Pesynsmamst pacuemos 8 0aHHOM npume-
De MOJHO UCNO0Jb308aMb Ol CPABHEHUSL U OUeHKU C aHAN02UU-
Hbwmu darHbimu Tocempost Poccuu, MuHsHepzo Poccuu u Opyeux
MuHucmepcms.

BriBoj,

VHxeHeprl, 3aHuUMaroliyuecsd IIPOeKTUPOBaHU-
€M CHUCTEM OTOIUIEHUA, BEHTWIALMU U KOHJUIIHO-
HUPOBaHUA BO3ZyXa 3JaHUI pa3HOro Ha3HadyeHUA

/7S PETHOHOB M Beeit Poccuiickoll Pepepanuyy, JHeprocbepexeHUeM B 3THUX CHUCTEMax, BIIEPBbIE

JlanbHeden U mociaeAHed ¢dopmoii 06006iie-
HUA KJIMMAaTOJIOTHYECKOW WHGOPMAIMU SBJISAETCS
MOJy4eHNe XapaKTEPUCTHUK JJI PETMOHOB U BCEU
Poccutickoit @egepanyu. [Ipu ycpeJHEHUY yYUTHIBA-
JI YUCIEHHOCTh TOPOZCKOTO HacejleHus objacTei,
OT KOTOPOU 3aBUCHUT XWIOH HOH/I, TPOMBIIIUIEHHBIE
¥ 00IleCTBEHHBIE 3/IaHNA U B 3HAYUTETHHOU Mepe BCs
uH)pacTpyKTypa. [lepBoHavYasbHBIE pACYETHI OBUTU
BBIMIOJIHEHBI 1A 98 KpymHelmnx ropogos Poccuu
¢ HaceneHreM S50 MJIH 4desnoBeK. KOHTposibHEBIE pac-
YeThl C BKJIIOYEHWEM TOPOZCKOTO HaceleHHs obia-
cTell ganu Onu3Kue pe3yabTaThl. I10 pesyabTaTam
3TUX PacYETOB OKa3ajoCh, YTO Harbosee OIU3KUMU
10 YCPEeAHEHHBIM KJIMMATOJOTUIECKUM XapaKTepH-
CTUKaM paclpe/ieJIeHUH TeMIIepaTypbl U SHTANb-
MUY HAPY)XHOTO BO3/[yXa OKAa3aJINCh JAaHHBIE I
r. Capancka (54° c. 1., 45° B. 4.). OCHOBHBIMU KJTH-
MaTOJIOTUYeCKUMHU (TeMIlepaTypHBIMU) XapaKTepu-
CTUKaMU 3TOTO IMMyHKTA ABJISIIOTCA:

* cpeHEro/0BOe 3HaYeHue Temieparypsl 3,9 °C;

* CpefHeroloBoe 3HaYeHue SHTanbnuu 14 kK /Kr;

* CpeIHEroZIoBOe 3HAUEeHHE BIIarocofiepykaHuis 4 T/KT;

® CpeZiHsA MPOAOIKUTENBHOCTD OTOMUTENHHOTO
nepuoga 5016 u/roz (209 cyr/rox);

* CcpeZiHsAA TeMIlepaTypa OTONUTEIbHOr'O IePHo-
na Munyc 4,6 °C;

* pacyeTHas TeMIlepaTypa HapyKHOT'O BO3/lyXa B
XOJIOAHBIN nepuog roga Munyc 30 °C;

* [TapaMeTphl KOMIIO3UIIMOHHOI'O 3aKOHa pacIpe-
JleJieHns TeMIiepatyph: a, =-15,7 °C; b, = 23,5 °C; o,
=7,2°C;v;=5,44.

[TosicCHUM METOAMKY BO3MOYXHOTO IIPUOIKEH-
HOTO 0000IIAIOIIero pacyeTa OXUIAEMOM OTOIHU-

MOTYT BOCIIOJIb30BaThCsA OJHOU M3 HECKOJBbKUX Me-
TOZAVK pacyeTa roZ[0BbIX PAaCcXo/[0B TEIIOTHI, X0JI0Aa,
3JIEKTPOHEPTUM U BOJBI B MPOU3BOJIBHOM ITyHKTE
Poccum u Apyrux rocyzapcTB, U3JO0KEHHBIX B JlaH-
HOU CTaThe M KHUTax aBTopa [21, 22].
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