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«KONNEKTUBHLIK MO3I»

IIpencraBeTe cebe HecATUETHEro MaJsbuHKa, KOTOPHIM
peuius cTath yueHbIM. [lsig 3TOro OH 16 4acoB B CYTKH UH-
TaeT KHUTH, TPaTd Ha COH M ey Bcero 8 wacos. Kak BHI
IlymMaeTe, MHOTO JIM MOXET NPOYMTATh 3a CBOIO XH3Hb Ta-
KON MaJIbuuK?

ITycTe oH uutaer KHUTY co ckopocTbio 100 cTpaHull
B 1 yac (B HeHCTBUTENBHOCTH, CKOPOCTb UTEHHS XYyHOXKeECT-
BEHHOH JuTepaTypsl cocrtaBjsier 60 cTpaduil B yac, a Ha-
yuHoit — go 30). Honyctum, uto on Gymer uutath 100 Jjert,
T. e. oT 10 no 110 ner. Hecnoxublll pacuer moKasbBaeT, 4To
eMy ynacrcsl npouutaTh 58,4 MmuH. cTpanuu. Ecau Temeps
NPUHATh CpefHUH o6beM KHurd paBHbIM 200 cTpaHHIaM,
TO Haw BooOpaxKaeMbll MaJbYMK CMOXKET TPOYECThb
292 ThIC. KHMT.

BeposTHO, Takoro uesoBeKa HUKOTAA He GbLIO H He OY-
ger. Taxkoro KoJMUecTBa KHUT He TMPOYMTAN U He CMOXKeT
NpOYHUTaTh HU ONUH YeJOBEK B Mupe. A Mexnay TeM B GHO-
auoTeke uMenu B. M. Jlemuna xpanurcs 20 MJIH. KHHT.
BrixomuT, KakK HH crapaiicsi, a BCero 3HaTb HEBO3MOXKHO.
«HukTo He O6HHMET HeOOGBATHOrO».

92 3akas 5700 3



A kak xe GbITh YUEHBIM?

JKu3Hb cTaBUT Nepell HUMH BCe HOBblE W HOBBle NPOO-
JieMbl, pellleHHe KOTOpHIX Tpe6GyeT 3HAHUS BCETro MeperoBO-
rO OMbITa, CKOHLEHTPUPOBAHHOTO B OGUJBHOM IIOTOKE €xXe-
FOMHO_ BHIXOJAAIINX B MHPe KHUI M XKYDHAJOB.

[IpencraBbre cebe ABYX MIKOJNBHBIX NpHSATENEH, PeLIHB-
wux paboratbh HaA Kakoi-HuOyAb BaxHOH nmpobaemoii. Pa-
3YMHO B3BECHB CBOW BO3MOXKHOCTH, APY3bsi pPELIMH pasie-
JIUTb KHUTH Ha [Be TPYIIB MO HEKOTOPOMY TPHUHIHUIY.
KHuru ogHO! Tpynmbel UMTAeT OAMH LIKOJBHUK, KHULH ADY-
ro# — BTOPOH.

$IcHo, uTo OBa uesjOBeKa, MONOJHSAIOLIYNE 3HAHUS IPYT
Ipyra 1o pAasJuYHBIM OTPAaC/]AfM HAYKH M TEXHHUKH, MOTYT
caenath 6oJblle, YeM JIOAH, KOTOPble UHTAIOT OJAMHAKOBbIE
kHuru. TemM He MeHee, eciu B mpoliecce paboOTHl APY3bsi HE
6ynyT oO6LIaTbCsl, TO HACTYIHT TAKOH MOMEHT, KOrja OHH
yTpaTtar obuuit s3elk. Ecau omuH W3 HUX 3aHHMaercd,
cKaxeM, ajnre6poii, a BTopoit — GOTAHUKOH, TO MOJ CJIOBOM
«KOPEHb» KaXIbl{l U3 HUX OyNeT MOHUMATb BEllH, HE HMelo-
L[1e HUKAKOro, JaKe OTAAaJIeHHOTO, CXOMCTBA.

Mup Bemefi, uayuaembix HayKoH, mpakTHueckH GecKOHe-
vyeH, a yucsio cjaoB He npeBocxomguT 100 000. ITo sto# mpu-
YHHe MHOTHE CJIOBA MPHUXOJIUTCS MCMOJb30BATH st 0003HA-
YeHWs] COBEpPUIEHHO HEMOXO0XKHX MOHSTHH.

MMeHHO mO3TOMY B HALIM [HH YUYEHbie HAYaJH NPHUBO-
IUTh B MOPSIOK HAYYHYIO TEPMUHOJIOTHIO. DTO OKA3BIBAETCSH
TeM Oosiee HeOOXOAMMBIM, YTO pasjJeseHue TPyLa H COB-
MecTHas pabora yueHBIX H3 CMEeKHBIX o6JjacTefl HAYKU MpHU-
BOJUT K IOSIBJEHUIO HOBBIX «THODUAHBIX» HayK. Tak BO3-
HHMK/1a (Qu3HdecKas XuMusd, O6uodusuka, acTpobOTaHHKA
U T. 1. A cosnaHue o0uie#i TEPMHHOJOIUM HEMBICJUMO Ge3
BBISIBJIEHUS] CAMBIX €MKHX MOHSITUH, CBOHCTBEHHBIX BCEM Ha-
yKaM 06e3 HCKJoueHUs. TakUMM MOHATHSAMH M 3aHUMAaercs
KubepHeTHKa — Hayka o6 ynpaBjenuu. OHa Xe TOACKA3HI-
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BaeT HaM M MeETO[, NMO3BOJISIOUINH yUYEHBIM CIPABHUTBHCS CO
BCE pPACTYyIIUMH TPEOOBAHUSIMH HAYKH.

B camoM gene, mpeinctaBuM cebe APYyXKHBIE Kaace
IIKOJIbHUKOB, KOTOPBHIi pemus paboTaTb B HayKe KOJIEK-
TuBHO. EIe co mKOJbHOH CKaMbH KaXKIblH U3 YYEHUKOB
paGoraer B omnpenejeHHo# o6GaacTH. OHH HMEIOT BO3MOXK-
HOCTb OGLIATHCS M HE YTPAUMBAIOT B3aUMONOHUMAHHS IPH
M3yUYEeHHH pPas/MYHbIX Hayk. MM mpumercs BerIpaboTarh Ta-
KOH fA3BLIK, Ha KOTOPOM OHH GYIyT FOBOPHUTb MexkAy COOOH.
BeposiTHO, Tako# APYXKHBIM Ksacc JieT yepes ABAAUATh Oy-
JeT TPEeNCTaBJsATh cOGO0H «KOJJEKTHBHOTO YUEHOro», elle
He BUIAHHOTO B. HayKe. DTOT «KOJIJIEKTHBHBIH yueHBIH» Oy-
JeT o6siagaTh TOUCTHHE YHHUBEPCAJbHBIMH 3HAHHAMH, KOTO-
pBIMH CErofHsi He o6/lajaeT HH ONMH YeJOBEK. Y HEro He
Gymer npoGesoB B 06Pa3s0BAHMH, KOTOPbI€ CUMTAIOTCS IOY-
TH 00653aTeJbHBIMH [JI KaXXJOTO COBPEMEHHOrO MIesiTeNs
HayKH, Ja¥e ecJd OH cerogHs obsajgaer «apeMyuei» apy-
JUIKen.

$I3bIK, KOTOPBIM OyZeT NMOJb30BATHCS TAKOH «KOJIJIEKTHB-
HBIH yueHBIl», CKOpee Bcero GyIeT s3bIKOM, KOTOPHIH npel-
Jgoxua Y. P. Dmbu Bo «BBeneHudn B KUOEPHETHKY». IDTY
KHHTY MBI peKOMEHAyeM HallleMy YHTaTeJIo.

B mnuHHOM psiLy HayK, KOTOpbI# OymeT 3amHcaH B ak-
THB TaKOTO HEOGLIBAJOTO «KOJNJEKTHMBHOTO YyuYeHOro», 3ai-
MET CBO€ MECTO W XHMHUecKas KHOepHeTHKa, COBCEM elle
‘MOAOLAsi HAYKa, 0 KOTOPOH MBI ¥ XOTHM DacCKasaTb B 3TOH
kuure. Ee MecTo OyneT He coBceM OOBIUHBIM. Benpb eme
JBeCTH C JHLIHUM JeT Hazax M. B. JlomonocoB roeopuin
0 BE3MIeCYUIHOCTH XHMHH. A B Hallle BPEMsI Pa3BUTHE XHMHUHU
COCTaBJIgET OJHY HM3 BaxHEHUIMX 3a7ay HOCTPOEHHS KOM-
MYHH3Ma.

Crout /a1 TOBOPHUTH O TOM, KaK BaXXHa XHMHYECKas KH-
OepHeTHKa, BO3HHKINAS Ha CThlKe ABYX, CAMBIX LIMPOKHX,
CaMBIX BCeOOBEMJIOUINX HayK.
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MPOBJIEMA 1

HHorna yabibHETCss cTapaTesio cyacTbe, ¥ IOJ KHPKOH
WM Ha [ecyaHoM JHe pyubsi OJIeCHET TYCKJBIH 30J0TOH
camoponok. IIpaBna, 3To caydaercs penko. ['opasmo uamie
30JI0THle KPYIUHKH CKYIIO paccesiHbl B MejkoM mnecke. Mo-
3KeT GbITb B HEM M MHOTO 30JI0Ta, 34TO IIecKa elle 6oJblle.
BoT u npuxomuTcs HeNeNsMU TPOMBIBATb 30JOTOHOCHBIH
NecoK, BBIAEJATb W3 HEro JAparoueHHble KPyNuHKU. Bmpo-
YyeM, 30JI0TO ellle He caMbIil CJOXKHBIH ciaydail, OHO Mexa-
HUYECKH INepeMellaHo ¢ MecKOM, M cTapaTenb 3aHHMaeTcs
XOTb M TPYNOEMKOH, HO CPaBHUTEJbHO HeCJ0XKHOH pabo-
TOH — pasfejieHHeM MeXaHUUYecKOd cMecH.

XUMHKY ¥ MeTaJJIyPTU 3aHUMAIOTCS GoJiee CJA0XKHOH 3a-
Javeii — pasjeseHHeM XuMHueckux cmeceil. Ho kakumu Obl
CJIOKHBIMYM HH Ka3aJIuCh 3TH BONPOCH, B OCHOBE pasje/eHud
JIeXKaT [JOBOJIBHO MPOCTHIE Y HAIVIsiHBIE 3aKOHOMEDPHOCTH,
KOTOpble 06pa3HO MOKHO HasBaTh MNPHMHIUIOM IPHEMHBIX
ucneitanuil. CylHOCTh pasfe/ieHHsl COCTOUT B TOM, 4TO Ha
CMech OKasbIBalOT Kakoe-1ub60 BO3IeicTBHE, U KOMIIOHEH-
THl, pearupys Ha Hero HeOAMHAKOBO, PA3AeNIFIOTCH.

IlycTe Hamo pasiaenuTb CTEKJSHHBIE U XKeJesHble Mapu-
kd. [TpuueM BBISICHSIETCS, YTO NMAMETD KEJEe3HBIX HIApHKOB
MeHbLle AHaMeTPa CTEKJSHHBIX. Ecau NMpOmyCTHTh Takylo
CMeCb CKBO3b «CUTO» C OTBEPCTHSIMH, Uepe3 KOTOPhHle CBO-
GOMHO TPOXOASAT KeJe3Hble, HO 3aJepPKUBAIOTCS CTEKJSH-
Hble LIaPUKH, MOMKHO JIETKO ee pas/euTh.

A ecnu puaMeTphl CTEK/NSHHBIX H JKE€JE3HBIX MIAPUKOB
PaBHBI, HEyXKeJH PasJelUTb TaKyl0 CMeCh HeNb3s?

Koneuno, moxHo. [lanbHelillee HM3yueHHEe IOKA3BIBAET,
uyToO y 3XKeje3a W CTeKJa pasHuil ynesabHbll Bec. [lostomy
JKeJie3Hble APUKH OBICTPee TOHYT B BOJE, UeM CTEKJsSHHbIE,
U ecJU BLICHINATH CMeCh B BOASIHOM NOTOK, OH OyneT CcHO-
CHTb CHJIbHEEe JerKue CTeKJ/SHHBE LIapHKH.
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Ho u 3t0o eme He Bce. )Keneso u cTeka0 006/1a4a10T
pasauyHo#l ympyroctbio. Ecnu mapuku 6pocaTe Ha MJHTY,
oHx OynyT MOJICKAaKMBATh Ha pasHylo BHCOTY. BoT emme
OIHa cxeMa pasJielleHusi, KOTOPYl, KCTaTH, NPUMEHSAIOT 111
COPTUPOBKH CTaJIbHBIX LIAPHKOB.

A pasBe He/ab3sl HCNOJNB30BATH PA3HUIy B MAarHUTHBIX
CBOHMCTBAX Xesne3a M cTekna? [loMecTuTe Hax CMecChio
CHJIbHBIA 3JIEKTPOMArHUT, W TOJNbKO JKeJe3Hble IapHKH
«IOPUJMIOHYT» K HeMy. MHTepecHO, uTO B 3THX C/Iydasix Ha
pasjeseHyue ONHON M TOH Ke CMeCH HYKHO 3aTpaTHTb pas-
Hoe KoJiMuecTBO 3Hepruu. IlpuueM ceroins HeT HHMKAKHX
rapaHTuii, YTo 3aBTPa Hayka He OOGHADYKUT HOBLIX CBOHCTB,
pasfesieHHe IO KOTOPLIM OKa)KeTcsl B HECKOJIbKO pa3s boiee
3¢ (deKTUBHBEIM, YeM ceffyac.

OHeprus, KOTopas 3aTpaulBaeTCs Ha pasieseHue, 3a-
BHCUT OT COCTaBa HCXONHOH CMECH M YHCTOTHI pas/ieseHHBIX
IPOLYKTOB. SICHO, 4TO, ueM MeHble MpUMeceHd, <«3arpss-
HAOUMX» BHIXOJAAIIME K3 YCTAHOBKHM pasjesieHHble Bellle-
CTBa, Te€M TpyJHee HX yIaJsiATb. B cMmecH, mocTynarouie#
B COPTHPOBOYHYIO MAIIWHY, CpPEAM MHJJIHOHA KDPYIIHBIX
KapToenuH MOxKeT ObITb BCEro OQHA MeJKas, U TeM He
MeHee, YTOOBl YBEJHUUTh KUYHCTOTY» NOJYYaeMOTO MPOLYK-
Ta, MPUXOIUTCS NepebUpaTh HA MAallMHE UJIM BPYUHYIO Ile-
JIBIH MUJIJIMOH KJyOHeH, 3aTpauuBasi Ha 3TO MOYTH CTOJBKO
JKe BpPEeMEeHH U 3HEepPIuH, CKOJIbKO Ha pasjiejeHHe caMmolf
«rpssHofi» cMecu. He yauBuTENIBHO, UTO BeElLeCTBA BLICOKOH
YHCTOTHl HeOOGBIYafiHO HOpPOTH.

UueroTa BBIXOJHBIX NPOAYKTOB 3aBHCHT HE TOJNBKO OT
KOJIMYeCTBA HEPTHH, 3aTpaueHHOH Ha pasjieseHHe, HO W OT
cocTaBa CMecH, NMoAJexaulell pasiesneHnio. MaTeMaTHuecKu
3Ta mpobsnema 6n1a usyueHa Kosxnom u Kansanom B CIIA,
Hupakom u IOpu B Anrnun. OHM YCTAHOBHJIH, 4TO, Y€M
Gosbllle pasHUIA KOHUEHTPALWH BeUleCTBA B CMECH, TeM
MEHbIlIe 3HEPTHH HYXKHO 3aTPATHUTh HA ee pasfeseHHE.



DTOT BHIBOJ CaMbIM OYEBHAHBEIM 06pPa3oM NPOTHBOPEYHT
npakTuke, 60 B TakKOM cJjyuyae OefHbIe CMeCH pas3nefsiTh
BhiroaHee, yem Ooratele! [IpyruMu cjaoBamy, ueM MeEHbIIe
30JI0Ta B 30JIOTOHOCHOM II€CKe, TeM Jierye IpoH3BecTH pas-
nenenue! JleficTBUTEeNbHO, pasfenuTh 1| T cMecH, KoTopas
cocrour u3 500 ke 3os0ota u 500 xe mecka, ropasno TPYA-
Hee, ueM | T cMmecH, comepxameil 500 e sonora u 999,5 ke
necka. Ho Begp HMKOro He MHTepecyeT, CKOJbKO TOHH 30-
JIOTOHOCHOTO TecKa nepepaGoTaHO YyCTaHOBKOH. BaxHo
Ipyroe — CKOJIbKO 30JI0Ta OHa HaMblia. [Ipu mepepaboTke
Goratofi cmecu, uTOOBl mosayunth 500 ke 3070Ta, HYKHO
MIPOMBITH BCero 1 T 30/I0TOHOCHOTrO Tecka. 3aTo BO BTOPOM
cjyyae JJis TOJydyeHUs] TOTO Ke KOJIMYecTBa 30J10Ta INpH-
JeTcsi TPONYCTHTb Yepe3 YCTAHOBKY ThICSUY TOHH CMeCH,
U TyT yX pacxol SHEPTHH BO MHOTO pa3 NepeKkpoeT 3arpa-
Thl Ha TNpoMBIBKY 1 T Goraroiéi cmecu. [103TOMy HHKAKOTO
[IPOTHBOpPEUHS] MEXJy Teopuell W MpaKTUKOH HeT: mepepa-
GaTeiBaTh GoraThle CMeCH ropasjo BHITOJHee, ueM OelqHBIE.

OcHOBHBIE TIPUHUIMILL pPa3fesieHus, pasaeseHde 1Mo pas-
JNWYHBIM CBOHMCTBaM, 3aTPaThl SHEPTrUH Ha pasjeseHHe B 3a-
BHCHMOCTH OT TpeOyeMOil UHCTOTHl BBIXOAAIIMX MNPOLYKTOB
H OT COCTaBa UCXOJHO# CMeCH — TaKOBBl OCHOBHBLIE BOIIPO-
Chl, M3yuUeHHLIE HCCJEeNOBATEeNIMH pasfeJuTeNbHbIX YCTa-
HOBOK. Pasgenenye crajo mnepBoouepenHoll, BakHeHIIeH
npo6/ieMOH COBPEMEHHO!l TeXHUKH CPaBHUTEJNbHO HEIABHO,
Kakux-HuOyab 15—20 set Hasan. Bompoc crosi ocTpo u He
IOMycKaj HMKAKHX KOMIDOMHCCHBIX pelleHHuii: aubo 4deJso-
BEK CMOXKET paslejuTh H30TONBI ypaHa, nu6o uer. Camas
TJ1aBHAst TPYLHOCTb COCTOSlJla B TOM, UTO AJSI PasieseHus
MOXHO OBLIO MCIOOJNB30BATb JHLIb HUYTOXKHYI pa3HHIY
B Macce sifep 3TuxX uszortonoB. OnHako TpeGOBaHUA sIAEPHOH
3HEpreTHKH He KOHUHJHCh Ha 3ToM. OHa mnorpeGoBana Be-
mecTB (paHTAaCTHUYeCKOH YHCTOTBI, B UACTHOCTH CBEPXYHMCTHIH
rpadur, amOMUHHE, UHpPKOHMH... TpeGoBaHUS paAH03JIEKT-
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POHMKM H DaKeTHOH TEeXHHKH WPEBPATHJIH pasjieseHHe
B npobGJemy 1.

Ycrnexu pasie/nuTeNbHOH TEXHUKH 3aCTABUJIM HHKEHEPOB
nepecMOTPeTb M M3MEHHUTb CBOH NPENCTABJIEHHS O TOM, 4TO
cuuTaTh «6efHOH», a uyTo «OoraToii» pymo#. Bosee ray6o-
KOe H3yueHHe CBOHCTB Pa3JIMYHBIX BELIECTB TMPUBEAET K HO-
BbIM 3(Q(hEKTHBHBIM METOJAAM pasjeseHus], H, KTO 3HAEeT, MO-
®eT OblTh, PYIOH JMJs ATOMHOH 3HEPreTHKH OKaxKeTcs
OOBbIUHBIH T'PaHUT.

HsBecTHO, 4yTO | T rpaHuTa CONEPIKUT sIIEPHOE Topiouee,
IPU HCMONB30BAHHU KOTOPOrO B PEAKTOpPE MOXKHO TOJYYHTb
CTONBKO K€ 3HEPTHH, CKOJBKO NPH CXKUTAHMU 15 T yras.
ITosTomy, ecnu OyneT HaliieH MeTOX, TPeOYIOMIMI mJist BBI-
JeJIeHHsl sIIePHOTO TOPIOYero W3 IPAHHTA 3aTPAThl SHEPTHH
MeHbllle, yeM IPH CXKHUTaHuu 15 T yras, mepepaboTka rpa-
HUTA HAYyHeT NPEeJCTaBJ/ATh HHTEpeC.

Ho Hu o KakoM pasfeneHuH He MOXKeT ObITb M peud 10
TeX MOp, NOKAa YACTHIBl HJIM MOJIEKYJBl BellecTB He OyAyT
MeXaHUYeCKH IepeMeliaThCsi OTHOCHTENbHO ApYyr Jpyra.
Jlans aToro cmech HeOOXOIMMO TEPeBecTH B ra3oo6pasHoe,
pacHblieHHOe HJIM KHIKOE COCTOSIHHE, TaK KaK B TBEDPIHIX
TeNax ecJH U BO3MOXKHO IepeMellleHHe, TO C Majo# CKo-
pocTeio. BoT mnoueMy npu BbIeNE€HHH METAJJOB HJIH Be-
HIECTB, HAXOMASIIMXCS B TBEPAOH pyne, ee IPUXOJAUTCS NpeN-
BapUTEJbHO Pa3iesuTh JHOO HcnapeHueM, J10O0 pacniasJe-
HueM, JubG0 pacTBopeHueM. Takasi TpeaBapuresbHas
o6paboTka TpebyeT OrPOMHOrO KOJIMYECTBA 3SHEPTHH.

Kaxnas Kkanasg MODPCKOH BOABI— 3TO YIAHBUTEJbHBIN
KJag, rae B TOM MJIH HHOM KOJIMYecTBE HAXOMATCH UyTh JH
He Bce 3JeMeHTHl Nepuoanueckoil cucreMbl. HemapoM, korza
B HayKe BCTaJ BONPOC O TOM, IJle MOXKHO OGHApYXKUThb
npeackasaunbiil 1. Y. MengeneeBbiM 5Kaue3ui, aHTJIHACKHH
yueHbli PpeHp oTnpaBuics HCKaTb ero B Bome Meprtsoro
MOpSi, H3BECTHOTO BLICOKOH KOHIIEHTpalueH coJed.



A mocse mepBOX MHPOBOH BOHHbI B ATJaHTHYECKOM
OKeaHe MNOSIBUIOCH HeGoublloe cygHO «Meteop». HenoBex,
KOTOphfl Gbl mompo6oBasj HAHECTH Ha KapTy NyTh 3TOTO
Kopabssi, ocTajcs OB B HeLOyYMeHHH. Ero KamuTaH Kak
6yaTo 3ajgajcs ieJbl0 MOOLIBATL YYTh JH He B KaxKIOM
yroJke ATyiaHTHYeCKOrO OKeaHa. BnpoueM 310 6bLIO U B ca-
MoM fnene Tak. Hemeuku#i xumux I'ebep nmpeAnpuHST LOJ-
roe nnaBaHue Ha «Meteope» masg toro, 4ToOBl MOoMOYb I'ep-
MaHHH BBIIATHTH KOHTpHOynuio. OH mepBblfl monpo6oBas
NOOLIBATH 30JI0TO M3 MOPCKOH BOmbl. Ero mombiTKa OKOHUH-
Jacb Heymauei — CJAHIIKOM MaJio COJeplKaHHe 30J0Ta.

Ho Benb, kpome 3070Ta, B MOPCKOH BOJEe B ropasio
foJiblileM KOJIHUeCTBE HAXOASATCS APYrie LleHHble BellecTBa.
B cpemnem B 1 xm® OKeaHCKOH BOMLI COLEPIKUTCS OKOJIO
30 MJIH. T MOBapeHHOH coJiM, 6 MJIH. T MAarHHEBBIX coJieH,
npuMepHo 50 r py6uaus, 11 7 cepebpa, 2 r ypana. Haxe
TaKOH peJKHH 3JIeMEHT, KakK pajuii, MOXHO HalTH B MOp-
cKo#l Bode B KoJauuecTBe 1,5 2 Ha 1 kmd.

KakoBHl e HOBBIE ITyTH B COBEPIIEHCTBOBAHUH pasie-
JIUTENbHBIX NPOILECCOB?

IToneitka ['eGepa u3BiekaTh 30J0TO M3 MOPCKOH BOMIBI
KOHUYMJIAaCh HeyaadeH, HO OH OOHApyKHUJ HHTepecHefillee
sBienne. OKasanoch, 4TO 30JI0TO HE PAaCTBOPEHO B MOPCKOH
BOJE, KaK CUUTA/JM paHblle, a HaXONUTCS B Hel BO B3Be-
IIEHHOM COCTOSIHHH B BUJe Mejbuafimux kpynui. Munauap-
Jbl MHKPOOPTraHM3MOB, HACENSIOUINX OKeaH, MOTJIOLLAIOT 3TH
JparoueHHble YacTHIBL. 30J0TO IIOCTENEHHO HAKalJHBaeTCs
B TeJax 3THX NpocTeHlInX opraHuamoB. [loru6as, oHu omy-
CKaloTCs Ha [HO, CO3/aBasi MPUAOHHBLIH Ocamok, oboraljeH-
HBIH 30JI0TOM.

lepbep ycTaHOBHJ maxKe, 4TO caMbifi GoraTbii 0OcamoK
HaxonuTcs y OeperoB Hblodaynanenma. Oxasasoch, 4To
MHOTHE MOPCKHME OpraHuaMbl onepenuau xumuio. Pacrte-
HHMS Y XHUBOTHble CPAaBHHUTEJNbHO JIETKO MNOIJOLIAI0T W KOH-
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IEHTPUPYIOT B TeJie BELIeCTBa, W3BJIeUeHHEe KOTOPEIX IOKa
HEBBITOMHO, WJIM [aKe HENOCTYNHO AJs uesnoBeka. Hampu-
Mep, MOJUIIOCKH TOIJIOMIAl0T MeAb, aCUUANH — LMHK, 0JIOBO,
CBHHel, BOJOPOCIM U TI'yOkM — HojJ. HekoTopble 3/7€MeHTH
cHayasa OBl HafijleHbl B XKUBOTHLIX OPTaHU3MaxX M TOJbKO
[OTOM yxKe B MOPCKOH BoIe.

3uauur, ¢aopa u dayHa okeaHa— 3TO THraHTCKas
«6uopasmenuresbHas» Gabpuka, momob6Has TO#H, KoTopas
B JOWCTODHYECKHE BPeMeHa BBIAeJssa M KOHUEHTPUPOBAJa
paccessHHBII B aTMocdepe Yriepoi, CO3LaBas YroJbHbIE
U HeTsHBIE 3a/eXH Hamux paHell, cHabxkas aTMocdepy
KHCJIOPOJOM.

Moxer 6bITh, B 6yAyuieM OGHOJOrM BBIBELYT TaKHe Pas-
HOBHIHOCTH OaKTepuH, BOAOpOC/eH, pAacTeHHH, KOTODHIE,
BBHIJEJISIS U3 OKPYKAIOIeHl cpeibl BellleCcTBA, HEOOXOAUMbIE
JUIsE X CYUIeCTBOBaHHUS, OYAYT NPUBOAUTb K KOHILEHTpPaIHH
HYXKHBIX HaM peIKHMX HJIH PacCessHHBIX 3JI€MEHTOB: ypaHa,
panus, 3040Ta U APYTHX.

BeicTpo pasMHoxalomuecss GaKTepUH CMOTYT TaKkKe
OUMINATh BElleCTBa OT BPeNHBIX NpuMeceil, o6oramarh 6el-
Hble CMeCH, BBIAEJATb U3 PYABl TOJNbLKO T€ KOMIIOHEHTHI, KO-
TOpble HYXKHBI YeJIOBEKY.

XuMmuueckass KHOepHETHKAa C HOBBIX MO3HIUH NOAOLILIA
K npobJseme 1. OHa obecrneynBaer eaMHOOGPA3HBIH MOAXOL,
KO BCEM <«MEXaHH3MaM», KOTOpble HCIOJNb3YIOT JIOAH [Jid
pasneneHus Pas3JMUHBIX cMeced.

Eiie sHaMeHUTHIH aHrauiicku#i dunocod Ppsucuc ba-
KOH KaK-TO 3aMeTWJ, UTO BCs TOJe3Hasg [NesaTe/]bHOCThb Ye-
JIOBEKA CBOJMTCS NO CYTH Jesa K TOMY, YTOObI CKJaablBaTh
U pasiensTb 3JeMeHTHl, JaHHble eMy npupopoit. Kaxnas
H3 3THX ONepauuii 3aHMMAaeT HeMaJloe MeCTO W B XHMHH.
B uacraoctu, okoso 40% mnpoueccoB B COBpEMEHHOI XHMH-
4ecKO# TeXHOJIOTMH NpelCcTaBJAIOT cO60H mpolLecch pasie-
JIeHus.

3 3axkas 570C i1



He ynuBuTebHO, YTO HMEHHO XHMUKH MEPBBIMH NPHUILIH
K HeoOXOZAUMOCTU CcO3LaHMsl oOLIell TeopuUH pasieseHus,
KoTopasi daJja 6bl BO3MOXHOCTb NPOM3BOLHUTHL TOYHHIE pa-
CUeTHl pa3fesMTe]bHBIX YCTAHOBOK, MepepabaThBaUX
cMecH JI0OBIX BelleCcTB HJIHM CUTHanoB. M, Kak 3TO Hepenko
OrIBaeT, pellleHHe YaCTHOTO, Y3KOTO Ha TNepBHI B3TJIAL BO-
poca HEeOXUJAaHHO NPOJUBAET CBET W NaeT HOBBHIE NOLXO-
Obl K LIMPOKOMY KJaccy sBjaeHu#l. To xe mpousoulnno
H Cc Teopued pasleseHus, KOTOpas BBHIJIA 32 PAMKH XH-
MHH H C PAaBHBLIM YCHEXOM MOKeT NMPUMEHATbCA M B (HU3HKe,
U B XMMHYeCKOM aHaJiu3e, u B Teopuu HHbopManuu. Pabdo-
Thl O OOIIeH Teopuu pasfeseHds OBblJIH NMPOBEAEHBI 6OJb-
MM KOJIJIEKTMBOM COBETCKHX YYeHBIX: aKaJeMHKOM
H. M. )KaBoponkoBbM, ui.-koppecnonnesramu AH CCCP
M. TI. MankoBeiM, A. M. BpoackuM, HFOKTOpaMH HaykK
A. M. Pozenom, H. H. Tyuuuxum, B. A. CoKo0JIOBEIM
¥ MHOTMMHM ApyruMH. IlosydeHHble B 3THX paGoTax pesyJib-
TaThl U DOCAYXKAT HAM YyBJIeKaTeJbHBIM MPUMEPOM HCIOJIb-
30BaHHs OOIefl TEOPHU K CAMBIM PasJHUYHBIM OGBEKTaM.

TPU NMPOBJIEMbI ATOMHOH
DHEPIMH

JlocTuxeHusl B 06/71aCTH M3yYeHHs] aTOMHOH 3HEPTHH MO
IpaBy CYUTAKOTCA OJHUM H3 CAMBIX KPYMHBIX YyCIIEXOB, KOI-
Aa-1160 BHIAZABIIMX Ha OO0 (U3HKOB. Des ToHUafmImMx
Hccae0BaHui, TPOBeIeHHBIX UMH B (hH3HYeCKHX JabopaTo-
pHsIX, aTOMHasi SHepreTmka okasasnacb Obl xumepoi. Ho
YK €CJii TOBOPUTb CTPOrO, TO 3TH 3KCIEPHMEHTHl HABCEraa
octanuch 6Bl UHCTO 1a6OPATOPHBIMU YINPAXKHEHHSAMH W HH-
Korga He cMorau G6bl OBITb MCIOJb30BAHBI B IPOMBILIJIEH-
HOCTH, €C/i Gbl He XHMHKK-YUEHBIE U HHIKEHEDHI.

12



B camoMm pnene, Ha 3ape aTOMHO# 3pbl, B Hauaje JieTa
1940 r., caMbBIMH BaXHBIMH TpoGJieMaMH, OT KOTOPBHIX 3a-
BHCeJa cyAb0a aMepHKaHCKOIO aTOMHOTO ITPOeKTa, CYHTa-
JIUCh TaKue:

1. MoxKHO JIM HaliTH YCJOBHUS, NIPH KOTOPHIX NPOHUCXOMH-~
Ja OBl LenHas peakuus?

2. MoxHo Ju J06GUTbCS BbIIEJNEHHsT ypaHa-235 B TPo-
MBbILJIEHHOM Maclitabe?

3. MoXHO /1 NOJNYYHTb 3aMe[JIMTeJNb M APYTHE Mare.
puaJjbl IOCTATOYHOH YHCTOTHI H B HYXKHOM KOJHMYECTBE?

Kax BuauTe, M3 TPex OCHOBHBIX NpOGJeM [BE TOCTEN~
HHe OTHOCSATC K pEeLIeHHI0O OJHOH H TOH Ke MNpoGJeMyy
pasnenenuss cMmecu. [lpaBpa, BOMpOCH!, MOCTABJEHHBIE Me-
pen XMMHKaMH, paGOTABIIMMH Hajd aTOMHBLIM [POEKTOM,
HOCHJIH HENpPUBHIYHHIH 1/ HUX Xapakrtep. Ecam mpobiaema
BBIIeJIEHHS] yPaHa U3 PYABl XOTS U Oblia JOCTATOUYHO CJIOXK-
HOH, HO BCe XK€ He BbI3bIBaja OCOOBIX COMHEHHH, TO MpPOG.
JieMa pas/iesIeHHsT HM30TONOB B INPOMBIIIIEHHOM MaclITaGe
BHI3bIBAJa cOMHeHHe. Kak M3BeCTHO, 1/ aTOMHOH 3Hepre.
THKH OCOOEHHO BajKeH H30TON ypaHa — ypaH-235, KOToporg
B IPHPOLHOM ypaHe cozmepxurcs meHbue 1Y%, ocranbHoe —
ypan-238. O6a u3oTona XHMHYECKH COBEPLIEHHO ONMHAKO.
BEHI, I03TOMY Pa3fejuTb X OOBIYHBIMH XUMHUYECKHMMH METO.
JlaMM HeBO3MOXKHO. 3HAuHT, HYXKHO Ha#iTH Takue (U3HYe.
CKHe MpollecChl, B KOTOPBIX HUUTOXKHOE pasJjHyie B aTOM.
HOM Bece H30TONOB MOIJIO Gbl ObIT HCHOJb30BAHO IS Hx
pasmenenus. OJHUM H3 caMbIX NEPBHIX METOLOB pasiele.
HHSl HM30TONOB CYHTAeTCsl 3JeKTPOMAarHuTHeIA. s 3TOorg
NPUPOAHBIA 3JIEMEHT, CKaXeM TOT XKe ypaH, IOABePraeTcy
CHJIBHOMY HarpeBy WM 3J1eKTpOHHOH GomGapmupoke. [Ipy
5TOM aTOMBI ypaHa TEePSIOT OLMH HJIH HECKOJBKO 3JIEKTPQ.
HOB M TNpPEBPAllalOTCs B MHONOMKHTENbHO 3aPSIKEHHbIE HOHL
JBHKeHMeM TaKHX YacTHIL MOXKHO YNPaBJSATb C [OMOIlblgy
9J1€KTPUYECKOr0 H MarHHTHOTO IOJIeH.



DJIeKTpUYeCKOe [0JIe YCKOPSIET HOHBI, KOTOpbie MOTOM
(OKyCHPYIOTCS B MYYOK U <«BIPBICKMBAIOTCS» B BAKYyMHYIO
KaMmepy. 371ech IIyYOK [OMAaLaeT B CUJIbHOE MaTrHUTHOE TOJe,
KOTOPOE 3acTaBJIsieT MOHBI ABHTAaThCS MO OKPYXKHOCTH. UeM
Jierue MOH, TeM OH «IIOCJYILIHee» H TeM Kpyue ero TpaekTo-
pusg. Tskesble HOHBI OTKJOHSIOTCS MEHbIe, MO3TOMY Ha
NJIaCTHHKE, HA KOTOPYIO NONAaAaloT HOHBI, NOSBJSIOTCA JBe
cepeOpHUCThie TOJOCKH — pasjiesleHHble H30TONBl YpaHa.

Takumu npu6opaMu (QUSHKH MOJIb30BAJKMCh OYEHb AaB-
HO — BeJb MMEHHO Tak paboTalT Macc-cleKTporpagdsl,
C MOMOLIBLIO KOTOPHIX ObIIH OTKPBITHL H30TOMBL. DJEKTPO-
MAarHMTHBIH METOJ MO3BOJs€T OYeHb OLICTPO M MOUTH NOJ-
HOCTBIO PasfesuTb u3oTOonbl. MIMeHHO OH moMor (H3UKaM
MOJNYYUTb YHCTHIH ypaH-235, HeoGXOMMMBIH [Jis M3yUeHHs
CBOJCTB 3TOrO BaXKHEHIUIEro siIePHOTO TOPIOYEro.

Ho ot takoii 1aGopaTOpPHO# yCTaHOBKHM 10 NMPOMBILILIEH-
HOCTH —«JIUCTAHIUST OrPOMHOrO pasmepa». Benb oObIUHBLH
macc-cnekTporpad  HMeeT HHMYTOXHYI MPOU3BOJIHTE/b-
HOCTb — MopsAAKa JoJed Mukporpamma B uac. «Ocyireer-
BUTb K€ pasjesieHHE B IPOMBILIJIEHHBIX MacumiTabax H 110-
JydaTh M30TONBl XOTS1 Obl GYHTAMH OBLJIO COBEPIUEHHO
JIPYTUM JeJI0M,— FOBOPHJ U3BecTHHH Ppusuk Orro Ppumr.—
9710 nomo6HO TOMY, KaK ecid Gbl Bpauy, M3TOTOBHBIIEMY
C OTPOMHBIM TPYAOM KPYIHIY HOBOTO J€KapcTBa, CKa3aJju:
«A Temepb, HOKTOP, MBI XOT€JH OBl HMETb €r0 B KOJHUECT-
Bax, JOCTATOYHBLIX AJIl TOrO, 4TOOBI MOCTHTH WM YJIMIbI».

SIcHO, 4TO MeTOJ 3/IeKTPOMATHUTHOTO pasiefeHHs He
FOAMTCH OJisl MOJYyUEeHHUS ypaHa-235 B KoJiMuecTBe, «I0OCTa-
TOYHOM [AJisI MOIUEHHMS yaul». HyKHO NpeloXHUTb YTO-TO
apyroe. Ho uro?

M3BecTHO, YTO pasHUIA B MAacCe 3aCTaBJsET TskKeJble
yacTulbl OblcTpee ocefaTh B KHUIKOCTH Ha AHO COCYZHA.
Haxe B aTMocepe NMPOUCXOJUT YACTHYHOE pasjie/ieHHe Ta-
30B. OGHapyxeHO, 4TO HAa GOJIbIIKX BBICOTAX TeJNHs U BO-
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OPOAA, CaMBIX JIETKHX TasoB, 6oJbllle, YeM Y NOBEPXHOCTH
3eMJH.

Ecau cuapl TsroteHuss 3aMeHuTb 00Jiee MOUIHBIMH HEHT-
poOeXKHBIMH CHJAMH, MOXKHO BO MHOTO pa3 YCHJIUTb 3TOT
sddekr. Anmapar, B KOTOPOM IMPOU3BOJUTCS LEHTPOOEXK-
Hoe pasjesneHue,— LieHTpudyra, npencrarasier coboit Bep-
THKaJbHO PacroyIoKeHHbH IUJAUHAD, Bpalanuiyiics ¢ 60/b-
mof cKopocThlo. ['a3 WM XKUIKOCTH B TAaKOM IHJHHADE
pacnpenessieTcs Tak, 4TO B LieHTpe JAaBJjeHHe W TNJIOTHOCTb
MeHbIlle, 4eM Ha Bpamamwouleiics credke. [ns Gonee Taxe-
JIBIX MOJIEKYyJsl pasHHIla B JaBJEHHH U IJIOTHOCTH B LEHTpe
U Ha nepucdepuy HeCKoJbKO 0oJblie, yeM AJs JerKux. Ecau
B UeHTpU(DYTy Nonazaer cMech H30TONOB, OoJiee JIErKHe
aTOMbl KOHLIEHTPUPYIOTCSI B UEHTPAJbHOH YacTH, a TAXKe-
Jble — Ha nepudepuu.

PaGory ueHTpHUGYTH MOXKHO YJAYYHMIMTb, €CJAH IPOMy-
CKaTh MOTOK Tras3a MWJAM Napa BHHU3 OJHXKe K CTEHKaM,
a BBepX — BOJb LeHTpajbHOH ocu. Torma map u/au ras
C JIETKHM H30TOIOM MOXHO BBIBOIUTH B BepXHeH 4acTH
B LIEHTPE, a C TSXKeJNbIM — B HHXKHeH, G/MKe K NepUdepuu.
[Ipumenenue umeHTpudyr mas pasieseHus H30TONOB ypaHa
CYJIMJIO TEOPEeTHYECKH HeIJIOXHe pe3yJabTaThl, HO [IJis HC-
MOJIb30BAHUST 3TOTO METOJa B NMPOMBIIIJIEHHOCTH TOHaN06H-
JIUCh OBl CJIOXKHBIE YCTAHOBKH.

A He oxaxeTcs JU NOAXONSIIMM [IJsI NPOMBILIJIEHHOTO
npUMeHeHHs] MeToJ TepMoAud¢y3nun. CyuHOCTb €ro COCTOUT
B TOM, YTO €CJIH B COCYJ C rasoo6pasHofl cMecbld BCTABUTH
HarpeBaemMyio cOupa/jb M OXJaXKJIeHHbI 3MEeBUK, TO Jer-
KHe MOJIeKyJbl OyAYyT KOHIEHTPHUPOBATHCA OKOJIO HArperol
CIMpasu, a TskKesble — Yy XOJOLHOTO 3MeeBHKa. YCTaHOBKY
MOXKHO yIPOCTUTb ¥ NPHBECTH €€ K BEPTHUKAJbHOH OXJaXK-
naeMoit TpybGe, B LEeHTpPe KOTOPOH NPOTAHYyTa HaKajuBae-
mas g0 500° C mpoBosioka. CMech razoo6pasHbIX H30TOINOB
BBOJAUTCS B TPYOKy. Jlerkue aTtoMbl cOOMPAIOTCSl B IEHTpE
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y HarpeTtoil NPOBOJIOKH, & TsXKeJsble — Y XOJIOXHOH CTEHKH.
[TockosbKy HarpeThlfi ras Jierde, OH TOAHHUMAaercsl BBepX,
a XoJIoLHEBIH, GOsiee TSXKEJBIH ras ONyCKaeTcsi MO CTEHKaM
BHH3. B 30-x rogax XX crosetus 3TUM MeTOJOM YZHaJOCh
pasneauTb U30TONBI XJOPA, HEOHA, a30Td, KPHITOHA H T. X.
B 40-x romax meron tepMoxucddysuu 661 anpoOUpOBaH Ha
onnoMm mnpemnpustu B CIIA nns pasmeneHuss H30TONOB
ypaHa, Ho OH norpe6oBas O6oOJbIIEro pacxona SHEPTHH.

B 1955 r. 6bl1 npenJiokeH U HcnpoGOBaH METOXL CTPYH-
Horo paspesneHus. ITpunuun ero HecsnoxkeH. I'azoo6pasHyio
CMecb HM30TONOB HAarHeTalT B KaMepy U ¢ OGOJbLIOH CKO-
POCTbIO uepe3 COIJIO BHIIYCKAIOT B NMOJOCTb C HU3KUM [dB-
JeHueM. 37ech cTpys pacuiemnssiercs. Jlerkue, Gosee mo-
IBHXKHBIE aTOMBI JUGOYHARPYIOT BO BHELIHIOWO 4aCTh CTPYH,
a TsxKeJsble — OCTalTCA B LeHTpe. Eciu Temepb HalpaBHTb
CTPYyI0 B NaTpyObOK, KOTOPHIH KaK Obl «paclienser» CTPYylo,
«BBIpe3asg» U3 Hee AP0, HACBLIIIEHHOE TSXKEeJNbIM H30TOIOM,
MOKHO MOJIYUYUTb YCTAHOBKY, BIOJIHE NPUTOAHYIO AJs NPO-
MBILIJIEHHOTO0 HcHoJb30BaHusA. Ho oHa okasanach MeHee
BHITOJHOH, 4eM MeTOJ ra3oBodl Jud@ysuH, ¢ NOMOLIbIO KO-
Toporo (U3HKU 3aJ0Jr0 [0 IOSBJEHHs aTOMHOrO IPOEKTa
pasiensiii rasoo6GpasHble M30TONbl.. A MBICAb O TOM, UTO
rasopylo Aud@ysu0 MOXKHO NPUMEHUTb [Js Das3le/eHust
M30TONOB ypaHa, npuuwia B ronoBy ®panuny CHMOHY.

[oBopst, uTO0 CHMOH OBbLJI €IHMHCTBEHHBIM OQHUIEPOM
OpUTAHCKOH CJyXkObl, KOTOPHI Obl71 HarpaxaeH HEMeUKHM
60eBLIM XKeJe3HbIM KpecToM. IlpaBpa, Kpect 3TOT Obla MO-
JiyyeH MM elle B INepBYI MHPOByi0 BoOiHY. [uTiepoBcKHH
PEeXHM 3aCTaBUJ €ro 3MUrpupoBaTh B AHrauio. OnHAKIBL
yrpoMm CHMOH ToOsiBH/CA B Ja60OPaTOPUM C KYXOHHBEIM CH-
TOM, CHeJaHHBIM M3 MeTaJJjuHecKo# ceTkM. [lokasbiBasg Ha
MHOKECTBO MEJKUX ABIPOYEK, OH 3asBHJ COTPyAHHKaM: «To,
YTO MBI HUIEeM, NpeLcTaB/asieT co00H HeuTo Mogo6HOe, TOJb-
KO ¢ ropasgo 6oJiee MeJKHUMH OTBEPCTHAMU».
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HeficTBUTENBHO, CYIIHOCTh AU(DY3HOHHOTO MeTo[a Mpo-
cra. Ecau ecTecTBeHHbIN ypaH B rasoo6pasHoil popMe mpo-
HHKaeT yepe3 (GUJIbTP C HUYTOKHO MAaJbIMU OTBEPCTHSIMH,
TO ypaun-235 mpoiieT CKBO3b NMOPUCTYI CTEHKY OBICTpee,
yeM ypan-238. 'as mo Apyryio cTopoHy ¢uabtpa Gymer co-
nepxKaTb HeMHOro Gosblie ypaHa-235 10 CPaBHEHHIO C ra-
30M, He mpoweamuM eme yepe3 dbuabTp. Pasuuuna sta ma-
Jia, HO €CJIH 3aCTaBUTb Tra3 NPOXOAMTH MOCJEAOBATENbHO
yepe3 0OJIbLUIOE KOJIHMYECTBO IIOPHCTBIX IE€PErOPOLOK, TO
MOXKHO TOJIYYUTb HeIJIOXHE DEe3yJbTaThI.

[IpaBna, umciO NeperoponoKk MOJyYyaercsi OTPOMHBIM.
Has toro utoObl yBeNMUUTH cOfAepxkKaHue ypana-235 B 10
pas, 1. e. ¢ 0,72 no 7,2%, tpebyercs okoso 1900 memGpaH,
a pas noaydenus 999% ypana-235 umciao mMemGpaH yBesH-
yuBaercs no 4000.

HsrotoBnenue MeM6paH — meso He npocroe. Teopus mo-
KasblBaeT, 4YTO AMaMeTP OTBEPCTUil B MeMOpaHe HOJXKEH
ObITb OKOJIO OAHOH CTOTHICAYHOH MOJM MMJJIHMETpA.
Hro6el TMOAYYHTb TaKHe CyGMHUKPOCKONHYECKHE OTBEPCTHS,
TOHKME JIUCT cljaBa cepeGpa ¢ LUHKOM TPABAT COJSHOM
kucaotTofi. OHa  pacTBOPsieT aTOMbI LHMHKA, a HAa X MeCTe
OCTAlOTCSl MeJibYafliie OTBEPCTHS.

Bropass npoGsema — nmoJjiyyenne rasooGpasHoro ypasa.
BrisicHusOCh, 4TO ynoGHee BCEro BOCTONB30OBATHCS COENHHE-
HUeM ypaHa c ¢topoM. [leno B ToM, uTO y TOpa BCera
OIMH M30TON, H Bechb XOJ mIpoliecca pasneseHus OyAer OIl-
penensiTbcs TOJBKO H3oTonamu ypana. Ho y rekcadropuna
ypaHa (Tak HasbIBaeTCsl 3TO COeJMHEHHe) MHOTO HelOCTaT-
KoB. OH XMMHYECKH OYeHb aKTHBeH, NO3TOMY HAaJO0 OBIJIO
noayMaTs 06 aHTHKOPPO3MOHHBIX CHJaBax [HJjs Tpyo, cocy-
JIOB, KOMIIPECCOPOB M HACOCOB..B cucTeMy He MOJIXKHBI HMoma-
JaTb BO3LYX U BJara, Tak Kak, pearupys c HUMH, rekcadro-
puMA ypaHa JaeT NMOPOLIKOOOpa3HOe COeldMHEHHE, CIOCOOHOe
3aKYINOPUTb MeJKue Mope B MeMGpaHax. Bece TpyGsl U ycra-
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HOBKH CHCTE€MHBl HEOO6XOAMMO MOIOTPeBAaTh, YTOOBI MPENOT-
BPaTHTb KOHJAEHCALMIO rasa.

3aBox B Ok-Pumxe, nocrpoennnisn B CIIA gas pasne-
JIEHHsI H30TOIOB MeTOAOM Tras3oBo#l AudGdy3uH, OrpOMEH.
[Inomanb MOPHCTEIX MEPErOPONOK COCTABJSIET COTHH TeKTa-
pOB, a Tpy6GONPOBOABI, BHITSHYTHIE B OMHY JIMHHIO, COCTABH-
Ju Obl HECKOJNBKO ThiCSU KHJIOMeTpPoB. M TeM He MeHee
MMEHHO 3TOT METOJ OKa3aJjCs CaMbIM BBITOJAHBIM [OJIsI TpO-
MBILIJIEHHOTO pasjesieHus] H30TONOB ypaHa.

Ho pemuts npoGmeMy paspeseHuss H30TONOB ypaHa
BOBCE HE€ 3HAYUT pemuTb cynb0y aTOMHOH 3HEPTETHKH.
Henbsst 3a6eiBaTh M O Tperbeil mpobieMe — O MOJYYEHHH
3aMelJIuTe ] U APYTHX MAaTEepHaJjoB JOCTATOYHOH UYHCTOTHI
¥ B HYXHOM KoJjudectBe. I mpexne Bcero sty mpoGJemy
CJIeZI0BAJIO PEelITh B OTHOLIEHHH CaMOro PHPOIHOrO ypaHa,
KOTOpHI HEOOXOIMMO BBIAENATh U3 PYI.

[To TexHoJsiOTHH, NPUHATOH B AHIJIMH, YPAHOBYIO PYILY
pacTBOpAIOT B a30THOH KHcJoTe. 3aTeM, obpaGaTbiBasi ee
5(pHupOM, YypaHHJ HUTPAT OTHENSIOT OT BCEX OCTAJbHBIX
npuMeceil. M3 ouuimeHHbIX TakuM 00pasoMm coJiefi ypaxa
MOXHO TIONIYUUTb [Ba IMPOAYKTa: METaJJIMUECKUH ypaH
H 3HaKOMBIEI HaM rekcadTopun ypaHa. IDTOT ras3 3arTem
UJEeT Ha pasjendTesbHble 3aBOAH, TIe MOJYYalOT sAepHOe
TOIUIMBO, O6OralieHHoe ypaHoM-235.

Meranauueckuil e ypaH MOABEPraiT He MeHee J1060-
neITHOH o6pabortke. [leso B TOM, 4TO ec/u B Hayaje pado-
THl PeaKTopa 3a TOHKOH a/loMHUHHEBOH WJM HHOOHEBOH 060-
JIOUKOH TEeIJIOBLIAESIOIIEro 3jJeMeHTa HaXOAUTCS ypaH-238
¥ ypaH-235, TO uepe3 HEKOTOpOoe BpeMsl BHYTPH B TeX WJIH
WHBIX KOJIMYECTBAX IOJYYalOTCs €/lBa JIM He BCE 3JIEMEHTHI
NMepHOLHYeCKOH cucTeMbl. Bri6paceiBaTh oTpabOTaBIIHH
cTep:xeHb OblIO Obl HakaagHO. Benb B HeM comepXutcs
HenpopearupoBaBIIuli, NOOBITHIH paHee ¢ TaKUM TPYAOM
ypan-235. Ypan-238 Toxe He CTOUT BhIOpachiBaTb. XOTH OH
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¥ MellaeT NPOTEKAHHIO LEeNHOH peaKIUH, HO MOIJIOIIEHHLIE
MM HEHTPOHBI, €CJIM TAK MOXKHO BBIPA3HThCS, He MPONanaioT
napom. OHu yepes psN NPOMEKYTOUHBIX PEAKUUH MEpeBo-
AT aTOMBl ypaHa-238 B aTOMBI HOBOTO, HE BCTPEUYANOIIErO-
C B NPHUPOLE 3JeMeHTa — IJIYyTOHHA. A MJIYTOHHH B OTJH-
Yyge OT YypaHa-238 MOXKeT CJHYXKHTb SIIEPIBIM TOPIOYHM.
3HauuT, U3 0TpabOTABIIEr0 CTEPIKHS HEOOXOAMMO BbIIENHTD
elle U NAYTOHHUH.

Bor 3pech-To M ecTb rie pasBepHYTbCA XUMHKaM. Hs-
BJIEUEHHBIH M3 PEAKTOPa TeMNJIOBBIIETIOUMH 3JIEMEHT TOTPY-
AT B PacTBOP, KOTOPHIH pacTBOpsieT MeTajJHYecKylo
060s104Ky. ITocnie atoro ocraBuiuficss ypan ¥ NPOAYKTH €ro
JleJIeHHst PacTBOPSIIOT B a30THOH KucjaoTe. B urtore ob6pa-
3yeTcs pacTBOP, B KOTOPOM COJIEPIKATCS HUTPATH BCEX IO~
JIYUHBIIMXCSI B pe3ysbTaTe SIEPHBIX PeakUH# 3JeMEHTOB.
M3 storo pacTBopa HHUTpPaThl ypaHa M IJIYTOHHS YAAeTCs
BHIIE/MTb C MNOMOILBIO OPraHHYECKHX PacTBOpDHTesell, He
cMmemuBawmuxces ¢ Bonoi. Ilpu ciuBanuu pactBopa u cMme-
cu Ttpubyrtundocdara ¢ KEPOCHHOM COEIHHEHHS ypaHa
U MJIYTOHHS Yepe3 HEKOTOpPOe BpeMs MepexOoAsiT U3 BOJHOH
cpembl B OpraHuyeckylo. IIpoayKTel [meseHHst OCTaloTCH
B pacTBope.

M3 oprannyeckoro pacTBOPUTE/ISI HUTPAThl ypaHa U IJY-
TOHHSI MOXHO H3BJeuYb C MOMOIILI0 YUCTOH BOZBI. UTOOH
CYHTATL ONlepalHI0 3aKOHUEHHOW, HANO cllesaThb ellle OJHH
mar — OTAeNHTb YpaH OT miayToHusi. M 3pech cHOBa mpH-
XOAUT Ha TNOMOIIb OpraHuuyeckuit pacreopurtens. eno
B TOM, 4TO IJIyTOHUH Jierue mepexoiuT B HauboJiee OKHUC-
JIEHHOE COCTOSIHME, YeM YpaH, I[03TOMY ero HHTpaT He
pacTBopsieTcst B OpraHuuyeckoM pactBoputese. CoequHEHHS
JKe ypaHa JIeTKO pacTBOPSIOTCS B HEM.

Takass o6paboTka OO6JyueHHBIX CTepXHel He JHIleHA
He/lOCTAaTKOB, BeJb pPAaCTBOPEHHE M BTOPHUHOE BBIJENEHHE
TBEpPIbIX BEHIECTB CUJbHO YIOpPOXKAET CTOMMOCTb SIAEPHOTO
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ropiouero. ITosToMy XHMUKM HpelJIOXKUJIH elje HeCKOJbKO
MeTO0B O6paGOTKU TEIJIOBLIAESIOMNX dieMenToB. Mox-
HO, HamNpuMep, Bce COJIepXKHUMOe CTepKHS NpPeBPaTUTh
B cMech (pTopunoB. Ecsau Tenmepp HAarpeTh TaKyl CMechb, Jie-
TyuuH rekcadTOpu[ ypaHa YXOOMT B BHIe mapa, a 60Jb-
masi 4acTb NPOAYKTOB JeJeHHs OCTaeTcs B TBEPAOM Ocal-
ke. Ilnyronuii, npaBza, ToXe ocTaercsi B OcajKe, M3 KOTO-
poro ero BBIAENSIOT OPTaHHYECKHUM pPacTBOPHTENEM.

A BoT gpyro#i mpouecc, paspaGaThiBaE€Mbli B XHMHUE-
cKuxX Jabopartopusax. Ecau usBieueHHoe M3 peakropa ypa-
HOBOE TOIJIUBO PACIJIaBUTh B NPHCYTCTBHM OrPAaHHYEHHOTO
KOJIMUeCTBa KHCJOpPOAA, TO MOJNydYarTcs [VIaBHBIM 00pasoM
YCTOHYMBBEIE OKUCJBI GOJBIIMHCTBA HOBBIX 3J1eMEeHTOB, o6pa-
30BaBIIUXCs NP o6ayueHUH. Dynyuu Gosee Jierkumu, ueM
pacniaBieHHBIH ypaH, OHM BCIJILIBAIOT HA MOBEPXHOCTDb
B Buze miakoB. OTOENUTh YPaH OT ULIAKOB Tenepb HETPYH-
Ho. Hano BeIMycKaTh pacnsiaB/jeHHBIH MeTaJsJ uyepe3 OTBEp-
cTus B AHHUIIe THUIJs. MoxHO chenath uunave. OxJanuB TH-
rejb 100 KOMHATHOH TeMIIEpaTyphl, HETPYAHO pPacTBOPHTH
NJIeHKY OKHCJIOB BepXHefl YacTH B a30THOH KHCJIOTe, TOTAA
B THIJIE OCTaHETCs YHMCTBIH ypaH.

DJyieMeHTHl, KOTOPble He 06Pa3yloT OKHCJIOB, TOXE MOXK-
HO yAaJsiTh U3 ypaHa. Hanpumep, nesuil npu BHICOKHX TeM-
neparypax yJeTyuuBaercs, TeJJyp, CIJIaBJsCh C PeNKo-
3eMeJbHBIMH 3JIeMEHTaMH, YXOJWUT B LIJAK, TaK Xe Kak
H LIUPKOHHH, KOTOPHH o6pasyer KapOuI LMPKOHMS.

HccnenoBan B sabopaTopuu eie OAMH MeTOH, C IIO-
MOILIO KOTOPOTO MOXKHO OTHAEJSTh IJYTOHUII OT OO6JyueH-
HOoro ypana. EciaM B THTeNb C pacn/aBJeHHBIM YPaHOM
BBUINTh TaKOe e MO Becy KOJHMYEeCTBO paciljiaBJeHHOH co-
Ju — terpadTOpUia ypaHa, TO Yyepe3 HEKOTOpOoe BpeMs H3
MetaJiaa oxoso 90% nayToHUs mepeiifeT B coJib. DTOT IPO-
LecC TaK M Ha3blBAeTCs — 3KCTpPakUus (U3BJEYeHHe) pac-
IJ1aBJEHHBIMH conissMH. OKaselBaeTcs, He TOJIbKO TeTpadTo-
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PUL ypaHa MOXKeT HM3BJIEKATb MJIYTOHHH M3 PaCIJaBJIEHHOTO
ypaHoBoro tomiuBa. He xyxe cosu 3Ty 3amauvy BHINOJIHSIET
cepe6po. B cmecu pacniiaBa o6syueHHOro ypaHa u cepebpa
NJIYTOHHH Yepe3 HEKOTOpoe BpeMs o6pasyeT pacTBOp B ce-
peb6pe. Ho xoTst cepe6po M XOpOLIO «OTCACHLIBAET» MNJYTO-
HHMH, Y HEro ecTb HeMaso HenocTaTkoB. OHO CJHIIKOM XO-
pOLIO MOTJIOIIAeT MeJJIeHHble HeHTPOHBI, O3TOMY fIepHOe
TOIJIMBO, Das3leseHHOe ¢ MOMOIbIo cepebpa, NPHUXOMUTCSA
[OJBEPTaTh AOPOTOCTOALIEH TLIATEJbHOH OUHMCTKE.

C 3TOH TOYKM 3DEHHs MarHuii, KOTOpPHIfI XyXKe pacTBO-
psieT NAYTOHHMH, OKasblBaeTcs 3KOHOMHUECKH OoJjiee BBITOJ-
HbIM. OH He TpebyeT CTO/b TIIATENbHOH OUHCTKH. JKCTPaK-
HUst KUAKHMH MeTaJjJlaMu — He OCBOEHHBIH INPOMBIIILIeH-
HOCTBIO IIPOLeCC, OHA HAXONUTCH ellle B CTaiHHM H3YYeHHsI

Paspa6oTka 3THX M HOBBIX METOMOB pasiesleHHs] pas-
JIMYHBIX 3/1€MEHTOB He MeHee Ba)KHA, YeM H306peTeHHe HO-
BBIX CIIOCOOOB pasieseHust H30TONOoB. [leso B TOM, 4TO A1ep-
Hble DPeaKLUMH OTKPBIBAIOT Iepell XUMHKaMH JIOOOMBITHLIE
BO3MOXKHOCTH. MBI yKe TOBOpHJH, YTO HM30TOIBI, HE OTJIH-
qalmuecs M0 XMMHYeCKMM CBOHCTBaM, HaleJeHbl Dasjiuy-
HBIMH SIIEPHBIMU cBoficTBaMu. [103TOMY BMECTO TOTO, YTOGBI
¢ 6OJIBIIMM TPYAOM H 3aTpaTaMu pas3fessiTb u30TOIbl, MOXK-
HO NOUTH APYTHM IyTEM: B35ITb KaKOH-JIHOO 3JEMEHT, MyCTh
Jaxe cMellaHHBI# ¢ APYruMH, U OGJYYUTb €ro HeHTPOHAMH.
Torma B pesysbTaTe siepHBIX IIPeBpallleHHH OIHH H30TOI
NpPEBpPATUTCS B HOBBLIH XMMHYECKHH 3JIeMEHT, a HPyrod —
ger. Takyio cMeck MOXHO Das3fensiTb MeTOAAMH, XOPOIIG
OCBOEHHBIMH XHMHUYECKOH TeXHOJOTHeH.

CkaxeM, B TIpUPOOHOH BOLE €CTb B HHUUYTOXKHBIX KOJH-
yecTBAaX elle OAHH H30TON Bogopoma — TpUTHH. KouueHT-
paiys TPUTHUS TaK MaJja, YTO BbIAEJEHHE €ro M3 NPHPOLHOH
BOJBl CTOWJO Obl OTPOMHBIX JEHEr, a TPUTHH OyeHb HY-
3KeH — BeJlb OH caMoe Jiydlee TOMJUBO AJIs TepPMOSIAEPHHIX
YCTaHOBOK.
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HaunyymuM MeTonoM NPOMBIIIEHHOI'O TOJYUYEHUS] TPH-
THsl 0OKa3aJoCh He DasjesieHUe H30TONOB, a siIepHbIE peak-
uyud. Jlast 3TOro coelvHeHUs JUTHS 06JydaloT MeIJeHHBIMU
Hefitponamy. OOMH H3 M30TONOB 3TOTO MeTajjia — JUTHH-6
npeBpaliaeTcss B ra3oo06pasHBl TpUTHIL, OTHeJeHHe KOTOPO-
ro NPOHM3BOASAT NPOCTOH OTKAYKOH.

SlnepHble peakuuu c M30TOHAMH M MOCJEAyIOIIEe XUMH-
4yecKoe pasje/eHHe — COBEPIIEHHO HOBOe HallpaBJ/eHUe
B TEXHOJIOTHH.

Hrax, nayrtonuit, ypas-238 u ypaun-235 us marepuasna
0TpaboTaBIIUX CTepxKHeH ynasneH. Uro ke ocransocs? Ocra-
JINCb PAacTBOPHI, COLEpIKAILIHE COJNH M JPyTHe COeRMHEHHSs
3JIEMEHTOB, MOJYYUBIIMXCS NPH 06JydeHHH. DTH PacTBOPHI,
006pasHo BbIpaxasiCh,—-«AbIM» aTOMHOH Tonku. M ecaun cefi-
yac Cepbe3HO H OCTPO CTABATCS NpoOJEMBl OUHCTKH IPO-
MBIIIJIEHHBIX OTXOMOB, TO 3TO TpeOOBaHHe B euie GoJbIIEH
CTeNeHH INPUJOKHUMO K OTXOJaM AaTOMHOH NPOMBILIJIEH-
HOCTH.

Benb 3TH OTXOABI cOLEpKAaT AOJTOKHUBYILIHE PalHOaK-
THBHBIE BEIIECTBa, KOTOpHE, OyIyud BHIOPOIIEHBl B aTMO-
chepy WIM B DeKH, MOTYT NPHHECTH HeNONPaBHUMBIH Bpel.
[Togcuurano, uto ecau 6bl motpeGroctw CIIIA B sHepruu
YIOBJIETBOPSIIMCH 3a CYET SJEPHBIX DPEaKTOpoB, TO OLLIO
6bl HEOOXOAUMO YIAJHTb CTOJNBKO PaAMOAKTHUBHBIX IDPOAYK-
TOB [leJIeHHs], CKOJIbKO X o6Gpasyercs npu B3pbiBe 200 ThIC.
aTOMHBIX 60MG!

[IpoGieMa OUHCTKH «JAbIMa» MJs aTOMHOH SHEPreTHKH
MOKeT B CKOPOM OyIYIEM OKa3aThCsi [IePBOOYEPENHOM. Y Ke
cefiyac OCTPO CTOMUT BOIPOC: KyZa JAeBaTh PajUOAKTHBHBIE
orxonb? CuuTaercs, YTO HAUJYYIIHH MeTOJ KOHIEHTPHUPO-
BAaHUA NMPONYKTOB JeJeHHs — yNapHBaHME WX A0CyXa U Ie-
peBoJl CMEeCH HHTPATOB B OKHCJbl — KaibouHuposanue. Ca-
MM 3TH OCajakd TpeOyeTcss Temepb HAJEXHO 3aXOPOHHUTH
B CHEINHAJbHO AJSI 3TOH LieNu CO3LaHHble «MOTHJIbHHKHUY».
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Ectb u pmpyrue myTH: NPORYKTHl pacmajza MOXKHO Hepe-
BeCTH B TBEPJOE€, CTEKJOBHIHOE COCTOSIHHEe W TaKuM obpa-
30M eme GoJjiee TIOJNHO H30JIUPOBATh OT BHEMIHEH CpEMbL.
OTH OTXOABI MOXKHO TOMEIIaTh B 3aMKHYTble I'e0JIOTHYeCKHe
NOJIOCTH, He HMEeIoLIHe BBIXO/a Ha IOBEPXHOCTb: HamnpHMep,
B He(TSAHbIe N/1ACTHl, U3 KOTOPBIX OTKayaHa HedTb.

B ymaneHuun paguMoakTHBHBIX BEIIECTB M3 OTXOJOB aTOM-
HO#l NPOMBIIINIEHHOCTH BeyLiasl poJib NPUHAIJIEXKHT XMMH-
KaM.

Ho npoGsembl, cBsi3aHHBle TaK HJIH HHAYe C SAEPHBEIM
TONJIMBOM M C NPOJAYKTaMH ero jejneHuss U o6pabOTKH, Aa-
JIEKO He HCUEepNBIBAIOT KPyra BOIPOCOB, KOTOPble aTOMHAas
IPOMBILIJIEHHOCTb CTaBUT Nepel XuMuKamH. Henb3s 3a6bl-
BaTb M O 3aMeJJIMTeNle, ¥ O APYTHX MaTepHanax «A0oCTaTou-
HOH YMCTOTHI®.

CHravasa o 3amefsuTene. Ypaun-235 jyuuie pacuienser-
csl MeIJIEHHO ABMKYUIUMHCS HeHTPOHAMH. A TNpU JeseHHH
A1pa HEHTPOHBI BHIIETAIOT U3 HETrO0 C OuYeHb OOJBbIIOH CKO-
poctbio. MX Tak W HasbBalOT — GHICTPEE HEHTPOHBL. s
TOro 4TOOGB 3aMEeAJUTb HX ABUKEHHE B SIEPHOM DeakTope,
Hys:KeH 3aMensuTenb. CTankuBasich ¢ MoJeKyJaMH UJH aTo-
MaMM 3aMelJIuTe/sl, HeHTPOHBEl OTAA0T UM CBOIO 3HEPTHIO,
i JBUMKEHHE HX CHHUIKAETCS N0 HYXHBIX cKopocrtefi. Ho BoT
B YeM CJIOXKHOCTb. 3aMeJJuTe]b MOMXKET He TOJbKO TOPMO-
3UThb HEHTPOHBI, OH MOXKET W INOIJIOWATh WX, NPEeNATCTBYs
NpOTEeKAHUIO ffepHON LenHo#l peakuuu. [TosTomy K m0GoMy
BEIECTBY, HCIOJb3yEMOMY B KauecTBe 3aMeIJHTENd,
IpeNBbABJSAIOTCS JBa TPeGOBAHMS — OHH [JOJIKHBl XOPOIIO
3aMelIATb HEHTPOHB M Majo IOrJOMATh HX. XOPOLIMMH
3aMe[JIMTENIMHE CUHTAIOT TAXKENYI0 BOLY, rpadur, Gepus-
JUH ¥ ero OKHCb. $cHO, uTO MaJsefimue NpPHUMeCH OYEHb
CHJIBHO BJIMSIIOT HA 3aMeJJIsIollde CBOACTBA 3THX BEIIECTB.
CkaxeM, MaJefilias npuMech 060pa MOXET «OTPaBHTbY»
caMblfi JyuHIM¥ 3aMelJuTesNb, TAK KaKk OOp OUeHb XOPOUIO
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MOrJIONIAeT Me[JIEHHbIE HEHTPOHBl U OCTAaHABJIUBAET LEMHYIO
peakuuto. TakuM xe cBoicTBOM oGsanaer kanMmuil. Ilo-
3TOMY 5TH 3J€MEeHTbl OOLIUHO HCIOJb3YIOT [AJis pPerynupoBa-
HHUSl LEMHOH peakLMH B sAEPHBIX peakTropax. Bsoas B ak-
THBHYI0 30HY CTEeDXKHH M3 60pa WM KaaMHs, MBl MOXKeM
CHMXKATh MOIIHOCTb PEaKTOpa WJM COBCEM BBHIKJHOUYAThb €ro.

Kpome 3TuX BewiecTB, B aKTUBHOH 30He [NOJXKeH OBITb
TEMJIOHOCUTEb, OTBOIASIIMH TEMJOTYy, BO3HHKAIOIIYId B pe-
3ysabTaTe sOepHO#l peakuuu. Yame Bcero AJs 3TOH LeJH
HCIOJb3YIOT BOAY, XKHAKHE MeTaJlJbl, Tas3el, pexe -—opra-
HUYECKHE KHIKOCTH.

W, HaxoHell, B AaKTHBHOH 30HE HAaXOASITCS MeTaJlJhbl,
BpoJle aJIOMHHHUS, LUPKOHHS, HUOOHS, U3 KOTOPBIX MOTYT
GBITh H3TOTOBJIEHBI O0OJIOUKH, NMPEeNOTBpallalomye Koppo-
310 ¥ BbIMBIBaHHE fANEPHOTO TOIJHBA NOTOKOM TeIJIOHO-
cuTesNs.

Hapo Jiu roBopuTh, YTO K CTENEHH XUMHUYECKOH OUHCTKH
9THX BEIIECTB NPeIbsBASIOTCS CaMble XKecTKHe TPeOOBaHMUs.
Ho storo masno, siiepHble peaxklyd OKa3aJHChb BeCbMa 4yB-
CTBUTEJNbHLIME Ja)Ke K aToMaM H30TOoma 3TOro ke XHMHye-
CKOTO 3JIeMeHTa.

Josroe BpeMsi XMMHK{ MaJio HHTEPECOBAJHChH CYIIECT-
BOBAHMEM U TOBEleHHeM H30TONOB. WX HHCKOJBKO He 0ec-
MOKOHJIO, 4YTO CBEPXUHUCTBIE pPEaKTHBH COAepIKaT CMECh
H30TONMOB. Benb B XMMUYECKNX peaKUUAX BCe M3OTOMHl Ka-
Koro-nn6o 3JeMeHTa BenyT cebsi COBEpUIEHHO ONMHAKOBO.
B smepHBIX peakuuax moJoxeHue apyroe. M3oTonsl onHOro
1 TOTO XK€ XMMHYECKOro 3JleMeHTa MO SILePHLIM CBOHCTBAM
MOTyT pas3/nMuaThCs He MeHbIUE, YeM 3JIEMEHThl U3 PasHbLIX
rpynn nepuonuyeckoil cucreMbl. [TosToMy Kak B XHMHH
HHOTIA HeJb3sl NMPUMEHATb 3arpA3HeHHble NPUMECSMH Be-
HmiecTBa, TaK U B SIAEPHBIX PEAKIHUAX HePeIKO NMPHXOILHTCS
OYMIIATh HYXHBIH HaMm H30TON OT APYTHMX H30TONOB TOrO
XKe 3JIeMeHTa.
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Bcrnomuute, Bcero 3 HeliTpona orsuualoT ypad-235 or
ypaHa-238. TeM He MeHee X siZepHble CBOMCTBa pasJHya-
I0TCS OUeHb CHJbHO. YpaH-235 — leHHelllllee sIepHOE TO-
piouee, a ypaH-238—HeT. OQUH JHIIHWH HEATPOH B dAApe
BOZOpOJA JeJjiaeT COeAMHEHHe TSKeJOoro BOJopona — HeH-
TEepUst — BOJY CaMBIM JYULIUM 3aMemjureseM. TsKenblfl
M30TOIN BOAOPOJA MEHblIe MOIJOLIaeT HEATPOHBI, YeM 0OblU-
HBI# BOLOPOL.

W3 nByx usortomoB 6opa TOJBKO OfWH — Gop-10 cHIBHO
norjouaer MeNJeHHble HEHTPOHBI, [O3TOMY, BBIIEIHUB U3
IPHUPOIHOro Gopa TONBKO 3TOT H30TOIN, MOXKHO H3TOTOBHTb
M3 Hero uypesBbl4aliHO 3¢ (HeKTHBHBIE U KOMIIAKTHBIE CTEPIK-
HU. A ynaJuB U3 TPHPOMHOTO JUTHA 7,5% H30TOMA JUTHH-6,
KOTOPHIH CHJ/ILHO IOIJIOIAeT HEHTPOHBI, HETPYAHO MOJNYUUTD
6osiee COBEPIIEHHBIH KUIKOMETANIHUECKUH TENJOHOCHTENb,
4yeM, CKaxeM, IPHPOMHBIH JUTHH.

Kopoue rosops, snepHas s3HepreTuka mepeseja mnpobie-
MY NOJIYYEHHs CBEPXUHCTBIX BELIECTB B COBEPLIEHHO HOBYIO
naockocTe. OHa moTpe6oBasa He TOJNBKO XMMHYECKH YH-
CTHIX BEILIECTB, HO U <«H30TOIHUECKH» UYHUCTHIX 3J1€MEHTOB.
[TpomblimienHoe pasfeseHne H30TOMOB ypaHa nano 6oraThii
ONLIT B 3TOM cMbicae. M xoTs cefiyac yucThle H3OTOIHI
«JIPYTHX MaTepHasoB» IPAKTHUECKH He INPOM3BOLATCS, CO-
3LaHME HOBHIX COBEpIIEHHBIX ATOMHBIX YCTAHOBOK, BEPOST-
HO, PUBEIET K NPOMBIIIJIEHHOMY IPOU3BOJCTBY YHCTHIX H30-
TonoB Oopa, JIUTHUS, Keje3a U T. I.

Ho, xoHeuHO, He TOJBKO HM30TONBl ypaHa pasiensitoTcs
CeroHsi B NPOMBIIIJIEHHOM Macuitabe. bosblie Toro, nepsas
IPOMBILIJIEHHAS] YCTAHOBKA 110 pasfeseHHI0 H30TONOB Oblia
nocrpoeda B Hopperuu emie 10 TOro, Kak ydeHble Hayaju
pa6oTaTb Hal aTOMHBIM IIPOEKTOM. DTa YCTAaHOBKA MpPOU3-
BOJUJIA TSXKEJYI0 BOLY — COeJHHEHHe JefiTepus ¢ KHCI0pO-
oM. o BOHAHBI €IMHCTBEHHBIMH NOTPECHUTENSIMH TSKeN0#
BOIKI OBIJIM HayuHbIe Ja6OPATOPUHU.
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ITocko/sbKy aTOMHBIE BeCca H30TONOB BOZOpOJAA OT/IHYA-
I0TCSl IOYTH B JBa pasa, pas/iuuus B UX (PU3HUECKHX CBOH-
CTBaX CTOJb BEJMKH, YTO AJs paslesneHus BOAOPOLA
U fefiTepusi MOXHO UCHOJNB30BATh METO/bl, OKA3bIBAIOLIHECS]
HeahPekTUBHBIMU [/ YpaHa WM APYrux usoromos. Ha-
IpuMep, NP 3JEKTPOJiM3e BOABI JIETKHH M30TON Ha KaTone
BhIlesisieTcs: GwicTpee, ueM paefitepu#i. [losTomy npu anau-
TeJbHOM 3JIEKTPOJIM3e B OCTaTKe HaKallJIMBAGTCS MUMEHHO
TsKenas BOZLA.

Belnin M3yueHHB W npyrue MeToNbl pas/esieHHs] H30TOINOB
Bojopona. Hanpumep, npu ucmapeHun »KHUJIKOTO BOLOPOLA
ObICTpee yJeTyuHMBaeTCsl JeTKH# H30TOmN, a HeliTepuil KOH-
ueHTpupyercs B ocanke. IlpumepHo To ke camoe HabJIO-
JaeTcsl M NPU HCNapeHHH OoOBIUHOH BONbI, B KOTOPO# cojep-
xkures 0,016% Tsakenol BOLHL.

Ho caMBIM BBEITOZHBIM /151 MPOMBIIIJIEHHOTO HCIOJb30-
BAHUS OKasajCs TaK HA3LIBA€MBIi METOJ H30TONHOrO 00-
MeHa. XOTs XHMHUYECKHe CBOUCTBA TSKEJNOr0 U JIETKOTO BO-
Iopona OJMHAKOBH, OoJsiblias pasHHIlAa B aTOMHOM Bece
IPUBOJAMT K TOMY, UYTO OHHM BCTYNAIOT B XHUMHUYECKHe peak-
LMK C PA3HOH CKOPOCTBIO. DTO pa3jHYUe W MOKHO HCIOJb-
30BaTh AJs1 UX pasfeseHus.

Hamnpumep, B KoJIOHHE, B KOTOPOH CBepXy CTEKAaeT BOZA
npu temneparype 25—30°C, a cHM3y MOAHHMAETCS CEPOBO-
JIOPOZ, TPOMUCXOAUT TaK HA3BIBAEMbIH H3OTOMHBIH OOMEH.
Helitepuil, cogepkamuiics B MOJeKyJax CepoBOAOPOAA, Ile-
PEXOAUT B BOAY, a €ro MeCTO 3aHHMaeT OOGLIUHBIA BOJOPOL
U3 BOMBL. 13 KOJIOHHBl BBIXOMMT BOHA, oGoralieHHas THAKe-
asiM  BomoponoM. OnHa uYacTb e€e HAeT Ha JaJbHeHIyio
06paboTKy, a mpyrasi — IOCTyllaeT B TOPSIYYI0 KOJIOHHY
(100°C). 3mecp mpoucxoAuT o6paTHBLH mpomecc: AedTepHil
NPy BBHICOKOH TeMmIiepaTtype NepexoauT B CEPOBOLOPOM, a BO-
Jla C He3HAUUTEJbHLIM COJEpPXkKAaHUeM AeHdTepHs BLIBOJUTCS
U3 peakuuu. TakuM o6pasoM, CEpHUCTHIE BOAOPOM IEHCT-
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BYeT KaK HOCHTe/Nb HeHTepHss U ero KOJU4ecTBO OCTaeTcHd
HEM3MEHHBIM. A HeNpepbIBHO MOCTymalolias BOfa pasje-
JisleTcsl Ha JBe YacTH: OJHa — oboramieHdas JIeHTepHeM,
a gpyras — ob6eqHeHHAas HUM.

[IpocToil mepeyeHb mpoOllecCOB pasleseHuss oKasaJjcs
BecbMa OOMWIMPHBIM. Kaxaplll mpoliecc MMeeT CBOIO TEOPHIO,
CBOM ammaparsl, CBOM ocobeHHOCTH. BosHukaer mpobsema:
KakuM o0pa3oM H3 MHOMKecTBa pasHBIX CIOCOOOB pasnele-
HUS cMecell BblIesTb Haubosee 3(deKTUBHBIA? Bo3Hu-
KaeT u BTOpast npobsemMa: paguoaKTHBHbIE H30TOINBI OMACHBI
IJs Jofedl — Kak clenaTh Npolecchl pasiesedus, KOHTPO-
JUPYEMBIMH M YIpaB/sieMbIMM 6e3 BMelIaTe bCTBA 4eJIo-
BeKa?

Pemenne 3tux mnpo6JjeM ¥ COCTAaBUJIO OIHH W3 Kpae-
YIOJbHBIX KaMHeH XUMWYEecKO! KHOepHeTHKH.

KMBEPHETUKA WU... KO®DE

Boino 6bl HENpaBHJIBLHO AyMaTb, YTO pasjeseHHe Be-
IIECTB XapaKTePHO TOJNBLKO MIJsi aTOMHOH HPOMBILIJIEHHOCTH.

ArtomHas 3HepTeTHKa -— 3TO CBOero popa amodeo3 pas-
JeNuTeNbHBIX NpoLeccoB. MMeHHO OHa gajsa TOMYOK pas-
paboTKe NPOLECCOB M TEOPHIl, KOTOphEle MOTyT HalTH cebe
NpUMeHeHHe B CaMbIX PAa3/JMUHBIX OTPac/siX NMPOH3BOJCTBA.
B aroMHOH mNpPOMBILIEHHOCTH MNPHXOJIUTCS 3aHUMAThCS
BCEMHM BHJAMH pasJefeHUsl: U BbILeJEHHEM HHUYTOXKHBIX
npuMecel 13 OCHOBHOTO MaTepHasa, KaK B CBEPXYHCTOM
rpaduTe, U CKPyNyJe3HLIM H3BJeueHHeM W3 OIPOMHOH Mac-
Cbl pPYABl pAaCCesTHHBIX H30TOHNOB W pEIKHX 3JEMEHTOB,
M OYMCTKOH OTXOHOB aTOMHBIX 3aBOJOB OT OMACHBIX PajHO-
AKTHBHBIX BEIIeCTB,  06pabOTKOH M3BJEUEHHBIX H3 PEaKTO-
pOB paboYMX CTepiKHel, B KOTOPHIX B Pe3yJabTaTe SAEPHBIX
peaxiyii TOJYyYHJIHCh HOBble, Y¥Ke He BCTpEeYalolHecs
B IPHUPOJE pajUOAKTHBHBIE 3JE€MEHTHI.
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Mgl otBesnm Takoe 60JIBIIOE MECTO ONMHCAHHIO XHUMUYe-
CKMX MpOLIeCCOB B ATOMHOHl 3HepreTHKe TOJBKO IOTOMY,
4YTO BO BCeX JPYTHX OTPaC/AsX XUMHUECKOH NpPOMBILIIEHHO-
CTH WHXKeHepaM U YUeHBIM NMPUXOIUTCS peliaTh B NPUHIUIIE
TaKue XKe 3alauH.

Kax wusBecTHo, xubepHeTHKa — 3TO Hayka o0 ympabJe-
HuM. Ho mouemy ke o Heli 3arOBOpH/IM CPaBHHMTEJNBHO He-
IlaBHO, MOYeMy OHa MNOsiBuaach Ha Oesblil CBET KAaKHX-HHU-
6ynb 15—20 ner Hazan? Benp ynpaBneHHe mpou3BONCTBEH-
HBIMH TIpolleccaMy Tpe6GoBaJioCh BCeria, BelAb XHUMHYeCKas
TEXHOJIOTHs, TOSBHUBLIAsCS [OPa3no paHbile KHOepHETHKH,
TOXe Bcerja tpe6oBajna ympanieHHs. UToOvl ysiCHUTH cebe
3TOT BONpPOC, TONBITAEMCH HPOMJJIIOCTPUPOBATEH €ro He-
CJIOKHBIM TIPUMEpPOM.

B npospauno#i konbe CTEKJASHHOTO KOodeHHMKa, MOCTAB-
JIECHHOTO HAa JPOBSIHYIO IJHUTY, 3aKJOKOTaJja, MouLia NMy3bl-
psAMU Kunsuiasi Boja. Xossiika Behilaja Tyda PasMoJOThbie
3epHa, U yepe3 HeCKOJbKO MHUHYT KOode rotoB. Camblll BHH-
MaTe/JbHHH Ha6JiofaTenb, Ja W camMa XO03sgHKa [OJXKHBI
OyILyT COTJIacUTbCA C TE€M, YTO NMPUTOTOBJEHHE 3TOro Ha-
NUTKa 0cO60TO TPyAa He COCTaBJseT.

Opgnako nompoOyiiTe aBTOMaTH3UPOBATh TAKOH Ipolecc
OpUTOTOBJIEHHST KOde, M Bbl CTOJKHETECh C TPYAHOCTSIMH
Tam, TJe COBeplUIeHHO WX He oxupand. Benp mHOrHe ome-
pauuu xo03gfKa BBINOJHSET NOYTH aBTOMATHYECKH, HE 3a-
Meuast uX. HeTpynHO, KOHEYHO, BCKUNSTUTbL BOLY HJIH
BchinaTh Kode, Ho mpenBapuTesbHO HYXKHO ONpPENENUTh €ro
KayecTBo.

Bo BpeMmsi BapKH HYXKHO CJ€IHTb 3a LIBETOM, BKYCOM
W 3alaxoM HamuTKa. B 3aBucumocTd oT copra Kode, Kapa
IJIaMeHH ¥ JPYTUX yCJOBHH HYHO BBHIOHpAThb BPeMs BapKH
H 1I0CJIeN0BaTeNbHOCTb ONepalui.

KoteuHo, naneko He KaxKaasi X03sHKa BBINOJHSIET OIpe-
[efeHHble TpeGOBaHHsA, HEPEAKO OHA NPOCTO NPHKHALIBAET
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«Ha TJIa30K», ONHPAasAch HaA CBON onelT. BopoueM, eciu oHa
H JOMyCTUT OWIMOKY, TO MOTEpsi HEBEJMKA: MOJ-JUTpPa HIH
JIUTDP Kode.

Ho BapuTe TakuM crnocoGOM ThICSYY HJH HECKOJIBKO
THICAY JIUTPOB Kode yxke He rogutcs. Bo-mepBBIX, HHKAKOH
XO35IiKe HEe CIIPAaBHTLCS C TAKOH 3ajmauell, ecau pelaTh ee
cTapepiMi MeToJaMH. JIerko nocTaBUTh HA MJKUTY HeGOJNbLION
KoeAHHK, HO KakK o6paliaTbCs CO CTO- WJH ThICAYENHTPO-
BLIM ruUraHToM? Tszkeno c ThCAYenUTPOBBIMH KodeHHHKa-
MH — BMeCTO HUX HCIOJB3YIOT HeGOo/blliie 3MEeBUKH, uepes
KOTOpble HEeNPephBHO NMPOKayuBaioT Boxy. CJMIIKOM MHOTO
HYXKHO JIOJeH A OOCAyXKHBaHUST OOJIBIION YCTAHOBKU —
MX 3aMeHSI0T aBTOMATaMH.

Uro6bl aBTOMAT XOPOIIO M 'HANEXHO paboTas, HYKHO
naThb eMy 4YeTKOe 3alaHWe 'Ha TO, YTO M KaK OH JOJIKeH
BBHITIOJIHSAITh: aBTOMAT He MOXKeT paboTaTh «HA IJ1a30K», KaK
X035IiKa, Yy HEro HeT ee ombiTa. [103TOMy mpexae BCEro
YCTAHOBUM, UeM ONpPENeJsIoT KaueCTBO MPHUTOTOBJIEHHOTO
Kode?

He mnyxHo OBITb GOJBLUIMM 3HATOKOM, YTOOBI MPEIIO-
4ecTh YallKy FOPsiYero HaTypasbHOrO KOoge TaKOH Ke yall-
Ke fuMeHHOro. KayecTBO mpuUroTOB/IsieMOro HanmWTKa 3aBH-
CHT B IEPBYIO Ouepedb OT KaueCcTBa HCXOJMHBIX HPOMYKTOB:
Kode, BOABI, caxapa. Beskuit corjacuTess M ¢ TeM, 4TO
npeanaraemblit Mapkom TBeHOM HeMelKHi peLenT, MO KO-
TopoMy Ha 6OuKy BOAbI Oepercst onHO KodeliHOe 3epHO, TO-
e BpAN JH MOXKET TMOJb30BATbCS YCIEXOM. 3HAYuT, HA
KauecTBO Ko(e, KpOMe KauecTBa HCXOAHBIX HPOMLYKTOB,
BJMsieT ewle uUX nponopuus. ORHAKO NepeBapeHHBLIH Hamu-
TOK, NPUTOTOBJEHHBINl M3 JIYULIMX MPOAYKTOB U COCTABJEH-
HBIA 110 IPeKPacHON peHenTtype, Toke He MOMKET MpEeTeHIOo-
BaTb Ha BBICOKYIO OLEHKY. 3HA4MT, NPH BapKe KOe HYKHO
YUUThIBATb elle OAuH (aKTOp — yc/J0BHS NPOTEKAHHs MPO-
ecca.
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Xo3sifika, 3aHsATas NpUroToBieHHeM Kode, mHOrna Oec-
CO3HATENbHO BHINOJIHSET BCe TPU omepauud. KauecTBo Hc-
XOMHBIX TMPOAYKTOB OHa OIpelensieT C MOMOLIbI0 OpPraHOB
YYBCTB, PELENTypy nosaydaer JuGo H3 KakoH-HHOYAb KHH-
I'M, 160 Ha OCHOBe COGCTBEHHBIX W3BICKAHWN W KOHTDPOJH-
pyeT mpomecc OmsTh K€ C MOMOIIbI0 OPraHOB uyBCTB. AB-
TOMaTHyecKasg KodeBapKa [OJXKHA BCe 3TH ONEpalHH Bbl-
nosHaTh cama. CosznaTh Takylo MamuHy cellyac, KOTHa
aBTOMATHYECKUMHU JUHUSAMH U LleXaMH y:Ke HUKOro He yIu-
BUIUb, TIOXKanay#, HeTpyaHo. [lJsi 3TOr0 B OTBETCTBEHHEH-
IIMX YacCTAX YCTAHOBKH HYXHO NOCTaBHTb NPHOOpPEI, KOTO-
pele ciaefuaud Obl 3a YPOBHEM, L[BETOM M KOHLEHTpaluel
Kode u moAmep:KuBaJu Obl UX B ONpeleJeHHBIX I'paHHNAX.
Benp umeHHO TaK M JeHCTBYIOT HaxKe CaMbleé ONBITHBIE XO-
3AHKH: YBUJEB, YTO KO(e BLIKUIAET, OHH YMEHbIIAT MOAA-
uy rasa. CoelMHUB aBTOMAaTHUYECKHMH CBSI3SIMH OTIEJbHBIC
y3JIbl YCTAHOBKH, MOXKHO CO3JAaTh HACTOSIIHE «KO(DeHHBIA»
aBTOMAT.

Tak npurotosseHne Kode, HEC/OKHOE B AoMaiiHe# 06-
CTaHOBKE, MOXKeT OBITb HAaCTOsIIell WHKEHepHOH mpobie-
MOH, KOTJla peub WAET O NPHIOTOBJEHHH GOJBIIOTO KOJHYE-
CTBAa 3TOTO HANUTKa. TOUHO Takue 3Ke MNPOOJEMBl CTOST
U Tepel XUMHUECKHMM IIDOU3BOACTBOM, TOJBKO NPOLYKLHS
€r0 HCYUCASeTCHd He TOHHAMH, a JNECSTKAMH M COTHSIMHU
TBICSY TOHH CaMOTO Da3HoOOpA3HOrO MarTepuaJsa, HauuHas
OT HaIIaTBIPHOTO CIMPTA U KOHYas KayuyKOM H KampOHOM.
M ecan kauecTBO KOo(e — 3TO YTO-TO TAKOe, UTO MbI CAMH
He MOXeM JaxKe TOUHO BbIPa3HTh, TO KAaUECTBO XHMHUUECKOH
NPOAYKUHMH BBHIPAXKAETCS BecbMa peasibHO: B JOMOJHUTENb-
HBIX ThICAYAX KUJIOMETPOB HIpo6era, B CBEpPXMJAHOBBIX TKa-
HSIX M NPOAYKTAX, B OOJIErYeHHH W YHACUIEBJEHHH MAallMH,
OT[EJIOUHBIX K CTPOHUTENbHBIX MaTepuanos. [losTomy He ynu-
BHTEJILHO, YTO Ha IMOBECTKY AHA BCTaJ BONpoCc 00 HCHOJb-
30BaHUM KHOEPHETHKH B XHMHUYECKOH MPOMBILIJEHHOCTH.
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Ha nepBblil B3rIsAA MOXeT 10Ka3aThCs, UTO aBTOMATH3a-
(Ul XMMHYECKOro NMPOW3BOACTBA B NPHUHIUIE MaJo YeM OT-
JuyaeTcs OT aBTOMATH3alUM B MAUIMHOCTPOEHHH HJH
B 3Hepretuke. He Bce Jiu paBHO, YTO aBTOMATH3UPOBATH —
CTAHOK, KOTeJs, TypOuHy uiu aBToksaaB. OKaspiBaeTcsi, HeT.
B sHepreTnke «KauecTBO» 3JIEKTPOIHEPTHH He 3aBUCHT OT
TOTO, C3KHMTaeTcs JM B TONKe HedTb WM TOPP, YUCTas HJH
rps3Hasg BoJa nojaercs B KoTesJ. KauecTBo mpoaykuuu Mma-
LIHHOCTPOUTEIBHOTO 3aBOMA ONpelesasieTcsl TOYHOCTbIO H YH-
cToTolt 006paboOTKU [eTasell U MOXKET MEHSThCS <«IHUCKpeT-
HO»— NPepPBIBUCTO OT JeTanu K jAeTanu. Ha xumuueckoMm
NpeANpUATHH IOJNOXKEHHe HHOe. 31ech KauecTBO NPOAYK-
MM, TaK Xe KaK W KauecTBO Kode, onpemensieTcss TpeMs
takTOopaMu: KauecTBOM HCXOAHBIX MPOAYKTOB, MpOHOplHei
¥ YCJIOBHSIMH BBIIOJHEHHS] TEXHOJOTHUYECKOro Iponecca. JIio-
60oe OTKJOHEHHE OT HOPMbI B KaxJOM H3 (aKTOpPOB NPHBO-
IUT K U3MEHeHHI0 KauecTBa mponykuuu. [IpocTas sameHa
JIOflel aBTOMAaTaMH, KOTOpble OyAyT NMOAJEPXMBaTh B 3a-
JaHHBIX Npefenax TeMIepaTyphbl, AaBJeHHe W Pacxoibl Ma-
TEepHaJIOB B PA3HBIX YaCTAX YCTAaHOBKH, HE MO3BOJMT BHIIOJ-
HUTb OCHOBHYIO 3ajauyy— MOJiyueHHe NPOAYKTa € MakKCH-
MaJIbHO BBICOKHMM KauecTBOM. Takas 3ajnaya Npeanosaraer
BO3MOXHOCTb yuYeTa OCHOBHBIX (aKTOpPOB, BJHAIOIIMX Ha
KayecTBO U pa3pabOoTKy anroputMma, T. €. MPOrpaMMbl yi-
paBJIeHUs TIPeNNpHATHEM.

MuxeHep, aBTOMaTH3UPYIOLIHHA XHUMHUYECKOE TPOH3BOM-
CTBO, [OJI)KEH CO3/aTh TaKYyl0 CHCTeMYy aBTOMAaTHYECKOTO
ynpaBJjeHus, koropasi 6bl obfecreunBajia BbIIYCK HYMKHOTO
KOJIMYeCTBa M KauecTBa XMMHUYECKOH NMPOAYKLHH NPH MHHH-
MaJbHBIX 3aTparax.
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YTO TAKOE XOPOLIO
U 4YTO TAKOE MJIOXO!

Wrak, MBI BBISICHWIH, YTO fAeJaTh CHENHAJHCTY 10 XH-
mMuueckoll KubepHetnke. Ho atoro masno. Hanmo suath elig,
Kak pabGoraTe. Mbl TOBOPUM <«BKYCHBIH KOde», «KauecTBO
XMMHUECKOH TNPOAYKLHHM», HHTYWTHBHO TOHHMAs, O 4YeM
uner peub. Ho Bemb 3/eKTPOHHAs MalIMHA, KOTOPYIO MBI
XOTHM 3aCTaBUTb YNPaBAATb HPOH3BOJACTBOM, He HMeeT
3TOH MHTYWUMH. [l Toro ytoObl CpaBHUTb KOde, MOJHMe-
pBl HIM PEAKTHBH HECKOJBKHX COPTOB, HEOOXOJHMO HaHTH
OOBEKTHBHBIE MepHl JJsi TaKOWl OLIeHKH, Bbipa)aemble
B nudppax. KpoMme 3THX BeqHUHH, HEOGXOAMMO 3HATH U He-
KOTOpBIE JpyTHe BeJHUYMHB, XapaKTepH3yIoIlHe Iporecc.
Kakue?

DTO MOKHO TOSICHUTb Ha THpUMepe.

Mer yxxe TOBOpHJIH, YTO KHOepHeTHKAa — 3TO Hayka 00
ynpaeaeHud. [J1aBHBIH OOBEKT ee M3yyeHHS — MalIHHBL
ITop stuM cioBOM B KuGepHeTHKe NMOHUMaeTrcs Joboe ycT-
pOMCTBO, BBIMOJIHAIOLLEE HEKOTOphle omepauuu. Ilosromy
HaJMyie BpallalolluXCsl LIeCTepeHOK, TSAXKeJbIX MaXOBHKOB
pOTOpPOB, KPHBOWIWNOB BOBce He 00s3aTeNbHO [
YCTPOUCTB, KOTOpble KMGEpPHETHKA MMEHYeT MalIuHaMH.

Malunel, BHNOJHSAOLIME ONEpaliio, CKaxKeM, pasiene-
HHSA, OUEHb pacCIpoCTpaHeHbl [daKe B OOBILEHHOH XKH3HH.
Ha npumepe o6GbUHOH BesiIKM MOXKHO pasofpaTh MPUHIHI
Jq1060ro pasfenuTeNbHOr0 yCcTpoficTBa, HauuHasg OT AparH,
KOTOpasi NPOMBbIBaeT 30JI0TO, A0 PaJHOJIOKaTOpPa, KOTOPBI
BbIJlesisieT CHTHaJ W3 NOCTOPOHHMX IyMOB. Takue MalIHHBI
He CcO3[Jai0T HOBBIX BeLIeCTB: BCe, YTO HAMpaBJ/i€HO BHYTPb
BeAJIKH, BBIXOIUT M3 Hee, HO BEIXOAUT B PasHbIX MecTax.
B xaxpo#i pasmenuTenbHOIl MANIMHE €CTb MECTO, yepes
KOTOpOe OHa 3arpy:Kaercsi CMeCbio. DTO MECTO HAa3bIBAIOT
BXOJOM.
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Te mMecra, U3 KOTOPHIX BBIXOLST NPOAYKTHI, OTJHYAIO-
IMMecss IO COCTABY OT HCXONHBIX, Ha3bIBAIOT BBIXOIOM.
Kpome Toro, nns paGoTH BesiiKM HYXKHA MOUIHOCTb, 6e3
KOTOpPO# OHa He MOXKeT MPOU3BONUTbL pasieneHue. [iBe
BesJIKH, KOTOpble HMEIT OLMHAKOBble HCXONHbIE ¥ KOHEUHble
NPOAYKTEl, MOTYT 3aMeTHO OTJHYaTbCs MO IPOHU3BOAUTENb-
HOCTH: onHa nepepabaTeiBaer | T 3epHa B 1 «, a Apyras
ToIbKO 50 ke. IToaTomy, 4TOGH MOJHOCTHIO ONpENeJUThb 3a-
Jady, clefyeT ykasaTb BeJHYHHY [OTOKa 3epHa, MOCTynalo-
Ulero B BesiJIKY, W NOTOKOB, MOKHIAIOIIMX €e.

Bor u Bce maHHBIe, KOTOPble NOJHOCTBIO XapaKTepPHU3YIOT
paGoTy BesiJIKYM, ¥ He TOJNBKO BeslIKH, HO H J1000# pasment-
TeJbHOH ycTanoBKU. BosbMmute pynHuk. Kak usBecTHO, pyna
B NPUpOJE 3ajeraeT BMeCTe C IIYCTOH NMOPOMOH, T. €. MOPo-
noit, roe colepxaHHe MOJIE3HOTO MeTaJjia HHXKe [OMyCTH-
moro. OueBHAHO, yacTh [OOBIBAeMOf MOPOABI, KOTOpasd
CONEPIKUT HYXKHOe KOJHMYEeCTBO MOJIE3HOTO MeTaJJsa, BBIXO-
IUT ¢ pydHuKa Ha ¢abpuky. Bropas uacth, B KOTOpO#
comepiKaHKe NOJIE3HOTO MeTajsia HHXKe HOPMBI, HIET B OT-
Bas. Eciau npuHHATL Maccy BBIHHMaeMoro Marepuasna 3a
Maccy BXOJSIIIEro MOTOKa, a CpefHee colepkKaHHe MeTaa
¥ IyCcTOH TOPONBl 32 YHCJAEHHOe 3HAUEHHE COCTABa CMECH,
TO MBI YBUIHM, UTO CXE€MAaTHUYECKOe HM300paKeHHEe BesJIKH
HMYEM He OTJIMYaeTcss OT CXeMATHUeCKOro H300parkKeHHs
nesoro pynHvka. Benb pyny, HampaB/sieMylo Ha o6orartu-
TeJqbHYIO (abpuKy, MbBl MOXKEM CUHTATh TMEPBHIM BHIXOIS-
UIMM TIOTOKOM U ONpefesisiTh ee KayecTBO IO COJAePrKaHHIO
NOoJe3dblX M GecrnosiesHblX KOMNOHeHTOB. TO4YHO TaK Xe
MOXKHO 3aaTh ¥ MOTOK, uAymu# B orBaJ. [Ipasna, norpe6-
Has Ha T4KOe pasiesieHue MOIIHOCTb B 3TOM cJjyuae TPYA-
HO Tojnaercs NPSIMOMY OIpedeseHHIO.

[Tono6usiM Xe 06pa3oM MOMKHO paccMaTpUBATh KOJOHHY
IJsT JUCTHJJSILHM WJIM  3KCTPAKUMOHHYIO KOJOHHY. [la
¥ BOOOIIe TOBOpsi, HET TaKOH peajbHOH pasJeHTeNbHOH
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YCTaHOBKH, paboTa KOTOPO# He Morsia Obl ObITh BbIpaKeHa
C TIOMOUIbI0 NepeuHss uudp.

3HAUUT, 3JeKTPOHHAS CUYETHAs MAalIMHA MOMKeT OCylie-
CTBJISITb KOHTPOJIb M yIpaBJeHHe pasiesuTesbHOH yCTaHOB-
KOll, OCHOBBIBasicb Ha OOBEKTHRHBIX, TOUHHBIX nudpax. Ho
KaK CMOXeT OHAa BEIOMDPATbh TOT WJaH MHOH pexuM? Kaxomy
pexUMy OoHA Mo/kKHA OymeT oTmaBaTh mpeamnouteHue? Kak
el OueHHMBATb PA3LEJUTENbHYI0 MOUIHOCTb, O KOTODPOH MBI
JIeJUKATHO 3aMeTH/H, YTO OHA «TPYAHO MOALAeTCS MPSIMOMY
ompenenenuto»? Haxonel, Kakoe ymopaBJieHue IIPH3HATD
HAWJYUIIIM, YTO CUMTATh HJeaJbHbIM IPOLECCOM YIPaB-
JIEHUsI?

Kak 3710 HU CTpaHHO, HO HA MOCJEJHHUII BONPOC OTBETHTD
NOYTH TaK Xe TPYAHO, KAK HA W3BECTHOE MYIIKHHCKOE 3aMe-
yanue «MOXKHO JIM cKa3aTh, UTO XOPOILIHH 3aBTpaK Jyulle
LyPHOH IMOTOLBI».

KoneuHo, ecny fBe X03s1{KH BaPAT OAUHAKOBOE IO KOJH-
YeCcTBY M KauecTBY Kode, HO mepBOH TpeOYIOTCS MPOAYKTHI
6oJsiee HM3KOTO KauyecTBa, 4eM BTOPOH, OTBET sICeH: NepBas
BApUT Jyullle,

Ho B GonblnuHCTBE cayuaeB naTh TaKOH OMHO3HAUYHBIH
OTBET HEBO3MOXKHO. B caMom pnene, Kak OIeHUTb paGoTy
X03s51€K, eCJ¥ [Jisl IPUTOTORJIEHHS] OJUHAKOBOrO KOJIHUECTBA
Kode onHa Tpebyer GoJsiee BBICOKOI'O KauyecTBa 3epeH, 3aTO
Apyras Baputr ObICTpee U TPATUT HA IMPUTOTOBJEHHE MEHbIIE
sHepruu. Mau 13 ONMHAKOBBEIX NPONYKTOB OfHA XO3siKa
BApHUT Kode XyIlUlero KayecTra, ueM Apyrasi, HO 3aTO 6OJIb-
me. MOXKHO /1M B TAKUX YCJOBUSX OJHO3HAUHO OMPEAEJIHTh,
qTO Jyulne?

OxasbiBaercsi, MOXHO. Bexp Kode, caxap, TONIHBO
W T. I X03siiKa NoJyuyaeT He GeCliaTHO, CJAeI0BATE/bHO,
MepHJIOM OLEeHKH 3Jech Oymer ctouMoctb Kogde. Takum xe
06pasoM, CBOASI CTOMMOCTb BCEX COCTABJSIOUIMX K JEHEX-
HOMY BBIPAXKEHHIO, Mbl MOXeM JJisl Kax[IOro cjydas ompe-
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JeMUTh CTOUMOCTb HPOM3BOAMMOrO NpoAyKTa. Breicuuras
obmye 3aTpaThl U PasfesnuB UX HA KOJUYECTBO NPOU3BELEH-
HOrO NPOAYKTa, Mbl HAXOAUM MEPHJO, C HOMOIIbIO KOTOPOTO
MOXeM CpaBHUBATb 3(¢deKTHBHOCTb PabOThl XMMHYECKHMX
OpeanpUsATHH, TOYHO TaK Ke, KaK 3TO [ejaeTcs B 3Hepre-
THKe. Benb ueM pemeBse 06XOmuTCsl KHJIOBATT-4ac Ha 3Je-
KTPOCTAHIHH, TeM 5KOHOMHUHee OHa paboTaeT, HE3aBUCUMO
OT TOTO, KaK OHAa YCTPOEHA, YTO CXKHUraer B TONKe H T. .
TouHo Tak e M ynpaB/eHue XHMHUECKHM NpeINpHITHEM
[0 TMPOM3BOJCTBY, HANpHMep, aMMHaka OyLeT HaUAYYLIHM,
ec/¥ NIpH MHUHMMAaJbHBIX 3aTPATaxX MbI MOJYYUM MaKCHMasb-
HOe KOJIMUeCTBO [eUIeBOro aMMHuaka.

XMMHK JOJI3KEH CTPEMHTLCS CO3/aTh TAKOH peXHUM MpO-
H3BOJCTBA, IPU KOTOPOM KaxK/blfl KMJIOTPaMM BLIIYCKaeMo#
NpoAyKUHY OYIeT uMeTh MUHHMaJbHYI CTOHMOCTb.

Kak xe BbIGpaTh TakoH pexuMm?

B mocsennue ronbl pasBuiack MaTeMaTHUecKass TEOPHs
CTPATerHuecKHX Urp. AHajH3Upysi CHTyaluH, KOTOPbie BO3-
HUKAIOT IIPH CTOJKHOBEHHH INIPOTHBOMOJIOXKHBIX HHTEPECOB
B WIpax, YAajoCh IOCTPOUTb CTPOTYyI0 MAaTEMAaTHUYECKYIO
TEOPHI0 TaKMX cuUTyauud. KaxXablfi HHKeHep-XUMHK, KaX-
JABIH HCCaeNOBaTeNb, HPUCTYIAsS K PELIEHHI0 3a4aul, TaKkKe
NJIaHUPYET CBOIO IIPOrPAMMY eSTeNbHOCTH, T. €. JIaHUPYET,
roBOpPs Ha sI3BIKE TEOPUHM UTP, CBOIO CTPATErHIO.

CaMa  [esATeNbHOCTb XMMHYECKOH IPOMBILIIEHHOCTH
MOKeT paccMaTPHBATbCs KakK IIPUMep UIPbl ABYX JIHIL, TIe
B KauecTBe BTOPOTO MapTHepa B WUIPe BBICTYNAET NPUPOLA.
B rakom ciayuae BBIMTPBHII OJHOIO NMapTHepa paBeH IPOUT-
pHILIY ApPYroro.

HHTepecHO BBISICHHTb, UYTO K€ COCTABJASET <«CTABKU»
B TakKoil urpe. MHxKeHep-XUMHK [Jisi TOJydYeHHs aMMHaKa
NOJIXKEH B3ATb HEKOTOPOe KOJIMYECTBO a30Ta W BOLOPOLA.
[Toayuuts aMMuaka 6oJiblile, UeM B35ITO MCXOAHBIX BEILECTB,
XUMHK He MoxxeT. OQNHAKO NpeBpaTUThb B aMMHAK He BCE
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HCXOJHbIE BelecTBa — 3HAUHUT MNOTEPSATh YacTh NPOLYKTOB.
STOT NPOUTPBIIN XUMHKa W OYAET BLIMTPHILIEM PUPOLBL
C opyro# cTOPOHBEL, A/ MOJYYeHHs aMMHaKa HeI0CTATOUHO
B3ATb JIMIIb BeILIeCTBAa, BXOASAUIYE B COCTAB €0 MOJEKYJHI.
Heo6xonnma eme sHeprus. JIuiib 4acTb M3pacxOLOBAHHOH
SHEPTHH TIpPeBpallaeTcs B MOJE3HYI pPaboTy XUMHYECKOH
peakuuu. IloTepss sHepruu mpu 5TOM — NPOUTPBIII XUMHKA
U BBIMTDBHILI €ro NPOTHBHMKA — npuponpl. Hamo naiTtu Ta-
KO#l pexkuM paboTbl NpeANpHsSTHS, KOrQa MOTepPH B LeHeXk-
HOM BbIpaXKeHUHd OyAyT MUHHMAaJbHBL

Hns peiieHUst 3TOH 3ajauM HaM HYXKHBI y¥Ke KOHKpeT-
Hble CBEJEHHMS O Npolecce: Kakoe KOJHUYECTBO KamKAOTo
BellleCTBA MOCTyNaeT B Npolecc KaxAyilo MHUHYTY; KaKOBa
CTOUMOCTb KayK[OTO BellecTBa, IOCTYIAlOWEro B INPOLECC;
Kakopa o611as CTOMMOCTb CHIPbS, IOTPe6seMOr0 B TeUeHHe
| yaca. VIMEHHO 3TH CBeLeHHS U NOJIKHBI OBITh HOJYYeHB
npu6opamMu. DyeKTPOHHAS BHIUMCAUTE/bHAS MAlIHHA MOXKET
OBICTPO NEPEMHOXKHTb pacxoj CHIPbs Ha €ro CTOMMOCTb
¥ NpPOCyMMHMDPOBaTh Bce pacxoibl. ITosydeHHBIH pe3yabTaT
JlaeT 3HaYeHHe CTOMMOCTH MAaTepHuaJsoB IPH LaHHOM DeXHMe
pa6oTel ycTaHOBKH. [IpousBenss mogoOHBIH pacyeT MO BCEM
BUNAM 3HEPTHH, HAHAEM OTMYCKHYI0O CTOMMOCTb, NOCJE Yero
BBIUMC/IHM TIOJIHBIH pAacxol INpH JaHHOM pexuMe PaGoThl
YCTaHOBKH.

Tenepp HaM Hajo ONpeNesUTb HAWJAYUYIIMH MJH ONTH-
MaJIbHBIEl PeXXUM PaboThl YCTAHOBKH. [lomycTHM, UTO B Iep-
ByI0 MHHYTY CTOMMOCTb Bcex 3arpar cocramisier 40 pyb.,
npu 3toM Gbl1o mosyueHo 800 xe amMMuaka. PaspenuB 3sa-
TpaThl YCTAHOBKH B | 4ac Ha KOJMYECTBO CO3[LaHHOIO MPO-
IyKTa, Mbl TOJyYaeM YHCJIO, XapaKTepusymoliee KauecTBO
paGoThl yCTaHOBKH. T. €. ceGecTouMocTb npoiaykuuu. Ilpu
NPYroM pexuMe pabOTHl YCTAHOBKH MOIVIO OKa3aTbCs, 4TO
pacxonbl B 1 uyac cocraBasnu 44 py6., OLHAKO yCTaHOBKa
mana 900 ke ammuaka. OueBHIHO, YTO BTOPOH pPeEXKHUM
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pa6oThl YCTAHOBKHU Jyuylle, yeM nepebift. OTAHYUTD JyULIHH
pexXuM OT XYyJALIero MOXKeT 3/eKTPOHHAs MalluHa U 6e3
MOMOILM Yes0BeKa MPH YCJIOBHH, UTO MAIHMHE YKa3aHo, KakK
U 4TO HYXKHO BBIUHC/ATD.

Takum o6pasomM, oNTHUMAaJbHas CTpaTerus okasajach Ha
OPENNPUATHH XMMHUECKOH NPOMBIIIJIEHHOCTH TeM DEXHMOM,
npu KOTOPOM OO6IIMe NMOTepH B JEHEXKHOM BhIPAXKEHHM OKa-
3aJICh MHHHMaJbHBIMH. AJITOPUTM YIpaB/eHUs NpPEeNNpHus-
THEM XMMHYECKOH NPOMBIIJIEHHOCTH CBOAHMTCS K Haxoxe-
HUI0O MHHMMYMa 3aTpPaT Ha eJMHHLY NPOIYKUHH.

OpHako B pacCMOTPEHHOM HaMH NpHMepe MBI NoJiaraji,
4TO KayecTBO AaMMHaKa B OOOHX cJaydasXx OJIHMHAKOBO.
IIpakTHuecKH }Ke 3TO He TaK. X035HKa MOXKET CBapHUTb Kode
10 HEMEIKOMY CIoco6y, H CTOMMOCTb JUTPa 6GylaeT HeGOJb-
1IOH, HO BPAJ JIX 3TO Jiyullle, YeM BLICOKAasl CTOMMOCTb Kaue-
CTBEHHOTO, XOPOILEero HamuTKa. 3HAYUT, MaJjo CBECTH [eJ0
K JIeHexKHOMY BbIpaKeHuio. Heo6xonumo elie BHIEPIKUBATh
OIMHAKOBOE KauyecTBO NMpousBoauMoil nmponykuuu. Ho maxe
¥ B 9TOM CJjyuae BOIPOC He pewiaeTcs OJHO3HAuHO. UTO U3
TOTO, YTO XHMMYECKOe MPEeANpPHUsITHE O OYeHb HHM3KOH IleHe
BBINyCKaeT NPOAYKLIHIO TAKOTO KauecTBa, KOTOPOE HHKOro
He ycrpauBaer? UTo U3 TOro, €ciu XHMHUECKHH 3aBOJ BHI-
ycKaeT OYeHb MHOTO [elleBOfl NPOAYKIHM OJHOro Kauye-
CTBA, HO HE YLOBJIETBOPSIET NPOMBILIIEHHOCTb HEOGXOMUMBIM
MHHHMYMOM IPOAYKLMH MHOrO KauecTBa? Hecmorpss Hu Ha
y1o, paGora Takux mpexnpustuii Oyner HepeHnrtalbesbHA.
Bhixon M3 MO/MOXKEHHST OLHH — CTPOro 3a4aBaTh XHMUUYECKOH
IPOMBIIIIEHHOCTH HeOGXONAMMBII MHHHUMYM INPOMYKLUHH Te€X
WJIH HHBIX COPTOB. XHMHUeCKHe 3aBOAbl [JOJIKHLI 1aBaTh
NPOAYKIHIO 110 MHHMMAaJbHOH Lene. g 3TOro Heo6XonUMO
CTPOrO0 HAy4yHO pas3pabaTbiBaThb NPOM3BOACTBEHHbBIE MPO-
rpaMmbl, KOTOpble YBSI3bIBAIOT TNPOGJEMbl XHMHYECKOM
KHGepHETHKH ¢ 6oJee IIMPOKMM KPyroMm npob6jeM, peliae-
MBIX [JIaHUPOBAHHEM HAPOILHOTO XO3dHCTBA.
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A rtenepp nompobyeMm npocienuTh B AeTantsix, Kak HaLo
YyOPaBJATh XUMHUECKHMH MPEANpPHATHSAMM, KaK HaJxo pac-
CUMTLIBATh HAWJIYULIHe BaPHUAHTH GYAyUIMX 3aBOIOB U pe-
KHUMOB,

YTO AEJIATb U KAK
LAEJIATb!

Mpbl He uyBcTByeM, Kak paGoraer Haule cepale. JTO
HOpMasbHoe siBjeHHe. HaponHoe x03sficTBO Toxe He oIry-
maer xopoiey paGoTbl OTAENbHOH OTpac/M HPOMBILIJIEH-
Hoctv. Ho ecau y Hac 3a6osesno cepiue, Mbl HAUHHAEM
ouymath €ro paboTy, MbI MOXeM MOYYBCTBOBATb, YTO OHO
paboraer ¢ nepeGosimu. Tak ke 0GCTOUT meso U ¢ paboToi
[IPOMBIIIIEHHOCTH.

Mbl He 3aMeuaeM paGoTy 3/eKTPOCTAHUHH, €CAH OHA
pabortaer. Ho eciu Beuepom HauuHaeT mioxo paboTaThb
TeJIeBU30P WJM YMeHbLIaeTcs HakaJ JaMOOYKH, TO MBI MO-
XKeM clesaTh BBIBOJ, YTO CTAHLMS NeperpyKeHa W Hamps-
JKeHHe B ceTH Majaer.

Hopmanbuas pa6ora HapogHoro xossiictBa Tpefyer
TOTO, 4TO B 3JI€KTPOTEXHHKE HA3bIBAIOT COlJIaCOBAHHEM
MOLIHOCTe! M Harpysok. Bce wucTOUHHKM BhIpaGaTHIBAIOT
SHEPTHH CTOJIbKO, CKOJIBKO TpebyioT norpeburesnu. Ha obme-
OPUHATOM Ke s3blKe 3TO HAa3bBAlOT NPOMOPIHOHAJIBHBIM
pasBHTHEM BCeX OTpacJefl nmpoMbllllieHHOCTH. [loaToMy olre-
HUBaTh 3O PEKTUBHOCTb PabOTH MPENNpUSATHS, B TOM YHUCJE
K XMMHUECKOro, CJeAYyeT C TOUKM 3PEHHs BCEro HapOJHOrO
X03dHCTBA.

B kauecTBe mpuMepa paccMOTpHM paboTy 3aBOnA, BHIY-
CKalouiero kayuyk. JLomycTuM, uTo 3aBOJ MOXKET BBIYCKAaTh
1000 7 xayuyka c sarparamu 200 py6. 3a 1 7 u 1500 T
Kayuyka c¢ 3arparamu 250 py6. 3a 1 7. Kakoi#t us 3atux
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peKHUMOB CUMTATh 3KOHOMHYECKH GoJsiee BBIFOAHBIM? Kak
IOJXKHO paboTaTh Nmpeanpusitue?

OTBeTHTP HA 3TH BONPOCH, OCHOBBLIBASCH TOJIBKO HA
Bbillle TIePEeUHCAEHHBIX NAHHBIX, HEBO3MOXKHO.

JI1060#i 3aBOJ — JIMIIb KJAETOUKA CJIOXKHOTO OOLIECTBEH-
HOTO OpPTAaHH3Ma, U ero pexkuM cjelyeT BelOMpaTbh B 3aBUCH-
MOCTH OT TpeGOBaHHUIl BCEro HapOMHOro X03sicTBa. B camoM
rene, ecau K yOGOpOUHOH KaMIIaHUM Ha lOre He TOTOBHI
ABTOMAIIMHBI H3-32 OTCYTCTBMS aBTOMOKPHILIEK, TO BBIIYCK
MaJioro KOJIMYecTBa Kayuyka ¢ MaJjoi ce6ecTOMMOCTLIO MPH-
BeJeT K TAKOMY yulepOy IJiss CTpaHbl M3-3a IOTEPb 3€pHA,
UTO 3TOT pPEXHM Hesb3sl Ha3BarThb HaunyumuM. HaoGopor,
€C/IM HA CKJIaflax JIERKHUT H3GBITOK aBTOMOKPBILIEK, TO OyaeT
COBEpIIEHHO HepasyMHBIM BBIIYCKAaTh MHOrO Kayuyka Mo
CTOJL BBICOKOH IeHe. Bor mouemy, naxe ecad HaM IOJ-
HOCTHIO BCE H3BECTHO O TEXHOJIOTHUeCKOM Ipolecce MpOH3-
BOJCTBA KaydyKa, J(a)kKe eCJd MO0 KejaHWIo MOxkKeM BeOpaTh
HAWJIYYIIHHE peXUM paboThl, MBI He MOXKEM CKasaTh, 4TO
TaKoOe XOPOUIO M YTO TaKoe MJOXO.

B nacrosimee BpeMs B CoBere 1o KubepHeTHKe IPU Npe-
supuyMme AH CCCP ycnemHo BegyTcss paGoThl IO H3YUCHHIO
cBepXx6O/BIIHX CHCTEM, BKJIOYAIONI[HX B KAauecTBE COCTaB-
HBIX uacTefl Liesble OTpacau HapogHoro xossiicrBa. Koraa
TaKHe CHCTEMBl, MOIENUPYIOIHE BCe HApOJAHOE XO3sHCTBO
B IeJOM, OYIyT CO3IaHbl AJs KaXmoro sapona, $habpHkH,
MIaXTH HWJU CTPOMTENbCTBA, HETPYAHO OyHeT ONpPENeHTh
Haunydumuil pexum paborel. M BoT TOrma-to pykoBOAHMTE-
JISIM KaxKJO0T0 NpPefnpHsiTHs MpHAETCH pelarth APYrylo mpo-
6reMy: KaK JOCTHYb 3aJaHHOI'O pesyJjbTaTa C MHHHMAaJb-
HBIMH 3aTpaTaMu?

Aty npobaeMy MOXKHO HasBaThb mpobjeMoli MaKCHMaJb-
HOro Ko3(uIHeHTa COBEpLIeHCTBA TEXHOJOrMM. Pasbsc-
HKUTBb €€ MBI IIONbITaeMCH Ha IPOCTOM npHuMepe (puc. 1). ¥mo-
noOUM Haule NpeANnpHsiTHe 3€MJEKOIY, KOTOPHIN poeT Jona-
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N | norwan nompednaeman
MOULHOCTIb

Osinumaemsd Bbrymend
CO0YHM CLOYHM

N 1 MOWHOCMS NOMEQDS

Monesrend pesymsmam = Axlir =(N'-N")xt = ’Vl'f -z
ede € ~ Gpems
N-N"
—_— =? ~ 0000uWeHHbIL KOIQPUYUEHM
N , noneano2o Gevembua
N'=N" = noneswas mowrocms

Puc. 1.

Toii AMy. He BraBasicb B MexaHu3M [eHCTBHS 3eMJIEKONa,
MBI MOKEM NPeICTaBUTh €ro B BULE «MAUWHHBEI», HA «BXOLE»
KOTOPOH BHIHHUMAEMBIH TPYHT, @ Ha «BBIXOIE» — YK€ BBHIHY-
Thifl. «BpIXom» BBIpa)KaeT mnosesHyl paboTy 3emJiekona
B KWwjiorpamMmoMmerpax. KpoMe Bxona ¥ BbIXO[a, B HAalleM
npuMepe HeoO6XOAMMO YYecTb MOABOA MOJHOH (H3HOJOTH-
YeCKOH MOIIHOCTH W OTBOJ, NOTEPh HA MOGOUHBIE NBHIKEHHS
U OCHOBHOM OoO6MeH BewrecTB. HeTpynHo saMeruTh, UTO BEJH-
UMHA TOJIE3HOH MOIIHOCTH MJIM NPOH3BOIHTENbHOCTH TPYyAa
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SaBHCHUT OT JABYX (DAKTOPOB: OT INOJHOH MOIIHOCTH 3eMJe-
Koma ¥ OT BeJHYMHBI NOJIE3HOH MOIIHOCTH, KOTOPas paBHa
Pa3HOCTH MEXNIY MOJHOH MOLMIHOCTBIO U MOIIHOCTBLIO MOTEPbD.

JeficTBUTe/BHO, coOKpallenue OECIONe3HbIX IBHIKEHHH
3HAUYUTEJILHO MOBLIIIAET NPOHU3BOAUTENLHOCTE TpyRa. Cokpa-
LleHUe NPOCTOeB, T. €. yBeJWYeHHE CpelHell TOJHOH Moul-
HOCTH, TaKxkKe CKa3blBaeTCs Ha MOBBLIIIEHHH TPOH3BOAHTEJD-
HOCTH TPyZa. DTH JBA 3/7€MEHTA: [O0JHAs MOLIHOCTb U BeJH-
YHHA NOJH T0Je€3HOH MOIIHOCTH — MOTYT GBITh OOHaPYXKEHBI
B JI060M TeXHOJOrHYeckoM mpouecce. Ecau mosHas MOLI-
HOCTb, KOTOpas NnoTpebJisieTcss mpennpusiTHeM, yXke 3aJaHa,
TO TEeXHOJOTHMYeCKOe YCOBEPHIEHCTBOBAHHME TPSIMO HJH
KOCBEHHO BCerja CBSI3aHO ¢ MOBBILIEHHEM KO3(pdhHuLHeHTa
COBepIIEHCTBA TEXHOJIOTHH.

B o6bineHHOH XXU3HU yBesnueHue KoshgulUMeHTa coBep-
UIEHCTBA TEXHOJIOTHH HA3BLIBAIOT OTBICKAHMEM CKPBITBIX pe-
3epBoB. Ecsin 6Bl Bce mpeanpusTHs pPacxonOBaju Ha MOJY-
YeHHe NPOAYKTOB TOJNBKO TaKOe KOJHYECTBO 3HEPTHH, KOTO-
poe Heo6XOAMMO TEeOpeTHYeCKH, TO HHMKTO W HMKOrLa He
Hamesa Obl CKPBITHIX pe3epBoB. CJjenoBaTe/bHO, CKPBITHIE
pe3epBBEl — 3TO CKpbITasi TEXHUUYECKasi OTCTAJIOCTb, KOTOPYIO
MBI TIDH JAaHHOM YPOBHe TeXHMKH elle He B COCTOSIHHH IIpe-
OJlONIETh.

BuuMaTenbHblli uyuTaTesb OGHAPYXKHT, YTO MBI BEIEM
peuyb TOMBLKO O NMOTOKAX 3HEPTHHM W HE YUHUTHIBAEM IMOTOKOB
CbIpbsi, MaTepHa/loB u peakTHBOB. [lesaercss 3TO He cCJay-
yaiiHo. Benb [/ TOJgydYeHHS pAa3/MYHBIX BeLIECTB MHI
IOJIKHBI OBIIM KOTAA-TO paHbIle 3aTpaTHTb 3Hepruwo. [lo-
3TOMY J060H MaTepHa/JbHBIH MOTOK MOMKHO CUHTATh 3KBH-
BaJEHTHBIM TNOTOKY TOH HEPTHH, KOTOPYIO MBI paHee 3aTpa-
TUJIY HA MOJIyYeHHe JNAHHOTO BEILeCTBA, T. €. Ha ero AoGbluy,
nepepaboTKy H NepeBO3KY.

Uro6bl He OBITH TOJIOCJAOBHBIM, IOKa)€eM, KaK HYkKHO
BEIOUPATh ONTUMAJbHBEIE PeXHUMBI pa60Thl XUMHUECKHUX NpeJ-
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npusatuii. PaccMoTpuM B KauecTBe mpuMepa MPOEKTHPOBA-
HHEe 3aBOJIA 1O NIPOU3BOACTBY ypaHa-235, KOTOPLIi siB/sIETCS
TOMJIUBOM JJIsi aTOMHBIX 3J1€KTPOCTAHUHUH,

Paspenenne H30TONOB ypaHa MOMKeT GbITh BBLIIOJHEHO
MHOTUMM cnocob6aMu: pgucTuaasuuedi, tepmoauddysuei
¥ B rasoBblx HeHTpudyrax. Kaxnawll BuA anmapara, pac-
CMaTpUBaeMbIl C TOUKH 3PEHHUs UCIOJb3OBAHUS B pasjesu-
TeJIbHBIX YCTAHOBKAaX, MOXKeT OBITb OXapaKTEePHU3OBAH BeJIH-
YMHOH JeNuTeJbHOH MOUIHOCTH, T. €. I0JIe3HOH MOIIHOCTH,
TpebyeMo#l nJsl pasmesneHus.

JlenutenpbHass MOUIHOCTb aHAJOTHYHA MOJIE3HOH MOILIHO-
CTH 3€eMJeKona, HO ecau paboTa INOCJAeNHEro NPHUBOAUT
K KM3MEeHEHHIO BBICOTHl I'PYHTa, TO pabora nwboii pasnenu-
TeNbHOH YCTAHOBKHM INPUBOAUT K H3MEHEHHIO TaK Hasbl-
BAaeMOro pas[e/uTe/ bHOTO NoTeHnuana (puc. 2). dTo NoHs-
THe Oblo BBefeHO [IupakoMm u KosHoM. Benuuuna pasnpesnu-
TeJIbHOTO TOTeHIIHaJa, 3aBUCSIlas TOJbKO OT HOJH I0Je3-
HOI'0O KOMIIOHEHTa B CMeCH, TOYHO paccuMTaHa. 3Has pas-
JNEJUTeNbHbIH TOTeHLHAJ, BeJHUYUHY MHOTOKOB, HETPYIHO
BHIUMC/IHTD AETUTENbHYI0O MOILIHOCTh HA BXOME U BBHIXOJE pa3-
IEeNUTEbHOH YCTAaHOBKH. A OTCIOJA SICHO, UTO MEXIY 3eM-
JIEKONIOM H pasfejuTeNbHOH YCTAHOBKOH cCyllecTBYeT IOJI-
Hasi aHAJIOTHA.

KpoMe BXOZHBIX H BBIXOJHBIX IIOTOKOB, K TaKUM
YCTAaHOBKAM IOABOJHUTCS TosiHast noTpebssieMast MOIIHOCTS,
yacTb KOTOPOH  HMIET Ha TOTePH U  BBIBOAUTCA U3
YCTAaHOBKH, a OCTaBlIascs YacTb M €eCTh TMoJe3Had,
WM JeJUTeJbHAs, MOIIHOCTb. JfICHO, 4TO, yMeHbIIAs
MOTEepH INPH 3aJaHHOM MOABONE MOLIHOCTH, MBI yBEeJHUYH-
BaeM JIe/IUTEbHYI0 MOIIHOCTb, KOTOPYI MOXKHO HCIIOJb-
30BaTh B jpaHHOW ycraHoBke. Ho, ¢ napyrofi cTopoHH,
BeJHYUHA JIeNUTEJbHOH MOIIHOCTU OINpeNesseTcss TOJBKO
COCTaBOM W NOTOKOM TIPOMYKTOB Ha BXOje U BhIXOze. [1osTo-
MY YMEHbIIEHHE INOTePb NO3BOJHUT HAM MNpPHU NPOUMX HEHU3-
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L = nonHeie  3ampams:
(083 CmoumMocmu Cb/06A)
wa pa3lereHue

m(z z3)

)
(L, Ta)

2 2
my, (x,° x5)

Bxod Beizod

Pue. 2.

IpaBuna ontuMHU3alMU ¥ NepeyeHb KOHTPOJHMPYEMBIX BeJHUHH:

L — cymmapHble 3aTpaThl Ha paGOTy pasfe/nTeNbHOr0 YCTPONCTBA;
/| — 1eHa eMHHUBI HCXOJHOTO ChIPbA.

Bxon ycraHoBKH
Mo — NOTOK BelleCTBA B YCTAHOBKY (ke/4, T/4);
X?——AOJISI NepBOro KOMIIOHEHTAa CMECH B HCXOJHOM IPOLYKTE;
xg=1—-x?——uona BTOPOTO KOMIIOHEHTA CMECH B HCXOJHOM IIPOJYKTe.

Brixon ycraHoBKH
m; — TOTOK BELIeCTBAa C IEPBOr0 BLIXOAA YCTAHOBKH (Ke/4, T/4);
x} — JloJisl TIepBOTO KOMIIOHEHTa B MOTOKEe MepBOr0 BHIXOJA YCTAHOBKH;

Xé =l——x}—~}l0.ﬂﬂ BTOPOro0 KOMIIOHEHTA B IOTOKe IMEPBOro BHIXOAA

YCTaHOBKH;
Mg=my—Hm; — NOTOK BeLleCTBa CO BTOPOro BLIXOJA YCTAHOBKH (ICZ/‘[,

T/4);
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x%—— JI0JISi TePBOTO KOMIIOHEHTa B MOTOKe CO BTOPOro BBEIXOAA YCTa-
HOBKH;
xg=l—xf—zlom BTOPOTO KOMIOHEHTa CO BTOPOTO BHIXOAA YCTAaHOBKH.

PazneautenbHsiil noTeHiua
X

D(x) = (2x —1)In —.

l—x

PaspenurenbHbIE NOTEHI KA HCXOXHOH cMecH 0
X

O () = (@2x)—1)n
1 —

PasmenuTenbHblil NOTEHIMAN NPOAYKTA C MEPBOrO BHIXOAA
1 1 X}
D (x)) = (2x;—1)In P—
1 —x;
PasgenuTenbHbIA MOTEHHAA NPOAYKTA CO BTOPOTO BEIXOAA
2
X

@ (x3) = (242 — 1) In 5

JenutenbHass MOIUIHOCTH

N = m® (x}) + me® (x3) — mo® (x9).

Ce6ecTOMMOCTb €AWHUIB HAEJUTEbHONH MOIIHOCTH
L L
C = T ==
1 2 0y *
N m @ (x7) + me®@ (x7) — 1, D (x})
Ce6ecTouMOCTh €IMHUIBI NMPOAYKTAa (/M;) NPH 3aTaHHOM COAEPZKAHHH
OCHOBHOTO KOMIOHEHTA (X)

L+ myl
my
Pasunna Mexpay ce6eCTOMMOCTBIO NMPOAYKTa M ONTOBOH OTMYCKHOH Ie-
Ho#t (LI) oGpasyer nmpuGLIIb MpefnpusTHsl.
Ip. =m; (L —39S).
Jlo6uBasicb MakCHMAaJbHOH MNpPHOGHIIM B uac, MallWHA YOPaBJsieT Npo-
I[ECCOM.

1
Smyx; =
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MEHHBLIX YCJIOBHSIX YBEJHUUTh NMPOUIBOAUTENBHOCT YCTAHOB-
KY. ITOSICHHTb 3Ty 3aBHCHMOCTb MOXKHO NpPOCTHIM IIPHMEPOM
H3 MeXaHHKH.

HMmMeercss noabeMHBIH MeXaHH3M, KOTOpBii moTpebsser
MOILUHOCTb 5 4. ¢. BecrionesHele morepu Ha TpeHHe COCTAB-
Js10T B HeM 3 4. ¢. [lose3nas MOIHOCTL paBHA 2 4. C., HJIH
150 kem/cex. DTOT MONBEMHWUK MOXKET NMOJHHMATb PasHBIE
IPy3Bl, HO BEJHYHHA CKOPOCTH MOABEMAa OKaXKeTcsl 3aBHCH-
MO#H OT BeJMuHHB rpy3a. I'pys Becom 150 xe 6yneTr nonHu-
MaTbCsl co cKopoctbio 1 m/cek, rpys 15 ke —10 m/cex. Tem
He MeHee TPHM CaMbIX Pas3JIMUHBIX TPy3ax MoJie3Has MOLI-
HOCTb TIONBEMHHMKA COXPaHseT [OCTOSHHOE 3HaueHue —
2 a. c., uau 150 kem/cex.

[Tocnie o6cnetoBaHusT MEXAHHKOM H BHECEHHS HEKOTOPBIX
H3MEHEHHH B MEXaHH3M 3TOT MOABEMHHMK MOXKeT OHITh
yJyullleH — ero MoJie3Hasi MOILHOCTh MOKeT ObITh NOBeleHa
no 175 kem/cex. DTO M3MeHeHHe I0JIe3HOH MOUIHOCTH HU3Me-
HUT CKOPOCTb MOIBEMA BCEX MEpPeulc/]eHHbX TPY30B.

Tenepb monpo6GyeM COCTABHTb MPOEKT 3aBOAA, KOTOPBIH
Gymer MpoOU3BOMUTb pasjeseHne u3oTomnos ypaHa. IIpupon-
Hbli ypan comepxkut 0,72% wusorona ypana-235 u 99,28%
usorona ypana-238. M3 310ro chipbsl HaM HYXHO IIOJy4aThb
1 ke B cytku 90% xoHuenrpara ypauna-235. Crenenb u3Biie-
yeHust ypaHa-235 H3 HCXOLHOrO Marepuasa NpUMEM PaBHOH
50%, T. e. B oTxomax cojepxkanue ypana-235 Oymer co-
craBasth 0,36%. 3T naHHbBIE COOTBETCTBYIOT peajbHOMY
cONepIKaHHIO ypaHa B NpHUpOIe.

IlepBoiil 3Tanm pacyera CBOLUTCS K OMPeeseHHI0 NOJTHOH
BE&JHYHHBl IIOTOKA CHIPbs,, HEOGXOQHMOTO HAIIEMy 3aBOLY
B cyTkd. Tak Kaxk M3 KarKJOTO KWJOrpaMMa ChIpbsS H3BJIe-
Kaercs 3,6 ¢ HYXXHOTO HaM HM30TONd, 4 B CYTKH C TOTOBLIM
npoayktoM BbixomutT 900 2 (1 k2 ¢ 90% conmepxkanuem
ypana-235), TO KOJHMYECTBO ChIpbs GyxeT paBHO 250 ke
B cytku uau 10,4 ke/u4.

45



UacoBo#l BBIXOJN TOTOBOI'O KOHUEHTpara ypaHa Gymer
COCTaB/sATb 24-10 4YacTh OT CYTOYHOTO BBIMyCKa, T. €.
0,042 xe/4. UacoBo#l BBIXOA OTBAJIbHOTO MPOAYKTA MPAaKTH-
YECKM paBeH BeJMUMHE NHUTAIOUIEro moToka, Tak kak 10,4 ke
nutanus tepswor auwb 0,042 ke Ha rortoBbit npomykr. OT-
CI0fla HEeTPYIHO BBIUMCJAUTL HEOOXOOUMYI [AeJUTENbHYIO
MOIIHOCTb.

Ilns1 Hamiero 3aBofa B IPENNOJOXKEHHH, UTO NOTEPh HET,
OHAa [OJIXKHA ObITh paBHA 7,56 ke/4. OKPYIJIEHHO MBI MOXKEM
NPUHSATh BEJHUHHY [ENUTEJbHON MOUIHOCTH, HEOGXOMUMOMH
NpennpUsITUIO, PaBHOU 8 xe/u.

Ilnst pasgesneHuss H30TONOB ypaHa MHOTAA NPUMEHSIOTCS
rasoBble UHeHTpUdyru. JlenurenbHasi MOIIHOCTb OJHOH LEHT-
pudyru — 0,08 /4, norpebnseMass MOIIHOCTb (3JeKTpuye-
ckas) 700 sr. a5 obecrneueHus MOJHOH AeATEIbLHOCTH MOIIL-
rocti —8 K2/« HaM moTpebyercs 100000 Takux weHTpUYT.
[ToTpebasiemass HALIUM 3aBOAOM MOIIHOCTb Ha MpHUBELEHHE
B mefictBue 31uX uHeHTpUdyr Oyzer paBHa 70000 xer.

Ecau 6e1 MBI 3axotenu mnoaydutb 100 ke wusorona
ypana-235 B CYTKH, TO HaM MOHan00uaach Gbl MOIIHOCTb
70 man. xke6r. OTciofa SICHO, KAaK BAaXHO He OIIHOUTHCS
B pacueTax pasfe/HTeNbHbIX YCTAHOBOK: BLIOpPAB He JNYYLIHH
METOJ, MOXKHO BecbMa He3((EeKTUBHO HCIIOAb30BATL 3HEP-
TUI0 Ha pasjiesieHue.

[TonpoGyeM mpou3BeCTH H3MEHEHHS] B HAIlIEM MPOEKTE.
JomnycTuM, 4TO Mbl XOTHM CIIPOEKTHPOBAThH TaKOil Ke 3aBO1,
HO KOJIHYECTBO M30TONa ypaHa-235 B OTBaJbHOM MPOIYKTE
nymaem yMmenbuiuth 10 0,19%. B sToM cayuae msast mogyue-
HMSI TOTO K€ KOJIMYEeCcTBa ypaHa, T. e. 1 ke/cyr ¢ comepxa-
nueM 90%, HaMm GyleT HYKHO MeHbLIE ChIPbsi, KOTOPOE CTOUT
JIOBOJIBHO JOPOTO.

ITpuctymas x TepBOMYy 3Tany NPOEKTUPOBAHUSA, OTME-
yaeM, 4TO Temepb H3 KaXKJOTr0 KHjOorpaMma culpbs Oyner
usBsekatbes 6,2 e. [Ins nonydenus 900 e HyKHOrO H30TONA
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HaMm noTpebyeTcs ToNbKO 145 ke cuipbs BMecTo 250 k2 ompe-
JIeJIEHHOTO B TpEeNBbIIYIIeM pacyeTe.

YacoBoll BHIXOH TOTOBOIO NPOAYKTA OCTaeTCs Tpex-
HuM —0,042 xe/4. OTBa/NbHBIH MOTOK XK€ M3MEHHTC U 6ymeT
paBeH 6 xe/«. BenmuuHa nNOTOKAa mNWTaHHs Temepb OyIeT
paBHa 6,04 xe/y.

ITonyuenHnass BenMUMHA JNEJNUTENbHOH MOUIHOCTH B 3TOM
cayuyae paBHa 12,06 xe/4, T. e. B moJTOpa pasa BHIlIE, UeM
B npenablayuieM caydae. OnHAaKO BeJMUHHA JeJUTENbHON
MOIHOCTH KaXIo# HeHTPUdYrH OCTaéTcsi HEM3MEHHOH. DTO
IPUBOOUT K TOMY, UTO KOJIHUECTBO LEHTPU(Yr BO3pacrer
no 150000, a koJsuuecTBO TOTpPeGisieMOfi 3SHEPrHH 10
105000 xer. Brimyck e TOTOBOrO IPOLYKTa OCTAETCs He-
H3MeHHBIM: | ke KoHUeHTpaTa ¢ conepxkaunuem 90% wusorona
ypaHa-235.

Ecau MBI yBenHUMBAaeM H3BJIeUEHHE, TO BO3DPACTAIOT
NOTPeGHOCTH B [EJNHTEJbHOH MOUIHOCTH, HO yMEHBIIAITCS
3aTpathl Ha chipbe. Eciin MBI yMeHblIaeM H3BJECYEHME, T. €.
octapJjisieM OoJiee 6Orathlfi HYXKHBIM KOMIIOHEHTOM OTBaJb-
HBIJl TIOTOK, TO Mbl COKpallaeM IMOTPEGHYIO AeJNHTENbHYIO
MOILIHOCTb, HO yBeJHYMBaeM pacXOAbl Ha HCXOAHOE ChIpbe
(puc. 3).

MoOXHO 3aMeTHTb, YTO €C/i Ha MPENNPUATHH JeJUTeNb-
Hasi MOUIHOCTb OIpeJeseHa, TO IOBBICUTb M3BJIeUeHHE
Merajja U3 pynbl 6e3 TeXHHUeCKHX YCOBEPLIEHCTBOBAHUH
HEeBO3MOXHO. [TONBITKA TMOBLICUTh H3BJIEUEHHE MeTaJjja U3
pyIobl TpPUBENET K CHUMKEHHIO KOJHMYECTBA BBHINYCKAEMOrO
NPOAYKTa, UYTO XOPOLIO H3BECTHO BCEM, KTO HMeeT [eJo
¢ mpoueccaMu pasjeneHus. OnTuManbHBIH PeXHUM PaGOTHI
npeanpusatus OyHeT onpejeseH, KaK YyKasblBaJoCh BBILIE,
MOTPeGHOCTBIO CTPaHbl B BBIMYCKaeMOM mnpoaykre. Ecau
OCTPOro HELOCTATKA B HeM HeT, TO Hpepnpusrue Oyner pa-
6oraTb Tak, 4YTOOBI MOJIHBEIE 3aTPATHl OBLIK MHHHMAJBHBIMH.

Teneps HaMm caenyeT pasobpaTh euie OXMH BapuaHT
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g a5 0 HKospouyuesm
USOMRYCHUA 110ABIHOED
HOMITOHEHMA Ly

Puc. 3.

NPOEKTHPOBAHHUS, KOT/la CONEPIKAHHE MMOJEe3HOTO0 KOMIIOHEH-
Ta B MCXOJHOH CMeCH 0Ka3ajoch MeHble, YeM B NpHUBEIEH-
HBIX cayyasix. JlomycTHM, YTO Mbl Hauasu HOJY4aTh ChIPbe
¢ comep:kauueM mnoJse3Horo usorona He 0,729%, a ToJBKO
0,60%. ast pacuera COXpaHHM CTENeHb H3BJIEUEHHS HEH3-
MeHHOH, T. e. 0,5.

Onsith onpenesnsieM BeJHYHHBI MOTOKOB. Tak Kak U3 1 ke
CMeCH MBI Temepb H3BJEKAaeM TOJBKO 3 2, TO NoTpebHOe
KOJIMYECTBO ChIpbsi BozpacTtaeT 10 300 xe/cyT, 41O MPUBOLUT
K NnoTOKy nuranus 12,5 xe/«. [ToTok roToBoro mpoaykra He-
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usmenen —0,042 xe/4, a OTBaNbHBIM MOTOK NPaKTHYECKU
paBeH MOTOKY nutanust —12,5 ke/f4.

[Tonyuennas nenuTesabHasi MOITHOCTh OKa3aJjach PaBHOH
8,93 ke/u, T. e. yBequuunach Ha 11,6% oTHocuTesnbHO mep-
BOTO pacyeTa. JTO O3HAyaeT, UTO HaM HeOGXOAMMO AOMOJI-
HUTe/bHO NMocTaBuTh 11600 neHTpudyr U yBeJnuuTh Pacxomn
sueprud Ha 8120 ker.

HesnauurtenbHoe yxXyAlueHue MUTAHUsS NPUBOAUT K pes-
KOMY BO3DaCTaHHIO pacxXoJoB Ha pasnesneHue. [lo 3To#
NpUYMHE ¥ BO3HHUKAET MHOMKECTBO HeNOpasyMeHHH MexXIy
HOCTABUIMKAMHU CHIPbSI ¥ paGOTHHKAMH pas3/iesuTesbHbIX
YCTaHOBOK.

PaccMoTpum eme ¥ o6paTHblil mpouecc: Ham ganu GoJee
foratoe CbIpbe — CONEPIKAHHE MOJIE3HOTO KOMIIOHEHTA
B cpippe Bospocso o 0,01, 1. e. no 19%. Coxpanum wusBJe-
yenue 0,5, 3To o3HAyaeT, 4TO U3 | K2 CHIPbST Mbl H3BJIEKAEM
5 2 msoToma B MPOAYKT. [loTpeGHOE KOJIHYECTBO CHIPbA
Tenepb OyzeT paBHO 180 ke, T. e. mMOTOK chipbs 7,5 Kefu.
OrBanbHblfl MOTOK oTauuaercss Ha 42 2, T. e. 7,46 ke/u4.

Tenepp MBI OGHApyXKHUBaeM, UTO HEOOXOAUMAST BEJHUHHA
Jle/TMTeNbHOH MOLIHOCTH BCEro 5,4 xe/4. DTy BEJUUUHY LeNH-
TeJbHOH MOIIHOCTH pasBuBaloT Bcero 54000 ueHTpudyr,
a morpe6Has MOLIHOCTb AJs WX paborel —37,8 ThIC. K6T.

Mpl ynenunu MHOTO BHUMAaHHSI pacueTy pasjHUHBIX
BAPHAHTOB 3aBOJAA /5 Pa3leseHHs] H30TONOB W IIPHUXOAUM
K BBIBOLY, UTO XOPOIIKHE W NJOXHE pPe3yJbTaThl paboOTH 3a-
BO/Ma Heslb3st OGHApPYXKHUTb NPOCTBIM paccMOTpeHHeM HHDp,
XapaKTepH3YIOIUX BBITYCK M KauecTBO npoaykta. Ho ymes
OTpeNe/iuTh BEJUYHHY LeJUTeJbHOH MOIIHOCTH 3aBOJA, MBI
MOMKEM OMpPENeNUTh CTOMMOCTb €AMHHUIBl IeIUTEeNbHON MOII-
HOCTH, OTHOCSI HA TOJIHYIO BE&JIHUUHY AENHTeSbHOH MOILIHOCTH
3aBOjia BCE€ BHIbl PAcXONOB 6€3 CTOMMOCTH CBIPBS.

Jli060e TeXHHYecKOe YCOBEPLIEHCTBOBAHHE, CHeJaHHOe
KOJIIEKTUBOM INPEANPHSATHS, CHHXKAET PaCXOAB Ha eLUHHLY

49



JeNuTeNbHON MOIIHOCTH. MHorma nesuresnbHass MOIIHOCTb
3aBHCHT OT pexuMma paborel. HaxoxiaeHue MHHHMyMa 3a-
TpPaT Ha €IUHULY [eJHTeJbHOH MOILIHOCTH BO3MOXKHO IpPH
HenpepelBHOH paborte 3aBona. OnHAKO OBICTPO MPOU3BOAUTD
BLIYMCJIEHHE 3TOH BeJMYUHBl — pabora TpyZHas. Tenepn-To
HaM ¥ NMOHaAo0MUTCH BBIUKC/AMTENbHAs MaliuHa. [locsae Toro
Kak Mbl CaMH YSICHWJIM, YTO TaKOe XOpollasi H YTO TaKoe
nnoxass pa6ora NpeanpUsTHs, MBI MOXEeM NOPY4YHTb yIpas-
JATb MNpeANnpHsiTHEM MAalIHHE: «XOPOIIO» U <IJIOXO» JIJs
MaluHE GyoyT MaJble U GOJbLIME pAaCXOAbl Ha eJUHULY
NeJUTeIbHOH MOIIHOCTH, T. €. Pe3yJbTaT OIpejessercs: U3
cpaBHeHHs1 uncesn. IMEHHO 3TO M MOXeT Oe/naTh yIpaBJslo-
masi mamuHa. [IpoBepbre 310 no «Tabuauie pasmenuTesb-
HOTO NOTeHHHana» (CM. NMPHUJIOXKeHHe).

SJIEKTPOHHbBIA
AUMCNETYEP

Kak cnpaBennuBo ykasano akagemukom A. M. Beprow,
3JIEKTPOHHAS BBIYMC/JHUTENbHAS MAalIMHA CMOXKET YHPaBJATh
MPEANPUSTHEM JHIIb TIPH OJHOM YCJOBHH — IIPH KOMILJIEKC-
HOl aBTOMAaTH3alMK BCEro TEXHOJOIMYECKOTo mpolecca.
JeficTBUTEILHO, MJIsI BBIUHCJIEHHS EJAUTeNbHON MOLIHOCTH
HaM HeoOXOMHMBI CBEIEHHsS O COLEPXKAHHH MOJE3HOr0 KOM-
MIOHEHTAa BO BXOJSIIEM M BBIXOAsIIEM NOTOKax. [IpencraBum
ceGe, uto jaGopaHT oTO6Upaer npoby HA aHAIU3 U HEceT ee
B snaGoparopuio. Uepes yac uau aBa B n1a60paTOPUH MOJY-
4aloT aHaJd3 BXOOSUIETO W BBIXONSUIETO IMOTOKOB, T. €.
Jal0T MCXOAHbIe MaHHbie IJIS BHIYMCJAEHUS DPaslesHTeNbHBIX
noTeHuua oB. MarmuHa oueHb OBICTPO BHIUUC/SIET AeJNUTelb-
HYIO MOIIHOCTb, HO... Ty MOLIHOCTb, KOTOpas Oblaa JBa yaca
MM yac Hasaj. KoMy HyXHBI CBeIeHHs O IOTOAE 3a Bye-
pamHui NeHb?
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HaM yxe u3BecTHO, 4TO ympap/soouias MallMHA HAa
NpeANpHsATHH, KOTOPOE NPOBOIHUT ONlepalyio pasieseHHs,
JOJI?KHA BBIYUCJSTH [JBE BEJHUHHBI: NEJUTENbHYI MOIIHOCTh
¥ 3aTpaThl Ha pasjesieHue (COGCTBEHHO LIEHY MNOJNy4YaeMbIX
npoaykrtoB). Ilpexxne ueM MamuHa MPUCTYNMT K pacuery,
OHa JA0JIXKHa INOJAYYUTh BCe HEOOXOLMMBIE el OJs pacuera
CBeJIEHUsI HEeMOCPEeCTBEHHO OT TEeXHOJIOTMYEeCKOro mpoiiecca.
KaxkoBa ke mpupoja MOJydaeMBIX MAUIMHOH CBeIEHHH AJd
pasgesieHus CMeCH M3 JBYX KOMIIOHEHTOB?

Ecnu u3BecTHa BesMYMHA MOTOKA, KOTOPBIA MOCTyNaeT
Ha pasjeseHue, M M3BeCTHO COMEpPKAHHE MOJEe3HOro KOMIMO-
HEHTa B HeM, TO JOCTATOYHO 3HAThb BEJHUUYUHY OJHOTO BBIXO-
ISIIer0 MNOTOKA M COoAepXaHHWe TOJe3HOTO0 KOMIIOHEHTa
B 3TOM e NoToke. BejqnunHa BTOPOTO MOTOKa M COAEpIKa-
HHe I10JIe3HOTO KOMIIOHEHTA BO BTOPOM INOTOKE MOTYT OBITh
BBIUUCJEHBl CAMOH MANIMHOH.

JJ1s1 mosTyyeHust HyKHBIX CBeleHUH HaM HeoOXOAUMO IBa
npubopa, KOTOpble U3MEPSIOT BEJIHUMUHY NOTOKA, T. €. KOJIU-
YeCTBO BEIIECTBA, NPOXOISIIEr0 B €IHHHUIY BPEMEHH JaHHOe
ceyeHye amnapara, ¥ jaBa npubopa, KOTOpble ONPEessIOT
KOHIIEHTPALHIO OJIE3HOTO KOMIIOHEHTA B 3THX MOTOKax. bes
JOCTATOYHO OBICTPOrO § TOYHOTO IIOJYUYEHHs! CBedeHuil 06
9THX YeThIpeX BeJHUYHHAX Mbl He MOXKEM HCIOJb30BATh
MaluHy s ynpasJjenusi. [lo 3Tofl mpuuuMHe ¢ pasBUTHEM
BBIUUCJNUTENbHOH TEXHHKM OCOGEHHO OCTPO BCTaJ BONPOC
06 aBTOMAaTHYeCKOM KOHTpoJsie. HanGosbliee uucjao TpyA-
HOCTeH B aBTOMAaTH3alMH IPOU3BOJACTBA CBS3aHO C OLICTPHIM
H TOYHBIM M3MEpeHHeM COCTaBa IPOAYKTOB B MOTOKAax.
Beilre MBI BUAEAH, YTO OOIIasi TeOpHs pasaeseHus, KOTO-
pas paccMarpuBaJjach HaAMHM B NPHMEHEHWH K pasfeseHHIo
cMmecell, ©MeeT OTHOIIeHHe K pas[eseHHI0 CHTHAJOB, T. €.
K caMuM mpubopam, H3MepsIomuM cocTaB. Tak, Hanpumep,
rasopele xpomarorpadsl, o6sanas GOJBUIOH HeAUTENbHOH
MOIIHOCTBIO, HO HCIOJb3yeMble Ha MaJjble KOJHUYECTBA
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rasoB, BHIOJHAIOT pasaeseHue cMecd GblcTpee, YeM OCHOB-
Hoil amnmapar. DTO BCe PaBHO, UTO HCMOJb30BATh GOJBLIYIO
MOILIHOCTb NMOABEMHHKA HA MOLBEM OUeHb MaJieHbKOrO Ipy-
32 — Mbl NOJyY4aeM BBIMIPBHIII B cKopocTH. CBs3b OBICTPO-
OeHCTBUsI anmnapaTypbl KOHTPOJI M PEryJUpOBaHHs ¢ IO-
TpebisieMO# MOLIHOCTBIO yXe [QaBHO H3BeCTHa u3 paboT
akanemuka B. C. Kysne6akuHa W IOJIOXKeHA B OCHOBY pac-
yeTa CHCTEM aBTOMATHYeCKOro perynupoBanus A. f. Jlep-
HEPOM.

HonyctuM, 4TO Ha HalleM TMpPEINPHSATHH Ha3BaHHBIE ye-
ThIp€ NpUbOpa yKe CTOST U BHIAAIOT HyXKHble HAM CBeIEHHS.
Tenepb Mbl MOXKEM MOPYUYUTh MAalIMHE NPOH3BECTH BBIUHCJIE-
HHe BeJUUYMHBl BTOPOTO BBHIXOASILIETO MOTOKA H KOHLEHTpa-
LMIO NOJIE3HOTO KOMMNOHEeHTa B HeM. [IporpamMMa 3THX BBIUH-
CJeHWH, WJH, NMOJb3ysChb TEPMHHOM KUGEpHETHKH W Mare-
MAaTHKH, aJTrOPUTM, HaM yxke usBecTHa. Ecau oT mosHOH
BeJHUHHLE HCXOJHOTO NOTOKA OTHATh BEJWYHHY IIE€PBOTO
BLIXOZSAIIEr0 INOTOKA, TO IOJIyUEHHBIH pe3ysabTaT ¥ ecTb
BeJIMUMHA BTOPOro TOTOKA. BhuucsaseM KOJMYECTBO Bellle-
CTBa, KOTOPOE BBIXOAMUT BO BTOPOM IOTOKE,

Bce Heob6xonMMble MaTeMaTHUeCKHe JEHCTBHSI MOTYT
ObITb 3amMCaHbl CHMBOJMYeCKM. Takas 3amuch MNpencTaB-
JsfeT co00f yacTb NPOrpaMMBl AJs Hauled 3J1eKTPOHHOH
yIpaBJseMOH MAalIHHBI.

DTofl YyacTH HEeNOCTATOUHO MJis1 BLIYHCJEHHS BeJHYMHBL
nenuTeNbHOH MouHocTH. OfHAKO MBI yiKe MOMKeM Oompene-
JUTb BCe HEOOXOAMMBle [/ BBIUMCJIEHHS [deJHTEJNbHOM
MOUIHOCTH LIecTh yucen. Bynem HaseiBath 3Ty wacth mpo-
rpaMMbl nopnporpaMmoil. Ilosyuennbie wiecTh 4Hces elie
He IporpaMMa [Jist ONpeleseHusl IeUTENbHOR MOIIHOCTH —
HaM HY*HO HUMeTb HPOrPaMMy, IO KOTOPOW MaulkHa Iepe-
XOIMT OT KOHLEHTPalUH KOMNOHEHTa B CMECH K 3HAUEHHIO
PasiesqUTENbHOrO NOTEHLHA/a, COOTBETCTBYIOMIErO 3TOH KOH-
ueHTpauud. Ilosbsysch Takoil nmporpammoii, mamuga Gyner
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HAXOOUTb 3HAYEHHE pAa3JeJUTEeNbHOTO TNOTeHuHasn a s
KaxXXJOH KOHLEHTDPALMU IO0JNEe3HOr0 KOMIOHeHTa. IHasomeM
3Ty NOANPOrpamMMy BTOPOH MOANPOrpaMMOH.

[Tocne Toro Kak MamuHa HalifeT 3HAUEHHE pa3[eJUTeNb-
HOro MOTeHLHasNa [Js KaxXIOTo BBIXOISIIEro IOTOKA, MBI
MOXKeM IOPYYMTb €H TpeTbl0 uYacTb pabOThl: BBIYHC/HUTD
JeJUTENbHYI0 MOIMHOCTh HAallero NpeANpUATHS B [JaHHOM
pexume paboTHI.

ITocsienoBaTe/IbHOCTL BCEX TpPeX MNOANPOrpaMM H CO-
CTapJ/sieT NpPOrpaMMy OIpeJeseHUs NeNUTENbHOH MOILIHOCTH
npeanpusatus. OnHako cama no ceGe AejuTebHAS MOIIHOCTD
HUYEro He FOBOPUT 06 5KOHOMHYHOCTH paGOThI IPEANPHSATHS.
Ham Heo6x0Q¥MO MOJYYUTh BEJMUMHY 3aTpPAT HA €NUHHUIY
JNeJUTebHOH MOIIHOCTH. JI/1s1 3TOro Ham HeOGXOAHMMO MOJY-
UUTh CBEJEHHs] O 3aTparax.

Bce satpaTbl NpeANpHATHS MOXKHO pasfe/UTb Ha MBE
YaCcTH: MOCTOSIHHBIE 3aTpaThl (HAa aMOPTH3aLMIO U IIp.)
i Tekyuire 3aTpaTel. MBI yKe ykasblBaJjH, 4TO 3aTPaThl HA
ChIpbe HaM HeOOXONHMMO YYHMTHIBATH OTAEJAbHO. TeKylUMH
sarpataMu GyneT PacXold PeaKTHUBOB, SHEPrHU Napa, BOIHI,
5JIEKTPO3HEpPTHUH. B caMOM TeXHOJIOTHYECKOM Ipolecce
HeJb3sl YBUIETb 3THX 3aTPaT — OHH NPHHHMAIOT BecbMa
sambicjoBaThil BuA. JlomycTHM, 4YTO y Hac paboraer IH-
CTH/JIAMOHHAs] KOJIOHHA. [laBieHue, KOTOpOe MBI HMeeM
B KOJIOHHEe, co3agaercs Kommpeccopom. Ecam naBnenue
1,6 arm, To XxoMIpeccop NOTpebasieT OJHO KOJHUECTBO SHEp-
THH, a ecjl¥ JaBJeHHe 2 aTM, TO Ha TMoAnep:xKaHue 6oJbllel
BeJIMUMHBI JaBJeHHs KoMIpeccop noTtpelbaseT OoJbliee
KoJMuecTBO sHepruu. Hu mokasatenb maBjieHusi, HU NOKasa-
TeJib TEMIEepPaTypbl B KOJOHHE, KaK Obl TOYHO MBI HX HH H3-
MepsiJiM, HUYero He MOTYT CKa3aTb O KOJIMUECTBE 3HEPruu,
KoTopyio mortpebsser kommpeccop. Ho 3ato pacxomomep
TENJIOTHl 3TY BEJHYHHY NMOKa3blBaeT JOBOJIBHO Xopoo. Pac-
XOJl 3JIEKTPOHEPTHH U TeIUIOTHI, NOTPel/seMbIX MpPeanpus-
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THEM, BCerfa BbIpaxeH B [eHbrax. Ec/JH yyuTHIBATH BCE
BXOJsIIIME TTOTOKH, TO MOXKHO ONPENeNUTh TEKYIIUEe PACXOIHL.
[Iporpamma 3THX BBIYHCJIEHHH NpaKTHUYeCKH MOZOOHA IpO-
rpaMMe [Jisi BBIUKCJEHHUS NENUTENbHON MOLIHOCTH W MOXKET
OLITh BBIpAaXKEHA CJAENYIOUIMMH CJOBaMHU: M3MepsiH Bce BXO-
JSIIHE TIOTOKH, YMHOXAlH BeJHYHHY KaXKJOro NOTOKa Ha ero
CTOMMOCTb H CJIOXKH MOJIyyeHHble npousBeneHusi. [Ipub6asb
K pe3y/bTaTy NOCTOSIHHBIE PACXOJHL.

Bce ckasaHHOe O BBIYUKCJIEHMHM DPACXOJOB MAIIHHOH [0O-
CTYNIHO KaXJOMY UMTaTeN10, OLHAKO, KOTa CTABUTCS BONIPOC
006 aBTOMAaTHUECKOM M3MepeHHU BCEX HA3BAHHBIX BeJUUHH,
Jla eure B OUeHb KOPOTKHe CcpokH (He OGyler Xe MallHHa
BECTH pacueThl O BuepallHeM jgHe!), MBI CHOBA CTaJKHBAEMCS
¢ mpo6Jaemoil usmepeHnus. [lomycTuM, uTo H 3Ta npobJaeMma
MIOJHOCTBIO paspelleHa Ha HalleM NPEeANPUSTHH: MBI yMeeM
BLIUMCJATE [ENHTENbHYI0 MOIHOCTh Ha KaxAyl MHHYTY
pa6oThl mpeanpusTHs. BoT ¢ 3TOro MOMeHTa ¥ HauyHMHAETCs
HacTosillasi XMMUUeckasi kubepHeTuka. EcTb qin y Hac yBe-
PEHHOCTB, UTO TOT PEXUM PabOTHl, KOTOPHIH OCYIIeCTBJ/IAETCS
B JaHHBI{I MOMEHT, sIBJIsleTCs HauaydmuM? Takoll yBepeHHO-
CTH Y Hac HeT. MOXHO JIH yJAYyYIWIUTh paGoTy NpennpusiTHs?
Cropee Bcero na. Kak ke [JoCTHUb 3TOTO pe3ynabTaTa?

B no6oM mpousBOACTBE KOHEUHBIH pe3ysabTaT pasiedne-
HUSI 3aBHUCHUT OT OOJBIIOTO YHCJa MEHSIOUIMXCS BEJHYHH,
KOTOpble Mbl OyneM HasbBaTh IlapaMeTpaMu mpolecca.
B xauecTBe mapaMeTPOB B JUCTHJISLMOHHOH KOJOHHE MBI
MOXeM MpPUHATb paclpefeneHye TeMIepaTyp IO BHICOTe
KOJIOHHBI, paclpefesneHye [IamJeHHH, BBICOTYy BBOAA HJH
paccTosiHie OT OCHOBAHHS KOJIOHHBI O MeCTa BBOJA HCXO-
HOTO CBHIpbS, BEJIMYUHY NOTOKA HUTAHHS, BEJMYMHY NIE€PBOrO
H BTOPOTO BBIXOASIUIMX MOTOKOB H MHOTO APYTMX BEJIHUYMH.

Msmenenue Kaxaof W3 H3MepseMBIX BeJHYHH HEKOTO-
PBIM CJIOXKHBIM 00pasoM OKas3blBaeT BO3JeHCTBHE Ha BCe
ocTaJsibHble BEJIMUHHB], XapaKTePU3YIOIHe TeXHOJIOTHUeCKHH

54



npouecc. Takux H3MepsAeMbIX BeJHUYHH, KaXKIasi H3 KOTOPBIX
OKa3blBaeT CBOE BO3JEHCTBHE HA BCE OCTasIbHble BeJHUYMHB,
MOxkHO HacuutaTh n0 30—50 B Kaxigom ycrpoiicTe. Tyt
He TOJIbKO UHTaTeNb, HO M CIELHAJUCT CMOTPUT Ha 30—
50 yucen u Jngymaer: «XOpollMe 3TO YUC/AA WU TJIOXHE?P
Moxer 6bITb KaKafi-TO KOMOMHALMS 3TUX uuces Obljaa Obl
ayuyume?» HasBaHHBIH npumep MOXKHO ObLIO OBl CUHTATh
IIyTKOH, ecau Obl MHXKEHeD He HCIBITBIBAJ TPYCTH, B3Hpas
Ha JecsiTKH NPpHOOPOB, KOTOPble YCTAHOBJEHB! HAa peaJbHbIH
anmapar.

Mexay TeM, MeTOAbl KHOEPHETHKH, NOCTAaTOUHO XOPOILIO
pasBuThHle B NPHUMEHeHMHM K 06oJjiee CJIOXKHBIM CjaydasiM, MO-
Ka3BBaIOT, YTO DELIMTb 3Ty 3ajauy Ge3 MaIUHHbl HNPaKTH-
4ecKd HeBO3MOXKHO. Ham onsitb HYXHO BBISICHHTb, 4YTO
U Kak Mbl Jejajud Obl 6e3 MamuHBL M Kak 3Ty pabory
MOXKHO TOPYYHTh MalllMHe. BepHeMcsi K HalieMy HOJBbEM-
HUKY. UTO MOXKHO cJeJaTb C TMOABEMHHKOM, YTOOGBl €ro
II0JIe3HAST MOILIHOCTD YBEJHUYHIACH?

B moabeMHHKe ecTb BCETO JBe BO3MOMKHOCTH:

1. YBenuunuTh BeJHUHHY NOTPeG/sieMOH MOIIHOCTH HpPH
COXpaHEeHWH MOJIe3HOH [OJIM HEeM3MEHHOI.

2. YMeHbUIUTh BeJWUMHY TOTepb NPHM HEM3MEHHOH II0-
Tpeb1sieMO#l MOILIHOCTH.

He wuckmioueHa M KOMOMHALMS 3THX BO3MOXKHOCTEH,
KOTOPYIO MBI MOXKEM PasJIOKUTh Ha YACTH — Ha yBeJHYEHUe
[OJIHOH MOIIHOCTH, Ha NOBbIUIeHHe Ko3dpduuueHTa moJes-
HOTO JEeHCTBHA.

Moxer nn MHXKeHep, paccMaTpUBAIOLIMH CBOH CBepX-
CIOXKHBIH anmapar, cfefarb 4YTo-iu60, 4TO OTJHYaeTcss OT
yCOBEPIIEHCTBOBAHHUSA MOLbeMHOT0 MexanusMma? OxasbiBaer-
cs1, Her. Cama cMecb He MOXKET IMpPEeBPaTHUTbCS B YHCTHIE
BellleCTBa, TaK KaK IPH CMEeUIeHWH BBHIAEASEeTCS 3HEpTHUs.
CnegoBaTesbHO, OH MOXKET NOJNYYUTh CBOH pe3y/bTaT, JHUIIb
pacxonysi sHepruio. C 3TOr0 MOMeHTa MBI OOHAPYXKHBAeM,
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YTO €ro 3ajaua NPakTHYeCKH COBMANAeT C 3ajgavell yJayuiie-
HUS NOI'bEMHHUKA, T. €. OH MOXKET JuO0 YBEeJUUUTb MOJHBLH
pacxon HepTHH Ha pasjeseHue, MO0 YMEHbIIUTb BeJHUYUHY
6ecroJ/ie3HblX MOTeph.

ITocnenyem coBery KosbMel IIpyTkoBa: «Bpocast B BOLy
KaMeIlKH, CMOTPH Ha KPYTH, UMH o6pasyeMbie; HHAUe TaKoe
6pocanue OyneT mycTow 3a0aBolo».

Bynem BoszmeficTBOBaTh HEKOTOPHIM 06pasoM Ha HAIIH
nmapaMeTpel M HaOJ0OAATh 34 H3MEHEHHeM [eJHuTesbHOH
MOIIHOCTH. 3a(HKCUPYEM MOJIHEI]l PacXOl SHEPTHH, T. €. Be-
JIHYHHY TOJHOH MOLIHOCTH, MOTpebJisieMOH Hallel yCTaHOB-
koii. [locne Tako# ¢Qurcanuu yMeHbIIUM [Ofady HCXOITHOMH
cmecH. He uckmoueHo, 4To MPH MeHbIIEH CKOPOCTH MOLAYH
UCXONHOH CMeCH W MeHblIefl BeJHUdHE OTOOpA TIOJHAS
BeJIHUMHA JeJUTEeNbHOH MOUIHOCTH M3MEHHTCS — OHAa MOXKeT
YMEHBIIUTbCSH, HO MOXKET M YBeJHUHTbCcH. 3aKOHUMB 3KcIie-
PUMEHT C H3MEHEHHEM BeJHUMHBl MOZAaUHd HMCXONHOH CM2CH,
MBI IPULEM K 3aKJIOUEHHIO, UTO ecJii Bce ocTajbHble 49 ma-
paMeTpoB COXPaHSAIOT 3afaHHOe 3HAaueHHe H H3MEHseTcs
CKOPOCThb MOAAYH CMECH Ha pasjeseHHe, TO LEJUTEIbHAs
MOLIHOCTb yBeJHUYHMBaeTCcsl (MJAU yOBIBaeT) Ha CTOJbKO-TO
KHJIOrDaMMOB B Yac NPH H3MEHEHHWH INOTOKa Ha 1 ke/u.
Taxofl skcnepuMeHT MOMKHO NDOBECTH IO H3MEHEHHIO BCeX
ocTaJbHblx 49 mapaMeTpoB, H3MeHsiss 3HaueHHe KaxXI0ro
napamMerpa M (UKCHPYS NPH 3TOM 3HAyeHHE OCTaJIbHBIX.
ITepBeifi Xpyr B 50 3KCHepHUMEHTOB MBI cfesnaeM, a HallH
3HaHUS OTHOCHTEJNBHO HAMJYYILEro peKuMa INpPaKTHUECKH
He uaMeHusuch. Ilpumercs HPUCTYNUTH KO BTOPOMY KpPYTy
HabJoaeHu .

MaMenuM 3HaueHHe CKOPOCTH NMOJMAYM TaK, UTO BeJIHYHHA
JeJIUTeIbHOH MOUIHOCTH HECKOJNbKO yBeauuutcs. Temnepb
6yneM H3MeHSTb BC€ OCTaJbHBle NapaMeTpHl, COXpaHss
CKOpOCTh Tomaud HeusMeHHo#. [TpoBenmem eute 49 axcmepu-
MEHTOB M CHOBA YCTaHOBUM BJIMSIHHE KaXIOr0 H3MEHEHHS
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Ha BeJMYMHY JeauTesbHOH MomHocTd. OLHAKO He COBceM
SICHO, TIOYeMY MBI PELIMJIM MCKATh ONTUMAJbHBEIH peXuM NMpH
HOBOM 3HAUeHHM MOIIHOCTH. Moxer ObITh, Jyullle HUCKAaThb
ONTHMAJbHBI peXHMM INpU GoJsiee BBLICOKOI TemIlepaType
B KyOe KosoHHBI? ChenaeM ¥ TaKyl CepHI0 SKCHepHMEeH-
TOB. YCTaHOBUM HOBYIO TeMIepaTypy B Kybe KOJOHHBI
U OonsiTh chenaeM 49 3KCIepUMEHTOB C U3MEHEHHEM OCTaJb-
HBEIX TapaMeTpoB.

HerpynHo nokasartb, YTO YHCJIO HYXKHBIX 3KCIIEPHMEHTOB
paBHO npumepHOo 105, 3HAUUTENLHOCTb MOJYYaEMOTro YHc/a
MOXHO MpeACTaBuTh cebe ciaenywumuMm o6pasom. [Ipencra-
BUM cefe, UTO KaxKIbll 3KCHEPUMeEHT Npomosxaercs | cex.
Jsa BBHIIOJMHEHHS BCEX HaMEUEHHBIX 3KCIIEDMMEHTOB HaM
nonago6bures 300 maH. JeT. ITocne okoHuUaHHs 3TOH cepuu
SKCIEPUMEHTOB MBI OOHAPYKUM, UTO N0 HAWJYYLIETO PeXu-
Ma pas3fesieHus ellle OYeHb [aJieKo.

Tem He MeHee, 3aJlaya BIIOJIHE pa3pelIMMa, KakK MOKasHl-
BaloT paGotsl B. B. HanumoBa u ero corpyaHuKoB. YKazaH-
Hble BbILIE METOObl PelleHHs 3a4ad XMMUUecKOH TeXHOJOTHH
H MeTaJJypruuyeckoll MPOMBILIJIEHHOCTH MOJAYYHJAH y HAC
HEeCKOJIbKO Ha3BaHHIl, XOTS U COXPaHSIOT BCe NMPU3HAKM TaK
HasBEBaeMoro «(pakTOPHOro 3KcrnepuMeHTa. [ljis npuBeleH-
BOTO BHILIE TIpUMepa ¢ OOJBbIIUM YUCIOM MepeMeHHBbIX, KOTO-
pble Mbl TBITAJHCh MOCJHENOBATeNbHO M3y4yaThb Ha MABYX
YPOBHAX, MBI YK€ IOJYUYMIH OLEHKY YHCJa HeOOXOMHMMBIX
3KCIIepPUMEHTOB.

[1pu mpaBHIBHOM TJIAHMPOBAHHY SKCIIEDHMEHTA y[1AeTCs
HaXOAUTh ONTHMAaJbHHU peXHuM DabGOTHl CJOXKHOIO anmna-
para cO 3HAUUTENbHO MEHbUIMM YMCJIOM HCHbITaHud. Bynyun
NpaBHJbHO BHIOPAHHBIMH, 3TH CePUH, HasbiBaeMble GJOKAMH
HJHM PEIJINKaMH, TMO3BOJIAIOT M3BJeYb HEOOXOAMMbIE NaHHLE
[0 BKJany KaxKJIOTo M3 HCCJeNYeMBIX NapaMeTPOB B HCKO-
Myl0 BEJIHYMHY TOJIE3HOH MOIIHOCTH.

Tak onpenensioT oCHOBHEIE 3 ()EKTH U B3aUMOLEHCTBHS,
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T. € pOJNb Ka)Aoro (axkropa B BeJHYMHE [EJHTEJbHOH
MOIIHOCTH M POJIb MX COBMECTHOro melictBusi. Baaromaps
TOMY, YTO BhLISICHSIeTCS POJIb KaxAOro akropa, Mbl MOXKEM
M3MEHsATh NapaMeTpsl paGoOThl YCTAHOBKH TaKHUM 06pasoM,
YTO JeJHUTeJbHAs MOLUHOCTb YCTAHOBKH OT 3KCIIEPHMMEHTa
K 3KCIepDHMEHTY OyAeT BO3pacTaTh. JTO IBHIKEHHE B CTO-
pPOHY BO3pacTaHHUs BEJMYUHBI AEJNHTEJNbHOH MOLIHOCTH COOT-
BETCTBYET «KPYTOMY BOCXOXKIEHHIO» Ha TOpPYy, YTO MOKHO
UIIIOCTPUPOBATh NpUMeEpPoM U3 OOblieHHON Ku3HU. [lpen-
cTaBuM cebe, UYTO UYeJOBEK HAXOAMUTCS Iepen BO3BHIIIEH-
HOCTBIO U IBITaeTCs KpaTualmuM myTeM noGpaTbesi 0 Bep-
wyHBL. /15 3TOro OH JOJI)KEH ABUTaTbCs MO HauGosee Kpy-
To#t 4yactu BepmiuHH. Heuto mnomo6Hoe ocyniecTBAsETCS
B NIpUBEJEHHOM MAaTeMAaTHYeCKOM INpPHUMEpe MO OTHOUIEHHIO
K BePLUIHHE — MaKCHMaJIbHOH BeJIHUHHE MOJIe3HOU MeUTesNb-
HOI MOIIHOCTH. B moxbeMHHMKE MOMXKHO YCTPaHSTh MHOXe-
CTBO HENOHAENOK, UTOGBl YJy4UIMTh ero paboTy: cMas3artb
TpyLIHecs yacTh B Pa3HBIX MecTax, 00JIeruuTb BeC MYCTOH
KaOWHBl TOABEMHHKA U T. . B MHorodaxkTopHOM 3KCIepu-
MeHTe MBI Kak GBI yCTpaHSeM CPa3y MHOXKECTBO PasJHYHBIX
HeIoJaJoK, KOTOPble HeJb3sl ObJIO yuecTh MPH NPOEKTHUPO-
BAHHUH YCTAHOBKH.

Tenepb MBI HMEEM BO3MOXKHOCTb IO3HAKOMHTBCS C Ce-
PUAHBIMH BBIUHCJMTEJNbHBIMH MAalIMHAMM, BBINYCKaeMBIMH
Halel MPOMBILIIEHHOCTBIO /ISl YIPaBJIeHUsT NPeANPUATHIMHU
XUMHYeCKOH M MeTajJypPruuyecKoil MpOMBIIIJIEHHOCTH.

Bce BrImyckaemble MAalIMHBL MOXHO pasiesMThb Ha TPH
KJjacca B 3aBHCHMOCTH OT HA3HAUEHHUS:

1. Oucnertuep-undopmarop.

2. «CoBeTuHK>.

3. Ynpapasomas MalluHa.

PaGoTa MauvHbl B KauecTBe AUCIeTYepa, UK HHpOpMa-
LHOHHOH MAllKHEL,— 3TO ellle He ympasJeHue. [IpakTuuecku
5TO efuWHAas M3MepUTeJbHAas cxeMa, NpefAHasHaueHHAs MLJs
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H3MepeHHs HEKOTOPOH 3JeKTPHYECKO# BeJHYHHBI BO MHOTHX
Toukax. MlaMepsieMble 3/1eKTpHUECKHe BeJUYUHBl (HAPUMeED,
HalpsXKeHHs Ha KOHIAX TepMonap) CBsA3aHB HEKOTOPOH
3aBUCHMOCTBIO C BEJMUMHOH H3MepseMOH TeMIEPaTyphl.
OpHako u3MepeHHe TeMIepaTyp WJH [aBJeHHH, KOTOpoe
OCYIIECTBJAAJOCh  MHOTHMH  nNpubopaMu, COBMEILAETCH
¢ caMmoii uHopMauuoHHoi mamuuoil. Takass MaliMHa Hamno-
MHUHaeT GOJIbLION H3MepHUTENbHBIH NpUGOp, H3MepSIOHUH
Ha3BaHHBIE BEJHUYUHBI B CTa, JBYXCTAX HJIM TPeXCTaX MecTax.
PesysnbraThl u3MepeHuss HabJogaeMbIX BEJHUYHH aBTOMATH-
uecKH neyaTtaloTcs HUPpoBoil MawuHKOH. [Ipu coBmaleHuH
HabJsogaeMOH BeJHUYMHBl C 3aLaHHBIM 3HAaY€HHEM, De3yJlb-
TaT meyaraeTcs YEPHBIM LIPUQTOM, a TMpPH OTKJIOHEHHH —
KpPacHBIM. B HEKOTOpHIX ciaydasix HajJuuue CYLECTBEHHBIX
OTKJIOHEHM# OT 3aZaHHOTO PeXUMa CONPOBOXKIAETCS COOT-
BETCTBYIOLeH cUrHanIu3auuen.

Takas cucreMa, aBTOMAaTHUeCKH M3Mepslomias IoKasa-
HEST MHOrux mpu6OpOB, MPEACTABJseT COOOH TOJNBKO 4acCTb
HacTosIie#l ynpasjsIoleld MalluHB, 1a ¥ TO TOJbKO B TOM
cayyae, ecJqd YCTaHOBJEHB Heo6xopumble npubOpH: 6e€3
aBTOMAaTHYECKUX aHaJM3aTOPOB KayecTBa TaKas MallMHa
NIpaKTHYECKH MOYTH HHWYEro He faeT. K umcsay MalIMH TaKoro
KJacca OTHOCSTCS MamHMHBI «Mapce».

Mbl BHAMM, 4TO AJ151 yOpaBJeHUS NPOU3BOACTBOM MAaMIM-
Ha JOJIXKHA OBITb XOTSl OBl OBLICTPONEHCTBYIOIUM YUETUHKOM
pacxomoB, KOTOPble HeceT NMpennpusiTHe. DTO 03HAYAET, YTO,
u3Mepsis npubopaMu pacxoiHble MOTOKH, MAllMHA AOJXKHA
BBIUKCJ/IATh 3aTPATH MO KaxAOMY BHAY NOTOKa: €CJH 3TO
5JIEKTPOSHEPTHUs], TO OHA JOJIKHA YUYHTHIBATH PacXoj 3IHep-
THH 32 eNMHUIYy BPeMeHH M IePeMHOXAaTb Ha CTOUMOCTb
3JIeKTposHepruu. [loNyuyeHHOe YHCIO — pacxof, 3JeKTpPO-
9Hepruu B pyO/siX 3a dac, NOJIE3HO MOMECTHTb Ha CBETOBOH
yKasaresib AuCIeTYepy. 3aMETHOe OTKJOHEHHE 3TOro 4ucsa
OT HOPMBI YKa3bIBaeT JHUCIeTYepy Ha OTKJIOHEHHE OT PeXH-
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ma. Jlpyroe uuc/o, UMewolLlee Ty XK€ pasMepHOCTb, MOXKeT
XapakTepu3oBaTh noTpebseHHe mapa, TpeTbe UYUCJIO — pac-
xon peaktuBa. CyMMa Bcex yuces B pyO/six XxapaKTepH3yeT
3aTpaThl, KOTOPBEIE HECeT NpellpUsATHe B yYac NpPU NaHHOM
pexume paboTHI.

Maimunel, KOTOpPBIE BBLINOJHSIOT HasBaHHBIE ONEpAallMH,
usBecTHbl Kak cepus DPJIY — sjieKTpOHHOE perucTpHpylo-
mwee p Joruyeckoe ycrpoiictBo. Camo cofofi pasymeercs,
YTO Ha NPeNNPHATHH, BBIIOJHSIONUEM ONepanHuio pasiese-
HHUSl, TAKOH Mall¥HE MOXKHO Obli0 Obl NOPYYHTb ABTOMATH-
YyecKoe BBIYHCJIEHHE [Je/uTebHOR MoutHocTH. OJQHAKO B Ha3-
BAHHOMU cHCTeMe LeHTPaJU30BAHHOrO KOHTPOJISI H Derucrpa-
LMY TNPOM3BOJCTBEHHBIX MAapaMETPOB, XOTsS U CYLIECTBYIOT
3JIeMeHTbl /151 HEKOTOPhIX BBIYMCJEHHH, Takoro 6J/i0Ka MoKa
Her. CyuiecTByloimiue npeo6pasoBaTejqy NO3BOJSIOT Haxo-
IUTb CPeJHNEe BeJMUYMHBl PACXOMO0B- 10 H3MEPEHHOH BeJHUHHE
IIOTOKa M MEPEeMHOXKAaThb Pacxoj] Ha HeHY eOMHUUBl U JdaJjee
CyMMMPOBATh Pacxojbl IO BCEM PACXOAHBIM INOKa3aTeJsiM.
Ho onu He mpucnocoGJ/ieHbl K BBEITOJHEHHIO BTOPOH NMOANPO-
TpaMMBl, T. €. K BBHIYHCJIEHHIO AeUTENbHON MolHocTH. Ha-
3BaHHBIE OGCTOSATENLCTBA U MOTpeGOBaJM co3faHus Oogee
COBEPLIEHHON BBIUYMCJAUTENbHON MAIIMHB IJs YIPaBJeHHs
NPOM3BONCTBEHHBIMH NPOLECCAMH.

Takasi ynpassisiomas MallldHa LMIMPOKOTO HA3HAYEHHS —
VYMIIIH — B HacTosilliee BpeMsl 3anylleHa B cepuiiHoe mpo-
M3BOJCTBO. DTa BBIUMCJAHTENbHAST MallWHa NpefHA3HaueHa
IJs ynpaBieHds: OOBbeKTaMH XHMHYECKO#, MeTajjaypruye-
cKof, HedrenepepabarbiBaiouiell npombliieHHocTH. OHa
MOXKEeT HUCIIO0Jb30BATbCS NMPAaKTHUECKH HA JI000M MpPENIpHs-
THH, KOTOpOe OOecrneyeHo CpefcTBAMH AaBTOMAaTHUECKOTO
KOHTPOJISl BCeX HEOOXONMMBIX NapaMeTpOB.

[TocsienHee ykaszaHue — O BCeX aBTOMATHYECKH KOHTPO-
JIMPYEMbIX MapaMeTpax — O3HAyYaeT, 4To TaM, e npoba Ha
aHanus otmaercss B Jab0OpaTOPHIO, UCNOJNb30BATH MAalIHHY
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MpaKTHUYECKU HEBO3MOXKHo. Ilocsennee He oueHb HPHUATHO
IJIST XMMHKOB H (U3UKO-XMMHKOB, OTJABIIMX MHOTO CHJI
paspaboTKe aHaJUTHUECKHX CPENACTB KOHTPOJS TEXHOJOIH-
YeCKHX TPOIECCOB B AHANHTHYECKHX Ja00paTopusx. ITH
METOJUKH aHa/jH3a MOTYT OBbITb HCIIOJIb30BAHBEI B KayecTBe
OCHOBBl IJISl CO34AaHUS ABTOMATHUYECKHUX aAHAJH3aTOPOB CO-
craBa. C npyroéf CTOpOHB, XMMHUKH H (HU3UKO-XMMHUKH aHa-
JIMTUKU JOJIXKHBl y3Ke cerofHsi oO6paTUThb BHHUMAaHHe He Ha
pa3paboTKy aHAJIUTHYECKHX CPeACTB AJNS Jab0paTOPHBIX
yCJIOBUH, a IPHHUMATh HENOCPeNCTBEHHOE yyacTHe B paboTe
CIMennajJucToOB MO CHUCTEMAaM aBTOMATHUECKOro peryJsupoBa-
HHSI, TI0 CO3JAHHI0 ABTOMATHYECKUX OBLICTPOAEHCTBYIOUINX
aHaJM3aTOPOB XMMHUYECKOTO cOcTaBa. ITO Ke 00CTOsITe/Nb-
CTBO CJedyeT MMeTb B BHAY TexHoJoraM. Ilpucrynas
K TPOEKTUPOBAHHIO IPOM3BOACTBEHHOTO TEXHOJIOTHYECKOro
npouecca, Heo6X0AUMO NPUHATb BO BHUMAHHE BO3MOXKHOCTb
HCIIOJb30BAHUS [JiS YIPaBJeHUs NPOIECCOM YNpaBJfAoLIeH
3JIEKTPOHHOH MALIMHBL. DTO 03HAYAET, YTO B NPOEKTHPYEMOM
npouecce MOMKHBL GBITb ONpele/eHbl BCe KOHTPOJHPYEMbIE
U peryJjupyeMble BeJHUMHBL. YUYT€HAa BO3MOMKHOCTb KOHTPO-
JIHPOBaTh 3TH BEJNHYMHBI, HOO yacTO ObIBAET, YTO HE3HAUM-
TeJbHOE H3MEHEHHE TEeXHOJIOTHH, [OMyCTHMOe B CTaluH
MPOEKTUPOBAHMS, BecbMa o006Jerdaer KOHTPOJb IIpollecca.
Kopoue rosops, Tenepb TpeGOBaHHsI K TEXHOJIOTHH OIpele-
JISTIOTCST He MPOCTO TpeGOBaHHEM BHIATh MPOAYKT HYXKHOTO
KayecTBa, HO M TNPUTOAHOCTBIO INpolecca 1Jsi aBTOMAaTHUe-
ckoro ynpasJeHus. HeBoinonHeHne 3TUX TpeOGOBaHUI TEXHO-
JloraM# TIPUBOJHUT, 06pa3HO roBOps, K YCTAHOBKE aTOMHOrO
nBuratesss Ha tesery. ChneuuajnucTbl MO BBIUHCIUTENbHOH
TEeXHHKE BBLIHYXJEHBl OGBEIINBATbL CXEMY MHOMKECTBOM IIpH-
60poB, HO U 3TO HE BCErja NPHBOJUT K HYXKHBIM Pe3yJbTa-
TaM: HEKOTOpble TEXHOJOTHUECKHE INPOLecChl OKa3bIBAKOTCs
HEYCTOHUUBBLIMHY, T. €. PE€3KO YKJOHSIOTCS OT JIYYIIEro pexku-
Ma IpH MaJjeHMIUX OTKJOHEHUSX MapaMeTpoB. DTOT pasjel
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IPOEKTHPOBAHHUS TEXHOJOTHYECKHX TMpPOLECCOB C Yy4YeTOM
YCTOHYHBOCTH TEXHOJOrM4eCcKOTo Ipollecca TOJbKO BO3HH-
KaeT NOj BJIMSHUEM TPeOOBAHUH, BHIIBUTA€MBIX HCIOJb30-
BaHHeM BBIYHMCJUTEbHBIX MallHH.

Bce nsnoxeHHOe BblLe NOKa3bBAeT, YTO HAa NYTH K HC-
N0/1b30BAHUIO YIpaBJ/foliell MallMHB IIMPOKOro Ha3HAye-
HUS CTOST He OrpaHHYEHHbIE BO3MOMKHOCTH BBIUHCJ/IHTENbHHIX
MallMH, a OTPaHMYEHHOCTb HEKOTOPBIX CIIEeNHAJIHCTOB, HE
XKeJaloUIMX CYMTaTbCs C HOBBIMM TPeGOBAHMSIMHM, NPEdb-
SIBJsIEMBIMM K IPOEKTHPOBAHMIO COBPEMEHHBIX TEXHOJIOTH-
YecKMX IpoleccoB. KoMmmekcHOe NpPOEKTHPOBAHHE HOBBIX
TEeXHOJIOTHYECKHX IIPOLIECCOB BO3BpallaeT HAac K Hauaay
Hawefi Opounopbl, K BaxHefuel#l wnnee KHOEPHETHKH —
K GpuragHomy Mertony pabGoThl Hajy mpoektoM. Ecau B Ha-
yaje OpOLIOPbl MBI TOBOPHJIH 00 3TOM B CMBIC/IEe «XODOIIO
OBl TaKk», TO Telepb MBI MOXKeM T'OBOPHTb 06 3TOM — «HE00-
XOAWMO TaK M TOJbKO Tak». Ilo 3Tofi mpuumHe HEe MpPHXO-
IUTCSl YOMBJATBCS, YTO CPeld KUGEpHETHKOB NpPEACTaBJIEHB!
NPAKTHYECKH CHELHAaJHCTBl BCeX OTpaciell HayKH.

YiKe co3maHHBIE KOJIJIEKTHBE KHOEpHETHKOB, OCBaMBal0-
mue GpUramHelii MeTon paGoTHl, NPEACTaBASAT cOO0H NMPUH-
LIUNKHaJbHO HOBOE SBJIEHHE B HayKe — 3TH KOJIJEKTHBHI
HecyT B cebe 37eMeHThl HayKH OyAylLlero.

Bepuemca X Hame# ynpasisiollefi MaumivHe LIHPOKOrO
HasHaueHus. UTo B Hell JOXKHO GHITH?

ITpexne Bcero— ycTpoiicTBO mJisi CBA3H C mpuHGOpamu
aBTOMAaTHYECKOT0 KOHTPoJss. MOXHO He cOMHEBAThCs, TAKOE
yCTPOHCTBO B HeH HeHCTBUTEJIbHO ecTb. DoJsiee TOro, Bce
NOKa3aHusi NPUOOPOB MOryT OBbITh TNPHBENEHH K BeJHUHHE
pacxona, KOTOpPHIH HeceT NpeanpusaTHe B yac B pybuasx. Bo
BTOPOH uYacTH NpOrpaMMbel Mbl paccMaTpuBaiu (mJas pas-
JeJIMTeIbHBIX YCTAHOBOK) BBIYMCJIEHHE TOJIE3HOH MOIIHOCTH
yepe3 MOKa3aHHs aHaJUTHYeCKUX nNpuGopoB. Dra Ipo-
rpaMMa MOXKeT OBIThb JIEFKO peasu3oBaHa Hu(POBOH BHIUUC-
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JgutesbHON MamuHo#. Tenepb ocraercst cpaBHHUTb JABa MOJY-
YeHHBIX YHCJa, T. €. ONPElesHTb BEJHUUYMHY 3aTpaT Ha eiHu-
HULY AEJHTEIbHOH MOLIHOCTH. DTa 4acTb NPOrPaMMBbl TAKKe
peanu3yeTcss YHMBEPCAJbHOH BBIUMC/JHTEJNbHOH MAaIUHHOH
HIMPOKOTO Ha3HayeHHS.

[TpencraBum cebe, yTOo B CuJly CJAYyYafiHOTO M3MEHEHHS
YCJIOBHI U3MEHHJIOCh laBJjieHHe napa B KosoHHe. [1pyu HoBOM
3aperucTPUPOBAHHOM [ABJEHHHM Napa BHIYHCJIEHHAs BeJH-
YHHA JeJUTEeJbHOH MOIIHOCTH BO3POC/A, & PACXOABl YBEJH-
YUJMCh B MEHbleH cTeneHd. BrruucseHue 3aTpart Ha enu-
HUIYy MOeJUTeNbHOH MOLIHOCTH MNOKAa3blBaeT, UYTO JaHHBIH
pexuM paszneneHuss 6oJiee 3bdeKTHBEH.

ApTOoMaTHuecKu# IIOHMCK HauWJyuylllero pexuma ¢ Io-
MOIIbI0 BLIYHC/AUTENbHOI MALIMHBI 3a CYET TAKOro «OJyxK-
JlaHus» apaMeTPoB Npollecca OCYIIECTBISETCS CeLyIUUM
o6pasoM. B nmaMaTH MalIuMHBI CONepKaTcs CBEAEHUS O HeE-
06XOAMMBIX HOKAa3aHUAX PasJHYHBIX INPHOOPOB, KOTOpLIE
MalvHa noAJepkKHUBaeT C IIOMOIIbI0 MHOTOYHCJEHHBIX Dery-
JATOPOB. DTOT Ha6Op MOKasaHMWBl XPaHUTCH B NaMATH
MAaUIHHbl 10 TeX IIOP, NMOKa He MOSBUTCS TaKo# Habop MokKa-
3auuit TpubOpOB, KOTOPHIH obecneuyBaeT Jyullile 3KOHOMH-
yeckue mokasaTesu paborel pasgenenus. C 3TOro MOMEHTa
MaluHa «3a0blBaeT» CTapele NaHHblE H «3alOMHHAET»
HOBBIE, JIyYLINe N0 S5KOHOMHYECKHM NoKasarenaM. Bot Takue
CHCTeMBl W NOJIYYMJIH HasBaHue camoobyudaromuxcsa. Ecan
MBI IIOHMMaeM, KaK OTJIHYaTb XOPOWIMHA peXuUM paGoTHl OT
NJI0XOTO, TO 3TO M obecrneurBaeT caMooOydyeHHe MAaUIHHBIL.



NPUNOXEHUE

TaGnuqa pasgenuTenLHOro norteHuuana
O(x) = 2x—1) In—*

l—x
x D(x) x D(x) x D(x)
0,0000009 13,87 0,00021 8,47 0,00051 7,58
0,0000018 13,18 0,00022 8,43 0,00052 7,56
0,0000028 12,77 0,00023 8,38 0,00053 7,54
0,0000038 | 12748 | 0,00024 | 8’34 0.00054 | 7.52
0,0000047 12,26 0,00025 8,30 0,00055 7,50
0,0000057 12,08 0,00026 8,26 0,00056 7,49
0,0000067 11,92 0,00027 8,22 0,00057 7,47
0,0000076 | 11,79 | 0,00028 | 8,18 | 000058 | 7.45
0,0000086 11,67 0,00029 8,15 0,00059 7,43
0,0000095 11,56 0,00030 8,12 0,00060 7,42
0,000010 11,51 0,00031 8,08 0,00062 7,38
0,000020 10,82 0,00032 8,05 0,00064 7,35
0,0000 0 10,42 0,00033 8,02 0,00066 7,32
0,000040 10,13 0,00034 7,99 0,00068 7,29
0,000050 9,91 0,00035 7,96 0,00070 7,26
0,000060 9,73 0,00036 7,93 0,00072 7,23
0,000070 9,57 0,00037 7,90 0,00074 7,20
0,000080 9,44 0,00038 7,87 0,00076 7,18
0,000090 9,32 0,00039 7,85 0,00078 7,13
0,000100 9,22 0,00040 7,82 0,00080 7,13
0,00011 9,12 0,00041 7,80 0,00082 7,10
0,00012 9,03 0,00042 7,77 0,00084 7,08
0,00013 8,95 0,00043 7,75 0,00086 7,05
0,00014 8,88 0,00044 7,73 0,00088 7,03
0,00015 8,81 0,00045 7,71 0,00090 7,00
0,00016 8,75 0,00046 7,68 0,00092 6,98
0,00017 8,68 0,00047 7,66 0,00094 6,96
0,00018 8,63 0,00048 7,64 0,00096 6,94
0,00019 8,57 0,00049 7,62 0,00098 6,91
0,00020 8,52 0,00050 7,60 0,0010 6,89
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0,0011
0,0012
0.0013
070014
0.0015
0,0016
0.0017
0,0018
0,0019
0,0020
0.0021
0.0022
0,0023
0.0024
0,0025
0,0026
0,0027
0,0028
0,0029
0,0030
0.0031
0,0032
0,0033
0,003
0,0035
0,0036
0,0037
0,0038
0,0039
0.0040
0,0041
0,0042
0,0043
00044
0,0045
0.0046

D(x)

e e e e e e e e e e e e e e e e
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BENSTEINCTaE ERITIIZRECESEBRoRELHTEGRE

X D(x) X D(x)
0,0047 5,31 0,013 4,22
0,0048 5,28 0,014 4,14
0,0049 5,26 0,015 4,06
0,0050 5,24 0,016 3,99
0,0051 5,22 0,017 3,92
0,0052 5,20 0,018 3,86
0,0053 5,18 0,019 3,79
0,0054 5,16 0,020 3,74
0,0055 5,14 0,021 3,68
0,0056 5,12 0,022 3,63
0,0057 5,10 0,023 3,58
0,0058 5,08 0,024 3,53
0,0059 5,07 0,025 3,48
0,0060 5,05 0,026 3,44
0,0062 5,01 0,027 3,39
0,0064 4,98 0,028 3,35
0,0066 4,95 0,029 3,31
0,0068 4,92 0,030 3,27
0,0070 4,89 0,031 3,23
0,0072 4,86 0,032 3,19
0,0074 4,83 0,033 3,16
0,0076 4,80 0,034 3,12
0,0078 4,77 0,035 3,09
0,0080 4,74 0,036 3,05
0,0082 4,72 0,037 3,02
0,0084 4,69 0,038 2,99
0,0086 4,67 0,039 2 95
0,0C88 4,64 0,040 2,92
0,0090 4,62 0,041 2,89
0,0092 4,59 0,042 2,87
0,0094 4,57 0,043 2,84
0,0096 4,55 0,044 2,81
0,0098 4,53 0,045 2,78
0,010 4,50 0,046 2,75
0,011 4,40 0,047 2,73
0,012 4,31 0,048 2,70
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OrJIABNEHME

«KoJITIeKTHBHBIH MO3I»

IIpoGnema 1 . .o .
Tpu npoGneMbl aTOMHOMH anepruu .
Ku6epuernka... 1 xode . .
Uro Takoe XOpOIIO H 4YTO TakKoe rmoxo?
Uro pgenaTh H Kak AeJaTb? .
DJIeKTPOHHBIH JHCHeTYep .
Ilpusorcenue . . . . . . .
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