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NPUMEHEHMUME TEILVIOBBIX TPYBOK B HAHOTEXHOJIOI'HAX
Heamos E.H., ®enoros K./,

@IAOY BIIO «Mocxosckuti uHCIMUnym 01eKmpoHuKy U MOmemamuxu
Hayuonansrozo uccneoosamenvckozo yHugepcumema « Bulcuias Wikoaa SKOHOMUKU»Y,
Mocxkea, e-mail: eivashov(@hse.ru, e-mail: ienmiem@mail.ru

IMoxazana npakTHIeCKas HEOOXOAUMOCTD IPUMEHSHHUS TeIUIOBBIX TPyOOK B HAHOTEXHOJIOTHIAX, G0jIee KOHKpeT-
HO, B yCTpolicTBax HaHoNepeMelneHuH. [IpuBeeHbl IpuMepsl MOAHGHUKAINN CYIIeCTBYIOMMX HAHOTEXHOJIOTHYe-
CKHX YCTpOHCTB UL YIIyqIIeHHs OTBOJA TeIUIa OT pabouel 30HbI. JlaHbI POpMYIIbI, OIUCHIBAIONINE IPOIIECCH B Te-
IUTIOBBIX TPyOKax, a TaK jKe yKa3aHbI CYIeCcTBYIONIHE H NepCIeKTHBHbIE MeTOABI IPOSKTHPOBAHHUSI TOIUIOBLIX TPYOOK.

KmoueBnle cioBa: TelsioBbie prﬁlﬂ/l, HAHOTEXHOJIOTUH, ychoﬁcTBa HaJ-[onepeMeme]—m]“d, METO/I KOHCTHBIX 061>eMOB,
METOI IMOABHKHBIX KJII€TOYHBLIX aBTOMAaTOB.

HEAT PIPES APLICCATION IN NANOTECHNOLOGY
Ivashov E.N., Fedotov C.D.

FGAEU HPE “Moscow institute of electronics and mathematics The National research university
“High school of economics”, Moscow, e-mail: eivashov@hse.ru, e-mail: ienmiem@mail.ru

Practical need for application of heat pipes in nanotechnology and more specifically for nanodisplacement de-
vices is shown. Examples of modifications of existent nanotechnological devices for improved heat extraction from
operating area are brought. Formulas which describe processes in heat pipes are given, existing and perspective heat

pipes design methods are shown.

Key words: heat pipes, nanotechnologies, nanodisplacement devices, finite volumes method, movable cellular automata

method.

MHOKECTBO TEXHOIOTHMECKUX HPOLIECCOB CBSI-
3aHO C MpeoOpasoBaHMEM TCIUIOBOM 3HEpruu. Tex-
HOJIOTUYICCKUC ITIPOLECCCHI, BBIITOTHACMBIC B HAHO-
TCXHOJIOTHAX, KpaI\/'IHe TYBCTBUTCIIbHBI K BBIACIIC-
HUEO TCIUIA, TAK KAK TCIUIOBBIC KOJICOAHMS OTACITh-
HBIX aTOMOB Y CTPYKTY]P aTOMOB MOTYT IIPUBECTH K
HapYIICHUIO PaboTOCTIOCOOHOCTH pe3ynibTara TeX-
HOJIOTMYECKOTO Tporecca. UToOb MUHUMH3MPOBATH
BIIMSIHUE TEMITCPAaTypbl HA TEXHOJOTHUCCKHUN IIPO-
TECC, HYKHO BBCCTHU B KOHCTPYKIIUU TCX WIH UHBIX
HAHOTCXHOJIOTHYCCKUX YCTPOUCTB TCIUIOBBIC TPYO-
kd. TerioBbic TpyOKH MO3BOJIIFOT OTBOJUTD OT Pa-
60‘161\/’1 30HbBI TEIUIOBBIE IIOTOKHU BHICOKOM IUIOTHOCTH
(Topsimka HECKOJIBKMX KHIOBATT HAa KBaIPaTHBIN
CaHTHMETP) U — [JIABHOC, C BBICOKOH CKOPOCTHIO,
OTPAaHUYCHHOW JIMOIb CKOPOCTHIO 3BYKA MJIsl ra3a
BHYTPH TCIUIOBOM TPYOKH.

Pacemorpum Moguukaipn yCTPOHCTB ¢ TTOMO-
[IBFO TCIUIOBBIX TPYOOK HA IMPUMEPax YCTPOHCTB Ha-
HOTICPSMCILCHIS 30HAA.

YcTpoiicTBo HaHOTICpEeMeeHu 30Haa (puc. 1)
COJEPKUT TILE30TPUBO |, BHITIOTHCHHBIN U3 HabO-
pa MbEe30KOIeL 2, MEKIY KOTOPBIMH PACIIOIOKCHBI
METAITHYCCKUE KONbIA 3, TCIUTOBYIO TPYOKY 4, 3a-
KPETUICHHYIO Ha CBOOOIHOM TOPLIC IIBE3OTIPUBOAA 1,
30H1 5, YCTAHOBJICHHBIN B TCIUTOBOM TPYyOKE 4 U B3a-
MMOICHCTBYIOMIHM C TIOUTOKKOM 6, TeruioBas Tpyo-
Ka 4 CBs3aHa ¢ MCTOYHUKOM SKHAKOTO a30Ta 7.

YeTpolicTBO HAHOTIEPEMETICHME 30H1a paboTacT
CICIYFOIIMM 00pazoM.

[lpu momaue HANPSDKCHHS HA METAUTMYMCCKUAC
KOJITbLIA 3, POUCXOIUT MEXaHHUYCCKAs e(hopMaLps
mee3onpuBoga 1 u3 Habopa mbe3okoaen 2 BCICI-
cTBHE 0OpaTHOTO THe3od(dekra, pu 3TOM TeruIo-
Bast TpyOka 4, JKECTKO CBs3aHHAsE CO CBOOOIHBIM
TOPLICM IIBE3OTIPHUBOAA |, BRIIIOIHACT MICPSMCLICHHUC
30HAA 5 MEPIICHIUKYISIPHO TIOUTOKKE 0, B PE3YJIb-
TaTe CUJI AJICKTPUUCCKOTO B3aUMOACHCTBHS 30HAA J
U TIOAJIOXKKH 6 BBITIOIHACTCS TEXHOJIOTHIESCKUN
MPOLIECC, TIPH HTOM TEIUTO M3 paboUeii 30HBI 30H1a 5
TCIUTIOBOH TPYOKH 4 K MCTOYMHMKY KUIKOTO a30Ta 7.

7

Puc. 1. Yempoiicmeo nanonepemewjenuii 30n0a
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[Mbezonpusoa ¢ TerutoBow Tpybo# (puc. 2) co-
JEP’KUT HETTOABIKHYIO HaIPaBIBIOIIy0 1, cTom 2,
Ha KOTOPOM YCTaHOBIICHA TTOIJIONKKA 3, MbE30IICK-
TPHUYCCKUE TPpeodpasoBareib 4, ’KECTKO CBA3aHHbIH
C HCTMOABIKHOW HAIPABJLIOMICH 1, 30HA 5, )KECTKO
CBSI3aHHBIH C TOPIIEM TEILIOBOH TPYOKH 6, KOTOpas B
CBOKO OYEPE/Ib JKECTKO CBA3aHA CO CBOOOIHBIM TOP-
IIEM TBE303NICKTPUUCCKOTO TIpeoOpasosarens 4, a
TaK )K€ CBs3aHA C y3/I0M TI0Ja4H XJ1aAarcHTa, 0o~
HUTCITHHO 30HI S5 U TIOUTOXKKA 3 CBA3AHBI C YCHITUTC-
JIEM CUTHAJIOB 8 ¥ OJIOKOM M3MepeHus 9.

»
Qo
(o]

A S

7

Puc. 2. Tvezonpueoo ¢ mennoeoii mpy6oii

[1be3onpusoa ¢ TeruioBO# TPy OO paboTtaet cie-
JYFOIIUM 00pazoMm.

[lpu mogade HANPsDKCHUS HA MHE30ICKTPUYC-
ckuii mpeoOpaszoBarens 4, 30HA 5 TEPEMEIACTCS
TIICPTICHANKYITSIPHO TIOIIOKKS 3 M BBIMOTHACT TCX-
HoJoTHUeCKu tiporiece. Beneacrsue actictBust agh-
(bexra 3ecbeka, B TepMOIIapE TIOLTIOKKA-30H HAYH-
HaeT aerctBoBath TIJIC, KOTOPYIO YCHITMBACT YCH-
TUTENh CUTHANA 8 M TiepeaacT B 010K uaMepenws 9,
KOTOPBIM PETUCTPUPYET TCMIICPaTypy pabdodcit 30-
uel. OTBOA Teruia oT paboyeHt 30HBI M 30HAA 5 OCy-
MIECTBISICTCS TOCPEACTBOM TCIUTOBOM TPYOKH 6, CO-
€IMHEHHOM C Y3JIOM ITOIa4YH XJ1aaarcHra 7.

[TpuMeHeHHE MPEITOKESHHBIX KOHCTPYKTHUBHBIX
VCOBCPIICHCTBOBAHMI IMO3BOJISICT Y(P()CKTUBHO OT-
BOJAWTH TCIUTO M3 PabOUCH 30HBL, 4TO B OOIIEM CITy-
qac MOBHIIIACT TOYHOCTH BBIITOJIHCHUA TCXHOJIOTU-
YCCKUX OTICPALUM, a BBSACHUC YCTPOWCTB KOHTPOIIA
TeMIICPaTypsl PaboueH 30HBI TAK KE MOYKET MO3BO-
JIUTh TIPEKPATUTHh TEXHOIOTHMHMECKUM MPOLECC, YTO-
OB1 M30CKATh HAPYIIICHMI.

Jt1 pOSKTHUPOBAHUS TCILIOBBIX TPYOOK U TIO-
CIICAVIOIICTO UX BBSICHMS B HAHOTCXHOJIOTHHCCKUC
VCTPOHCTBA, HCOOXOIUMO OIMCATH IPOLICCCHI, TIO-
3BOJBIEOLIMC JOCTHraTh BBICOKOU 3(PSKTUBHOCTH
TCIUIOOTBOAA.

[IpeacTaBuM MaTEeMaTHYCCKH MPOLIECC MIEPSHOCA
JHCPTHU U BCIICCTBA B YCIIOBMSIX JTAMUHAPHOTO HE-
CKAMACMOTO MTOTOKA TTapa BHYTPU LIHTHHIPUICCKON
TETUTOBOU TPYOBI.

3arnuineM ypaBHCHHUSI IICPSHOCA T1apa:

divv = 0,
p,B(V¥) = —VP, +1n V7,
¢pp, VTy = AV°T,,

31€Ch V — CKOPOCTh MEPEHOCA Tapa, p, — MIOTHOCTh
napa, P — maBIeHuWe mapa, #, — TAHAMAYECKas BA3-
KoCTb mapa, I, — Temmeparypa napa, ¢, — TeIIoeM-
KOCTb T1apa, A — TCIUIOMPOBOAHOCTD I1apa, OIHUCAHIC
¥ IaHO HIDKC.

YpaBHCHMS TICPCHOCA YHCPTHUHM B TIOPUCTOM (DH-
THITC, HACBHIILICHHOM KOHICHCATOM

eV oep, VT = divg,
q = AgradT,

30€Ch €, — TCIUIOEMKOCTb KUIAKOCTH, [ — mopw-
cTocTh (putHLA, V, — 00BEM JKUIKOCTH, p  — IIIOT-
HOCTb JKHIKOCTH, I/ — TeMIiepaTypa JKUAKOCTH, ¢ —
IUTOTHOCTH TEIUTIOBOTO MOTOKA. Tak jxe BBemcH A —
TCH30P TCIVIONPOBOJHOCTH KAIMJLTAPHO-TIOPUCTOTO
(PUTHIISL, HACBIIICHHOTO YKUAKOCTBIO, TAK KAK TCIUIO-
MPOBOJHOCTE B OCCBOM HAIIPABJICHUM (DUTHITS OTITH-
YaeTCs OT €r0 TCIUIONPOBOAHOCTH B PaTUATIBHOM
HAMpPaBJICHUN

gro 1O 0\ &
- o\ or 0z%

JanHas cucTema U3 ICCTH YPaBHCHUH B 00mIeM
CIIy4ac OIMUCHIBACT TICPCHOC TCIUIOBOUM YHCPTHH BO
BHYTPCHHEM MPOCTPAHCTBE TPYOKH, 4 HIMCHHO B ap-
Tepum U (purrrie. [t MOTHOTO OIHMCaHMs IIEPeHOCA
TCIUTa HEOOXOAWMO [IOTONHHUTH JAHHYK) CHCTCMY
VPaBHCHHAMH MSPSHOCA TeIl1a B 00071049Ke TPy OB, a
TaK K& YPaBHCHHAMH (PHIbPALIMM SKHIKOCTU B Ka-
MUUTIPHO-TIOPUCTOMU Cpeac (PUTHITS.

MaxkcumanbHOS KaMIUIIPHOS JABJICHUS, PA3BU-
BacMOC B MIOPUCTOM (PUTHIIC, UMEIOIIEM d(dekTrs-
HBIK pasMep Top T,

prmax _ 20c0s0
K ,r,s .

[lepenoc maMHUHAPHOTO MOTOKA KUAKOCTH B TIO-
pucToM (DUTHIIC B 3aBUCUMOCTH OT BUJa (PUTHIIA
ompeerieTcs mubo mo 3akony Japeu (s Kuako-
cTel, o auuHsIoIMXCst 3akoHy Hasbe-CTokca)

—VP—%ﬁ+pf=0,

divi = 0,
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mubo [lyasetinst (0MHO M3 CaMBIX TPOCTBIX TOYHBIX
pewenuti ypasueHuii Hasse-Croxca)

_ md* AP
C128p0

Kpome mons kamauispHEIX CHIT Ha ICPSHOC JKU -
KOCTH OKa3bIBacT BJIMAHHE TPABHUTALIMOHHOC IIONC,
TNIOSTOMY B BBIPXKCHHMC ULl ONPeAcieHust AP He-
006xoanMo BBeCTH WiCcH P, JZSInga.

Kunetnka ¢azoBoro mepexoma »KHAKOCTB-TIAP,
T.€. CKOPOCTh HCIAPCHUS M KOHICHCALMH, MOXKCT
OBITH OIPEACICHA C OMOLIBIO KpUTCpHst Kn (MUCITO
Kuyncena). MakcumarbHbIN TEIJIOBOM MOTOK MPHU
HCTIAPCHUM C TUTOCKOM NMOBSPXHOCTH B BAKYYM

LP,

e = T

R, — yHUBepcanbHa ra3oBas IOCTOSHHAA, L — CKPHI-
Tas TeIoTa napoobpasosanwsi. B psiae ciyuacs me-
PEHOC YHEPTHH U BELICCTBA B TCILIOBBIX TPYDax MO-
KCT MPOUCXOOUTD ITPHU TACTUTHOM OCYILICHWH ITOPHU-
CTOTO (PUTHIIS.

B urore pacuet TermoBoii TpyObl OCHOBBIBACTCS
Ha YPaBHCHWAX JUHAMHWKH ITOTOKA KUAKOCTH U I1a-
pa, OIMCAHNH KUHETHKH (Da30BBIX MICPSXOI0B HA T10-
BEPXHOCTH pa3Jcna KUAKOCTb-IIap, 4 TaK XKE ypas-
HCHHWSX TICPCHOCA JHCPTHHM B apTCpUU TPYOKH, B
KanrmaTspHO-TIOPUCTOH vacTu (putuie) u B caMou
0005104KE TPYOBL

[ToToK MHUIKOCTH B TIOPUCTOM TEIC (PUTHIIST J0IT-
JKSH OBITh 00J1CC TIOAPOOHO, OH MOKET OBITH OITUCAH
3akoHoM Jlapcu.

aR*
Q= 8_77l(P1 - P,)

K
m=p, V. =— —gradP,
K
IIpouHTCeTpHpOBaE 3TO YpPaBHCHUC, IMOIYIACM
reperaz JaBiIeHusd B AByX Toukax ¢urwist. [IpoHu-
aeMoCTh K 3aBHCUT OT MOPUCTOCTH /] (utwia u
CTETIEHHU €TO HACBIMICHUS KUIKOCTBIO b

Ky = f(IL by,

[1pu GonpmMX TEMTOBLIX HATPY3KaX HACHILCH-
HOCTb TMOPUCTOTO (DPUTHIA KUAKOCTHIO 3aBUCHT OT
koopauHathl. [lopucTeiii MaTepuan MOKET OBbITh
OXapaKTSPU3OBaH CIICAYIOMHUMH MapaMETPaMHU: pas-
MEPOM TOP d; TUHCUHBIM Pa3MepoM / OPUCTOTO TEC-
1a. B mpenenax 3Toro pasMepa GepeTcs ocpeaHCHUE
<w> 110 00BEMY MTOPUCTOTO TCIA.

Cpeansasa oObeMHas BEMMYMHA KaKOW-TO (DYHK-
v Y TCH30pHOTO THITA, XapaKTEPU3YIOMICH KU~
KOCTb B MOPHCTOM MAaTepHaje, ONMPEacTACTCI COOT-
HOILICHHUCM

1
<W¥>=—| W¥dV,
Vf

npu d<<I, [ — xapakTepucThicckast JyinHa oobema b

OCHOBHOC YCPEIHCHHOS COOTHOLICHHS IS XapaK-
TCPUCTHUKHU JKHIKOCTHU B TIOPUCTOM TCJIC UMCCT BHUI

1 —
< grad¥ > = grad < ¥ > +Vf Ynlds,
Si

TOBEPXHOCTHBIM MHTErPai OSPETCs1 BAOIBL MOBCPX-
HOCTH KUIKOCTH S B 30HC TOBEPXHOCTU paszcia
KUIKOCTh — Tap B 00beMe mopuctoro Qutuis; n' -
CAMHUYHBIA BEKTOP MO HOPMAIM K TOBSPXHOCTH
3IeMeHTa dS.

ITO ypaBHCHHUC HCOOXOIUMO UTsl BRIBOJA YPaB-
HCHISL IBYDKCHUSI JKUIKOCTH B TIOPUCTOM TEIIC.

TpeThelt XapakTEPUCTUKON MOPUCTOTO TENIa SB-
wietcst audPpepeHUMATBHAS KPUBAsL PACIIPCACIICHIUS
noBepxHOCTHOH miponmiacmoctr  f(K) (mozobmo
KPHUBOH PaCIIPeICIICHI TIOP 10 PAIUYCY ).

Jl/it 0 IHOPOXHOTO MaTepuana Takas KPUBas MO-
JKeT OBITH TpeACTaBICHA Kak aenbTa (yukiws K v
THUHCHHAA KOMOMHAIMA 3THX (hYHKLIHMHA.

N
fK) = Z 84;, A, yAOBICTBOPSET yCIOBHIO
i=j

=

z ; =1, N KOHe4HO.

i=1

Ecnu f(K) He mMoxker ObITH TpeacTaBiICHA KAk
KOHCYHOC YHCIIO (DYHKLWMIH, TO MaTepHal HEOTHO-
POIHBIMN.

Ecmu f(K) mpeactasmeHa 0 THUM 4JICHOM — MaTe-
pyaj TOMOTCHHBIH.

Ecnu maTepuan ormceiBacTest ABYMS HIH OOee
¢yuxisivu f(K) To 0H reTepOreHHBIH.

Ecmu f(K) 3aBHUCHT OT NpsAMOYTOIBHBIX KOOPAU-
Hat x, (i=1,2,3) n yrmoseix koopaunat ‘Y, 0, To no-
PHCTBIN MaTepuan SBIIACTCSA aHU3O0TPONHBIM. Eciu
OTCYTCTBYET 3aBHCHMOCTH OT YIJIOBBIX KOOPIWHAT
— MaTepuai U30TPOTHBIN
K;

Ky

P(Ki <K<K, =

B kauecTBe TCIIIOHOCUTENS B TCIUIOBBIX TPYOKax
MOX>XHO NIPUMEHATH MHOKCCTBO )KHZ[KOCTeﬁ C HHU3-
KOM TeMIlepaTy poii CTIapCHUL.

W3 Bcero mepetd s HAMBBICILIAS TSIUIOTA UCTIAPES-
HUY, KaK BUAHO U3 TaOuIp! |, y caMol pactipocTpa-
HCHHOM JKHUIKOCTH - BOJBL. JTO Hauboee dddek-
TUBHBIM TCIUIOHOCUTSIb PA0OTAONIHMI HA HCTape-
HHC IPU PCATBHBIX TEMIICPATYPax B IJICKTPOHHOM
armaparype [4].

CreayeT OTMETHTB, YTO CYLICCTBYIOT COBPCMCH-
HBIC KOMIIBIOTCPHBIC MCTOABI MNMPOCKTHUPOBAHWA U
aHaTM3a, KOTOPbIC MOTYT OBITh MPUMCHUMBI K 3373~
YaM CO3JaHMA KaK OTACTBHBIX TCIUIOBBIX TPYOOK
JUTsI HAHOTEXHOJIOTMYECKUX YCTPOMCTB, Tak WU UL
MPOCKTUPOBAHIS HTUX YCTPOHCTB B LICTIOM.
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Tabuma 1
BEu(sETaN ¥AenbHaA TeNJ0eMKOCTh, TemnepaTypa KMNeHus, ¥AeAbHAA TENI0Ta UCNapeHUs,
Ao /fer¥*rpan rpan.C A /wr
ALBTOH 2,18 56,2 524
Benson 1,705 80,2 396
Cepoyrnepoa 1,006 46,2 348
CnupT MeTUADBDIA 2,5 64,7 1110
CnUpT NponvAoebiH 2,39 96 683
CnypT aTHADBDbIA 2,43 78,3 846
3thp 3TUNOBBIA 2,35 34,6 351
Boaa 4,18 100/30f 0,05k femz) 2260/2400( 0,056 /emz)
CRoMHble COCTaebl - 30 - 45 100 - 2400

Hampumep, aist pacuera v onmcaHus TSHCHYS J1a-
MHHAPHOTO MOTOKA Ta3a 4Yepe3 apTepHI0 TCIUIOBOM
TPYOKH MOKET OBITh HCTIOIB30BAH METOI KOHCUHBIX
oovemos (MKO), paseuBacmsrii 6omee 40 meT.

Jlns orwicaHys TIOTOKA BEAMMMHBL ¢ B 00BEME £,
OTPaHMHMCHHOM TMOBEPXHOCTBIO S C BHEIIHCH HOPMa-
JBE0 T, HCTIONB3YETCS YpaBHeHHME Oamarca [2].

B kauecTBE ¢ MOYKHO B JAHHOM CIIyHaC WCIIONb-
30BaTh BHYTPCHHIOI HHCPTHIO ra3a B apTCPHH TC-
wioBok TpyOku. CyIIECTBYET HECKOIBKO METOIOB
aTpPOKCUMALIMK UHTSTPATIOB, HO NPH HCIIONB30Ba-
Hrt MKO crioskHO 100UTBCA TOYHOCTH YMCICHHOM
CXCMBI BBILIC BTOPOTO TIOPSIIKA.

Ucrnonezys MKO BO3MOKHO MOISTHPOBAHHUC
TCUCHHS TMOTOKA Ta3a depe3 apTCpUi0 TCIUIOBOM
TPYOKH, HO OCTACTCS OTKPBITHIM BOIIPOC MOICTHPO-
BaHUsI TICPCHOCA HEPTUM B nopuctoM ¢urmre. Ox-
HKM M3 HOBBIX METOI0B MOICTHPOBAHUS THHAMUIC-
CKHX 3a0a4 MCXAHUKH SIBJIICTCS METO 1O ABHKHBIX
kieTouHbIX aBTomaros (MIIKA).

Jlist ormcaHus TCPESMEILICHYS U IIOBOPOTA aBTO-
MAaTOB MPUMCHSFOTCS VPAaBHCHHs1 MCXaHUKH HbroTo-
Ha-Ourmepa. B maHHOM MeToae MCIONB3YIOTCA TCH-
30PHBIC YPABHCHUS TSI OTIMCAHMS TIOCTYIIATSTBHO-
r0, BPAIIaTe/ILHOTO ABWKCHUN aBTOMATOB M WX JIH-
HEHHBIX aedopmarivii [3].

JlauHb1i MeTo 00BEAUHACT BO3MOMKHOCTH MC-
TOXOB MOJICKYJIPHON TUHAMHUKH W KJICTOYHBIX aB-

TOMaToB. Ero LEHHOCTh 3aKIFOMacTCs B TOM, HTO C
€ro MOMOIILI) MOKHO HATPAMYK) YYUTHIBATH TAKHE
COOBITHS B TIOPUCTOM (PUTHIIC KAK: ICPESMCIIMBAHIC
Mace, 3P(PeKT NPOHMKHOBEHMs, (Pa3oBBIC MPECBpa-
IICHHs, KAIIIPHOS TCUCHHE.

B zaxmroueHMM cremyer OTMETHTB, YTO CyIIE-
cTByeT (PyHAaMEHTaNbHas TeOpeTHUYecKas 0aza it
pacdeTa TCIUIOBBIX TPYOOK, a Tak KE MAIIMHHBIC
MPWIOKCHUSL B BUIAC METOA KOHCUHBIX OOBEMOB H
METOJa TMOABIKHBIX KJICTOYHBIX aBTOMAaroB. Bue-
JPCHUC TCIUIOBBIX TPYOOK B HAHOTCXHOJIOTHMH TIO-
3BOJIUT MOBBICUTH TOYHOCTH U MPOU3BOIUTCIIEHOCTE
BBITIOJTHEHUS TEXHOJIOTHUYCCKHX [TPOLIECCOB.
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