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1 JladopaTtopnas paGora Ne 1. OmnpeneneHue MaKCHUMAJIbHOMN
NMPU3eMHON KOHIEHTPAUM MPUMECH OT CTAIMOHAPHOT0 UCTOYHNKA

Henab padoThI: BBHINOJHUTH PACUET MAKCUMAJIbHOW KOHIIEHTpAlUU IMPUMECH,
pPacCTOSHKMA U ONACHOM CKOPOCTH BETPa OT OAMHOYHOI'O MCTOYHUKA 3arpsi3HEHUH C
KPYIJIBIM CEYECHHEM.

1.1 Teopemuueckaa uacmso

Pacuér mMakcuManbHOW KOHIIEHTPAIIMU BPEAHOTO BeliecTBa Cmax MPU BBHIOpOCE
razoBo3aymHoi cmecu (I'BC) U3 OOMHOYHOrO TOYEYHOTO HMCTOYHMKA C KPYTIIbIM
YCTHEM IPOU3BOAUTCS 11O (hopMyJie

AM-F-m-n-n
= . -
H* (V- ATY

(1.1)

max

rae A — ko3(pGULIHUEHT, 3aBUCAIIUMN OT TEMIIEpaTypHOU CTpaTU(PUKALIMKA aTMOC(EPHI.
Jlns benapycu u neHTpaiabHOM YacTu eBponerckoil teppuropun Poccun 4 = 140;

M — wmacca 3arps3nsroniero BemiectBa (3B), BeiOpaceiBaemoro B arMocepy B
€IMHUIY BpPEMEHH, MT/C;

F — 6e3pa3mepubiil KO3POUIIMEHT, YYUTHIBAIOIIUN CKOPOCTh ocenanusi 3B B at-
MochepHoM Bozayxe. st ra3oo00pa3Hbix 3B 1 MEIKOAUCIIEPCHBIX a3po30Jiei (TbLIH,
30JbI U T. M., CKOPOCTb YMOPSAIOYEHHOTO OCEJAaHUS KOTOPHIX IIOYTH paBHA
Hymo) F'=1;

m, n — k03hduImeHTsl, yuuThiBaromue yciousi Beixoga 'BC u3 ucrounuka
BBIOpOCA;

N — 6e3pa3mepHbiil KOAGUIIMEHT, YUUTHIBAIOIINI BIUSHUE pelibea MECTHOCTH.
Jlnst paBHUHHOW 50O crabonepecedéHHOM MECTHOCTH C TepenajoM BBICOT
He O6onee S0 mHa 1 kMM = 1;

H — BBICOTa HCTOYHMKA BBIOpOCA HAJl YPOBHEM 3€MIIH, M;

AT — pasHoCTh MEXIy TEMIIEPATYPOl ra3oBO31yHIHON cMecu T U TeMIepary-
poi okpykaroiero Bozayxa 1z, °C;

Vi —pacxon I'BC, m ¥/c.

Pacuer pacxona I'BC npousBoautcs 1o opmye

D’
4

4 0, (1.2)

rae D — nuaMeTp UCTOYHUKA BBIOpOCa, M;
o — cpenHsis ckopocTh Bbixosia 'BC u3 ycThs ucTouHuKa BeIOpoca, M/c.
Paznocts Mexny temneparypoit ' BC u TemnepaTypoil OKpykaromiero Bo3ayxa
HAXOJAT 1O (popMyIie

AT =T, -T,. (1.3)
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3HaueHuss Ko3((ULUUEHTOB m U 1 ONPEICNAIOTCS B 3aBUCUMOCTH OT IapamMer-
pos [, v, 10 popmyJiam

o.-D

=1000- ——; 1.4
f AT (1.4)

ATY
v, =0,65-(V1 J ; (1.5)
m = (0,67 +0,1-/f +0,34-3/7)" npu f<100; (1.6)
n=1 nmpuv, >2; (1.7)
n=0,532 -v; -2,13-v_+3,13 npu0,5<v <2; (1.8)
n=4,4-v  npuv, <0,5. (1.9)

Paccrostnue Xmax, M, OT HICTOYHHUKA BHIOPOCOB, HA KOTOPOM IPHU3EMHAsI KOHIICH-
tpauust 3B gocTHMraeT MakCMManbHOTO 3HA4E€HUS Cmax, MI/M>, ONPEAENIAETCA IO

dbopmyie

Xmaxzﬂ-d-H, (1.10)
4
rae d — 6e3pa3zMepHbIil KO3 GUIIUEHT, KOTOPIN HaXOAUTCs 1o (hopmyiam
d=248-(1+028-3/f)  mpuv, <0,5; (1.11)
d=495v -(1+0283/f) mpn 05<v <2; (1.12)
d=7-\v, (1+028-3/f) npuv,>2. (1.13)

B ¢dopmyny pacuéra Cmax B CKpbHITOH (pOpMEe BXOAUT CKOpPOCThH BeTpa. Berep
OKa3bIBACT JIBOSKOE BIMSHUE HA PACCEUBAHME MMPUMECEH: YeM OOJIbIIIE CKOPOCTh BET-
pa, TeM WHTCHCHBHEE TIepeMenInBaHue aTMocephbl U TeM UHTEHCUBHEE PacipocTpa-
Hsercs 3B B okpyxaroiei cpejie; B TO K€ BPEMS C YBEJIMUYEHHUEM CKOPOCTH BETpa
yMEHBIIIaeTcs BhIcoTa (hakesna BIOpoca HaJl YCTheM TPYOBI.

OnacHyI CKOPOCTb BETPA Umax, M/C, TIPH KOTOPOU JIOCTUTAETCS MaKCHUMaJIbHas
npuseMHast KOHIEHTPAUHS 3B Ciax, HAXOIAT CIEAYIOIUM 00pa3oM:

u, =05 mpuv, <0,5; (1.14)

m —
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u,. =v, npu 0,5<v <2; (1.15)

max m

u, =v -(1+0,12-/f) mpuv >2. (1.16)

OnacHOCTh 3arpsi3HEHUs aTMOc(epbl OLIEHWBAETCS TMOKa3aTeleM j, KOTOPHIH
paccuuThIBaeTcs 1o hopmyse

j=Lom g, (1.17)
17K

Ecmu j > 1 mo xakomy-1u00 U3 Tpex BeIIecTB, TO Uil STOTO BEIIecTBa HEOOXO-
TUMO paccyuTaTh WHTEHCUBHOCTH BhIOpoca ['BC M, wmr/c, mpu xoTopoii He OyaeT
CYIIECTBOBATh OMACHOCTH 3arpsi3HEHUsI aTMOC(ephl, 1o hopmyie

oy JHAK H? [V AT

A-F-m-n-n

(1.18)

1.2 Ilpakmuueckan yacmp

3aoaua. Onpenennre MaKCUMAILHYIO IIPU3EMHYIO KOHIEHTPAIHIO 3B Crax, MI/M’,
IUIA TpeX BelecTB (Mo oTAenbHOCTH) pu BbiOpoce ['BC u3 0uHOYHOrO TOUEYHOTO
UCTOYHUKA C KpyriabiM ycTheM. CpaBHute ¢ [TJK. [Ipu HeoOxoaumoctu paccuuTaiire
MHTEHCUBHOCTh BBIOpOCA, IPU KOTOPOW HE OyNEeT CyIIeCTBOBaTh OMACHOCTHU 3arpsis-
HeHust atMocgepsl, o popmyie (1.18). Onpenenure paccrosHue Xmax, M, Ha KOTO-
POM Crax TOCTUTAETCS, U OMACHYIO CKOPOCTb BETPA Umax, M/C, IPU KOTOPOH Crnar BO3-
HuKaeT. McxonHble naHHble 178 pacueTa npenctasieHbl B Tadbaune 1.1. Ilo nroram
pacuera czienaiiTe BbIBO/IbI 00 YPOBHE 3arpsi3HEHUS.

Ipumeuanue — HﬂKSO2 =0,5mr/m 3 TIJK. =0,5mr/m 3; HﬂKNOX = 0,085 mr/m’>.

30]1a

Tabnuua 1.1 — [TapameTpsl BEIOpOCa ra30BO31yIIHON CMeCH

H, D, Mo, T, 1>, M(SO2), | M(30na), M(NOx),
Bapuant | " M| e | e | eC 1E4r/c : Ewr/c : (1\1;/0 :
1 2 3 4 5 6 7 8 9
1 30 | 14 | 8 | 125 | 25 12 15.5 152
2 25 | 10 | 12 | 100 | 27 10 14.5 3.8
3 28 | 15 | 15 | 8 | 29 30 70,6 12,1
4 18 | 07 | 16 | 90 | 31 25 15.0 1,0
5 15 | 08 | 21 | 130 | 25 16 14.0 4.6
6 23 | 09 | 16 | 230 | 27 21 34.0 32
7 28 | 1,0 | 12 | 160 | 29 6 62,0 58
8 32 | 15 | 9 | 125 | 32 15 18,9 7.8




Oxonuanue Tadmuusr 1.1

2 3 4 5 6 7 8 9
9 20 1,2 10 135 29 42 14,1 10,2
10 24 1,5 14 215 25 19 27,2 11,4
11 25 1,7 9 210 30 18 34,5 2,0
12 30 2,0 6 180 29 5 56,7 2,2
13 23 1,3 11 150 26 16 59,4 12,8
14 19 1,0 14 165 28 7 62,1 14,4
15 18 0,7 19 115 27 21 65,3 16,6
16 35 2,0 9 210 33 32 50,0 7,4
17 40 2,6 5 195 25 28 24,0 21,0
18 38 2,5 8 145 28 14 32,0 16,6
19 24 1,8 13 210 28 12 12,8 21,8
20 19 0,8 18 160 29 10 5,6 15,4
21 21 1,1 10 190 27 13 19,5 3.8
22 35 1,9 7 140 25 22 32 6,8
23 20 0,9 16 160 31 27 41,8 7,4
24 33 1,6 9 170 26 18 52,7 12,5
25 24 0,8 15 155 29 10 61,4 14,1
26 36 1,7 11 185 33 9 45,6 3,4
27 27 1,3 16 135 25 31 17,9 4,9
28 31 1,2 13 175 28 16 214 7,2
29 22 0,8 17 140 31 25 46 9,8
30 37 1,8 8 165 30 19 37 5,7

KOHmPOJleble eonpocol

1 B yem cocrout nens pacuera [1/1B kaxasiM npeanpusatuem?
2 Tlepeuncnure MEpONPUATHS 10 CHUKEHUIO MAKCUMAJIbHOM NMPU3EMHOW KOH-
ueHrpaiuu 3B no 3nauenuit [TJIK.
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2 JIabopaTopHasi padora Ne 2. Umuraunonnasi urpa «Pexay»

eab padoThl: HAYYNUTHCS BHIOMPATh ONTUMAaIbHBIE MTapaMeTpbl PYHKIIMOHUPO-
BaHHS MPUPOTHO-XO3SIUCTBEHHON CHUCTEMBI, COYETAIOIINE TOJIYyUYCHHE MPUOBUTH OT
BCJICHHS XO3SHCTBEHHOM JIESITEIHHOCTH M COOJIIOICHUSI HOPMAaTUBOB KayecTBa OKPY-
JKAIOIIEH CPEeJIbI.

2.1 Teopemuueckasa uacmo

[Tporpamma «Manass peka» MoaenupyeT (yHKIHOHUPOBAHUE MPUPOIHO-
XO3STUCTBEHHON cUCTEMBI. [lenb mporpaMMbl — MOydeHHE MaKCUMAJIBHON TTPHOBLTH
OT (PYHKIIMOHUPOBAHUS MPEANPUITHS, (DEPMBI U BBIPAIIUBAHUS CEIIbCKOXO035UCTBEH-
HOM mpoxykuuu. MtoroBas mpuObLUIb MpPEACTaBIsSeT cOOOM pa3HUIy MEXKIY MOJy-
YEHHBIMU JOXOJAMH OT OCYLIECTBIICHHS XO3SIMCTBEHHOM NIEATENIBHOCTH U 3aTpaTaMu
Ha MPUPOJI0OXPAHHBIE MEPOIIPUATHS, a TaKXKe yiiepOa, BEJIMYMHA KOTOPOTO OIpee-
JISIETCSl YPOBHEM 3arpsi3HEHUs BOJIbI B peke. Takum 00pa3oM, OCHOBHAs 3ajlaya — I0-
Jy4eHUEe MaKCUMaJIbHOU MPUOBLIN 0€3 3arpsi3HEHUS PEKU.

Jlnst 3amycka mporpaMmbl HalWauTe Ha padodeM CToJe KOMIIbIOTepa MKOH-
Ky «Rivery. Jlnig Bxoga B Urpy He0OX0AMMO HaxkaTh kiaBuiy «IIpodem».

«Esc» — BBIX0O/ B OIIEPALIMOHHYIO CUCTEMY.

[Tocne okoHYaHUsA 5 JIET UTPOBOIO BPEMEHU MPOrpaMMa JIAET OLEHKY ACSATENb-
HOCTH 00y4aeMoro.

2.2 Ilpakmuueckan yacmp
Bri0bepure ontuMalibHble MapaMeTpbl (PYHKIIMOHHUPOBAHUSA TPUPOIHO-XO3SHUCT-
BEHHOU cCUCTeMBI. PaccMoTpuTe HECKOIBKO CTpaTeruii yHKIIMOHUPOBAHUS CUCTEMBI.

PesynbTaThl opopmure B Bue TabauIs! 2.1, caenaiTe BEIBO/L.

Ta6muma 2.1 — Pe3ynpTaThl PyHKIIMOHUPOBAHUS TPUPOTHO-XO3IHCTBEHHOW CHCTEMBI

ITokazarens 1-# Tox 2-i ron 3-rox 4-fi ron S-iron | Cymma

[Tpu6bLIH

DKOHOMHUYECKUH y11epo

Orenka aeicTBuil 00ygaemMoro

KOHmPOJleble eonpocol

1 OT KakuX apaMeTpPOB 3aBUCHT 3arpsi3HEHUE BOJIBI B peKe?

2 Kakue BHIBI OYUCTKM CTOYHBIX BOA Bbl 3HaeTe? Kakwe W3 HUX SIBISFOTCS
Hauboee 3¢ HEeKTUBHBIMU?

3 Kakue Buapl Bcamku npuMmeHsitorcs? Kakoe BiusiHEE BU BCIANIKA OKa3bl-
BaeT HA YPOBEHb 3arpsi3HEHUS BOJIBI B peke?
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3 JlaGoparopHas padora Ne 3. OmnpegesieHne KHCIOTHOCTH
pacTBOpoOB

eap padoThl: U3yYUTh BIUSAHUE YBEIUMYEHUS KUCIOTHOCTA HA KOMIIOHEHTHI
OKPYXaroUIEH Cpeibl; MPOBECTH U3MEPEHHUS KUCIIOTHOCTH BOJIBI U PACTBOPOB.

3.1 Teopemuueckasn yacmo

Bonopoansiii mokazatens, pH — Mepa KHCIIOTHOCTH BOJIHBIX pacTBOPOB. JTO Be-
JMYMHA, TPOTHUBOIIOJIOXKHAS IO 3HAKY U paBHAs MO MOJIYJIIO JECATUYHOMY Jorapud-
My aKTUBHOCTH MOHOB BOJOPOJa, BEIPAXKEHHOM B MOJISIX HA JIUTP:

pH =—Ig[H"].

[lIxana pH umeet npenensl ot 0 1o 14. Cpenusiga Touka Ha mkane — cemb. [lpu
BennunHe pH, paBHOW ceMH, cpena He SBIETCS HM KHUCJIOW, HU IIeso4HOM. Bcee
nu(pbl MEHBIIIE CEMH MOKAa3bIBAIOT, YTO Cpefla Kucias, a Bce HUQphl OOIbIIE CeMU
CBUETEIBCTBYIOT O IICJIOYHOCTH CPEBI.

Bennunna pH onpenensercs KOJIMYECTBEHHBIM COOTHOILICHHMEM B  BOJE
rnoroB H" 1 OH", oOpasyromumxcsi npu AUCconraniu Bojibl. ECM B BOJIe MOHMKEHHOE
coJiepskaHue cBOOOAHBIX HOHOB Bosiopoaa (pH > 7) no cpaBuenuto ¢ nonamu OH™, To
BOjIa OyJeT UMETh IIEIIOYHYIO PEAKIINIO, a TPH MOBBIIICHHOM COJepKaHuU HoHOB H
(pH < 7) — xucnyro. B waeanpsHO YMCTON NUCTUIUIMPOBAHHON BOJIE 3TH MOHBI OyayT
YPaBHOBEIIMBATH IPYT Ipyra. B Takux cioydasx Boaa HeuTpaibHa U pH = 7.

pH Boabl — O UH W3 BaXXHEHIIMX paboyYMX IMOKa3aTesled KayecTBa BOJIbI, BO
MHOTOM OTIPENIETSIONINX XapaKTep XUMUYECKUX U OMOJOTUYECKHUX IMPOIIECCOB, MPO-
UCXOSIMX B Bojae. B 3aBucumoctu oT BennuuHbl pH MOXET U3MEHATHCSI CKOPOCTh
NPOTEKAaHHUsI XUMHUYECKUX PEaKUUl, CTENEHb KOPPO3MOHHOM arpecCUBHOCTH BOIBI,
TOKCHUYHOCTb 3arpsi3HSIONMIMX BEHIECTB U T. 1. KonTposib ypoBHs pH ocoOeHHO BaxeH
Ha BCEX CTaJUsX BOJOOYHUCTKH, T. K. €r0 «yXOA» B Ty WU UHYIO CTOPOHY MOXKET HE
TOJBKO CYIIECTBEHHO CKa3aThCsl Ha 3allaxe, NPUBKYCE W BHEIIHEM BHUJE BOJBI, HO U
NOBJUATH Ha 3P(HEKTUBHOCTH BOJOOUYUCTHBIX MEPOTIPUSITHH.

OO6b1uHO ypoBeHb pH HaxoauTcs B mpejenax, Ipu KOTOPhIX OH HEMOCPEICTBEH-
HO HE BIIMSET HA MOTPEeOUTEIHCKHUE KauecTBa BOBI. Tak, B peuHbIX Bojax pH 00bI4HO
HaxoJMTCS B Mmpenenax 6,5...8,5, B armocdepHbix ocankax — 4,6...6,1, B 6onorax —
5,5...6,0, B Mopckux Bogax — 7,9...8,3.

JIns nUTheBOM U XO35IUCTBEHHO-OBITOBOM BOJIbI ONTHUMAJIBHBIM CUUTAETCA YpO-
BeHb pH B auamnazone ot 6 10 9.

KonTposib kauecTBa BOIBI MPEIYCMATPUBACT KOHTPOJIb YPOBHSA KHUCIOTHOCTH
BoZbl. Hopmbl mipeaenbHO gomyctumoint konneHTparuu (ITJIK) nis ypoBHS KUCTOT-
HOCTH B Pa3HBIX CTpaHaX MPeACTaBlIeHbI B Tabnuie 3.1.

KucioTHbIi 10:KIb — BCE BUABI METEOPOJIOTHYECKUX OCAIKOB (JI0XKIb, CHET,
rpaja, TyMaH, J0/b CO CHETOM), PU KOTOPHIX HaOIt01aeTcs moHmxkenue pH goxe-
BBIX OCAJIKOB M3-3a 3arps3HECHUI BO3/lyXa KUCIOTHBIMU OKcHAaMu (0OOBIYHO — OKCH-
JaMHU CEpbI, OKCUJAMHU a30Ta).
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Tabmuua 3.1 — YcranoBnenusie uinu pekomenayemsie [1IJIK pH

AHnanuzupyemas cpena 3nauenue pH
Bona nuteeBas 6,5...8,5 (Pb)
6,5...9,2 (MexnyHapoAHbIN CTaHIAPT)
7,0...8,5 (eBpomeicKuii CTaHIAPT)

Boga BogonpoBogHas 6,0...8,5 (CIIIA)
Bonoewmsr 6,5...8,5 (Pb)
6,0...9,0 (CIIIA)
CtouHbI€ BOJIBI 6,5...9,0 (CIIA)
6,0...9,0 (BenmukoOpuTanus)
Boza a1 celIbCcKOX0351MCTBEHHOIO UCII0Ib30BaHU 4,5...9,0 (CIIA)
Monoxko 6,6...6,93

Acuaudukaius — 3TO MPOIECC MOBBIIICHUS KUCIOTHOW PEaKIIMu KOMIIOHEHTOB
OKpYy»Karolen cpeapl (artMocdepsl, ruApochepsl U TUTOCPEPHI), @ TAKKE YCHICHUS
BO3/ICVICTBYS MOBBIILICHHOW KUCJIOTHOCTH Ha PAa3JIMYHbIE NPUPOIHBIE SIBIICHHUS.

B ecrecTBeHHBIX YCIOBHSIX aTMOC(hEpHbIE OCaJKH OOBIYHO UMEIOT HEUTpaib-
nyto (pH = 7) wnu cnabokucnyo (pH = 5,6) peakunto. IT0 MPOUCXOUT BCIEICTBUE
TOTO, YTO MPHUPOJIHBIE BEMIECTBA aTMOC(Ephl, TAKMUE KaK YIIIEKUCIBIN a3, BCTYMAIOT
B PEAKLHUIO C JOXKICBOM BOAOM. B pearbHOM XKU3HU MOKA3aTENb KUCIOTHOCTHU JOXK/IE-
BOM BOJIbI B OJJHOM MECTHOCTH MOXET OTINYATHCS OT MOKa3aTeliss KUCIOTHOCTH J10%K-
J€BOY BOJBI B IPYTOM MECTHOCTH.

KucnoTHeIMH OCaKaMH CYMTAIOT TaKue ocaaku, pH KOTOphIX paBeH 5 U MEHee.
Kucnornsie ocagku ObIBalOT JBYX THIIOB: CyXHe, OOBIYHO BBIMAJArONIe BOJIU3U UC-
TOYHHUKA UX MOCTYIUIEHUS B aTMOc(epy; BIaXHbIE (J0K/b, CHET U TIp.).

OCHOBHBIMHM KOMITOHEHTAMH KHCIIOTHBIX OCAJIKOB SIBJISIFOTCSI a3p030JId aMMHaKa,
OKCHJIBI CEphl U a30Ta, KOTOPbIE MPHU B3aUMOJICUCTBUU ¢ aTMoc(epHOit, ruapocdep-
HOM WJIM MOYBEHHOU Biaroi oOpa3yroT CEpHYIO, a30THYIO M Jpyrue Kuciotsl. Hc-
TOYHUKAMU AHTPONOTEHHBIX KHUCJIOTHBIX OCAJKOB SIBIISIIOTCS MPOLIECCHI COKUTAHUS
ToruiMBa — yriisg, HepTH, Mazyta B TOC, KOTENbHBIX, METAJUTYPruH, HePTEXUMUUE-
CKOU MPOMBIIICHHOCTH, Ha TPAHCIIOPTE U TIp.

B noctymiennn Ha tepputopuio benapycu cepbl U OKMCIEHHOTO a30Ta OCHOB-
Has JI0JIs1 IPUHAJIEKUT cTpaHaM-cocensaM — [lonpiue, I'epmanun, Ykpanne. Cpenuss
KHCJIOTHOCTb 0CaJIkOB B bemapycu konebaercs ot 5,1 10 6,2.

Baxnblit pakTop, KOTOPHIA clielyeT TPUHUMAaTh BO BHUMAHUE MPU OIIEHKE MOY-
BbI, 9T0 BennmunHa pH. Tak, mouBbl MOTYT OBITH:

— cwibHOKUCHEIE (3...4 pH);

— kucnsle (4...5 pH);

— cinabokucineie (5...6 pH);

— HeuTpanbHseie (6...7 pH);

— tmenounsie (7...8 pH);

— cunpHomenounsie (8...9 pH).

Bennuuna pH moser ObITh MOKa3aTeaeM ONpeneNeHHON HeynopsaI04eHHOCTH B
XUMUYECKOM OajlaHce TMOYBbI, KHCIOTHO-IIEJIOYHOM pPABHOBECHH, OKAa3bIBAIOIIEM
BJIMSIHUE Ha CIIOCOOHOCTh PACTEHUM MOTJOIMIATh YI0OpEHUsI U pyrue MuTaTeIbHbIe
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BelecTBa U3 MouBbl. [10 MHOTOUMCIEHHBIM HAOIIOJECHUSM, PACTCHUS PA3BHUBAIOTCS
Jydlle Bcero, koraa pH noussl HaxoguTcs B npenenax ot 6,5 no 7,0.

BeiaenstoT Tpu cTaguu Bo3AeiicTBUS KUCJIOTHBIX J10KIeHd HA BOAOEMBI:

1) ¢ yBennuenrem KUCIOTHOCTH BoAbl (pH < 7) BonsiHbIE pacTeHUs] HAUUHAIOT
norubarb, JUIIas JPYrUX >KUBOTHBIX BOJOEMA MHUIIM, YMEHBIIAETCS KOJIMYECTBO
KHCJIOpOJia B BOJIe, HAUMHAIOT OypHO pa3BHBAThCA Bojopociu (Oypo-3enensie). Ilep-
Basi cTaaus dBTpodukanuu (3adonaunBanusi) Bogoema. [Ipu kucnornoctu pH = 6 mo-
rudaroT MPEeCHOBOJIHBIE KPEBETKH;

2) KUCJIOTHOCTh MoBbIaeTcs 10 pH = 5,5, norubarT noHHBIE OaKTepUU, KOTO-
phI€ pa3jararoT OpraHM4YeCKHUe BEIIECTBA U JINCThS, U OPTaHUYECKUNA MyCOp HauyMHAET
CKAaIUTMBAThCs Ha JHE. 3aTeM THMOHET IUIAHKTOH — KPOIIEYHOE YKMBOTHOE, KOTOPOE
COCTaBJISIET OCHOBY IIHIIEBOM 1IEMH BOJAOEMA M MUTAETCS BEIIECCTBAMH, 00pa3yoIIu-
MUCS TIPH PA3JIOKEHUU OAKTEPUSIMHU OPraHUIECKUX BEIIECTB;

3) kuciotHOoCTh Aocturaet pH 4,5, morudaeT Bcs ppida, OOJBIIMHCTBO JIATYIICK
Y HACEKOMBIX.

Takum 00pa3oM, OCHOBHBIC MOCJI€ACTBUSA KMCJIOTHBIX J0XK/I€:

— rubenb Guopsl U hayHbl B BOJOEMAX;

— KOppPO3Usl METAJIOB, HAPYIIEHUE LETOCTHOCTH MOKPBITUI U3 KPACOK;

— pa3zpyllieHue Mpamopa (pa3pylleHHEe 30aHUN U TAMSITHUKOB KYJIbTYPbl);

— CHWXXEHHE YPOKANHOCTH;

— Jerpananus ecoB (yCbIXaHHe XBOWHBIX JIECOB U 1yOpaB);

— pacTBOpEHUE TSKENBIX METALIOB (KaJMUM, PTYTh, CBUHEII) U MONaJaHUe UX B
NULIEBBIC LIETIH.

3.2 IIpakmuueckasa uacmeo

Jnst m3mepennst pH pacTBOPOB HCMONB3YIOTCS J1abOpaTOpHBIE HWOHOMEPHI
N-160.1MI1, macTpoeHHbIe, COTJIACHO PyKOBOACTBY IO 3KCIUTyaTaluu, JJIs U3MeEpe-
Hust pH. [Ipubop cocToUT U3 MUKPOIPOLIECCOPHOTO OJI0Ka HOHOMEpPa, KOMOMHHUPO-
BAHHOTO 3JIEKTPOJIa, TEPMOKOMIIEHCATOpa U mTaThuBa. KOMOMHUPOBAHHBIN 3IEKTPOJ]
OCKJI-08M.1 sBnsieTcss M3MEPUTENBHBIM M BCIIOMOTATENIBHBIM OJHOBPEMEHHO. Jliis
U3MEpPEHUS TEMIIEpaTyphl UCIIONIL3YIOT TepMOKOMITeHcaTop aBToMatndeckuit TKA-7.3.

[Tpubop mpeaHazHayeH Juisi MIPpUMEHEHUs1 Ha O0OBEKTaX 3KCIUlyaTaluu, B jabo-
paToOpUsAX NPEANPUITHI U HAYUHO-UCCIIEIOBATEIBCKUX YUPEKICHUN pa3IMYHbIX OT-
pacieil HapoJHOTO X035IMCTBA, B TOM UKCIIE B 00JIACTH OXPaHbl OKPY>KAIOIIEH Cpeibl.
AHanuzupyemasi cpefia — BOJHbBIE PACTBOPbI HEOPraHUYECKUX M OPraHUYECKUX CO-
eAMHEHUH, TEXHOJIOTUYECKUE PACTBOPHI, HE 00pa3yroIIfe MICHOK U OCAJKOB Ha TO-
BEPXHOCTH JIEKTPO/a, IPUPOAHBIE U CTOUYHBIE BOJIBI U JIP.

I[Ipunuun padorsl npudopa. B ocHOBY pabGoThl mpubopa MOJIOKEH MOTEHIIUO-
Metpudeckuii Mmeton m3mepenus pX (pH) u Eh koaTponupyemoro pactsopa.

CrtpykrypHas cxema npubopa npuBe/ieHa Ha pucyHke 3.1.

OJ1C »31ekTpoaHO# cucTeMbl nmpeodpaszyercss B aHanoro-uudpoBoM mnpeodopaszo-
Barenie (ALII1) u moctynmaer B mukpornpoieccop. JIC TepmokoMiieHcaTopa MocTy-
naet B ALIII2 u Takxke mogaercss B MUKpoOIIpoleccop. B Mukpomnponeccope no 3ano-
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YKCHHOM B HEro (popmylie MPOUCXOIUT pacueT 3HaueHus pH u BeIBOIUTCS Ha LU(pO-
BO€ TabJ10 nmpudopa.

BY H ALIIl
I AIllI2 u U
| MIT X
1 — »2JeKTpoa U3MEPUTENbHBIA; 2 — DJIJIEKTPOJ CpaBHEHHs; 3 — TEPMOKOMIIEHCATOD;
BY — BxogHoil ycunurens BbicokOOMHBIN; AIIIIl — anamoro-mmdpoBoil mpeoOpa3oBaTelb;
MII — wMuKpompomeccop CO BCTPOSHHBIM aHAJIOTO-IIUPPOBEIM MpeodpazoBarenem AllII2;

N — unpukartop (uudposoe tadno); K — knmaBuatypa

Pucynok 3.1 — CtpykrypHas cxema mpudopa

DNeKTpoiHas CUCTEMa MPU NOTPYKEHUH B KOHTPOJIMPYEMBIl pacTBOp pa3BHUBa-
et O/1C, nuneliHo 3aBucsiyto ot pH u TeMnepaTypsl pacTBopa.

DNEKTPOJIUTUYECKUIT KOHTAaKT KOMOMHUPOBAHHOTO 3JIEKTPOAA C KOHTPOIUpYe-
MBIM PAaCTBOPOM OCYILECTBISETCA C TOMOIIBIO JIEKTPOIUTHUECKOTO KItoua, odecre-
YUBAIOIIIETO MCTEYEHUE HACHIIIEHHOTo pacTBopa xjopuctoro kainus KCl u3 nomoctu
AJIEKTPOJia B aHaiM3upyeMbiii pactBop (pucyHok 3.2). PactBop KCIl, HenpepbiBHO
IIPOCAYMBASACH YEPE3 DIICKTPOJUTUUECKUI KITI0U, MPEIOTBPALIAET IPOHUKHOBEHHE U3
aHaAJIM3UPYEMOI'0 PACTBOPA B CUCTEMY KOMOMHHMPOBAHHOI'O AJIEKTPO/Ia TOCTOPOHHUX
MOHOB, KOTOPbIE MOIJIM Obl U3MEHUTH BEJIMUMHY MTOTEHIIMAJIA 3JIEKTPOa.

B pexnme pX u3MepeHHOE 3HaUYE€HUE TEMIIEPATyPhl PACTBOPA MOKET UCIIOJIb30-
BaTbCA JJI1 KOMIIEHCAI[MU MTOTPEITHOCTH U3MEPEHUH, 00YCIOBIEHHON 3aBUCUMOCTBIO
OJC »neKTpoAHOM CUCTEMBI OT TeMIlepaTyphl (naigee — TepMokomIiieHcarus). s
MU3MEPEHHUsI TEMIIEPATYpPhl UCIIOJIb3YETCS] TEPMOJIATYMK, KOTOPBIM MOMEIIAETCS B aHa-
nu3upyeMmbiii pactBop. IIpeoOpazoBarens u3MepsieT BEIUYMHY CONPOTHUBIICHUS U
pPacCUYMTHIBAET TEMIIEPATYPY PACTBOPA.

IIpoBenenue nu3mepeHuil.

1 TToaroroBka npubopa k paboTe MPOBOJUTCS B COOTBETCTBUU C MHCTPYKIIUEH.

[Iepen nmorpyxeHueM B aHATU3UPYEMYIO CpEy MpPHU MEPEMELIEHUH U3 PacTBOpa
0oJiee BHICOKOM KOHIICHTPAIMM B MEHEE KOHIICHTPUPOBAHHBIN pacTBOp (C OoJiee BbI-
COKUM 3HaueHHeM pX) 3JEKTPOJIHAS CHCTEMa JIOJKHA MPOMBIBATHCS JUCTUILIAPO-
BaHHOW BOJIOM U (KeNaTeIbHO) aHAIU3UPYEMBIM PACTBOPOM.

[Ipu u3mepeHusix He0OXOAMMO YUUTHIBATh, UTO BPEMsI YCTAHOBJIEHUS MOTEHIIMATIA
U3MEPUTENBHOTO AJIEKTPO/Ia U MHEPLUHUOHHOCTh TepMoKkoMIieHcaTopa TKA-7.3 o6b1u-
HO HE MPEBBIIIAIOT 3 MUH C MOMEHTA MOTPYKEHHSI B aHAITU3UPYEMYIO CpEAYy.
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Tpobka, sakpeiBawLian
OTBEPCTUE ANA 3ANUBKA

Pacreop.

CreknanHbIi kopnyc XNOPUCTOTD Kanus

anekTpoaa

MonocTe BenoMorarensHoro
anexkrpona

DNEKTPONUTUYECKUA KW
BCNOMOrarensHoro anekrpoaa

MembBpana (Lapuk) ns anekTpoaHoro
GTeKNa CTERNAHHOIO anekTposia

Kplﬁ_c_]’?ﬂﬂh! XTIOPUCTOrO
cepebpa AgCl

Pucynok 3.2 — Kombunuposanssiii anekrpog ICKIL.OSM.1

2 TlpoBectu n3MepeHust mpod BOJIbI U MPUTOTOBIEHHBIX PACTBOPOB.

Ilopsook nposedenus uzmepeHuii:

— KOMOMHHUPOBAHHBIM U3MEPUTENBHBIA JEKTPOJI 3aKPEMUTh B IITATUBE U TOJ-
KJIFOUUTH K THe31y U3M;

— aBTOMATHYECKU TEPMOKOMIIEHCATOP 3aKPENUTh B IITATUBE U MOAKIIOUHUTH K
Bxoay TKA;

— MOHOMEP BKJIIOYUTH B CETh U ITPOTPETh B TEUEHUE 15 MUH;

— IPOMBITH 3JIEKTPOJ AUCTWIIMPOBAHHOW BOJOM M YJIAJIUTh OCTaTKHA BOJbI
(GuIbTpOBATLHON OyMaroii;

— IIPOMBITB JIEKTPOJ U3MEPSAEMBIM PACTBOPOM;

— IOTPY3UTh IEKTPOJ U TEPMOKOMIIEHCATOP B U3MEPSIEMBIN PaCTBOD;

— Haxatp knaBuiny CETh. Ha nucnnee otpaxaercs 3Hauenune pH pactBopa;

— cpaBHUTH noxyyeHHble 3HaueHus ¢ [1JIK u3 tabmuusl 3.1 u caenatb BHIBOJ O
KAa4eCTBE BOJBI U IPYTUX MPOAYKTOB;

— B IPOMEXKYTKAX MEXKIY U3MEPEHUSMHM IEKTPOJ XPAHUTh B ITUCTHILIIMPOBAH-
HOU BOJIC.

3 Pesynbratel uamepenuit pH opopmuts B Busie Tabnuiibl 3.2, caenaTh BHIBO/.

Tabnuua 3.2 — Pe3ynbraTsl H3MEpeHUst

HaumenoBanue pactBopa pH
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KOHmpo./leble eonpocol

1 Yro Takoe pH? Uto npexacrasisieT coboil mkana pH?

2 Tlonarue acumuduxanuu oKpyKarolen cpeabl. BosnelcTBue KHUCIOTHBIX
NOXKJIEN Ha BOJOEMBL.

3 TlocnencTBUS KUCIOTHBIX JTOMXKIEH.

4 Tlpunnmn paboThl HOHOMEPA.

5 Iopsnok mpoBeAEHUSI U3MEPEHUM.

4 JlaOopaTopnass padora Ne 4. H3mepeHue KOHUIEHTpPalHUHU
HUTPATOB

eab padoOThI: ONYUYHUTh MPEACTABICHUE O MEAULIMHCKUX MOCIEACTBUAX, CBS-
3aHHBIX C 3arpsA3HEHUEM OpraHW3Ma HUTPATAMU; O3HAKOMUTHCS C METOJIAMU CHUXKE-
HUsI COJEPKAHUS HUTPATOB B ITUILIEBBIX IPOJYKTAX PACTUTEIBHOIO MPOUCXOKICHUS,
O3HAKOMMTBCS ¢ METOJAMHU OIPEIEIICHUs HUTPATOB B BOJE U B IIPOAYKTAX TUTAHUA U
IIPOBECTU COOTBETCTBYIOLIME U3MEPEHUS.

4.1 Teopemuueckasn yacmo

Hutpater — comu u adupbl azoTHOU kucioThl, Hampumep, NaNOs3;, KNOs,
NH4 NO3, Mg(NO3)2. Onu ABISIOTCS HOPMaJbHBIMU MTPOYKTaAMH OOMEHA a30TUCTHIX
BEIIECTB JII000TO KUBOTO OPTaHU3Ma — PACTUTEIHHOTO U KUBOTHOTO, TIOITOMY «0e3-
HUTPATHBIX» MPOJAYKTOB B MPUPO/ie HE ObIBaeT. /axke B opraHu3Me yejaoBeKa B CYyTKU
oOpasyeTcsi U Ucnojib3yeTcs: B 0OMeHHbIX mnporeccax 100 mr u Gosee HutpaToB. U3
HUTPATOB, €XKETHEBHO IMOIMAIAIOIIUX B OpraHu3M B3pocyoro uenoBeka, 70 % mocty-
naet ¢ oowamu, 20 % — ¢ Bogoi, 6 % — ¢ MACOM 1 KOHCEPBUPOBAHHBIMH ITPOTyKTaAMHU.

Hutpatbl He OTHOCATCS K SIAOBUTHIM BEILIECTBAM, HO MPEJICTABISIOT OMACHOCTh
TEM, YTO U3 HUX 00pPa3yrOTCS HUTPUTHI — COJIM a30TUCTOM KUCIOTHL. IMeHHO HUTpH-
Thl MOTYT OKa3bIBaTh TOKCHUYECKOE JEHCTBUE HA YEJIOBEKA, KaK MPAMOE, TaK U OIO-
CpelloBaHHOE, uepe3 00pa3oBaHME IPYTUX BPEIHBIX BEIIECTB, HAIIPUMEP, HUTPO3a-
MuHOB. Hutputel onacueit uutparoB B 30 pa3. B opranu3mMe 4enoBeka HUTPATHI U
HUTPUTHI OBICTPO BCACBHIBAIOTCS B JKEIYJOYHO-KUIIIEYHOM Tpakte. HuTpaThl BBIBO-
JSTCSL C MOYOM U YaCTUYHO MPEBpAIalOTCSl B HUTPUTHI, @ HUTPUTHI, OCOOECHHO MpHU
MOCTYIUICHWU B OOJIBIIINX KOJIMYECTBAX, PEarupyrOT C TEMOTJIOOMHOM KPOBH, 00pazys
€ro COCIMHEHUE — METTeMOTrJI00MH. DTO BEIIECTBO HE MOXKET BBINIOIHATH (YyHKIIMU
MEePEHOCYMKA KHUCIOpOAa, KaK T€MOTJIOOMH, YTO MPUBOJUT K THUIOKCUHU (KUCIOPOI-
HOMY TOJIOJIaHUI0) TKaHed. B pe3ynbrare — yXyIIIeHHe CaMOYyBCTBUS, CHUKCHHE
paboTocnocoOHOCTH, 00mIas ciabocTb. Y yejgoBeKa B KPOBH B HOPME METTE€MOTJIO-
OMH MOXET COCTaBJIATh 10 2 % OT 0011ero koanyecTBa remorioduHa. [IpexpacHbim
AHTUAOTOM (MPOTUBOSIANEM) OT METI€MOITIOOMHEMUHN SIBIIIETCS OOBIYHAsT acCKOpOU-
HoBasi kuciota (Butamun C). Eciu copepxkanue merremorioduna gocturuer 10 %,
TO HaOmrogaeTcsi 0ECCUMNTOMHBIN MAHO3 (CHHIOMHOCTS), Tipu 20...50 % mosiBis-
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I0TCSI BBIPQKEHHBIE MTPU3HAKU TUIIOKCUU — OJIBIIIKA, TAXUKAPAUS, IOTEPS] CO3HAHMUS,
pu MeTreMoriioonaemuu cBoite 50 % HacTymaeT cMepTb.

OpnHako HeraTHBHAs POJb HUTPATOB SIBHO IMpeyBenaudeHa. JlocTaTOuHO BCHIOM-
HUTb, KaK IIMUPOKO HUCMOJb3YETCS B KIMHUYECKOW MPAKTUKE HUTPOTJIULEPUH U JIpY-
rue JIeKapCTBEHHbIE (hOPMBI HUTPATOB 0€3 BCAKUX OMACEHUI HUTPUTHOU MHTOKCHKA-
uuu. [IpyunHa B TOM, 4TO y B3pOCIHBIX JIOJAECH MO BO3JIEMCTBUEM BOCCTAHABIIMBAIO-
KX (GEPMEHTHBIX CHCTEM METIeMOTJI00MH OBICTPO MPEBPALIAETCS B OKCUTEMOTIIO-
OuH (HaCHIEHHBIH KUCIOPOOM reMorioouH). MiHoe feno — rpyaHbie JeTH, 0COOCH-
HO /10 3-MECSYHOI0 BO3PacTa, Y KOTOPHIX HYXHbIE (DEPMEHTHBIE CHCTEMBI €Ie HE
chopmupoBanbl. [IoaTOMy B MHpe pEeruCTPUPOBATUCH OTACIbHBIC CIIy4au OCTPBIX
OTpaBJieHUHN (METTeMOTJIOOMHEMHUN) MITQICHIIEB TUTATEILHBIMUA CMECSIMU, IPUTOTOB-
JICHHBIMU Ha BOJIE C BBICOKHMM COJIEP’KaHHEM HUTPATOB, a TAKXKE NMPU KOPMJIICHUH Ma-
JIBIIIEH MIOpE U3 IINMUHATA, KOTOPbIA CUJIBHO HAKAIJIMBAET HUTPATHI.

Hutpatel conepxkaTcs B OYBE, IPUPOJHBIX BOAAX, PACTUTEIBHOM M KUBOTHOM
Marepuale, a Takke B aTMOChEepHOM BO3JlyXe (B HEBBICOKHMX KOHIEHTpALUIX) MPHU
ero 3arpsisHeHuu. Pa3znokeHue opraHu4ecKuxX OCTaTKOB (pacTeHUH, KUBOTHBIX, MUK-
POOPTraHU3MOB U JIp.) C 00pa30BaHUEM COEIMHEHHI a30Ta, KOTOPbIE, B CBOIO OUEPE/Ib,
NOTPEOJIAIOTCS HOBBIMU PACTCHUSMH, MUKPOOPTaHU3MaMU U T. M., — 3TO CYIIHOCTb
KpyroBopoTa a3oTa B Npupoje. B pe3ynprare AesITeNbHOCTH HUTPOGULIHPYIOLINX
OaKkTepuil U3 HUTPATOB OOPA3YIOTCS HUTPHUTHI, HO MX €CTECTBEHHAs] KOHIICHTPAIIUS B
BOJIE U PACTEHUSAX OOBIYHO OYEHb Maja.

[ToMUMO TPUPOIHOTO, UMEETCS U APYrod MCTOUYHUK MOTMAJaHUS HUTPATOB U
HUTPUTOB B IMOYBY M TPYHTOBBIE BOJBI — AHTPOIOTCHHBIN, T. €. CBA3AaHHBIA C Jes-
TEJTBLHOCTHIO YeJIOBEKa. DTO TOPOJACKUE OTOPOCHI, TPOMBIILICHHBIC OTXO/IbI, BBIXJIOI-
HBIE Ta3bl U, KOHEYHO K€, a30THBIC Y100peHusi. B nmpoMeliuieHHO# chepe Haubob-
€€ MOCTYIJIEHUE B OKPY>KAIOIIYIO0 CPEAY CBSI3aHHOTO a30Ta JIal0T MPOU3BOACTBA IO
nepepadoTKe TOTUIMBA, MPEINPUATHS MUIEBON MPOMBIIUIEHHOCTH, HedTemnepepabda-
THIBAIOIIIUE 3aBOJIBI.

Conep:xaHue HUTPATOB B MOBEPXHOCTHBIX U MOJ3EMHBIX BOJIAX BapbUPYETCs B
IMIMPOKUX TMpEeJeTax B 3aBUCUMOCTH OT T€OXMMHUYECKUX YCIOBUM, TPUMEHEHUS a30T-
HBIX yJ0OpEHMI, METOIOB OYMCTKU CTOYHBIX BOJ. B BOJe cucTeMbl rOpOJICKOTO BO-
JIOCHA0XKEHUS COJICp’)KaHHE HUTPATOB OOBIYHO HEBBICOKOE. 3HAYUTENBbHO OOJbIINE
KOHIIEHTpAIIMU HUTPATOB OOHAPYKUBAIOTCS B TPYHTOBBIX BOJIaX U KOJOJE3HOU BOJIEC
B CEJIbCKOW MECTHOCTH, OCOOCHHO B pailOHaX MHTEHCHUBHOTO 3eMJIEACNHs U BOJIU3U
YKUBOTHOBOJTYECKUX KOMILUIEKCOB. HUTpaThl, mocTynarIye B OpraHu3M 4ejaoBeKa ¢
BOJIOW, UMEIOT 0co00€ 3Ha4YeHue, T. K. OHU B 1,25 pa3a TokcudyHee, 4eM HUTPAThl B
NpOAyKTax nutaHusi. HUTpaTkl JIETKO yCBAMBAKOTCS B OPraHU3ME Y€JI0BEKa, IJ1€ OHU
MOT'YT 00pa30BbIBaTh TAKUE COCITMHEHUS, KaK HUTPUTHI, OKUCIIBI a30Ta, aMMHUAK.

006 ymobpeHusx ciemyeTr cka3aTh 0c000. B COBpeMEHHOM CelbCKOXO03S1iCTBEH-
HOM TPOM3BOJACTBE 0€3 HUX OOOMTHCH HENb3S. A30T — ATO TJIABHBIM MMHUTATEIbHBIN
AJIEMEHT JIsl paCTeHUM, U 711 OEIHBIX a30TOM IOYB MPOCTO HEOOXOAMMO AOTMOIHU-
TEJIbHOE BHECEHUE a30THBIX yaoOpeHuid. C TaBHUX MOP B ITOM KauyeCTBE MCIOJIb30-
BaJIMCh OpraHuyeckue yaoopenus (HaBo3, nTuuuit momet). Ceituac B OONBIINX KOJIU-
YecTBaxX MPUMEHSIOT MHUHEpalibHblE ynoOpeHus (MoueBUHY M Jp.). M30bITOuHOE
IpPUMEHEHUE a30TCOAEpKAIIUX YI0O0peHUH, 0COOCHHO OpPraHUYeCKHX, MPUBOAUT K
HAKOIUJICHUIO HUTPATOB B CEJIbCKOXO3IMCTBEHHON MPOAYKIIUU.
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CriocoOHOCTh K HAaKOIUIEHHWIO HUTPATOB y Pa3HbIX PAaCTEHUI CYIIECTBEHHO OT-
an4daercs. «YeMnuoHOM» sIBJII€TCA IMUHAT. MHOrO0 HUTPATOB HAKaIUIMBAIOT CBEKJIA,
OakyaxaHbl, pera, yKpoIl, HEMHOTO MEHBIIE — KaIllyCcTa, cajlaT, NeTPYIIKa, MOPKOBb.
Kaprodenb, TomaTsl, Orypisl, ropoX YMEPEHHO aKKyMYyJIUPYIOT 3TH COEIUHEHUS,
a (OPYKTHI, SATOBI U 37aKu — c1a00. U3 GpyKTOB OTHOCUTEIHFHO «HUTPATHBIMIY 3ape-
KOMEHI0BaJIM ce0s1 OaHaHbI U KITyOHUKA.

He Tonpko pa3Hble pacTeHusi, HO U OTHAEJIbHBIE YAaCTH OJIHOTO pacTeHus obia-
JAI0T Pa3IMYHOM CIOCOOHOCTHIO HAKAIIMBAaTh HUTPAThl. B crebie ykpoma KOHIEH-
Tpalysi HUTPATOB TOPa3J0 BHIIIE, YEM B MEJIKUX BETOYKAX; B BEPXHUX JIUCTHIX Ka-
yCTHOI'O0 KOYaHa — B JIBa pa3a 0oJbllle, 4yeM BO BHyTpeHHUX. KamycTHas Kouepblkka,
CepaLEeBMHA MOPKOBH, KOHYUKH CBEKJIbI, PEIUCKU, TIOBEPXHOCTHBIE CIION KapTodes
U OTYPIIOB — MECTa HAUOOJIBILIETO COJEPKAHUS HUTPATOB. B MOJIOYHBIX NMPOAYKTaX U
pBpIOE HUTPATOB COBCEM MAJIO, B CBEKEM MSICE — TOJIBKO CIIE]IBI.

CopeprkaHve HUTPATOB B OBOIIHOW MPOJIYKIIMH KOHTPOJHPYETCS CIy»)0oit [ o-
CYyapCTBEHHOI'O0 CAaHUTAPHO-3MHUAEMUYECKOTO HAJA30pa, KOTOpas PyKOBOJCTBYETCS
HOpMAaTHUBaMH, YTBEPkKACHHbIMU MuH3apaBoM (Tabnuua 4.1).

Tabmuua 4.1 — [IIK HUTpaTOB B paCTUTENLHBIX MPOIYKTAX

PacturenbHbIi POIYKT CopneprxaHue HUTPATOB, MI/KT

Kaptogens 150
Kanycra 6enokodannas, kabauku 400
MopkoBb 200
Orypiisl 150
[Tomunopst 100
Ceekna 140
Jlyk penuartslii (iepo) 80 (400)
ApOy3bl, s1070KH, TPy, BUHOTPAJ] 60
JIuctoBble OBOIM (canaT, MeTPYIIKa, YKPOI, IaBeb) 1500
[lepen cnankwuii 200
Penuc 1500
baxnaxkansl 300
Bona 45

JUji paHHUX OBOIIEN U (PPYKTOB, BBIPAILIEHHBIX B 3aLUIIEHHOM I'PyHTE, HOpMa-
TUBBI YBEJIIMYEHBI BABOE.

Hutputel 00pa3yroTcsi U3 HUTPATOB HE TOJIKO B [TOYBE U BOJE, HO U B MPOJIYK-
TaX PacTEHUEBOJICTBA B IPOLIECCE WX XPaHEHUS U NepepabOTKU — Ha MOBEPXHOCTH
NOBPEKICHHBIX OBOILEH, MPU UX W3MENbUYECHHUH, IIPU BapKe NMUIIM B aTIOMUHHEBOM
nocyae. Hanpumep, npu XpaHeHUH CBEXKEro IIMHUHATA B XOJOJUIBHUKE B HEM ME-
JIEHHO YMEHBIIAETCS] KOJWYECTBO HUTPATOB, HO BO3PACTAET KOJUYECTBO HUTPHUTOB,
nocturas 3600 Mr/kr cyxoil maccel. Takoil e mpouecc UAET NPU XPaHEHUU OTKPbI-
ThIX OAaHOK KOHCEPBUPOBAHHOI'O MIOpPE U3 IIMHHATa, OCOOCHHO MPU KOMHATHOM TEeM-
neparype. Botr moueMy OBOIIHbIE COKH U MIOPE CIEAYET TOTOBUTH HEMOCPEICTBEHHO
nepes ynoTpeoyieHueM.
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HuTputhl TpaiulMOHHO UCHOIB3YIOT KaK KOHCEPBAHT U CTa0WIN3aTOP PO30BO-
KpPacHOI'o LIBETa B KOJOACHBIX U3/IEIHIX, KOMYEHOCTSIX, MACHBIX KOHCEPBAX, O3TOMY
COJiep’)KaHWE B HUX HUTPUTOB CaMOE BBICOKOE, B OTJIMYHE OT CBEXKHUX OBOLICH U
(GpyKTOB, B KOTOPBIX 3TUX COeIMHEHUH MouTH HeT (Tabnuna 4.2). Hebonpiioe komu-
YeCTBO HUTPHUTOB OOHAPYKMUBAETCSA B ChIPE, T. K. X NOOABISAIOT B MOJIOKO JJIS TO-
JaBJIeHUsI Ta3000pasyrorieit MUKpodIopsl (BO U30ekKaHWE BCIIyUUBAHUS ChIPaA).

Ta6mmma 4.2 — CoaepkaHre HUTPUTOB B HEKOTOPBIX MHUIIEBBIX MTPOTYKTaX

[InmeBoi mpoyKT ConeprxaHre HUTPUTOB, MI/KT
Ogomu 0,2
OpyKTHI 0,0
Monoxko 0,4
CpIpbl 1,2
Myxka nmeHudHas (prkaHas) 1,2 (0,8)
Pri0a peunas (Mopckast) 2,1(0,7)
MsicHbIE KOHCEPBBI 10,0
Konbacel, komuéHocTr 16,5

Takum 00pa3zom, ONacHOCTb HUTPATOB JJISl 3I0POBbs OMpPENESIETCS HE TOJIBKO
UX KOHLEHTpalued B BOJE U MHUILE, HO U YCIOBHUSIMH, CIOCOOCTBYIOIIMMU UX IEpe-
X0y B HUTpUTHL. [loCcTynenue %e HUTPUTOB OLEHUTh BOOOILE OUEHb CIIOXKHO BBUY
MHOT000pa3ust yCIOBUN UX 00pa30BaHUs.

Ceppe3Hyro yrpo3y Ui 340pOBBS JIFOACH MPEACTABIISIET IPYIINIa HUTPO30COEAU-
HEHUH, KOTOPbIE MOTYT COJIEPKAThCsl B HEKOTOPBIX MPOAYKTaX U 00pa30BbIBATHCS U3
HUTPUTOB YK€ B opraHu3zMe yesnoBeka. Cpeau 3THX BEIIECTB BBIACIAIOT JBa Kilacca
COCAMHEHUH C pa3IMYHBIMM CBOMCTBAMU — HUTPO3aMHUAbl U HUTPO3AMUHBI.
Oxkono 80 % uccnenoBaHHBIX HUTPO3AaMHUHOB M BCE HUTPO3aMU/Ibl OKa3aJIUCh KAHIIE-
pOreHaMu U MyTareHaMH, a B OIbITaX Ha XUBOTHBIX JIOKA3aHO €lle TepaTOreHHOE U
HMOpPUOTOKCUYECKOE NEHCTBHE HUTPO3aMHIOB. [IpuyeM HUTPO3aMHHBI MPUBOMAST
qalie BCETO K paKy I€YEeHM, NUIIEBOJA, AbIXaTCIIbHOW CUCTEMBI, IT0YEK, 4 HUTPO3a-
MUl — NepU(EepUIEcKOil U HEHTPAIbHOW HEPBHOM CHUCTEMBI, OPraHOB MUIIEBAPH-
TENBHOro Tpakra. KpoMme Toro, 3Tu BeuecTsa pa3pymarT BUTaMuesl A, B, Hapyma-
10T QYHKIUIO IIUTOBUAHOMN JKEJE3bI.

HuTpo3aMuHbl MOTYT COAEPKATHCA B CHIPOM M KOIMTYEHOU pblOe, KOMYEHBIX KOJI-
0acax ¥ Opyrux MpOIyKTax *KMBOTHOTO MPOMCXOXKICHHS, COEBOM Macje, BUHE, TUBE
U 1a)Ke B IUTHEBOM BoJie. B ompeeieHHbIX yCIOBUSAX OHU CIIOCOOHBI 00pa30BbIBATh-
Cs B IIPOJAYKTaX, a TAKXKE MPSIMO B XKEIYAKE YEIOBEKA U3 HEKAHLIEPOI€HHBIX IPEe/IlIe-
CTBEHHUKOB — HUTPATOB U HUTPUTOB. HUTPUTEI B KUCIOUN Cpene KellyaKa COeIUHS-
IOTCSL C BTOPUYHBIMU M TPETHUHBIMH aMHUHaMU (MPOAYKTaMU HENOJHOTO pacllerie-
HUsl OEJIKOB), B pe3yJibTaTe 4ero oopasyercs rpyrma HUTpo3aMuHoB. HUTpUTOB, Kak
YKa3bIBAJIOCh PAHEE, MbI ITOJIy4aeM C IUIIEH HE TaK y>K MHOTO, HO B YCJIOBUSAX IOHH-
KEHHOW KHUCJIOTHOCTH >KEITYJOYHOTO COKa MOJ BO3JAEHCTBUEM HHUTPUDULIMPYIOIINX
OaxkTepuil U3 HUTPATOB 00Pa3yIOTCS HUTPUTHI.

AKTUBHBIM MHTHOUTOPOM MPOLIECCOB HUTPO3000pa30BAHMS SBISETCS acCKOpOu-
HOBas Kuciora. ICTOYHMKOM BTOPUYHBIX AMUHOB, KpOME O€IKOBBIX MPOAYKTOB (M-
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co, pri0a, TBOPOT U Jp.), ABJISAIOTCSA OBOILHM, (PpyKTOBBIE COKU. B cpenHeM 3a oauH
IIPUEM MHUILIN YeTI0BeK nosyqaeT 10 100 Mr BTOpUYHBIX AMUHOB.

Hutpo3ocoenunenrs MoryT oOpa3oBbIBATHCS U3 HUTPUTOB U NPH JJIUTEILHOM
XPaHEHHH, a TaK)K€ B IIPOLIECCE MPUTOTOBIEHUS MUIIM: )KapEHUH, BapKe, KOTYEHUH,
COJIEHMH. DTO BIIOJIHE IMOHSATHO: MPU MPUTOTOBIEHUU MSCHBIX OJIOA IPOUCXOAUT
pacraji HeKOTOpOl 4acTu OEJKOB ¢ 00pa30BaHUEM aMUHOKHUCIIOT U aMHHOB, a J1allb-
e — IeMOoYKa: HUTPUTHI + aMHHBI = HUTPO3aMUHBI. OCOOEHHO aKTUBHO IMPOIIECC
HUTPO3UPOBAHUS UJIET IPU KOMTYECHHUH.

[ToBbIlIEHHOMY 00pa30BaHUI0 HUTPO3aMHHOB B OPTaHU3ME YEJIOBEKA MPU COOT-
BETCTBYIOILEH 1reTe (OBOIIHbIE KOHCEPBBI, KOMMUEHOCTH U T. I1.) CIIOCOOCTBYET Kype-
HUE, a TaKXKe yHnoTpeOJaeHue psiia IEKapCTB — aHaIbIMHA, TETPAaLUKINHA, Teo(enpu-
Ha, AaHAIIPWJIMHA U HEKOTOPBIX IPYTHUX.

Kaxxaplii 4emoBeK AOKEH, O BO3MOXXHOCTH, OIPaHUYMBATH KOJIMYECTBO IIO-
CTYMAIOUIMX B OPraHU3M HHUTPO3aMUHOB, HUTPATOB U HUTPUTOB. IIpexne Bcero cie-
IyeT BbIOMpATh OBOILM U (PPYKThI C COJIEPKaHWEM HUTPATOB B IpEJeNax JOMYCTH-
MBIX HOpM. B Tex ciyuasx, Korja HeT MOJIHOM YBEPEHHOCTH B Ka4ECTBE MPOIAYKTOB,
MOKHO HCITOJIb30BaTh MPUEMBI, MTO3BOJISIOIINE YMEHBIINTh COJIEP)KAHUE B HUX HUT-
paToB, — OTBapUBaHUE, KBAILICHHE, 3aCOJKY, KOHCEPBUPOBAaHHE. Tak, B KOHCEPBHUPO-
BAaHHBIX OTYpLAX y>KE€ Ha BTOPBIE CYyTKH COJEpKaHNE HUTPATOB CHUXkaeTcs 110 21,6 %
OT UCXOJIHOT'O YPOBHSI, a YEPE3 HEAECIIIO UX HET COBCEM.

OdeHb BaXKHO XOPOLIO IIPOMBIBATH CBEKUE MOJIOJABIE OBOLIM M IPABUIIBHO UX
o0pabaTbiBaTh: CHUMATh BEPXHHE JIUCThSI U YAAISITh KOUEPBIKKY KalyCThl, CPE3aTh
KOHYMKHU PEAKCa, CBEKIIbl, MOPKOBH U IPYTUX KOPHETIOAOB.

Henb3s yBrekaTbcs KOMYEHOCTSMH, MSCHBIMU KOHCEPBAaMHU, LIIIPOTaMH, KOJI0a-
camu. ['opa3no nosie3neil 6mrona U3 cBexero Msca win pelObl. Hy)xHO 00s13aTenbHO
MCIIOJIb30BaTh B MUTAHUM MPOAYKTHI, OOraThle BUTAMUHAMU-aHTUOKCUIAHTAMU — A,
C, E, koTopsle npeoTBpalaT o0pa3oBaHe HUTPO3AMHUHOB.

IIpu KUNITYEHUH BOJBI HUTPATHI U3 HEE HE YIAISIIOTCS.

Ha npowmblillzieHHOM YpOBHE BHEIPSIOTCS HOBBIE TEXHOJIOTMHM MHPHU MPOU3BO/I-
CTBE KOIMUYEHOCTEN U KOHCEPBOB, PUMEHSIIOTCSL O€3HUTPUTHBIE JOOABKU K Kojbacam,
NO3BOJISIIOLIME COXPAHUTh UX TOBAPHBIN BUJI, HE yXYyIIasi KAYeCTBa.

Takum 06pa3zom, KOHTPOJIb XUMHYECKOTO COCTaBa MPUPOAHBIX BOJA U MPOAYKTOB
MUTaHUs MPUOOPETAET NEPBOCTEIIEHHOE 3HAUEHUE.

4.2 Ilpakmuueckasa uacmop

JU1st u3MepeHust HUTPATOB B BOJE U MTPOYKTaxX MUTAHUS UCIIONb3YIOTCA J1Jabopa-
TopHble noHOMEpHI M-160.1MII, HacTpoeHHbIe, corlacHO PykoBOICTBY MO 3KCILTya-
Talli¥, Ha U3MEPEHUE KOHIIEHTPAUWM{ HUTPATOB B MWIIMIPAMMAX Ha KWJIOTPAMM.
[Ipubop coctout u3 npeoOpazoBaresns U WTaruBa. s mpoBeneHHUs] U3MEPEHUN UC-
MOJNB3YIOT U3MepUTeNnbHbll  anektpon 3M-NO3-07CP, »saektpon cpaBHEHUS
OBJI-1M3.1 u TepmokominieHcaTop aBTomatuyeckuii TKA-7.3.

IIpunuun padorsl npudopa. B ocHOBY paboTsl mprOOpa MONOKEH MOTEHLIUO-
Metpuueckuit Mmeron n3mepenns pX (pH) u Eh konTponupyemoro pactsopa.

DJIEKTPOJIHASI CUCTEMA IIPU MOTPYKEHUU B KOHTPOJIHMPYEMBIA PaCTBOP pa3BUBa-
et J/1C, nuHEeNHO 3aBUCSIIYIO OT aKTUBHOCTA MOHOB NO3™ M TeMIepaTypbl pacTBOPA.
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DNEKTPOIUTUYECKUN KOHTAKT BCIIOMOTATEIbHOTO 3JEKTPOJA C KOHTPOJIUpPYe-
MBIM PAaCTBOPOM OCYILECTBISIETCA C IOMOIIBIO JIEKTPOIUTHUECKOTO KItoua, odecre-
YUBAIOLIEr0 MCTEYEHNE HACBIIIEHHOTO pacTBopa xjiopucroro kanmms KCI n3 nomoctn
snekTpoAa B aHanuzupyembiii pactBop. PactBop KCI, HenmpepblBHO NMpocaynBasich
4yepes3 IEKTPOJIUTHUYECKUN KITF0Y, TPEIOTBPAIIAET TPOHUKHOBEHUE U3 aHAJIU3HpYye-
MOT'0O PacTBOpPa B CUCTEMY BCIIOMOTaTEIbHOIO IEKTPOJA MOCTOPOHHUX UOHOB, KOTO-
pbIe MOTJIH ObI U3MEHUTH BETMYMHY MMOTEHITMANA YJIEKTPO/Ia.

Jns u3mepenusa 3/]C ucnonb3yercs 3JIEKTPOIHASL CUCTEMA, KOTOpasi COCTOUT U3
U3MEpUTEIBHOr0 AekTpoaa (BHyTpu Haxoautca pactsop 0,1 mons KCI u 0,1 moinb
KNO3) u anexrpona cpaBHeHus (BHYTpHU HachiieHHBIN pacTBop KCl). Dnexrponnas
CUCTEMA IPH MOTPYKEHUU B KOHTPOIUpPyeMbIil pacTBop pa3BuBaet JJC E, B 061em
clly4yae JIMHEHHO 3aBUCALIYI0 OT pX. DIEKTPOJA CpaBHEHUS 00ECIEYMBAET CTAOMIIb-
HBIA DJIEKTPUYECKUN KOHTAKT SJIEKTPOJHON CHCTEMBI C OOIIMM MPOBOJOM HU3MEPH-
TEJIBHOI'0 BX0OJIa HUTPAaTOMepa.

OJC »nekTpoAHOW cHUCTEMbl ycWIMBaeTcs, 3areM mnpeobOpaszyercs B ALl
B IU(POBOI cUTHAJ, TOAAETCs B MUKpompolieccop. CUTHaN OT TEPMOKOMIIEHCATOpa
nomaetrcss B ALIII2, mpeobpazyercs B mudpoBOi M IMOJAETCS B MHUKPOIPOIIECCOP.
B Mukpormpoliieccope 1o 3anoxeHHON B Hero ¢opmyse MPOUCXOAUT pacueT colep-
YKAHUSI HUITPATOB B PACTBOPE U BBIBOAMUTCS Ha LU(PpoBoe Tabsio mpubdopa.

B mpeobOpa3oBaresne npeaycMOTpeHO MpeoOpa3oBaHUE M3MEPSEMON BETMUYMHBI
U3 €IMHMI] aKTUBHOCTU MOHOB B €IUHUIBI KOHUEeHTpaiuu. [IpeoOpa3zoBarens obec-
NeYNBAET MHAMKALIUIO TTOKa3aHUi B pexxuMe Cx ¢ TOYHOCTBbIO +5 % OT 3HaueHus pX,
BBEIBOJMMOro Ha auctuieid. Mamepss DJIC E (yciaoBHOe 0003HaYeHHE H3MEPSIEMO
BEJIMYMHBI HA MHAMKATOpEe — mV) 3JIEKTPOJHOM CHUCTEMBI, MOKHO OIpPEACIIUTh aK-
TUBHOCTh MOHOB NO3~ (yClIOBHOE 0003HAUCHHE U3MEPSIEMOIN BEJIMYMHBI Ha WHJMKA-
Tope — pX) U UX MAacCOBYIO KOHIICHTpanuio (yCIOBHOE O0O3HAUYCHHE H3MEpPSIeMOM
BEeIMYMHBI HA uHAMKaTtope — pg/kg, mg/kg, g/kg).

Koncrpyknust npudopa. O0muii Bua npeodpazoBaresiss U 3JIEMEHThI €ro KOH-
CTPYKIIUH ITOKa3aHbl HAa pucyHKe 3.1 (cMm. mabopaTopHyro padorty Ne 3).

IIpoBenenne usmMmepeHuu.

1 [TogroroBka npudopa Kk padoTe NPOBOJUTCS B COOTBETCTBUU C MHCTPYKILIMEH.

[lepen norpyxeHHeM B aHAIM3UPYEMYIO Cpely IpH IEPEMEIEHUN U3 pacTBOpa
0oJee BHICOKOM KOHIICHTPAIIMKM B MEHEE KOHIICHTPUPOBAHHBIN pacTBOp (C Oosiee BbI-
COKMM 3HaueHHeM pX) 3JIEKTPOJHAs CHCTEMa JOJKHA MPOMBIBATHCSA JUCTUILIAPO-
BaHHOW BOJION.

[Tpu u3mMepeHusIx HeoOXOAMMO YUUTHIBAThH, UTO BPEMs YCTAHOBJICHHS MTOTEHITU-
aja M3MEPUTENIBHOTO B3JIEKTPOJa M HHEPIMOHHOCTh TepMokomIiieHcatopa TKA-7.3
OOBIYHO HE MPEBBIIAIOT 3 MUH C MOMEHTA MOTPYKEHUS B AaHAIIM3UPYEMYIO CPELy.

Ilopsook npogedenus uzmepeHui.

— n3MmeputenbHbii 3nekTpos 3M-NO3-07CP 3akpenuTs B IITaTUBE U MOJAKIIO-
yuTh K THe3ny U3M;

— anekTpoa cpaBHeHuss DBJI-1M3 3akpenuTh B IITaTUBE, BBIHYTh PE3UMHOBYIO
poOKy B OOKOBOM CTEHKE AJIEKTPOAA U JICKTPOJI MOAKIIOYUTh K THE3LY MOJIKIF0Ye-
HUs BcrioMorarenbHoro aekrpoaa BCII 3;

— aBTOMATHYECKU TEPMOKOMIIEHCATOP 3aKPENUTh B IITATUBE U MOIKIIOUHUTH K
Bxony TKA;
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— MOHOMEP BKIIFOYUTH B CETh U MPOrPETh B T€UEHUE 15 MUH;

— MPOMBITh JJIEKTPOJ AUCTUUIMPOBAHHON BOJIOM W YAAIUTh OCTATKU BOJbI
($uabTPOBATLHON OyMaroii;

— MOTPY3UThH JIEKTPOJIbl U TEPMOKOMIIEHCATOP B U3MEPSIEMBII pacTBOD;

— naxatb knaBuiy CETh. Ha aucriiee oTpakaeTcsi KOHIICHTpAIUsl pacTBOpa.

Iloocomoexa npob npodykmos numanus K pabome.

1 Ha 20 r cBexepa3mMosOThIX IUIOAOB WM oBoulerd HaimuBaroT 100 mu 1-mipo-
LEHTHOI0 pacTBOpa AJIOMOKAJIMEBBIX KBACI[OB. AHAJIW3 MPOBOJAAT B CTaKaHUYMKaX
Ha 150 mu1, B30anTEIBAIOT 3...5 MHUH.

2 B cTtakaH ¢ aHaIM3UPYyEMO CpeAOor MOMEIAIOT JIEKTPOIbI IPUdopa.

3 Pe3ynbrarhl u3MepeHuit opopMUTh B BUIE€ TaOIUIBI 4.3, cAenaTh BHIBO/I.

4 B npoMexyTKax MexIy U3MEPEHUSIMU U3MEPUTEIIbHBIA JIEKTPOJl XPaHUTh B
pactBope il BbiMauuBaHus, T. €. B pactBope KNOs ¢ koHuentpanueit 0,1 Moab/Kr
H>0O. BecnoMmoraTenbHbIN 3JEKTPO] MOKHO XPaHUTh B CYXOM BUJIE€ C 3aKPBITOM MPOO-
KoM 160 B HackieHHOM pacTBope KCIl.

Tabnuna 4.3 — Pe3ynbTaTsl U3MepeHUs

HaumenoBanue H3mepenHnoe conepxa- Honyctumoe conepixa-

3aKII0YeHHUE
MPOJTYKTA HUE HUTPATOB, MI/KT HUE HUTPATOB, MI/KT

KOHmPOJleble eonpocaol

1 Bo3aelicTBue HUTPATOB U HUTPUTOB HA OPraHU3M YEJIOBEKA.

2 Bo3aeiicTBUE HUTPO3aMUHOB U HUTPO3AMHJIOB HAa OPTraHU3M YEJIOBEKA.
3 MeTtoabl CHUKEHUS COIEPKAHUS HUTPATOB.

4 Ha3naueHue ¥ NpUHIUI pabOThl HOHOMEpA.

5 Ilopsiaok paboThl C HOHOMEPOM JIJIsl UBMEPEHUSI HUTPATOB.

5 JlabGopaTopHass padora Ne 5. OmnpenesieHue >HepreTHYECKHUX,
IKOJIOTHYECKHUX M arporexHu4eckux I3(P(PeKToB OT BHEIAPEHUA
OMOra3zoBbIX KOMILIEKCOB

Leab padoThl: U3y4uTh METOAMKY OIICHKU d(PPEKTUBHOCTH OT BHEAPEHUS OUO-
ra3o0BOI YCTaHOBKH IO MepepaboTKe OTXO0B )KMBOTHOBOJYECKUX KOMIUIEKCOB.

5.1 Teopemuueckasa uacmp
5.1.1 Pacuem sHepeemuueckux acnekmos copaicueaHusi OuoMacchyi.

OnpenenuTs CyTOYHBI 00beM IpoM3BOAMMOro Ouorasza Qs, M>/CYT, B Me30-
¢unbHOM pexume paboThl OMopeakTopa:

05 =0,01-5-> 1, -m;-(100-W,), (5.1)
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rae b — yCpeIHEHHBIH BBIXOJ OMOrasa s >KUIKOTO CBHMHOIO HAaBO3a, M/KT; JUIs
paKTUYECKOM padoThl MpuHUMaeTcs paBHbiM 0,0204;

n; — KOJINYECTBO I'OJIOB B i-H ITOJIOBO3PACTHOM I'PYIIIIE )KUBOTHBIX;

m; — CyTOYHasl Macca dKCKPEMEHTOB OT OJHOM I'OJIOBBI KUBOTHBIX I-U IOJIOBO3-
PacTHOM TPYMIIBI JKUBOTHBIX, KI/CyT; orpenessieTcs no tabdmure 5.1;

Wi — BIIa)XHOCTb CBIPbsi, OT OJJHOM T'OJIOBBI KUBOTHBIX - MIOJIOBO3PACTHOM I'PyII-
bl JKUBOTHBIX, %; onpenensercs no tadnume 5.1.

Ta6mmma 5.1 — CyToUHBIN BBIXO/] M BIQXKHOCTh SKCKPEMEHTOB Pa3JIMUHBIX ITOJIOBO3PACTHBIX
IPYIII CBUHEN

[TonoBo3pactHas rpynna Macca 3KCKpeMEeHTOB m1;, BnaxHocTh
YKUBOTHBIX KI/CyT skckpemeHToB Wi, %
Xpsaku 11,1 89,4
CBHHOMATKH 10,0 91,0
ITopocsita 0,7 86,0
CBUHBY HA OTKOPME 5,0 87,0

TemnnoBas momHOCTh Ok, KBT, 6M0ra3oBoro KomIiekca

_ QE Qé{ N, ‘1,163
24-10°

O ; (5.2)

re O, — Husmas paboyas TEMIOTA CrOpaHus Ouorasa, KKaju/M>; i IpeBapHUTETb-

HBIX PACYETOB IPUHUMAETC paBHOM 5200 Kkan/m>;
Os — CyTOYHBIN 00BEM IPOU3BOAUMOrO OUOrasa, M>/CyT;
nv — KI1JI 6uora3zoBoro xomruiekca.
['omoBast BwIpaboTka TermoBo »Hepruu @, [kan/ron, paccumThIBaeTCS
o gopmyiie

_0797'QK T, _(Qs 'KCH 'TE)/24
1163

) , (5.3)

rae Ok — TeIIoBasi MOIIHOCTh OMOTa30BOr0 KOMILICKCa, KBT;

T5 — 4ncno 9yacoB pabOThI YHEPTETUYECKOTO 000PYOBAHUS B TOJY; JJIS MIPEABA-
PUTENBHBIX paCUETOB IPUHUMAETCS paBHbIM 8350 u/rox;

O — CyTOYHBII 00BEM IPOU3BOAUMOTO OHOrasa, M>/CyT;

Kcn — ynensHOE moTpebiieHrne TEIIOBOM YHEPTUU Ha COOCTBEHHBIE HYXIbI OMO-
ra30BOro KOMIUIEKca, KBT u/M’; npunnmaercs pasubiv 1,188 kBt u/m>;

T'’s — 4nciio yacoB pabOThl OMOra30BOr0 KOMILIEKCA B TOAY, Y/TOM; JIsl IpeABapH-
TEJIbHBIX PACUETOB MPUHUMAETCs paBHbIM 8760 4/ro.

I'onosas BeipaboTKa 3exTposneprun N, KBt u/ron, onpenensiercs kak
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T
N=086-10"-0, -0, ==, (5.4)
TE
rae Ok, Os, To u Ts — 10 %e, uTo u B popmyuie (5.3).
TomoBast 5KOHOMHS IPUPOAHOIO ra3a Gr, ThIC. M>/TOMI, PACCUUTHLIBAETCS CIIELY-
IOIIUM 00pa3oM:

7-(b,-Q+b,-N/1000)

GF = H > (5'5)

O

rie by — ynenbHBIN pacxo]l TOIJIMBAa Ha BhIpaOOTKy 1 ['kay TerioBoW ’HEpruu Ha

O0MorazoBoM KOMILIEKCE, KT y. T./I'kai; Ay npeaBapUTeNbHBIX pacyeTOB MPUHUMAET-

cs paBHbIM 168 Kr y. T./'Kai;

b> — ynenpHBIA pacxo TOIJIMBA Ha BBIPAOOTKY | kBT 4 anekTposnepruu Ha 3a-

MBIKAIOIIEH KOHJICHCAIIMOHHOMN AJIEKTPOCTAaHINH, T Y. T./(KBT 4); nis npeasaputenb-
HBIX pacyeToB MpuHUMaeTcs paBHbIM 312 ry. T./(kBT 4);

Q. — nmsmas paboyas TEMIOTa CrOPaHMs IIPUPOIHOTO ra3a, KKau/M>; 1y npe-

BAPUTENLHBIX PACYETOB IpHHUMAETCA paBHOU 8000 KKa/Mm>.
[IpUTOK JEHEXHBIX CpPEACTB OT CHUCTEMHOM HKOHOMHUHM MPUPOJHOTO ra-
3a I1r, p./ron, onpenensiercs 1no popmyiie

I,=G,.-C,, (5.6)

rae Cr— CTOMMOCTB IIPUPOIHOTO Ta3a, ThIC. P./TOM; IS NPEABAPUTENLHBIX PACIETOB
pUHKUMaETCs paBHOM 488,89 p. 3a ThiC. M’ rasa.

5.1.2 Pacuem acpomexunuuecKkux acnekmos copa’rcusanusi OuoMaccoi.
Pacuer yBenuueHus ypokalHOCTH MPOU3BOJUTCS TOJIBKO NIt 00bEMOB, HEpas-
JICJICHHBIX Ha KUJKYIO U TBEpAYyI0 (hpakliii CTOKOB.

VBenu4eHne ypoxKaiHOCTH i-i CeTbCKOXO03AMCTBEHHON KyIbTyphl AU,

wps T/TOL,

B HATYpaJIbHOM BBIPpAKCHHUHA
AU, =0,001-U"-S"-Au', (5.7)

rae U’ — nepBoHavaibHas yposKaHOCTb i-i KyJIbTYpPBI, 1/Ta;
S" — mwomae, 3aHsTast i-ii KyJIbTypOi, Ha KOTOPYIO BHOCHIIKCH COPOKEHHBIE CTO-
KH, Ta/TOI;
Au' — U3MEHEHHE YPOKANHOCTH i-i KyJIbTYpHI, %; Onpeaensercs mo tabuuie 5.2.
[TpuObLTH OT yBEeNmuueHUs ypoxaitHocTu [lyp, p./TOJ, paCCUNTHIBACTCS KaK

HyP :ZAU;/P C;w (58)

riae U,, — yBelM4eHne yposkailHOCTH -l CENbCKOXO3AMCTBEHHON KYJIBTYPhl B HATY-
pajJbHOM BBIPAXKEHUH, T/TOJ;
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Ci

« — CTOUMOCTb i-iI CEIbCKOXO3AHUCTBEHHOW KyJbTypbl, p./T. IlpuHumaer-

cs1 200 p./t nost kaprodens, 400 p./t mist ssamenst u 740 p./T nos parca.

Tabmuma 5.2 — YBenudeHne ypoKaiHOCTH CEIbCKOXO03SHWCTBEHHBIX KYJIbTYP MPH BHECCHUH
COpPOKEHHBIX CTOKOB

CenbCKOX034MCTBEHHAS KYJIbTypa VBenuuenue ypoxaiinoctu Au’, %
Kaprodens 3,2
SumeHb 4,2
Pamnc spoBoit 11,4

COposkeHHy10 6MoOMaccy, Kak MPpaBUiio, Pa3aeisitoT Ha KUIKYIO U TBepAyo (da-
3p1. TBepayto a3y rpaHyaupylOT U CyIIaT AJs MOJYYeHHS TOTOBOTO K IMPOJaxke
npoaykta — ynobpenuit. CyTouHbli 00BeM oOpa3yrormieiicss TBepaond (pak-
n Gyjy, KT/CyT, pacCUUTHIBAeTCS 10 popmyie

v, k. -(1-0,01-7,)
“100-(1-0,01-W,)

(5.9)

rae Wr — BIaXHOCTh TBEpAOH (ppakiuu mociie pasnueneHusi, %; A npeaBapuTeb-
HBIX pacyeTOB IPUHUMAETCS paBHOU 72 %;

kc — nonst cOpoxeHHON GroMaccel, NOCTynarouie Ha pasaeneHue, %;

W — BIa)XHOCTb CBEKEH OMOMaccChl, IOCTyNnarolel Ha cOpaxuBanue, %;

W2==2;f5—ﬁL——L, (5.10)

cym
rac chm — C}’TO‘IHBIIZ BbIXO/Jl OKCKPEMCHTOB OT BCCX BO3PACTHLIX I'PYIIII J)KUBOTHBIX;

chm :Zmi N, (511)
IZI€ 1; — KOJIUYECTBO I'OJIOB B i-1 II0JI0BO3PACTHOM I'PYIIIE )KUBOTHBIX;

m; — CyTO4YHas Macca 3KCKPEMEHTOB OT OJHOW I'0JIOBBI )KUBOTHBIX i-H I10JIOBO3-
pPacTHOM I'PYIIIBI )KUBOTHBIX, KI/CYT; onpeaessieTcs mo tadmuuiie 5.1;

Wi — B1aXHOCTb CBIPbsl OT OJHOU I'OJIOBBI KUBOTHBIX I-i IOJIOBO3PACTHOU I'PYII-
bl )KUBOTHBIX, %0; onpezensercs no taduuue S.1.

ITputok neHexHbIX cpeacTB /1y, p./TOJ, 3a CUET IPOAAXK pa3AeIeHHON (ppaKIuu

B KauecTBE yJIOOpEHMi, MIOJOPOAHBIX CIOEB MOYB U KOMIIOCTOB PACCUUTHIBAETCS
o gopmyiie

_G6,-C,-T

Y 24000 (5-12)

rae Cyy — CTOUMOCTh TBEPJION (PpaKIuu, THIC. P./T; ISl MPEIBAPUTEIHHBIX PACUETOB
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npuHUMaeTcs paBHoi 0,52 p./Kr yaoOpeHui;
T — uncno 9acoB pabOThI TEXHOJIOTHYECKOTO 00OPYNOBaHMS B TOMY, Y/TOM; IS
MpEeABAPUTENbHBIX PACYETOB MPUHUMAETCS paBHBIM 8760 u/ro.
[Iputok nenexHsIx cpeactB Ily, p./To, 3a CYET COKpauieHUs 00bEMOB BHOCH-
MBIX TIECTULIUIOB U TePOUIIHIOB

HX:CX'ZE'SH (513)

raie Cx — TmepBOHayajgbHasi CTOUMOCTh OOpPaOOTKM XUMHUYECKUMH Ipenaparamu
IUISL i-i CeNIbCKOXO34MCTBEHHOM KYJBTYpPBI, p./Ta; s MpeABapUTEIbHBIX PacUETOB
puHUMaeTCs paBHOU 35 p./ra;

Ax' — COKpalllcHHEe BHECCHHsI XHMHYECKUX MPENapaToB IS i-i CEbCKOXO35IH-
CTBEHHOM KYJbTYpBbI, %0; olipesenseTcs no tadauue 5.3;

Si — oAb 3eMJIM IO CENbCKOXO03SMCTBEHHYIO KYJIBTYPY, Ha KOTOPYIO BHO-
CSITCSl XUMUYECKHUE Mpernaparsl, ra/ro.

Tabnuna 5.3 — VYmeHbllleHHE OOBEMOB HCHOJIb3YEMBIX IPENAapaToOB I10CIE BHECCHUS
cOpO’KEHHBIX CTOKOB

CenbCKOX0341iCTBEHHBIE KYIbTYPBI CHmKeHne BHECEHUS] XUMHUYECKUX TpenapaTos, %o
3epHOBBIE KYJIbTYpPbI (SIYMEHB) 7
MHoroseTHue TpaBbl (paric) 2
Kaprodensb 9

5.1.3 Pacuem 3K0102UY4eCKUX ACNEKMO8 COPANCUBAHUSL OUOMACCDL.

Jns npenBapuTENbHBIX PacYETOB CHUKEHUE BBHIOPOCOB MAPHUKOBBIX Ta30B B
atMocdepubiii Bo3ayX AGyr, T/TOJ, B TiepecyeTe Ha JUOKCHUJ YIJIepoJa MOXKET OBITh
paccuyuTaHo 1o gpopmyie

r

AG. =L 10500, (5.14)
500

[TpuTOK NEHEKHBIX CPEJCTB OT MPOJAXKU TOOPOBOJIIBLHBIX COKpAIICHUI BBHIOPO-
COB MapHUKOBBIX Ta30B [/, p./TOM, onpenenseTcs no popmyiie

1, =AG, -C,,., (5.15)

rae Cpr— cTouMOCTh 1 T BBIOPOCOB MapHUKOBBIX Fa30B B MEpECUETe HA TUOKCHUJ YT-
aepona, p./T; A MPEABAPUTEIBHBIX pacyeTOB MpuHUMaeTcst paBaHou 30 p./T.

[IpuTOK AEHEKHBIX CPEACTB 3a CUET COKpAICHHUSI 00BEMOB COpPACHIBAEMBIX CTO-
KOB, CHIDKCHHS Harpy3Kd Ha OYHCTHBIC COOpYXeHHus Il,, p./TO1, pacCUUTHIBACTCS
o ¢popmyJie
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_AC, TV, 516
°" 24000 '

rne ACy — CHIDKEHUE CTOMMOCTH BHOCHMBIX B Ka4eCTBE YAOOPEHUN W HE TIOCTYIIA0-
el Ha OYMCTHBIE COOPY>KEHUs OMOMAcCCHhI, P./TOM; AJi MPEIBAPUTEIbHBIX PacyeTOB
npuauMaeTcst pasHoit 0,060 p./KT 3a ChIpbe, MOCTyMHAaroee Ha mepepadoTKy;

T — ancmo 9acoB pabOThl TEXHOJIOTHYECKOTO O00OPYIOBaHMS B TOMY, Y/TOM; IS
peIBapUTEIbHBIX PACUETOB IpUHUMAaETcs paBHOM 8760 u/rox;

Veym — 00BEM i-TO CBIPBS, TTOCTYIIAIOIIETO Ha MepepadOoTKy, KI/CyT.

5.1.4 Dxonomuueckasn 3¢ghghekmusHocmov 8HedperUst OU02A30801 YCMAHOBKUL.
Kpurepuem sxoHOMUYECKOM 3(PHEKTUBHOCTH OMOTa30BOM YCTAHOBKH SIBIISAETCS
COOTHOILIIEHHE

.+, +M, +1,+1,+1,>E, -K+ U, (5.17)

rae E, — HopMaTUBHBIN KO3(GOUIIMEHT CpaBHUTENHbHON 3((HEKTUBHOCTH KaIllUTallb-
HBIX BHokeHui, £, = 0,12;
K — KanuTanoBIIOKEHUS; U1 MPAKTHUYECKOW padOThl NPUHUMAIOTCS PABHBI-
mu 100 TBIC. p.;
U — ro10BBI€ AKCIUTYaTAalMOHHBIE U3IEPKKH; JIJISl IPEIBAPUTEIBHBIX PACUETOB
MOTYT ObITh onpeneneHsl kak 0,1K.
HToroBbIii 5kOHOMHYECKUH 3PGEKT OT BHEAPEHUSI OMOra30BOM YCTAHOBKHU

=Y 1,-(E,-K+H), (5.18)
rae Y I, = I + Iy + Iy, + [y, + 1, + 11,
5.2 Ilpakmuueckasn wacmo

3adaua. PaccunutaTh 3HEPreTUUECKUE, arPOTEXHUYECKUE U DKOJIOTHYecKue (-
(dekTbl OT BHEApPEeHHs] OMOra3oBOl YCTAaHOBKHM MO NepepabdOTKe OTXO/I0B KHUBOTHO-
BOJIYECKOr0 KoMmIuiekca. OnpenennuTts, ecTb U dKOHOMHYECKast 3()(PEKTUBHOCTh OT
BHEJPEHUs1 OMOra3oBOi YCTAaHOBKHM Ha YKMBOTHOBOAUYECKOM KoMmiuiekce. McxonaHbie
JaHHbIE K 3aJja4e MpeicTaBIeHbl B Tabaune 5.4.

KOHmpo./leble eonpocol

1 Yro siBAsieTcst ChIpbeM Uit OMOTa30BbIX YCTaHOBOK?

2 3a cYeT 4ero nojaydusicss HanOOJbIIMN MPUTOK JIEHEKHBIX CPEJCTB B MPOLIECCE
BHEJIPEHUS] OMOra30BOM YCTAHOBKHU?

3 C yeMm cBs3aHbI KOJIOTHYECKUE aCIIEKThI OT BHEAPEHUS OMOTra30BOil yCTaHOBKU?
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6 JlabopaTopHasi padora Ne 6. Pacuer 3¢ ekTHBHOCTH THNINYHBIX
IHeprocoeperarImx MeponpUusTHIA B NMPOU3BOJACTBEHHBIX
OPraHU3anusaX

eab padoThl: U3YUYUTh METOJUKY OIEHKH 3((HEKTHUBHOCTH dHEprocoeperaro-
IIIUX MEPOIPUITHI B IPOU3BOJICTBEHHBIX OpraHU3aIHIX

6.1 Teopemuueckas wacmep

6.1.1 Pacuem sKkoHOMUU 271€KMPOIHEPSUU U CPOKA OKYNAEMOCU 3AMEHbL NHEG-
MOMPAHCNOPMA HA MEXAHUYECKVIO CUCMEMY MPAHCHOPMUPOSKU.

[Ipu 3ameHe MHEBMATUYECKOW CHCTEMBI TPAHCIIOPTUPOBKM HAa MEXAaHUYECKYIO
SKOHOMUYECKUH 3P (PeKT 3HeprocOepexeHust JOCTUTAETCS 3a CUET:

— CHIDKEHHUS pacxojia 3JEKTPOIHEPTHH Ha TMPOM3BOJCTBEHHBIC HYXIBI BCIE-
CTBHE BBIBOJIA M3 DKCIUTyaTallMd SHEPTOEMKOr0 00OpYyAOBaHMS, 00ECIECYHBAIOIIETO
HE0OX0IMMOe JaBJICHUE JIsi CUCTEMbI THEBMOTPAHCIIOPTA;

— YMEHBIICHHS SKCIUTyaTallHOHHBIX 3aTparT.

Jlnist mpoBeieHNsl CPaBHUTEIILHOTO aHAJIN3a ONPEIEISIOTCS FOA0BBIE PACXObI AJIEK-
TPOSHEPTHHU JIEKTPONOTPEOIISIONMM 000PYI0BAaHUEM ITHEBMATHUECKOW Jy7p, KBT u/rog,
U MexaHudeckor Duey, KBT 4/roa, cucreM TpaHCIOPTUPOBKH OTEIBHO MO TPYIIaM
o0opyaoBaHus 1o hopmye

9, =N

1TH v ' c (6.1)
rae Ny — cymMMapHasi yCTaHOBJIEHHAss MOIIHOCTh TPYMIbI 3JICKTPONOTPEOISIONIETO
o0opynoBaHusi (HaCOCHI, KOMIIPECCOPHI Il MHEBMOTPAHCIIOPTA; CKPEOKOBBIE KOH-
BeHephl, KOBIIIOBBIC 3JIEBATOPHI JIJII MEXaHUYECKON CUCTEeMBI), KBT;

Ky — x03(p(dUIHUEHT HCTONb30BaHUS SJIEKTPUYECKON MOIIMHOCTH JIsI COOTBET-
CTBYIOLIEH TPYMIIBI AJEKTPONOTPEOIIAIONIETO 000PYAOBaAHUS;

T'c — TOIOBOE YUCIIO YaCOB UCIIOJIb30BAHUS CPEIHEN HArpy3KH Uil COOTBETCTBY-

IOIIEH TPYIIIBI AJIEKTPOTIOTPEOIIAIONIETO 000PYAOBAHUS.
3MEX:Ny'KH'Tca (6.2)

rae Ny, Ku, Tc — 10 %e, uto u B popmyie 6.1.
DKOHOMUS 3IeKTpodHeprun AD, KBT 4/ToJ1, OT BHEIPEHUS MEPOTIPUITHS

AD=D,_ -3 . (6.3)

DKOHOMHUS TOIUIMBA OT 3aME€HbI THEBMOTPAHCTIOPTA HA MEXAHUYECKYIO CUCTEMY
TPAHCHIOPTUPOBKU AB, T y.T., C yU€TOM MOTEPHb B AJEKTPUUECKUX CETAX HA TPaAHC-
HOPTUPOBKY JIEKTPOIHEPTUHU 10 BBOJIOB TOKOIIPUEMHHUKOB MPEANPUSTHS:

AB=A3-(1+0,01-k_)-b -10°, (6.4)
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rae b, — ynenbHbIA pacxo]l TOIUIMBA HA OTIYCK 3JEKTPOIHEPrUH; MPUHUMAETCS PaB-
HbIM (PAKTHYECKOMY PAcXoJly TOIJIMBA HA 3aMbIKAIOIIEH CTAaHIMU B SHEProCHCTEME
(JIykomnbckoii  I'POC) 3a  rom, npeauIecTBYIOMIMA — COCTABIICHHIO — pacyera,
ry. T./(xkBt-u). B 3agaue npuanmaercs pasasiM 300,2 1 y.1./(kB11);

knom — TIOTEPU DIEKTPOIHEPTUH B INEKTPOCETSIX (C yUETOM pacHpeeIUTEIbHBIX )
B cucreme I'TIO «bemsneproy». [Ipunnmaercs paBubiM 11,3.

s mpeaBapuTEIbHBIX PACUETOB YKPYHMHEHHBIE KamuTajioBloxkeHus K, p.,

MO>KHO paccumTath 1o opmyre

K=145-C,, (6.5)

rae Cos — CTOUMOCTb 000pYIOBaHUS, P.
Onpenenenue cpoka OKymaeMocTH 1ok, JIE€T, MEPOUPHITHS TPOU3BOIUTCS
o ¢popmyJie

K

T, =—
© AB-C,.,

(6.6)

rjae K — KanmuTaloBIOKECHUS B MEPOIIPHUATHE, P.;

AB — 5KOHOMUS TOTUIMBA OT BHEJIPCHUS MEPOIIPHUATHUSA, T Y. T.;

Cmym — cTOUMOCTB 1 T y. T., KoTOpas cocraBiusgeT Ha 2018 1. 220 momr. CILIA/T,
win 440 p./T.

6.1.2 Pacuem 5KoHOMUU IIeKMPOIHEP2UL U CPOKA OKYNAEMOCMU OM OeyeHmpa-
JU3AYUU KOMIPECCOPHO20 XO3AUCMEA.

[Tpu neneHTpan3auu KOMIPECCOPHBIX CTAHIMKM C MEPEeX0J0M Ha JIOKaJIbHOE
MIPOU3BOJICTBO CKATOTO BO3yXa YKOHOMHUYECKUH 3P(HEKT TOCTUTAETCS 3a CUET:

— CHIDKEHUS pacxojia 3JEKTPOIHEPIMH Ha IMPOU3BOACTBEHHBIE HYKIbI BCIEI-
CTBHE BBIBOJIa U3 3KCIUIyaTallUd YHEPrOEMKHX IMOPIIHEBBIX KOMIIPECCOPOB U OTKIIIO-
YEHUS NUTAIOLIEN OICTAHIINH;

— JMKBUJAIMHN TPOTSHKEHHBIX MaruCTPaJbHbIX JTUHUHN MOJAa4YH CKATOro BO31yXa
Y UCKJIIOYEHUS MTOTEPH MPHU €r0 TPAHCIOPTUPOBKE;

— paszzerneHusl MnoTpeOuTenel Cx)aToro BO3JyXa IO YPOBHSAM HEOOXOIUMOIO
JABJICHUS U MOJJICPKAHUS €ro BRIpaOOTKM HA YPOBHE (PaKTHUECKH HEOOXOAUMOM IO-
TPeOHOCTH;

— CHIDKEHHUSI pacxojia dJEKTPOIHEPIUHU 3a CUET OTKIIOUEHHS HEIKOHOMHYHOMN
CTaHIMU OCYUIKU BO3/1yXa U CUCTEMbl 00OPOTHOTO BOJAOCHAOKEHUS;

— YMEHBUICHMsI SKCIUTyaTallMOHHBIX 3aTpaT: OTCYTCTBHE HEOOXOJUMOCTU AMA-
THOCTHKU U OCBHUJETEJIbCTBOBAHUS CTAllMOHAPHBIX PECHUBEPOB, MPEKPALEHUS OTOI-
JIEHUS ¥ COJIEPKAHMS 3JaHUSI UEHTPAIIBHOM KOMITPECCOPHOM.

["'010BOI pacxo/1 AIEKTPOIHEPTUU ITPU MPOU3BOJICTBE CKATOTO BO3yXa LIEHTpa-
JTM30BaHHBIM criocobom 3, KBT-4/roj, paccuutsiBaetcs no hopmyie (6.1).

["onoBoit pacxof anekTposHepruu 3,, KBT 4/roj, npu obecnedennn notTpedHo-
CTH IPOMU3BOJICTBA B CKaTOM BO3/lyX€ ITOCPEICTBOM YCTAaHOBKH JIOKAIbHBIX (BUHTO-
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BBIX) KOMITPECCOPOB OMpeieseTcs mo Gopmyrie

347 =n: Nyl ) Kul ) Tcl > (6'7)

rae N, | — yCTaHOBJIEHHas: MOITHOCTb 3JIEKTPOIMOTPEOIsIonero o0opyaoBaHus (Haco-
ChI, KOMIIPECCOPHI JIJIsl THEBMOTPAHCIIOPTa; CKPEOKOBBIE KOHBEHEPHI, KOBIIOBHIE AJIe-
BaTOPHI JJI1 MEXaHUYECKON CUCTEMBI), KBT;

K1 — k03P GUIMEHT UCTIONB30BaHUS YJIEKTPUIECKON MOIITHOCTH JIEKTPONOTPeO-
JISIOIIEro 000Py10BaHuUS,

T.1 — roIoBOE YHCIIO YaCOB MCIOJIb30BAHUSI CPEAHE HArpy3KH 3JIEKTPONOTpeo-
JISIIOIIET0 000pYyI0BaHUSI.

DKOHOMHS JIEKTPOIHEPTUU IDyp, KBTU/TOA, OT CHUKEHUS TTOTEPh MPU HUCKITIO-
YEHUU MaruCTPAIbHBIX TPYyOOIIPOBOIOB MOAYM CXKATOTO BO3AyXa M OT MPUMCHCHHUS
ABTOMATUYECKON PETYIMPOBKH MPOU3BOAMTEILHOCTH HOBBIX KOMIIPECCOPOB, KOTO-
pas coctaBiseT 12 %:

Omp=0,12 - 3. (6.8)
DKOHOMUS AEKTpodHeprun AD, KBT-4/roj, OT BHEAPEHUS] MEPOTIPUITHUS
AD =Dy ~+ Oump — . (6.9)

DOKOHOMMSI TOIUIMBA OT JIELEHTPAIU3alUU KOMIPECCOPHOTO XO0341CTBa paccuu-
ThIBaeTCs 1o Gpopmyie (6.4).

Pa3mep yKpynHEHHBIX KalUTAJIOBIOKEHU MPOU3BOAUTCS 110 Gpopmyiie (6.5).

Cpoxk OKymaemMoCTH MeponpusTus onpezaensercs no gopmyne (6.6).

6.1.3 Onpeoenenue 3KOHOMUU MENOIHEPUU U MONIUBA, CPOKA OKYNAEMOCMU
om 6HeOpeHUs: MenI0OYMUIU3IAmMopo8 6 CUCEMAX MeXAHUYECKOU NpUmo4Ho-
BLIMANCHOU BEHMUNAYUU U KOHOUYUOHUPOBAHUSL 8030YXA.

OKoHOMUYEeCKHH 3(h(PEKT OT BHEAPEHUS TEIUIOYTHIIN3ATOPOB B CUCTEMaX MeXxa-
HAYECKOW NPUTOYHO-BBITSHKHOM BEHTWISIHUA W KOHJWIIMOHUPOBAHUSA BO3AyXa B
IIEPBYIO OUYEpEIb TOCTUTAETCA B PE3YyJIbTATE YMEHBIICHHS PAacXoJa TEIJIOBOM JHEp-
MU Ha HarpeB MPUTOYHOTO BO3/yXa, MOJABAEMOr0 B OOCIYyKHUBaeMbl€ MMOMEIICHUS.
Harpes nmputodHoro Bo3ayxa B TEIJIOYTHIA3ATOPE MPOUCXOINT 32 CYET OTBOJA TEII-
JIOTBI OT IOTOKA yAAISIEMOTO BO3AYyXa K HAPYKHOMY IPUTOYHOMY BO3AYXY.

KonnuecTBO CIKOHOMIIEHHOM TEIUIOBOW SHEPIrUH, MOJIE3HO BO3BPAIIAEMOM TeN-
JIOYTUJIN3aTOPOM, CKJIAJIBIBAETCS M3 MOTOKA SIBHOM TEIIOTHI, 00YCIOBICHHOM TeMIIe-
paTypoy yAansieMoro BO3AyXa, U MOTOKA CKPBITOM TEIUIOTHI, BBIICIAIOLICHCS B Mpe-
JieJ1ax MOBEPXHOCTH TEIUIOYTUIIA3aTOPa PU KOHACHCALMU COAEPKALLEHCS B yIajsie-
MOM BO3J1yX€ BIIaru.

OO0111ee KOMMYECTBO COKOHOMIIEHHOM TerioBoil sHeprun AQ, ['kan/g, mone3Ho
BO3BpAIIa€MOM TEIJIOYTHIIN3aTOPOM B TEUEHHUE KAJIEHIApPHOIO ro/ia,
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AQ =024, +(ty1 ~ Loyt ) € Lop oy - 2107, (6.10)

cp,ext ) cp,ext

i€ €10 — TETI0BASA 3 (HEKTUBHOCTH TETIOYTUIN3ATOPA 10 TOJTHON TEIUIOTE;

tep, — TEMIIEPATYpa yaansieMoro Bo3ayxa, °C;

fep.ext — TEMIIEPATYPA HAPYIKHOTO BO3ayXxa, °C;

¢ — TemI0éMKOCTh BO3ayxa, KJk/(M*-°C); s pacyeToB NPUHUMAETCS paB-
M 1,3 kJIx/(m-°C);

Lep,ext — 00BEMHBIN pacxo HAPYKHOIO IPUTOYHOTO BO3AyXa, M>/4;

Z — YHACIIO YacOB pabOThl CUCTEMbI BEHTWISALIUU C UCTIOJIb30BaHUEM TEILIOYTUIIHU-
3aTopa B TEYEHHE ro/1a.

[Tpy ucnosib30BaHUU TEIVIOYTHUJIM3AaTOPa BO3PACTAIOT MOTEPU JABJIECHUSA B CH-
CTEME€ BEHTUJISLIMY IO TPAKTY IPUTOYHOIO U yIAIIEMOr0 BO31yXa. BrI3BaHHBIE 3THUM
JOTIOJIHUTENIbHBIE 3aTpaThl dJeKTpuueckod sHeprun AJ, kBTu, onpenenstor
o ¢opmyiie

L
T (6.11)
36007,

rae AP — TONOJHUTEIbHBIE CyMMAapHBIE MMOTEPH JABJIEHUS B TEIIOYTUIN3ALUOHHOM
YCTAaHOBKE 110 TPAKTY IPUTOYHOIO U YIAJIEMOro Bo3ayxa, [1a;
Lep.in— cpennnii 3a BpeMst pabOThl CUCTEMBI PACXOJT TIPUTOYHOTO BO3AyXa, M>/4;
Ne.y. — KIIJl BEHTUIALIMOHHON YCTaHOBKH C IIPUBOJIOM.
OkoHoMMUS TouMBa AB, TYy. T., B pe3yJibTaTe BHEAPEHUs SHEProcOeperaroniero
MEPOIPUATHUS

AB=AQ-b —AD-b -(1+0,01-k_), (6.12)

r71€ by — yICNbHBINA pacxo]l TOIUIMBA Ha MPOU3BOJCTBO TEIUIOBOM SHEPTUU HA TETIO-
WCTOYHHUKE, T'y. T./'Kam;

b, — yAENbHBIA pacxoj TOIUIMBA Ha OTIIYCK AJEKTPOIHEPTHH MPUHUMAECTCS PaB-
HbIM (PAKTUYECKOMY PAcXoJly TOIJIMBA HA 3aMbIKAIOIIENH CTAaHIMU B SHEProCHCTEME
(JIykomnbckoidi  I'POC) 3a  roa, npeaiIecTBYIOIIMHA  COCTABIEHUIO — pacyera,
ry. T./(kBt4). B 3agaue npunumaercs pasasiM 300,2 ry. T./(kBT1);

knom — TIOTEPHU DIEKTPOIHEPTUH B IIEKTPOCETSIX (C yUETOM pacHpeeTUTEIbHBIX )
B cucreme I'TIO «bemsueproy». [Ipunumaercs paBubiM 11,3.

Pa3mep yKpynmHEHHBIX KaUTAIOBIOKEHUN TPOU3BOAUTCS Mo hopmyiie (6.5).
Cpok OKymaeMoCcTH MEpONpUsITHS orpeensercs no hopmyie (6.6).

6.1.4 Pacuem 3xoHOMUU 3]IEKMPOIHEPUL U CPOKA OKYNAEMOCMU OM 6HEOPEHUs
KO2eHepayuoOHHOU YCMaHOBKU.

st pacyeTa 5KOHOMHM TOIUIUBA MPU BHEAPEHUHN KOTCHEPAIMOHHBIX YCTAHOBOK
HE0OXO0MMO 3HATh 3aTPaThl TOTUIMBA HA MPOU3BOJICTBO AIEKTPUUECKONW U TETJIOBOM
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SHEpPruM Ha Heu. [ 3Toro ciegyer pacCuMTaTrh yAECIbHBIA U 4aCOBOM pPacxo TOI-
JIMBa Ha MPOU3BOJICTBO IEKTPUUECKOU U TEIJIOBOW SHEPTHM.

YnenpHBIN pacxon TommmBa b, T y. T./(kBT'4), Ha TPOU3BOACTBO SIEKTPH-
YECKOW dHEPrun

b =123 100, (6.13)

n,

r7e 1, — Ko3hOUIMEHT MOJIE3HOT0 JAEHCTBUSA KOT€HEPaIlMOHHONW YCTAaHOBKHU MO KOH-
JIEHCAIlMOHHOMY ITUKITY, %0.

YacoBoii pacxoa yCIOBHOTO TOTUIMBA B,, KT y. T./d, HAa TIPOU3BOJICTBO JICKTPO-
SHEPIruu MO KOHJAECHCAIIMOHHOMY LUKITY

b3 ) N cm
B =—— (6.14)
1000

rae b, — yIenabHbI pacxo]l TOIUIMBA Ha MPOU3BOJCTBO AJIEKTPOIHEPIHH 1O KOHJEH-
CallMOHHOMY UKy, T'y. T./(kB-v);

Nyem — YCTaHOBJIEHHAs JJIEKTPUYECKAas MOIIHOCTh KOIE€HEPAIlMOHHOM YCTa-
HOBKH, KBT.

JIist ynpouieHust pacuyeToB NPy CPAaBHEHUH 3aTPAT HA BBIPAOOTKY 3JIEKTPOIHEP-
ruu Ha snekTpoctaniusax ['TIO «bemdHepro» u 3aTpaT HAa KOMOMHUPOBAHHYIO BhIpa-
OO0TKY 2JIEKTPOIHEPTUU Ha KOTC€HEPAIIMOHHBIX YCTAHOBKAX yAEJbHBIN PacXo]] TOILIH-
BA Ha OTIIYCK TEIUIOBOW 3HEPIUM IIPUMHUMAETCS HAa YPOBHE YJEJIBHOI'O pacxoja TOI-
JMBa KOTEJIbHOM, paboTaromieil Ha rase, M ONpeAeNseTcs pacxoll TOIUIMBA
By, KT'y. T./4, Ha OTIIYCK TEILJIOBOM SHEPTHUU:

B,=b,-0,.,, (6.15)

rae Oyem — YCTAHOBJIEHHAS TEILIOBAs MOLIHOCTh IPUHATON 33 aHAJIOT KOT'€HEpaLlOH-
HOM yCTaHOBKH, I Kail.

["'010BOM pacxos yCIOBHOIO TOIUIMBA HAa BBIPAOOTKY JIEKTPOIHEPTUU B, KT'Y. T.,
Ha BIOpAHHOMN KOT€HEPALMOHHON YCTaHOBKE 110 KOMOMHUPOBAHHOMY LIUKITY

B, =(B -B,)T (6.16)

yem °

DNEKTPOdHEPrHs, BHIPAOOTAaHHAs 3a TOJ KOIE€HEPalMOHHOH YCTaHOBKOM,
agblp, KBT'q,

3 =N_-T (6.17)

8bIp yem yem 2

A€ Nyenm— YCTAaHOBJICHHAs! MOIIHOCTh KOT€HEPALMOHHON YCTaHOBKHU, KBT;
Tyem — 9UCIIO YaCOB UCIIOJIB30BaHUs YCTAHOBJICHHOW MOIIHOCTH, Y.
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KosnngectBo snmekTposneprun DY | KBT'u, OTMYIIEHHOW KOT€HEPAMOHHOM

omn

YCTaHOBKOW:

=3 (1-a2), (6.18)

omn

rae o) — K03 PUIMEeHT NoTpeOIeHHs JIEKTPOIHEPTUN Ha COOCTBEHHBIE HYK/IbI KO-

T€HEPAllMOHHOM YCTAaHOBKHM (Ha IyCKOBBIE YCTPOWCTBA M JPYro€ 3JIEKTPUYECKOE
obopynoBanue), %.

Heo0xonnmoe KOIM4YecTBO 3JIEKTPOIHEPTUHU, OTIYIIEHHON C IIKUH 3JIEKTPOCTaH-
it TTIO «bemsnepro», 27 | kBT 4, ¢ y4eTOM MOTEPH B 3JIEKTPUUECKUX CETAX Ha €€

omn 2

TPAHCTIOPTUPOBKY 7O BBOJOB TOKOINPHUEMHUKOB TPEANPHUATHS OINPEACIICTCS
o ¢popmyiie

AD
O =00 | 1= |, (6.19)
100
rae OV — anekTposHeprusi, OTHyIICHHAas TypOOreHepaTopoM H MOTpeOIeHHAs

npeanpusTueM, KBt u;
ADnom — K03 PHUIHMEHT, YUUTHIBAIOIINN TOTEPH B SJICKTPUUECKUX CETAX, %o.
Dkonomust Toruea ABYY | T'y. T., Ipu NMPUMEHEHUU BBIOPAHHOW KOT€HEepalu-
OHHOU YCTaHOBKH
AB“™ =(3° .p7 — B )-107, (6.20)

omn 29

rne 2°¢

omn

KOJIMYCCTBO JJICKTPOSHEPTHUH, OTHy1].I€HHOI71 C IIMH J3JICKTPOCTAH-

uuii I'TIO «bemsneproy», ¢ yueToM motepb B AJIEKTPOCETSAX HA TPAHCIOPT 3IEKTPO-
sHepruu, KBr-u;

b” — ynenpHBI PACXOJ TOIUIMBA HA OTIIYCK DJIEKTPOIHEPIUU IPUHUMAETCS
paBHBIM (PaKTUYECKOMY PacxXody TOIUIMBA HA 3aMBIKAIOUICH CTAHIIMM B YHEPTOCHUCTE-
Me (Jlykomnbckoit I'POC) 3a roa, npeamecTBYIOMIMNA COCTABJICHUIO pacyeTa,
Kr y. T./(kBT-4). B 3anaue npunumaercs paBubiM 0,3 kr y. T./(kBT4);

B3 — To10BO# pacxo TOIJIMBA Ha BBIPAOOTKY AJIEKTPOIHEPIUU BHIOPAHHOU KO-
FeHEPAMOHHOW YCTaHOBKOM, KT Y. T.

Pa3mep ykpynmHEHHBIX KalUTAJIOBIOKEHU MPOU3BOIUTCS 110 popmyiie (6.5).

Cpoxk OKyImaeMOCTH MEpONpHATHs onpeenseTcs 1o hopmyne (6.6).
6.2 Ilpakmuueckasn wacmo
3aoaua 1. PaccunTarh SKOHOMHIO DJIEKTPOIHEPIUU U CPOK OKYIIAEMOCTH 3aMe-

HbI THEBMOTPAHCIIOPTA HA MEXAHUYECKYIO CUCTEMY TPAHCHOPTUPOBKHU HA TIPEANPHUSI-
tun. cxoaHable JaHHbIE K 3a1a4e B Ta0uie 6.1.
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Ta6muna 6.1 — Ucxoausle JaHHBIE K 3amaue 1

Bapuant ITHeBMOOOOpYy1OBaHKE O0opynoBaHHe MEXaHHYECKOW TPAHCTIOPTUPOBKH

Ny, kBt Ky Te,u Ny, kBT Ky Te,u Cos, .
1 200 0,84 7300 160 0,84 7300 120800
2 160 0,75 5840 120 0,75 5840 158400
3 220 0,66 4380 180 0,66 4380 144800
4 180 0,8 6570 140 0,8 6570 178900
5 160 0,72 4380 120 0,72 4380 173700
6 180 0,84 7300 140 0,84 7300 212800
7 220 0,75 5840 180 0,75 5840 198400
8 160 0,66 4380 120 0,66 4380 104800
9 200 0,8 7300 160 0,8 7300 118900
10 200 0,72 7300 160 0,72 7300 123700
11 160 0,84 6570 120 0,84 6570 140800
12 220 0,75 5840 180 0,75 5840 188400
13 180 0,66 4380 140 0,66 4380 124800
14 160 0,8 4380 120 0,8 4380 178900
15 180 0,72 5840 140 0,72 5840 173700

3aoaua 2. PaccuutaTh SKOHOMHUIO JIEKTPO3HEPTHH U CPOK OKYIIAEMOCTH OT JICLICHT-
paHM3ali KOMIIPECCOPHOTo X03stiicTBa. MicxomHble JaHHbIe K 3a/1aue B Tabmuie 6.2.

Taonuua 6.2 — VMcxonHsle faHHBIE K 3a1aye 2

[THeBMoOOOpynOBaHKE HoBoe o6opynoBanue
Bapuant

Ny, kBT Ky Te,u n Ny1, KT Kui Te1, 9 Cos, p.
1 200 0,84 | 7300 4 70 0,66 7300 15500
2 160 0,75 5840 3 60 0,71 5840 15840
3 220 0,66 | 4380 5 50 0,64 4380 14800
4 180 0,8 6570 3 60 0,84 6570 38900
5 160 0,72 | 4380 4 40 0,75 4380 13370
6 180 0,84 | 7300 4 60 0,66 7300 45500
7 220 0,75 5840 3 60 0,8 5840 158400
8 160 0,66 | 4380 4 40 0,72 4380 14800
9 200 0,8 7300 4 65 0,66 7300 38900
10 200 0,72 7300 4 50 0,75 7300 13370
11 160 0,84 | 6570 3 70 0,71 6570 12500
12 220 0,75 5840 3 70 0,8 5840 15840
13 180 0,66 | 4380 4 45 0,72 4380 14800
14 160 0,8 4380 3 70 0,66 4380 18900
15 180 0,72 5840 3 60 0,75 5840 13370

3aoaua 3. PaccuntaTh 5KOHOMUIO TEIUIOPHEPTHHU U TOILUIMBA, CPOK OKYITaeMOCTH
OT BHEJIPCHUS TEILIOYTHIN3aTOPOB B CUCTEMAaX MEXaHWYCCKON MPUTOYHO-BBITSKHOM
BEHTWIAILUN U KOHJIMIIMOHUPOBAHUS BO3yXa Ha NMpeanpusTun. FICXoaHbIe TaHHBIC K
3agade B Tabmuie 6.3.
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Tabnuua 6.3 — McxonHble JaHHBIE K 3a1a4e 3

tenl, | fepext, Lepext, z, AP, bmo, Lep.in, Cos,
BapHant| e 0pC IZ’C Ml;/‘-l q Ma |ryr/Txan| Ml;/‘-l p.
1 0,5 | 24 5,5 300 8760 | 300 168,1 0,85 2 1120800
2 0,45| 23 7,1 280 7200 | 250 169,21 0,9 1 1158400
3 0,65| 20 6,2 400 7920 | 350 164,75 0,8 3 1144800
4 0,7 18 6,8 320 8760 | 400 166,87 0,75 1 1178900
5 0,85 | 21 5,8 380 7200 | 300 162,78 0,85 5 1173700
6 0,55] 19 5,5 340 7920 | 250 165,45 0,9 2 1212800
7 0,6 | 22 7,1 360 8760 | 350 168,04 0,8 3 1198400
8 0,75 24 6,2 300 7200 | 400 169,16 0,75 3 1104800
9 0,8 | 23 6,8 280 7920 | 300 164,8 0,85 4 1118900
10 0,5 20 5,8 400 8760 | 250 166,93 0,9 3 1123700
11 0,45| 18 5,5 320 7200 | 350 162,73 0,8 1 1140800
12 0,65| 21 7,1 380 7920 | 400 1654 0,75 2 1188400
13 0,7 19 6,2 340 8760 | 300 168,1 0,85 3 1124800
14 0,85 22 6,8 360 7200 | 250 169,21 0,9 7 1178900
15 0,55] 24 5,8 300 7920 | 350 164,75 0,8 2 1173700

3aodaua 4. Paccuntath SKOHOMHUIO AJIEKTPOIHEPTHH U CPOK OKYIAEMOCTH OT BHE/-
pEeHHSI KOT€HEPAIMOHHOM yCTaHOBKH. VICX0HBIE TaHHBIC K 3a/1a4e B Tabmuie 6.4.

Taobnuua 6.4 — MicxonHble faHHBIE K 3a1aye 4

Bapuanr | 1o, % | Nyem, KBT | Qyem, TKas | b, BM>/4| Tyem,u | O 5 % | ADpom, % | Cos, P.
1 36 300 36,4 2,3 8760 0,8 12 45500
2 37 199 22,6 2,2 7200 0,6 11 158400
3 36 238 31,2 2.4 7920 0,9 14 44800
4 34 179 25,6 2,1 8760 0,8 15 38900
5 38 401 47,2 2,5 7200 0,85 13 133700
6 36 300 36,4 2,3 7920 0,8 12 45500
7 37 199 22,6 2,2 8760 0,6 11 158400
8 36 238 31,2 2.4 7200 0,9 14 44800
9 34 179 25,6 2,1 7920 0,8 15 38900
10 38 401 472 2,5 8760 0,85 13 133700
11 36 300 36,4 2,3 7200 0,8 12 45500
12 37 199 22,6 2,2 7920 0,6 11 158400
13 36 238 31,2 2.4 8760 0,9 14 44800
14 34 179 25,6 2,1 7200 0,8 15 38900
15 38 401 47,2 2,5 7920 0,85 13 133700

KOHmPOJleble 60NpPOCHI

1 Kakue aHeprocoeperaroime MEponpysTis MOKHO peaTu30BaTh HA TIPETPUATHH?
2 Kakue sHeprocOeperaromme MEpONpPHUATHS HUMEIOT CaMblii KOPOTKHUN CPOK
OKYHaeMOCTH?
3 3a cuer KakMX IIOKa3aTeleil MOXXHO COKPAaTUTh CpPOK OKYHaeMoCTH?
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7 JlabGopatopnass padora Ne 7. Omnenka »3¢pdexkTUBHOCTH
HCI0JIb30BAHUS BTOPUYHBIX IJHEPrOpeCcypPcoB

Heab padoThl: paccuuTaTh 3KOHOMHYECKYIO 3()(PEKTUBHOCTH HCIOIB30BAHUS
BTOPUYHBIX dHEpropecypcoB (BOP).

7.1. Teopemuueckas uacmso

Knaccugurayuu snepeemuyeckux omxooos. [lpu ynorpeOieHun SHEPTUNA U Ma-
TEPUAJIOB B TEXHOJIOTMUECKHUX MPOIEccax Ha BCIIOMOTaTeIbHbIC HYXKIbI WIIH B cepe
YCIYT NOTEHIMAJ YHEPTOHOCUTEIIEH MCIIOIB3YETCsl HE MOJHOCThIO. Ta 4JacTh dHep-
YW, KOTOpasi IPsIMO WM KOCBEHHO HE MCMOJIb3YETCS KaK IMOJIe3Has ISl BBITyCKa ro-
TOBOM MPOAYKLMH WM YCIYT, HA3bIBACTCS 2Hepeemuueckumu omxodamu. OOIme
SHEPreTUYECKUE OTXOJbI PABHBI PA3HOCTU MEXK]y SHEPTUEN, MOCTYNAIONIENH B TEXHO-
JIOTUYECKUH aIrapar, ¥ I0Je3HO0 UCIIOIb3yEMON DHEPTUEH.

DHEPreTUUeCKUi MOTEHITMAT OTXO0I0B U MPOIYKIIMHU KJIACCUDUITUPYIOT IO 3ara-
Cy SHEpPruil B BUJIE XUMHUYECKH CBSI3aHHOU TEIIOTHI (eoprouue BIOP), dbusznueckoit
TEIIOTHI (mennosvie BOP), NOTeHIIMAIBLHON HEPTUU U30BITOYHOTO AaBieHus (BOP
U30bIMOUHO20 0ABIEeHUS).

B3P MoryT npuMeHSTHCS 10 CIEAYIOIIUM HAIPaBICHUSIM.

— TOIUTUBHOMY — C WCIIOJIb30BaHUEM HE MPUTOIHBIX K TadbHEUIIeH nepepadoTke
FOPIOYUX OTXOJ0B B KAYECTBE TOILINBA;

— TEIJIOBOMY (XOJOJWJIBHOMY) — C HCIIOJIb30BAHUEM TEIUIOThI OTXOJSIINX Ta30B
nevye U KOTJIOB, TEIJIOTH OCHOBHOM, MPOMEXKYTOUYHOM M MOOOYHOM MPOIYKIIUHU, OTpa-
OOTaHHOM TEIUIOTHI TOPSYMX BObI, Mapa U Bo3ayxa 1 BOP u30bITOYHOTO 1aBieHus;

— CWJIOBOMY — C HMCIOJIb30BAHMEM MEXAHUYECKOW M JJIEKTPUYECKON SHEPIuu,
BbIpabaThiBaeMoil 3a cuet BOP;

— KOMOMHHPOBAHHOMY — JIJIsl TIPOM3BOJICTBA TEIUIOTHI (X0J10/1a), SIEKTPUIECKOMN
WJIM MEXAHUYECKOM SHEPTHUH.

[Ipu pa3paboTke MPEnIOoKEHUM M TMPOEKTOB MO YTUIIU3AIMH DHEPTETUYCCKUX
OTXOJIOB HEOOXOIMMO 3HaTh BhIX0A BOP. Pasnuuaror yaenbpHBIA U OOMIMI BBIXOA
BOP. Vaenbubiit Beixon BOP paccunThiBatoT uinu B eAuHuUIly BpemeHu (1 4) paboTsl
arperara-ucrounuka BOP ¢, , kJ[)/c, Win B MOKa3aTeNsX Ha EAUHUILY MPOLYKIHH,
kJkx/kr, kJx/en. mpo.

s reroBeix BOP:

q;qu'Athq'C'(l‘l—l‘z), (7.1)

rae my — YIEIbHBIA pacxoj] SHEProHOCUTENS (TOIUIMBA) B €AUHUILY BpPEMEHH,
kr(v®)/c, My Ha eMHUIYY TPOAYKIUH, KT(M°)/e1l. TIPO.I.;

Ah — mepemaa SHTaNBIUNA Ha BXOJIE M BBIXOJE arperara-uctounuka BOP,
JOx/Kr(m>);

¢ — yAeNbHas TeTIOEMKOCTH TeruioHocutens, kJx/(kr-°C);
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1, » — TeMIlepaTypa TEIUIOHOCUTENSI Ha BXOJE M BBIXOJE arperara-ucrod-
nuka BOP, °C.
Jlnst roprounx BOP

C]; =my - QH B (72)

rAe my — YIENbHBIA pacxoj SHEProHOCUTENS (TOIUIMBA) B €AUHUILY BpPEMEHH,
kr(v®)/c, MM Ha eMHUIYY TPOAYKIUM, KT(M°)/e1. PO ;

On — HM31Ias TEIIOTA cropanus roprounx BOP, kJIx/kr(m?).

st BOP n30bITOYHOTO JaBICHUS

q5=mq-L=mq-%-(Tl—n), (73)

ri€ my — YJEJIbHBIM pPacxXo] JHEProHOCUTENs (TOIUIMBA) B EAWHUILY BPEMEHH,
kr(M®)/c, WM Ha eqUHUILY TPOAYKIUH Kr(M>)/el. mpo.;

L — paboTa U303HTPOITHOTO PACIIUPEHUS YHEPTOHOCUTES, KJ[K/KT;

R — razoBas nocrosinaas, kJ[x/(kr K);

k — mocTosiHHAs aguadaThl;

T, T> — Temnieparypa ras3a g0 ¥ nocjie yTUIN3aluOHHON yCTaHOBKH, K.

Teopetuueckuit Boixoa BOP (temoBoit Or, x/x/rox (kBT-4/roa), umm smexr-
puyeckoil Wr sHeprum) 3a paccCMaTpUBAEMbIl EPUOJI BPEMEHU MOXHO ONPECTUTh
a100 1o 00bEMY MPOAYKIIHH

QT (WT)= q, M, (7.4)

rae q, (q., q.,, q. ) — yaeapubiit Beixon BOP, kJK/kr;

M — pacxo ChIpbs, TOIIUBA WM BBIXOJI OCHOBHOM MPOAYKIIMH, KT (€]1. TPOIYK-
IIUN)/TOI,
100 10 BpeMEHH pabOThl yCTAHOBKHU

0,(W,)=3600-q, T, (7.5)

rae q, (q., q,, q, ) — yaenbHbiit Beixoq BOP, kJx/c;

T — Bpems paboThl arperara-uctounuka BOP 3a paccmaTpuBaemblil nepuos, .
TonbKO YacTh PHEPTUU OT TEOPETHUUECKOTO Bbixoga BOP moxeT ObITh HCTOMB-
30BaHa Kak ToJie3Has. BripaboTaHHAas TeIjioBas HEPrUsl B YTUIM3AIMOHHOMN yCTa-
HoBKe Qo, I'JIx/TO1, 3a cueT BOP MoeT ObITh ompenesieHa Kak

0,=0,-p-(1-8)c-10", (7.6)

rae Or— TeOpEeTHYECKUI BBIXOJ] TEINIOBOM YHEpTruu, kJk/To;
B — k03¢ duIMeHT, yUUTHIBAIOIIUA HECOOTBETCTBUE PEKUMa M YKCJIa YacOB pa-
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00TBI YTUITU3AIIMOHHON YCTAaHOBKH U arperara-uctrounnka BOP;
& — K03 GHUIUEHT TOTEPh SHEPTUH YTUIN3AIUOHHON YCTaHOBKOW;
G — K03 (DUIIMEHT UCTIOIb30BaHUS BBIPAOOTAHHON TEIUIOTHI.
Bripabotka temnoBoit suepruu Qo, I'JIx/rox, 3a cuer roprounx BOP

Qdﬁ :QT '0'10_69 (77)

rae Or — TECOPETUIECKUN BBIXOJT TETUIOBOM dHEPTUu, KJ[x/To;

G — KO3((QUIIMEHT UCIIOIb30BaHUs BHIPA0OOTAaHHOMN TEIIOTHI.

BripaGoTka »saekTposHepruu B YTHIM3AlMOHHOW TypOune W, kJDK/TOn
(xkBT-9/ron), 3a cuét BOP n30bITOUHOTO MaBICHUS

er = WT "My M5 " No> (78)

rae Wr— TeopeTHdecKuil BhIXOT AJIEKTpUuUeckor auepruu, kJx/roa (kBt-u/roxn);
No — oTHOcHuTeNnbHbIN BHYyTpeHHuit KII1/I TypOunst;
Nw — Mexannueckuit KI1/] TypOunsi;
N> — KII ] anexTporeneparopa.
['omoBasi 5KOHOMHS yMEMAeMOoro TormBa AB, T y. T., IPU UCIOJIb30BAHUU T'O-
prounx BOP HenmocpecTBEHHO I COKUTAHUSI pACCUUTHIBAETCS KaK

AB=0,0342-0, -, (7.9)

3am

rae Q. — ucnoiab3oBaHHble roptourne BOP 3a paccmartpuBaemsblii nepuon, I'/Ix;
1y — KII ] yTmiim3anMOHHON yCTaHOBKU;
Nsav — KIIJI ycTaHOBKH, paboTaroleii Ha 3aMeniaeMoM TOILIUBE.
['onoBas sxkoHOMus TomiMBa AB, T y. T., IPU UCHOJb30BaHUM TEIIOBBIX BOP
JUIsl HarpeBa napa Wid BOJIbl, TEIUIOCHA0KEHUS B Cllydae pa3febHOU CXEMbI SHEPTo-
CHAOXKEHMSI IPENPUATHUS ONPEIEISIETCS KaKk

M:Q@.w, (71())

n 3am

rae (o — UCNoNb30BaHHbIE roproune BOP 3a paccmaTtpuBaemsliil nepuon, I'J1x;
Nsan — KITJL ycTaHOBKH, paboTaroiei Ha 3aMelaeMoM TOTUIHUBE.
[Tpu BbIpaOOTKE HA YTHUIM3AIMOHHON YCTaHOBKE AJIEKTPOIHEPTUU WIIM MEXaHU-
4ecKoi paboThl PKOHOMHS TOIIMBA PACCUUTHIBAECTCS KAK

0,123
ni‘[LH

AB

W, 107 =3-10"-b_-W,, (7.11)
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rne b, — yienbHbIN pacxo]l SHEPrOHOCUTENS Ha TIPOM3BOJICTBO SHEPTUH, T'Y. T./(KBT 1);
W4 — KOTU4eCcTBO BhIpaOaThIBAEMOM 3JIEKTPOIHEPTUH, KBT- u/Tox;
Nsan — KIIJI ycTaHOBKH, paboTaroieil Ha 3aMeNnaeMOoOM TOTUTHBE.

7.2 Ilpakmuueckasn wacmo

3aodaua 1. llpeanpusiTie UCMONB3YET TOIUIMBHBIE PECYPCHI B pazmepe M, 1/rox,
KOTOPBIE TIPH MEPEPAOOTKE JAIOT BBIXOJ M1y, M> /KT, TOPIOYMX Ia30B ¢ HU3LIEH TEILIO-
Toit cropanus Qn, MJx/M>. OnpenennTs BHIPAOOTKY TEIJIOBOM SHEPTUHM M TOIOBYIO
SKOHOMHIO TOIUIMBA OT MCIMOJIb30BaHus roprounx BOP. McxoaHbie JaHHbBIE K 3a/1a4e
npuBesieHbl B Tabnuue 7.1.

Taomuua 7.1 — McxonHele qa”HHbIe K 3aga4de 1

BapuaHT M, T/ron My, M>/KT Ou, MJTx/M> Ny c Noau
1 30,5 0,30 20,1 0,60 0,85 0,70
2 22,5 0,33 21,7 0,65 0,70 0,60
3 20,0 0,28 19,6 0,70 0,85 0,65
4 24,5 0,30 22,1 0,65 0,75 0,75
5 21,0 0,33 20,6 0,70 0,90 0,70
6 23,5 0,28 21,2 0,75 0,88 0,80
7 20,5 0,30 21,5 0,70 0,92 0,82
8 20,0 0,33 20,3 075 0,74 0,78
9 21,0 0,28 20,8 0,80 0,78 0,74
10 28.0 0,30 21,6 0,68 0,82 0,85
11 20,0 0,33 20,7 0,73 0,86 0,80
12 21,5 0,28 20,6 0,78 0,89 0,86
13 28.0 0,30 21,3 0,67 0,79 0,80
14 22,0 0,33 19,9 0,72 0,77 0,75
15 24.5 0,28 20,2 0,77 0,87 0,88

3aoaua 2. Onpenenutb BBIPAOOTKY 3JIEKTPOIHEPTHH M SKOHOMHIO YCIOBHOTO
TOTUIMBA B TEYCHHUE TOJ1a HAa MeOenbHOM GabprKe MpH UCTIOIB30BaHUH roprounx BOP
B KOTJIE 32 CYET TEIUIOTHI TOPEHUS IPEBECHBIX OTX00B. IcX0/MHbIE TaHHBIC K 3a7a4e
IpeICTaBlIeHbI B TabmuIe 7.2.

3adaua 3. OnpenenuTh BO3MOXKHYIO BBIPAOOTKY 3JIEKTPOIHEPTUU U SKOHOMMUIO
TOP B yTUIM3aIIMOHHON TypOMHE 3a CUET M30BITOYHOrO JaBiieHHUs. McxomgHble naH-
HBIE K 3aJ1a4e MpeACTaBIeHBI B Tadauie 7.3.

3aoaua 4. Onpenenure BbIPAOOTKY 3JIEKTPOIHEPTHMH M SKOHOMHIO YCIOBHOTO
TOTUIMBA MPU UCTOJIb30BaHUU BOP H30bITOYHOrO NaBieHus B TypOMHE 3a CUET IpH-
POJIHOTO Ta3a, MOJaBaeMoro Ha ra3opacrpeaeanTeabHbli MyHKT. VicXoHble TaHHbIe
K 3a/1aue Ipe/iCTaBlIeHbl B Tabnuie 7.4.

Ilpumeuanue — T'azoBas noctosiHHast R = 0,52 xJIx/(kr-K), koapduunent aanadatsl npupoi-
Horo raza k= 1,315.
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Taonuua 7.2 — VcxoaHble JaHHBIE K 3a1a4e 2

Bapuant | Ou, MJK/kT T, u My, T/C ul o MNsan
1 18,0 3000 56 0,72 0,88 0,88
2 19,6 4000 68 0,8 0,92 0,84
3 22,1 3600 60 0,81 0,91 0,89
4 20,6 4200 58 0,71 0,9 0,86
5 21,2 3800 62 0,75 0,86 0,85
6 21,5 4500 64 0,74 0,84 0,87
7 20,3 3200 59 0,82 0,83 0,88
8 20,8 3000 63 0,73 0,82 0,84
9 21,6 4000 61 0,78 0,88 0,89
10 20,7 3600 57 0,75 0,92 0,86
11 20,6 4200 65 0,77 0,91 0,85
12 21,3 3800 66 0,79 0,9 0,87
13 19,9 4500 56 0,76 0,86 0,88
14 20,2 3200 68 0,72 0,84 0,84
15 20,1 3000 60 0,8 0,83 0,89
Tabnuna 7.3 — MicxonHble TaHHBIE K 3a/1a4e 3
Bapuant M, 3 7 L, 3 Mu e Mo Nsau
ea. mpoAd. | M°/ed. mpon. kB1u/m
1 10000 20,0 10,1 0,60 0,81 0,96 0,85
2 12500 19,5 11,7 0,65 0,89 0,98 0,70
3 13000 18,0 9,6 0,70 0,92 0,92 0,85
4 14500 18,5 12,1 0,65 0,91 0,90 0,75
5 11000 20,5 10,6 0,70 0,90 0,91 0,90
6 13500 20,0 11,2 0,75 0,87 0,97 0,88
7 10500 19,5 11,5 0,70 0,85 0,95 0,92
8 12000 18,0 10,3 0,75 0,88 0,94 0,74
9 11500 18,5 10,8 0,80 0,92 0,93 0,78
10 14000 20,5 11,6 0,68 0,91 0,96 0,82
11 10000 20,0 10,7 0,73 0,90 0,98 0,86
12 12500 19,5 10,6 0,78 0,86 0,92 0,89
13 13000 18,0 11,3 0,67 | 0,84 0,90 0,79
14 14500 18,5 9,9 0,72 0,83 0,91 0,77
15 11000 20,5 10,2 0,77 0,82 0,97 0,87

3adaua 5. Onpenenure rogoBo SKOHOMHUYECKUN 3(PPEKT U CPOK OKYIMaeMo-
CTU KOTJIa-yTHJIM3aTopa TeIoBbiXx BOP, ncnonb3yomniero 3HEpruio ropsiueid BoAbl,
€CJIM U3BECTEH PAacXo]i BOJbI, TEMIEpaTypa BOAbl Ha BXOJE U BbIXOJI€ YTUINU3ALH-
oHHOU ycTtaHoBKH, KII/[ 3aMemaromen 1 yTUIM3aluOHHON YCTaHOBKU. McX0THbBIE
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JTaHHBIC K 3ajade — B Tabuwuie 7.5. YaenpHy0 TEIJIOEMKOCTh BOJBI MPUHATH PaB-
Hoti ¢ = 4,2 xJIx/(kr-°C).

Taomuua 7.4 — McxonHsle faHHBIE K 3a1aye 4

Bapuanrt | my, xr/c | 4©,°C | t,°C T,u4 ry. T./b(a;cqu) o o Mo
1 0,036 220 80 5600 310 0,8 0,92 0,93
2 0,032 200 50 6400 308 0,68 0,91 0,96
3 0,04 210 75 6000 298 0,73 0,9 0,98
4 0,033 240 85 7200 306 0,78 0,86 0,92
5 0,042 230 90 5600 297 0,67 0,84 0,9
6 0,035 220 80 6400 307 0,72 0,83 0,91
7 0,041 200 50 6000 299 0,77 0,82 0,97
8 0,034 210 75 7200 302 0,8 0,92 0,93
9 0,039 240 85 5600 305 0,68 0,91 0,96
10 0,037 230 90 6400 300 0,73 0,9 0,98
11 0,036 220 80 6000 303 0,78 0,86 0,92
12 0,032 200 50 7200 309 0,67 0,84 0,9
13 0,04 210 75 5600 301 0,72 0,83 0,91
14 0,033 240 85 6400 304 0,77 0,82 0,97
15 0,042 230 90 6000 310 0,67 0,84 0,9

Tabmuma 7.5 — Mcxonaele JaHHBIE K 3a1a4e 5
Bapuant | mu., kr/C t, °C b, °C T,q B & Nsan o
1 0,3 98 70 8760 0,92 0,002 0,8 0,85
2 0,25 96 65 8350 0,98 0,005 0,92 0,7
3 0,31 95 68 7920 1 0,003 0,91 0,85
4 0,27 97 67 7200 0,72 0,004 0,81 0,75
5 0,32 89 69 8500 0,74 0,002 0,82 0,9
6 0,28 88 66 7860 0,99 0,001 0,9 0,88
7 0,26 94 71 7500 0,96 0,003 0,89 0,92
8 0,33 93 72 7350 0,94 0,004 0,83 0,74
9 0,34 92 70 8760 0,75 0,002 0,84 0,78
10 0,24 98 65 8350 0,78 0,005 0,88 0,82
11 0,35 96 68 7920 0,82 0,003 0,87 0,86
12 0,36 95 67 7200 0,84 0,004 0,86 0,89
13 0,3 97 69 8500 0,95 0,002 0,91 0,79
14 0,25 89 66 7860 0,93 0,005 0,85 0,77
15 0,31 88 71 7500 0,89 0,003 0,92 0,87
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KOHmpo./leble eonpocaol

1 OcHOBHBIE BUJIbI BTOPUYHBIX SHEPIETUUECKUX PECYPCOB.
2 OcHOBHBIE HanpaBJieHUs puMeHeHus: BOP.
3 3a cuer ucnonp30BaHus kakux BOP nomyueHa HanOosbIiasi 5KOHOMUSI TOIUIMBA?

8 JlaGoparopnas paGora Ne 8. OunmeHka CHMKeHHSI BbLIOPOCOB
MAPHUKOBBIX ra3os B pe3yJbTarte OCYylIeCTBJICHUSA
JHeprocoéeperauIuX MeponpUA T

Heab padoThl: U3yYUTh METOAUKY OLIEHKH CHM>KEHHSI BHIOPOCOB MAapHUKOBBIX
ra3oB B Pe3yJbTaTe OCYIIECTBIIEHUS dHEprocoeperaomux meponpusatuid B KKX.

8.1 Teopemuueckasa uacmep

8.1.1 Onpeoenenue 3xoHOMUU MONIUBA U MENTOMBL 3a CUEM MEPMOPEHOBAYUU
02PaANCOArOUUX KOHCMPYKYULL 30AHUIL.

DOKoHOMHYECKHH 3((EKT OT TEPMOPEHOBALUU OTPAKIAIOIINX KOHCTPYKLUH
3IaHUM JOCTUTACTCS 3a CUET YBEIUYECHUS TEPMOCOIPOTUBIICHHS OTPAKIAIOIMINX KOH-
CTPYKLUHW U YMEHBIIEHUS TEIUIOBBIX MOTEPb.

['omoBast sxoHOMUS TErIOBOM sHEeprun AQ, I'kan, 3a CUET CHHUYKEHHMS TEILTOBBIX
NIOTEPh YEPE3 OrpakJIar0IINe KOHCTPYKIIUA

AQ=FCT-(t8H—tH)~R1 —Rl T, -24-n-0,86-10"°, (8.1)

Thaxm Toocm

e Fer— miommans orpakaarolX KOHCTPYKIMIA, OABEPIHY THIX TEPMOPEHOBALIUH, M,

fon, 1w — TEMIIEPATYPA BO3/IyXa BHYTPU OMEUIEHHS U CHAPYKHU COOTBETCTBEHHO, °C;

RT gpaxm, RT 00em — PaKTUUECKOE M TOCTUTHYTOE TEPMOCOIIPOTUBIICHUS OTPaXIaro-
IIMX KOHCTPYKUMM 3JaHUS JI0 BBIMIOJHEHUS U TOCIE BBIIOIHEHUS MEPOIPUSITHS,
m?-°C/Br;

Tor — IpOIOIKUTENBHOCTh OTOIUTEIBHOTO IEPUOJA, CYT;

24 —94ucno 4yacoB B CYTKax, 4;

n — TONPAaBOYHBIM KOA(DPPUIUEHT Ha pa3HOCTh TeMIlepaTyp; NPUHUMAETCS IO
KJIMMATOJIOTMYECKUM JaHHBIM JIJIsl PETUOHA, TJI€ BHEAPSIETCS MEPOIIPUSITHUE.

Tepmoconporusienue Ry, M?-°C/BT, orpak1aroiux KOHCTPYKIUIH

d
R, = Ik (8.2)

rje d — TONIMHA MaTepraia OrpaKJaloluX KOHCTPYKIHMA, M;
[ — K03(pPUIHMEHT TEIIONPOBOIHOCTH MaTepHalia OTPaXAAIOIINX KOHCTPYKIUN U
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MaTcpualia TCIIIOU30JIAINH.

Ipumeuanue — R1 oocm TSI OTPAKIAIONINX KOHCTPYKIUI MIPEICTABISIET COO0M CyMMY TE€PMO-
COTIPOTUBIICHUH /Il MaTepraia OrpakJalolINX KOHCTPYKLIUN U MaTepralia TerION30JIALNH.

CHukeHre NOTpeOJeHUsT AJIEKTPOIHEPTHUH Ha TemsionuctouHuke AJD, kBt y,
Ha ITPOU3BOJICTBO TEIIOBOW DHEPTUU

AD =30 AO, (8.3)

TJI€ 9¢v — YACTBHBIA PACcXoj] SJIEKTPOIHEPTUU HA TIPOU3BOJCTBO U TPAHCTIIOPT TETLIO-
BOU DHEPrUM JJI TeIJIONCTOYHUKA, KBT u/['kaur;
AQ — TOJIOBOE CHIKCHHE TEIUIOBBIX IMOTEPh Yepe3 OTPakIarOIINe KOHCTPYKIIHH
(PKOHOMUS TEIUIOBOM dHEpruu), ['kam.
DOxoHoMus TorurBa AB», T y. T., Ha ICTOYHHKE JICKTPOCHAOKCHUS

AB, =A3-(1+0,01-k,)-b,, 10, (8.4)

rae AD — CHWKEHHE MOTPeOeHUs AIEKTPOIHEPTUM HA TEIUIOUCTOYHUKE HA MPOU3-
BOJICTBO TEIUIOBOM dHEPTUU, KBT u;
k> = — ko3(pdULIHEHT NOTeph IEKTPOSHEPTHU B IIIEKTPOCETAX; MPHUHUMAETCS

nom

paBHbIM 11,3;

bs» — yeNbHBIN pacxoj] TOIUIMBA Ha OTITYCK 3JIEKTPOIHEPTUU MPUHUMAETCS PaB-
HbIM (PAaKTUUYECKOMY PAacXoj]ly TOIJIMBA HA 3aMbIKAIOIIENH CTAaHIUU B SHEProCHCTEME
(JIykomnsckoit ['POC) 3a roa, mNpeamecTBYIONIMN COCTABICHHIO pacyera,
r y.T./(kBT-4); npuaumaetcs pasasim 300,2 r y.1./(kBT 4).

OkoHoMHUS TOIIMBA AB7, T Y. T., OT CHUKEHUS IOTPEOJICHHUS TETJIOBOM SHEPTUH

AB. =AQ-(1+0,01-k,, )b, 107, (8.5)

™ "

rae AQ — rogoBoe CHUKEHHUE TEIUIOBBIX IOTEPh YEPE3 OTPaXKAAIOIINE KOHCTPYKIIMH
(3KOHOMUU TEIJIOBOM AHEprum), I'ka;

br> — yAenbHbIA pacxo/ TOIUIMBA HA MPOU3BOJCTBO TEIJIOBOW SHEPIrUU Ha TEILIO-
UCTOYHUKE, KT y. T./['kan. B nensx coOmoaeHus COMOCTaBUMOCTH B pacué€rax cpe-
HUM yAENbHBIA pacxo]l MPUHUMAETCS PABHBIM KO3((PUIIMEHTY nepecuéra TeraoBOM
SHEPruu B yciaoBHOE ToruuBo 175 kry. T./['kam;

knom — K03(G(OUIIMEHT MOTEPH B CYLIECTBYIOIIUX TETIOBBIX CETAX.

CyMMapHasi 5KOHOMUS TOILJIMBA

AB = AB,+ ABy. (8.6)

Pacuém ymenvuenus 6p16pocos napuukoswix 2azos 8 pe3yibmame mepmopeHo-
8aAYUU 02PAAHCOAIOUUX KOHCIPYKYUL 30AHULI.

[Torpebnenue (pacxon) torumsa £, ['J[x/ron, B 0OIMNX SHEPTrEeTHYCSCKHUX €JIU-
HUIIAX [IPU NIEPEBO/IE TEIJIOBOM SHEPTUU
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E°=4,187-AB, (8.7)

rae AB — 3KOHOMUS TEIJIOBOM SHEPTHH, onpenensercs no gopmyre (8.6).

BriOpoce nuokcuaa yriaepona M co, 2 T/TOM, ONIPEAEIAIOTCS KaK

M, =E“-K (8.8)

co, *

rae E — morpebieHue (pacxoi) TOIUIMBA B OOIIMX DHEPTETHUYCCKHHA CIMHUIAX
I'Ix/rox;
K

co,
Ba, T/I'JI; mpuaumaercs pasabiM 0,072.
Bribpocsl meTana M ,, , T/TOJ, paCCUUTHIBAIOTCS KaK

— k03¢ UIMEHT BEIOPOCOB NUOKCUA YIJIEpOJia JIJis JAaHHOTO THUIa TOIUIH-

CH, >
M, =10°-E“-q,, , (8.9)

rae E° — morpeOieHue (pacxoj) TOILUIMBA B OOMIUX SHEPreTUYCCKUN CIUHUIIAX,
I'Ixx/ron;
4y, — YACTbHBIA BbIOpOC MeTana, Kr/I'lx4 npunumaercs pasabiM 0, 1.

Bri6pock! 3akucu azotra M, , T/TOHA, ONPEAEIISIOTCS CIEeTYIONUM 00pa3oM:

N,O0?
MNZO — 10—3 . Ete . quO , (810)

rae E — morpebineHue (pacxoj) TOIIMBA B OONIMX DHEPTETUYCCKUN CIUHUIIAX,
I'Ix/rox;
qy,0 — YACIBHBIN BBIOpOC 3akucH a3ota, Kr/I'Jx; npuaumacercs pasubiv 0,0006.

CokpalrieHre BIOPOCOB MApHUKOBBIX Ta3oB P. ., T/ron, B dkBuBajeHTe CO;

B PE3yJIbTaTE€ TEPMOPEHOBALIUU

Pl =M, +21-M,, +310-M,,, (8.11)

GHG

e M, — BBIOPOCHI TMOKCHIA YIJIEpOJa, T/TOI;
M
M

e, — BBIOPOCHI M€TaHa, T/TOJ;

v.o — BBIOPOCBI 3aKUCH a30Ta, T/TOJ.
2

8.1.2 Onpedenenue 3koHOMUU MONAUBA U MENTOMbL 3A CUEM 6HEOPEHUS IHED-
209¢hhexmuenvix okoHHbBIX 010K08 U3 I11BX.

DOxoHOMHUYECKHI 3 (PEKT OT BHeIpeHUs: OKOHHBIX 0510k0B u3 [IBX nocturaercs
3a CYerT:

— YBEJIMYEHUS! TEPMOCOIPOTUBIIEHUSI OKOHHBIX OJIOKOB M YMEHBIIEHHS pacxoja
TEIUIOBOM SHEPruu Ha KOMIIEHCALMIO TOTEPh TEILIa;

— yBeIUYeHUsA KOd(p(ULHEHTa BO3AYXOIPOHUIAHUS M YMEHBIICHHUS pacxoja
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TEIUIOBOM SHEPIrUM HA HAarpeBaHUE HAPYKHOT'O BO3AyXa, IMOCTYIAIOLIETO IIyTEM HH-
bunbTpanuK yepes Miesid OKOHHBIX TPOEMOB;

— YBEJIMUEHHUS CPOKA CIIYKObI U OTCYTCTBHSI AKCIUTYaTalIMOHHBIX 3aTpaT (OKJIEeH-
Ka, OKPACcKa).

['onmoBoii pacxox TemnoBoil sHeprun Qor, I'kan, Ha KOMIEHCALUIO MOTEPh Teruia
Yyepes3 OrpakIaroIue KOHCTPYKIIMH OKOHHBIX MIPOEMOB PaCCUUTHIBACTCS 110 opMmyJie

Q,=-2-(t —t)n-T, -24-10°, (8.12)

riae Fo — miomans OKOHHBIX IIPOEMOB, M,

Rr — CONPOTUBIEHHE TEILIONEPENAUE OrPAKIAIONIMX KOHCTPYKLIUH OKOHHBIX
npoemoB, M> °C u/KKai,

fen, 1w — PACUYETHBIE TEMIIEPATYPHI BO3/IyXa BHYTPU IIOMELIEHHS ¥ HAPYKHOTO
BO3ayXa, °C;

n — k03P HULUENT, 3aBUCAIINIA OT IOJOKEHHUS HAPYKHOM TOBEPXHOCTH OIPak-
NAKOIIUX KOHCTPYKIMH M0 OTHOIIEHUIO K HAPYKHOMY BO3IYXY;

Tom — NJIMTENHLHOCTD OTONUTEBLHOTO IEPUO/IA, CYT.

TomoBoit pacxo TerutosHeprut Osay, I Kal, Ha KOMIIEHCAIMIO MOTEPH TEIlia Je-
pe3 OrpakJarolIne KOHCTPYKIIMK OKOHHBIX MHPOEMOB, MNpeiaraeMble B Kadyect-
BE 3aMEHBI,

RFO t, —t)n-T, -24-10°, (8.13)

docm

Q?tl’l'l

rae Roocm — CONPOTUBIIEHUE TEIUIONEPEAAYE OTPAXKIAKOIIMNX KOHCTPYKIMM OKOHHBIX
npoeMoB, M*-°C-u/KKall.

["omoBast skoHOMMS TeruioBoM sHeprun AQ, I'kan, oT BHeApeHUs dHeprodddek-
THBHBIX OKOHHBIX 0J10kOB n3 [IBX

AQ = Qom - Q3aM, (814)

rae Qom — TOJIOBOM PacxXo/l TETUIOPHEPTUU Ha KOMIIEHCAIIMIO TOTEPh TEIJIa Yepe3 Cy-
IIECTBYIOIINE OTPAXKIAIOIINE KOHCTPYKIIMM OKOHHBIX IMPOEMOB, MOJJIEXkKAIue 3a-
MeHe, [ 'kan;

Qsav — TOJIOBOM pacxoj TEIJIOPHEPTUM HAa KOMIICHCAIMIO TOTEph TEIia 4epe3
OTpaXKJAIoIINe KOHCTPYKIIMU OKOHHBIX IPOEMOB, IIpejylaraéMbie B KadyecTBE 3a-
MeHBI, [ 'kain.

OmnpeneneHne SKOHOMUHM TOIUTMBA OT CHIDKEHUS MOTPEOJICHUs TETUIOBOM YHEP-
TUU TIPOU3BOIUTCS TI0 popmydie (8.5).

Pacuém ymenvwenus 6v10pocos napHuxoevix 2azo8 6 peszyibmame 3aAMeHbl
OKOHHBIX NPOEMO8 30AHUI.

[Torpebnenue (pacxox) tormmBa £, I'J[x/Tox, B 00IIHUX 3HEPTETUUYCCKUX €U~
HUIIAX [P MEPEBO/IE TEINIOBON SHEPTUU
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E°=4,187-ABp, (8.15)

rie AB7r> — SKOHOMUS TEIJIOBOW dHEPTUH, ompeenseTcs mo Gpopmye 8.5.
Jlanee pacuetsl mpousBoasITcs mo popmynam (8.8)—(8.11).

8.2 Ilpakxmuueckasn wacmo
3adaua. Paccuutarh CHW)XKEHHE BbIOPOCOB MapHHUKOBBIX ra30B B pe3yJibTare
IPOBEICHUS] TEPMOPEHOBALIMN OTPAXKIAIOIINX KOHCTPYKIMM KUIJIOTO 3[JaHUs U 3ame-

HbI OKOHHBIX paM. MIcXoiHbIe TaHHBIC K 3a/1aUe NMpUBEACHBI B Tabiumax 8.1-8.2.

Tabnuna 8.1 — McxonHble JaHHBIE AJIS PACYETOB

Ba- [TapameTpsl 31aHUs [IpoueHT Hap;hé?pbl 1;][:5 EJI\;I(SIE/)IZI Ron Rovens
E:; Jmuna | Beicora |Ilupu-Ha ?12216141: L, di, b, d», | M*-°C/Bt | M*-°C/Br
L, m H, ™ B,m Bt/(M-°C)| em | BT/(M-°C) | cMm
1 60 36 8 18 0,21 40 0,06 5 0,40 0,76
2 80 40 10 20 0,11 30 0,07 6 0,44 0,68
3 40 20 12 19 0,52 35 0,05 7 0,34 0,66
4 100 24 10 21 0,21 40 0,06 5 0,38 0,78
5 120 48 8 22 0,11 30 0,07 6 0,36 0,82
6 80 48 12 19 0,52 35 0,05 7 0,42 0,70
7 80 36 12 20 0,21 40 0,06 5 0,40 0,74
8 60 40 10 18 0,11 30 0,07 6 0,44 0,84
9 100 20 8 22 0,52 35 0,05 7 0,34 0,76
10 | 120 24 8 21 0,21 40 0,06 5 0,38 0,68
11 40 48 10 18 0,11 30 0,07 6 0,36 0,66
12 60 64 12 19 0,52 35 0,05 7 0,42 0,78
13 | 100 36 10 20 0,21 40 0,06 5 0,40 0,82
14 | 120 40 12 21 0,11 30 0,07 6 0,44 0,70
15 80 20 8 22 0,52 35 0,05 7 0,34 0,74
Tabnuna 8.2 — MicxonHble JaHHBIC AJI PACUETOB
3¢-H, 0y
Bapuant Tom, ?H’ ﬁ”’ tf)p > ?’ ’ n kBT 1/ Fenom, Kzan/ Qe
CyT. C C C C % ) KKa/4
I'kan (u-m)
1 2 3 4 5 6 7 8 9 10 11
1 204 20 -5,6 0,2 -21 | 0,67 1040 9,55 81,69 51840
2 200 18 32 | -2,0 | 25 | 0,92 1250 10,16 87,7 64020
3 202 20 -6,7 | -1,6 | -22 | 1,20 1140 11,68 55,89 56126
4 206 22 -4,8 | -0,5 -24 | 0,98 1090 9,87 60,19 58680
5 200 21 3,71 -1,9 | 23 1,07 1060 9,31 127,3 61240
6 204 18 -7,8 0,2 -21 | 0,76 1050 9,55 81,69 52360
7 206 20 -5,9 | -2,0 | 25 | 0,84 1200 10,16 87,7 63440
8 202 22 -6,3 | -1,6 | -22 | 1,11 1250 11,68 55,89 62123
9 200 19 -74 | -0,5 | 24 | 0,88 1040 9,87 60,19 54320
10 204 21 3,51 -1,9 | 23 | 0,99 1250 9,31 127,3 55111
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Oxonuanue Ta0Iue! 8.2

1 2 3 4 5 6 7 8 9 10 11
11 206 18 -7,1 0,2 21 | 0,77 1140 9,55 81,69 60189
12 204 19 -6,9 | -2,0 | -25 | 0,66 1090 | 10,16 87,7 53378
13 200 | 20 45 | -1,6 | -22 | 1,05 1060 | 11,68 55,89 57532
14 202 21 33 -0,5 | 24 | 1,15 1050 9,87 60,19 59763
15 204 | 22 5,5 -19 | 23 | 0,85 1200 9,31 127,3 51840

KOHmPOJleble eonpocaol

1 Kakue mapHUKOBBIE Ta3bl BHOCAT HanOObINH ((PEKT B n3MeHEHHE Kiumara’?

2 3a cYeT Yero CHMXAITCS BBHIOPOCHI MAPHUKOBBIX T'a30B MPH TEPMOPEHOBA-
AU 30aHUN?

3 3a cyer 4ero JOCTUTACTCS IKOHOMUYECKUU 3(P(HEKT OT BHEIPEHUS OKOHHBIX
610ko0B u3 [1BX?

9 JlabopaTopHast padora Ne 9. Umutaunonnas urpa «O3EPO»

Leab padoThl: BHIBECTH BOJOEM U3 3alyIIEHHOTO COCTOSIHUS U 3aT€M MOIJIEp-
YKABAThb KaueCTBO BOJIbI B BoJgoEéMe Ha yposHe [1/IK.

9.1 Teopemuueckaa uacmeo

Jlns 3amycka mporpaMmbl HaluTe Ha pabodyeM CTOJIE KOMIIbIOTEpa HMKOHKY
«Lakey». [Ins BXoga B Urpy HEOOX0IUMO HaXkaTh KiaBuiny «Ecsy». Jljist BeIOopa o1HO-
r0 U3 PEKUMOB, YKa3aHHBIX B MEHIO, CJIEAYET UCIOJIb30BATh KJIABUILN Kypcopa:
CTpeJIKa BIIpaBO [——>], cTpenka BIE€BO [<——I.

Jlnst pukcannu BBIOpaHHOTO pexuMa HeoOX0AUMO HaxaTh KiaBuiy «Enter».

[TOMOIIIb — BeI1a4a Ha 3KpaH UHCTPYKIMH MO pabOTe C MPOrpaMMOH.

OOyuaeMblil B Urpe BBIMOJIHSAET POJIb JUCIETYEpPa MO YIPABJICHHUIO SKOJIOTHYE-
ckoi cuctemoil. Ero 3amaua coctouT B TOM, 4yTOOBI B TEUEHHUE IMEPBOTO Mecsla
YIIPABJIEHUS BBIBECTU 03€PO U3 3aIlYLLIEHHOTO COCTOSIHUS O YPOBHS MPEAEIBHO J0-
nyctumbix koHreHTpauuii (ITJIK) mo kuciopony, opraHvke U HeopraHuke, a B TeUe-
HHE BTOPOTO MECSLA NOJAEPKUBATH B 03€PE KauecTBO BoAbI Ha ypoBHe [T/IK.

OOBIUHBIA UTPOBOM LMK COCTOUT M3 MOCJIEAOBATEIBLHOCTH OOpallleHuil K pe-
*umaM B TakoM nopsiake: Cocrosiaue — [Iporaos — Ynpasnenue — Paora.

Ouenka aeiicTBuii 00yuyaemoro. B TeueHue HioHs, TOKa UTPOK BBIBOJUT O3€PO
U3 3aMyILIEHHOTO0 COCTOSIHUS, IITpadHble OBl HE HAUYUCISIIOTCS. B TeueHue uros
00yyaeMOMY HA4YUCISIOTCS MTpadHble OAJIIBI — MO OJTHOMY 3a Kbl J€Hb, KOTJa
He OBLI0 00ecIeYeHO KaueCcTBO BOJIbI B JIFOOOI 30HE.

HToroBas olreHKa BBICTaBISETCS 00ydaeMOMY TOJBKO 3a KOJMYECTBO HaOpaH-
HBIX ITpadHbIX 0a10B. UTOroBBIMU MOTYT OBITH CIEAYIOIINE OLEHKU:

— «OTJIMYHO» — HET TpadHbIX 0aIOB;
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— «xopor1o» — mrpadHbeIX 6awtoB He 6omee 10;

— «YJOBJIETBOPUTENHHO» — mTpadHbIX 6awioB ot 11 mo 15.

Ecnmu oOyuaemsblii momyuaer 16-ii mTpadHoil 6ami, TO OH OTCTpaHseTcs OT
JOJHKHOCTH TUcTieTdepa (OIleHKa «HEYA0BICTBOPUTEIILHOY).

9.2 Ilpakxmuueckasn wacmo

1 Tlomo6path onTUMaIbHBIE TapaMeTPhbl PYHKIIMOHUPOBAHUS CUCTEMBI.

2 B oruere npeacTaBUTh TaOIUIy, OTPAXKAIOIIYI0 TUHAMUKY W3MEHEHHs Tapa-
METPOB CUCTEMBI 3a IEPBLIN MecsI] paboThl (Tabnuia 9.1).

3 [IpencraButh rpaduku cocTOHUS o3epa ¢ 1 uroHs 1o 1 uros (pucyHok 9.1)
¢ yka3zanueM ypoHe# ITJIK.

Tabmuua 9.1 — JlunaMuka U3MEHEHUs TapaMeTPOB CUCTEMBI

Jara [TpoMmblIIICHHAS 30HA Cpennss 30Ha
Mecsia Heopranuka | Opranuka O Heopranuka | OpraHuka 02
1.06. 500 100 0,5 450 100 1,0
1.07.
O, HeopraHmka OpraHuka
5 ITJIK 350 ITJK 60 IJIK
T, cyT. T, cyT. T, cyT.

PI/ICYHOK 9.1- I[I/IHaMI/IKa HU3MCHCHUS ITIapaMCTPOB CUCTCMbI B HpOMHH.IJ'IGHHOﬁ 30HC

4 C,Z[CHaTB BBIBOJIBI 110 PE3YyJIbTaTaM pa6OTBI 3a IBa MCCi1a.

Konmponvnvie sonpocut

1 Ha yTto pacxoayeTcst KUCIOpPOJ B BOJIE U KAK MOMOIHAETCS?
2 B cBs3M ¢ KakUMH (paKTOpaMH MOBBIIIAETCS HACBIILIEHNE BOJbI KUCIOPOIOM?
3 3a cueT 4ero Bo3pacTaeT KOHIEHTPAILUSI HEOPTaHUKH B BOJIE?
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