aesa 17. PabGoTa c pasmepHoOCTAMM

3HAYUTENBHO YIIPOCTUTD U YCKOPUTH HAYYHbIE M WHKEHEPHbIE PACYeThl MOKHO GJraroapsi
tomy, uro B Mathcad cyuiecrByer Bo3MOKHOCTH paGOThI ¢ Pa3MEPHBIMU BEJIMYUHAMU, ITO
MIO3BOJIIET HE TOJILKO MIHOBEHHO JIe/IaTh IepecyeT OJHUX eJIMHUILL B Ipyrue, HO U, OYeHb Ya-
CTO, HAXOAUTD OMIUOKK OJIArOIAPS TOMY, UTO CHCTEMA IIPOBOAUT [IPOBEPKY HA KOPPEKTHOCTD
COBMECTHOTO MCIIOJIb30BaHMsT padMepHocTeil. Kpome Toro, mpu He0OOX0ANMOCTH, B Ka4eCTBe
CHCTEMbI e[HUI] MOJKET ObITh UCII0JIb30BaHa He TOJbKO SI, HO u sobast apyrasi.

HaBepﬂoe, Bbl yJK€ 3aME€TUJIN, YTO IIPU BbLJICJIECHUUN TTOACHUTAHHOTO YNUCJIEHHO BbIPpAKEHUA
mpaBee pe3yIbTaTa MOSBISIETCST YEPHBIT MapKep (Uero He HabII0aeTCst B CUMBOJIBHBIX OT-
Berax). Hampumep:

sin(TE) =01
[TouTy HaBEpHSIKA BBI 33IaBAJIMCh BOIIPOCOM, UTO 9TO 32 MapKep 1 3aueM OH HyskeH? U100k
TTOJTYYUTH OTBET HA 3TOT BOIPOC, ABAK/BI TEJKHITE HA HEM JIeBOH KHOMKOW MbIU. [Ipn
aTOM OTKpoeTcst okHO Insert Unit (BctaBuThb pasamepHocTh). MoXKHO clieath BBIBOJ, UTO Yep-
HBII MapKep B OTBeTaxX P YHCJICHHOM TIO/ICUETe ABJISETCS MapKepoM pasMepHocTH. [l ee
BBEJICHUS U CJIYKUT OTKpPBIBIIeecs oKHO (puc. 17.1).

Insert Unit

Dirmensian Sypstem

_g [s1 K|
Acoceleration

Activity |
Substance i
e -

5 5
20 degree C Calonie [cal20]
Acre [acre]

Ampere [&)]

Ampere [amp)

Amwgztrom [Bhgstrom]
Angular Frequency [Hza) LI

Puc. 17.1. OkHo Insert Unit

Bcero B Mathcad umeercst 6osiee 150 BCTPOEHHBIX €IUHIIL PAa3MEPHOCTH — TIPAKTUYECKU
BCE, KOTOPbIE MOKHO BCTPETUTDH IIPU PelleHrH (PUBHUECKUX, XUMUYECKHUX M TeXHUYECKHX
sagayd. Jluist ynobcTBa oHu pasGUThl HA TeMATHYECKUE MPYIIIIbL, CCLIKK HA KOTOPbIE PACIIOI0-
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JKeHbl B criicke Dimension (Mamepenmne). Beero ske 8 Mathcad 35 tumos pasmeprocreit. Uto-
Obl HAWTH HYKHYIO eIMHUILY U3MEPEHUST, CIIE/LYET BBIACTUTD C TIOMOIIBIO MBIIIN UJIH KJIABUII
yTIpaBJIeHNS KyPCOPOM COOTBETCTBYIONIYIO CTPOKY criricka Dimension. IIpm aTom B oxormke
Unit (Equnui@a) nosiBUTCS CIIMCOK eAMHULL U3MePeHs BhiOpaHHoil kareropun. Haiing B Hem
HY’)KHYI0, HasKMUTe Enter uiim ABaykibl IIEIKHUTE JIEBOUH KHOIKOI MBIIIN — U HEOOXOAMMast
pasMepHOCTD Oy/IeT BCTaBIeHa Ha MeCTO Mapkepa hopmyJibl. Ecii BbI TpubIM3NTEIbHO 3HAE-
Te aHTJINIICKOe HallMCaHNe Hy;KHON BaM PasMepHOCTH, H0Jiee IPOCTO ee MOXKHO HAMTH B T10JI-
HOM CITHCKE BCTPOEHHBIX enHIIT n3Mepertst Mathcad. 9Tomy crmcky cooTBeTCTBYET CTPO-
ka All (Bce) mento Dimension (M3mepenwue). KeraTu, Mo yMOTU4aHUIO CHCTEMA OTKPbIBAET
HMMEHHO 3TOT CHHUCOK.

[Tommmo mcmob30BanNs MapKepa OoTBeTa, BbI3BaTh OKHO Insert Unit (Bcerasuts equauiry)
MOJKHO TpeMsi criocobamu. Bo-1iepBbixX, MOJKHO HCII0JIb30BaTh coderanue kiapuir Ctri+U. Bo-
BTOPBIX, MOJKHO 33/1efICTBOBATH CIelMaJbHYI0 KHOIKY naHesu Standard (CrangaprHbie)
B BH/Ie MEPHOTO CTaKaHYNKa, 3aMI0JTHEHHOTO BOJOH. B-TpeThiX, MOSKHO TIPUMEHNTDH KOMaH-
ny Unit (Exununa) mento Insert (BeraButs).

Hexoropbie equnnip usmepennii umeior B Mathcad neckonbko ob6osuauenmii. Tak, 9/1eKT-
PUYECKOE COPOTUBIIEHNE MOKHO 3a1aTh Kak 0hm MJIM MCIOIb30BaTh GOJIee TIPUHATOE B TEX-
HUKe 0003HAUEHNE YePe3 TPeUecKyro OYKBY Q. AHATIOTMYHO €NHUIA BPEMEHH CEKYH/IA 3a-
JIaeTCs M KaK S, ¥ Kak sec. [Ipu saganum pasMepHocTeit ¢ momomnipio okHa Insert Unit kaxmas
13 BO3MOKHBIX (DOPM OTOOpasKEHMsI BHIOPAHHOM €AMHKIIbI U3MEPEHUI PacIioiaraeTcst B OT-
JIeIbHON CTPOKe.

[Tomumo 00bIuHBIX equHul uaMmepenns, B Mathcad moskHo onepuposarh Takumu Gusuyec-
KUMU KOHCTAHTAMU, KaK YCKOPEHUe CBOOOJHOIO MajleHus, AUJIEKTPUIECKasd U MarHUTHas!
HOCTOsIHHAs, paauryc Bopa, CKopocTh cBeTa B BaKyyMe.

m 12 s4~A2 6 kgm

g=9.807— g)=8.854x10 =~ —— no=1257x10 © —E%

2 3 2,2

S kg'm sT-A
ag=5292x10 ''m ¢=2998x10° =

BBecTr pasMepHOCTD MOKHO M C KJIABUATYPbI Kak 00bIYHYI0 nepeMeniyio. OQHaKo s 9T0-
IO Hy’KHO 3HATh aHTJINIICKOe 0003HAYEHNE BBOANMOI €[IMHUIIBI U3MEPEHUST U TOYHO CJIEI0-
Barb npunaToMy B Mathcad cunraxcucy. Hanbosee paciipoctpaterntas ommOKa Ipu orpe-
JIeJICHIH PA3MEPHOCTH C MOMOIIIBIO KJIABUATYPBI CBSA3aHA € UCIIONb30BAHMEM IIPOIUCHO OyKBbI
TaM, rjie I0JKHA ObITh cTpodHas (U HaobopoT).

B Mathcad pasmepHOCTb MOKHO HCTOTB30BATh HE TOJBKO TSI YKE TTOMYIEHHOTO IHCIEH-

HOTO 3HaYeHUst (UTO MMEET TOJHKO ICTETHYECKOe 3HAYEHHE), HO U [PU 3a/[AHUN [TePEeMEH-

ubix. Tax, Hanpumep, yToObl 3a4aTh AJIUHY |, PaBHYIO 5 CAHTUMETPAM, BBIIIOJHUTE CJIELYIO-

ILYIO MOCJIe0BATENLHOCTD JIEHCTBUIA.

1. Ompenenure uMs epeMeHHON U TIPUCBONTE €l YMCIeHHOe 3HAUYEHIE.

2. BsexuTe nocsie MPUCBOEHHOTO YUCJIEHHOTO 3HAYEHMS 3HAK YMHOKEHUST «*».

3. B nogBuBIIEiicss MapKep BCTaBbTE OJHUM 13 OTIMCAHHBIX BBIIIE CIIOCOOOB HYKHYIO pas-
MepHOCTh. B Haem cirydae st aToro obpatumest K cnimcky Length (mmmna) oxma Insert
Unit. cxons u3 ycioBusi, BBOAUM B Ka4eCTBE €MHUIIBI PA3MEPHOCTU CAHTUMETP:

l:=5-cm 1=0.05m
Obparure BuuMaHue Ha 10, uTo Mathcad aBromaTruecku puBoAUT 3aMaHHbIE Pa3sMEPHbIE
HepeMeHHbIE K CTAHJIAPTHBIM €JIMHUIIAM BBIGDAHHOI CUCTEMBL. DTy 0COOEHHOCTD [IPOrPAMMBI
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MO’KHO BeCbMa YCIIEIITHO TIPUMEHSITD JIJII IEPEBO/Ia OJHUX EIMHUI] U3MEPEHUS B [PyTHe.
Kpome Toro, Mathcad MokHO HCTTOTB30BATH JJIST OUYEHD OBICTPOTO U MPOCTOTO TIONYIEHIST
CIIpaBOYHON MHGOPMAIINN OTHOCUTETHHO BEJNUNH TeX MM WHBIX HECUCTEMHBIX pa3MepHO-
CTeif, a TaKKe NX B3aMMOCBSI3ML.

Mpumep 17.1. lNpuBegeHne BENNYMH K CTaHOAPTHBIM PAa3MEPHOCTAM

6yr=1893x10°s  I-hectare = 1 x 10 m’ 784t = 23.774m

9-ohm=9Q 89-cal =372.625] I'R=0.556K

Korza B pacuere yqacTBYIOT pasMepHBIE MTePEMEHHBIE, OTBET BO3BPAIIAETCST, 32 HEOGOBIIINM
WCKJTIOUEHNEM, KaK pasMepHas BeIndrHa. Ecan Ha KakoM-To aTare BBIYNCIEHUH OMTyIeHa
o1unbKa, Pa3MEPHOCTb KOHEYHOIO pe3yJibrata OyIeT HEeKOPPEKTHOl. DTO CBOWCTBO O3BO-
JISIET OIIEHUTD, BEPHO JIU PellieHa 33j1a4a UIu HeT.

Mpumep 17.2. PacyeTbl C pasMepHbIMU MEPEMEHHBIMU

3amava. OnpeesuTsb CIILy TOK, HAPSUKEHNE U BBIICTUBIICECs B TEUCHIE ABYX YAaCOB KOJMYECTBO Tell-
gorel Q B enu (puc. 17.2) npu 3aMKHYTOM 1 pazoMKkHyTOM Kitode K, ecomm 9/1C ncrounnka toka E
cocrasster 80 B, ero Buyrpennee conporusienne R pasno 50 OM, a conpoTusienus BOIbTMeTpoB R
onrHakoBbl 1 paBHbl 0,15 kKOM.

I E
[

Puc. 17.2. SnekTpuyeckas Lenb Aas paccMaTpuBaemMoi 3agaqn

3aj1aeM BXOJIHbIE BEJNYMHbI C YYETOM UX Pa3MepHOCTeI:
E:=80-V R:=50-Q2 R, :=0.15-kQ t:=2-hr

CoracHo 3aKOHY OMa, IIpr 3aMKHYTOM KRJIIO4Y€ CUJla TOKa, HAIIpAKEHUE 1 Bbl/leJIMBIIEECA KOJIMYEeCTBO
TellJ1a B IEIN ONIPEAC/A0TCA 110 QJOpMyJIaMZ

lg=—— Ug:=IyR, Qp=lp (R + Ryt
0" Rr, 0=1o 0=1o
5
lp=04A Up=60V Qp=2304x10"J

IIpn pa3oMKIHyTOM KJIIOYe HEOOXOAUMO YIECTh COIPOTUBIIEHNE I BTOPOTO BOJIBTMETPA:

_— U:=IR, Q:=I-(R+ 2R, )
" R+ 2R, ' '
1=0229A  U=34286V Q=1317x10"J

B mpumepe 17.2 mpuBoanTCs pacdeT HEKOTOPBIX JEKTPUIECKUX XapaKTEPUCTHK 10 3HaUe-
nusaM I/{C (B BosbTax), COMPOTUBICHUS (B OMaX U KMJIOOMax) U BpeMenu (B yacax). To ecTb
B OJIHOM BBIPQ’KEHUN CMEIIaHbl TIePEeMEHHbIE, Olpe/leJIeHHbIC YePe3 CUCTEMHBIE 1 HeCHCTeM-
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HbIe eIMHUIIBI u3MepeHuit. C TOUKY 3peHust (GU3UKU 9TO HEKOPPEKTHO, OTHAKO B CBSI3H C TEM,
4TO, Kak GBIIIO TIOKa3aHo Bhinre, Mathcad aBToMaTIUYeCKN TIEPECUUTHIBAET BCE BHECHCTEM-
HbIe eIMHUIIBI B CUCTEMHBIE, CaM pacueT TPONCXOINT TIPaBUIbHO. [Ipn aTOM pasMepHOCTD
OTBeTa BHIBOJUTCS HE KAK COOTBETCTBYIONIEE a/lreOPanyecKoe COYeTaHIe UCXOAHDIX €[MHMUIL,
a, TT0 BO3MOXKHOCTH, Yepe3 JPyrrue CUCTEMHBIE PAa3MEePHOCTH, KOTOPbIE OMPEACTAIOTCS AaH-
HBbIM coueTanueM. B cirydae nmpuBeieHHOTO 1ipuMepa 3To amiepbl «A» (BmecTo V/Q), BOJIbTHI
V> (BMecTo A-Q) 1 jkoyan «J» (BMecTo A*Q-s). B ciryuae Gosiee cIoKHBIX (GOPMYJT BO3MO-
JKEH Pe3yJIbTaT C Pa3MEPHOCTHIO B BUJI€ BRIPASKEHUS M3 NCXOHBIX U HOBBIX €IIHUIL.

Mpumep 17.3. lNpeacrtaBneHmne pasMmepHOCTU pe3ynbTaTta B BUAE Co4YeTaHns

efnHUL,
q:= 4C ¢I= 400V
2
ke-
® _ 100 fmz
q s A

Wcnosb3oBaTh coueTanme pa3MepHOCTeﬁ MOJKHO U IIPpU 3a/laHUU TIE€EPEMEHHDbIX.

[Ipu pemenny HEKOTOPBIX (husnuecknx 3amauy Mathcad Mosker He coBceM KOPPEKTHO yITpo-
IMATh BBIPAKEHME PasMEPHOCTH OTBETA. B Takux cirywasix ydiiie ero BOOOIIEe He TIPOBOUTD,
a 0TOGPasnTh PasMEPHOCTH Yepe3 coueTanue (hyHAAMEHTATHHBIX eUHII. UTOOB CMEHUTD
PEKUM PelaKTPOBAaHMsT pasMepHoCTeit, oTkpoiiTe Bkaaaky Unit Display (OroGpasxkenue eau-
uuir) okna Result Format (Dopmar pesysibrata) (ee oTkpbiBaeT komanza Format » Result) u cau-
mute duraxkok Simplify units when possible (Ymporars enquHuIbI, KOTIa 3TO BO3MOXKHO).

Ecim BBl BBIMOTHUTE OIMMCAHHbBIE ,Z[eIL/'ICTBI/IH, TO pPE3YyJbTaT HE 6y[_[eT OTO6pa>KaTI)CH qgepes
CJIOKHbIE CUCTEMHbBIE €/ITNHUIIbI (BaTT, JIKOYJIb, TayCC 1 ,le.), a BbIPAa3UTCA YepPeE3 /IEBATDH 6a-
30BBIX (MeTp, CEKyH/a, KWJIOTPaMM, aMIIepP, KaH/iejia, MOJIb, KEJIbBUH, pa/laH, CTepaZII/IaH).

Mpumep 17.4. lNonyveHne peadynbrata C Pa3MepHOCTbLIO, BbIPaXXEHHON Yepes
06a30Bble eaNHULbI

3azaua. B maxry paBHOyCcKOpeHHO oryckaercst audt, macca koroporo 300 kr. B niepsbie 5 ¢ oH 11poxo-
auT 25 M. OnpeiesinTh CHILy HAaTSPKEHHsT KaHaTa, K KOTOPOMY TI0/iBeleH Jindr.

BBOIH/IM M3BECTHDBIE BEJIMYNHDBI N YKA3bIBAEM MX PA3MEPHOCTH!
M :=300-kg h:=25m t:=5s

CormracHo BTOpoMy 3akoHy HbloTOHA pesybpTupyionas cuia, IeiicTByonas Ha JudT, paBHA CyMMe
CWJI TPABUTAIMY M HATSKEHMST KaHaTa:

- > —
mg + T=ma

Cura HaTsKEeHUsT KaHaTta HallpaBJi€Ha ITPOTHUBOIIOJIOKHO CHUJIE I'PaBUTAIlUN. C Y4€TOM I3TOrO IIpe/icTa-
BUM BbIPDaKEHNE B CKAJIAPHOM BU/IE, a TAKIKE BbIPA3UM YCKOPEHUNE YEPE3 N3BECTHDIE BEJIMYNHBI:

2
at 2h
mg—-T=ma T=m(g - a) h:7 a=—
t
3amucbiBacM KOHEYHYIO (1)0pMy]Iy 1 HaXO/IUM CHJIy HaTAXKEHUA KaHaTa:
2-h ke
T:=M|g-=— T=2342x10 ~£0
2 2

t N
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ITpu akrusuposanHoM napamerpe Simplify units when possible pasmeproctb cubl oToGpasuiacs Gbi
B IPUBBIYHBIX €JIMHUIIAX — HBIOTOHAX, B HAIIIEM K€ CJIyYae OHa BhIPasKeHA uepes GazoBble eIMHUIIbI CH-
cteMbl SI.

Bropoii mapamerp Briagku Unit Display — Format Units (Dopmaruposatue euHmir) — OTBe-
vaet 3a (hOPMY MPEACTABIEHUS PA3MEPHOCTH OTBeTa. [Ipy aKTUBU3AIMHU 9TOTO MapaMeTpa
Mathcad crpemMuTcst mosryunTh BeIpaskeHHE pa3MEPHOCTH B HanboJiee TpaJUIIMOHHON 1 ITPo-
ctoit popme. Tak, HallprMep, MPU STOM He OYAYT 0TOOPAKATHCS OTPUIATETBHbIE CTETIEHN
e/IMHUIL.

Mpumep 17.5. icnonb3oBaHmne napameTtpa Format Units

3amava. OHO3APS/IHbII UOH JINTHS MACCON 7 a.e.M. (ATOMHBIX €JIMHUIL MACChI) TIPOIIES B BAKYyMeE yC-
KOpsIfoIIyto pasHocTb noreHnuanos 300 B. Kakyio ckopocTs nipuobpes nou?

3amaeM UMEIOIINECS TaHHbIE ¢ yKa3aHueM pasmepHocteit (1 a.em.=1,66-10%7 xr):

—27 - 19
m:=7-1.6610 = kg U:=300V q:=1.610 ~-C
Pabora CHJI 2IeKTPIYECKOTO TOJIS 3aTPAYNBACTCS Ha U3MEHEHNe KHHETHIeCKo! anepruu nona. C apy-
oI CTOPOHBI, Pab0Ta B ATEKTPUIECKOM TI0JIE PABHA TPOM3BEIEHHIO 3apsijia Ha PA3HOCTD MOTEHITHATOB:
A=qU, crenosarensio, qU=mv?/2. CKopoCcTh MOHA HAfJIEM N3 AAHHOTO BBIPAKEHNST:

2.q-U
m
Tpu sxnouennom napamempe Ipu omxnrouennom napamempe
v=9089x10" 2 vi=9.089x10" ms '

S

Kak BbI yxe, HaBeproe, samernsn, Mathcad npezxcrasisier pasMepHOCTh OTBETA TOJNBKO
B CHICTEMHBIX eIMHUIaX. VIHOI/IA JKe MCII0Ib30BaTh BHECUCTEMHbBIE eIMHUIIbI TpebyeT 6o
YCJIOBHE PeliaeMoi 3aj1aun, nbo GaHaabHoe yano6cTBO. Tak, Hanmpumep, EMKOCTh KOHJIEHCa-
TOPOB, IPUMEHSIEMbIX B ObITOBOI TEXHUKE, Yallle BCETro BhIpaskaeTcs B IMMKodapaiax, Tak Kak,
ecsi Obl TO JIEJIAIOCh B CHCTEMHBIX €ANHUIIAX, TPUIILIOCH OBl ONIEPUPOBATH € BHIPAKEHI-
MU cTereHn —12, 9To, ecTeCTBEeHHO, T0BOJLHO CIOKHO. [TofcunThiBas ke mapaMeTpbl CXeMbl
B Mathcad, orBer Bbl mosyunte umenuo B hapazax. OIHAKO MOKHO 1IEPEBECTU OTBET U B
HY’KHBIE BeJIMUUHBL [71s1 3TOr0 BhizienTe pacueTHyo Gopmyay. IIpu aTom mipasee 0603Ha-
YeHHsT PA3MEPHOCTH TIOSIBUTCST YEPHBIN MapKep:

pF=1x 10712 Fy

BBezist B HEero HOBYTO eITUHUILY pa3MEePHOCTH, BBl 3aMeHUTe €10 cTapyio. EcTecTBeHHO, uTO T1pN
JTOM TIPOU30MIET TIepecueT YMCAEeHHOTO 3HAaUeHUsT Pe3yJIbTaTa.

Mpumep 17.6. NepecyeT MeTpa B HECUCTEMHbIE €OVHULbI ASINHbI
m=1m
-3 -4 .
m=1x 10 ~km m=6214 x 10 mi
m = 3.281 ft m=1><103mm

m = 39.37 in m= 1.094yd
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Ecnu cucrema He criocoGHa BbIPa3UTh 3HAUCHHE BBIPAKEHNS YePe3 BBOAMMYIO BaMU €IMHMILY,
OHa TIPOCTO JIOMHOKHT W PA3/IENUT Ha Hee CTapyio pasMepHocTh. HIKaKoi OMMOKM Ui HEKOP-
PEKTHOCTH B TIOTYIEHHOM PE3yJIbTaTe OT 3TOTO He Oy/eT (Kak, BIPOYEM, ¥ TIOJIB3BI OT HETO).

Bupouewm, HanGosee rpy6bie omubku mpu pabore ¢ pasmeproctssmu Mathcad Bee-raxu za-
MeuaeT. Tak, Harrpumep, MPU MOIBITKE CJI0KUTh BEJIMYUHBI ¢ PA3MEPHOCTHIO KUJIOTpaMMa 1
MeTpa cucTeMa BbigacT coobmenue o6 omubke: The units in this expression do not match
(EqwHauIer B 9TOM BBIpa)keHUHU He coryacyiotes) (puc. 17.3).

1-m+3-ké= ¥

[ The units in this expression do not match. |

Puc. 17.3. Owwnbka npu paboTe ¢ BeAMYNHAMN, He COBMECTMMbIMU MO pa3MepHOCTU

Bo mHOrEX msmyecknx hopMyJsiaX UCTOTB3YIOTCS JOTapU(MMBI OT BBIPAsKEHUH, KOTOPbIE
06pa3oBaHbl pa3MepHBIMU BesmanHaMi. OIHAKO €CJTM BbI MOMBITAETECH TPOCUUTATH TAKYIO
dopmyry B Mathcad, To cucrema Boimact omu6ky: This value must be dimensionless (9ra Be-
JIMYMHA 0JKHA ObITh Oe3pasmeproit). Bee meo B ToM, uto sorapudmMupoBaTh pasMepHOC-
T COBEPIIEHHO HEKOPPEKTHO. B dusnke ke a1y npobieMy BecbMa hopMaibHbIM 06pasoM
06X0IT Gaaroapst TOMy, 4TO BCET/Ia MOAPasyMeBaeTCsl, YTO BBIPAKEHUE TIO/ JIOTapH(PMOM
JIETUTCST Ha TaKOe JKe, TOJbKO paBHOe equHwuIle. [Ipr aToM pasMepHOCTH COKPAIIAOTC,
u dopmyra (popmanbHo) nprobperaer npasuibHbIN Bug. U106 B Mathcad MokHO GbLIO
OCYIIEeCTBUTH MOJOOHYIO ornepaIinio, paspaborurkamu Obiia cosgatna Gynkiusa SIUnitsOf
(dyuxuus UnitsOf, qoctynHas B peabLAymx Bepeusix mporpammbl, B Mathcad 12 ne noa-
nepsxuBaercs). JlanHast QyHKINS BO3BpAIlAeT Pa3MEPHOCTD TePEIaHHOTO €l BhIpaKeHMS,
BBIPKEHHYIO B Ga30BBIX €IMHUIAX CHCTEMbBI S, B HE3aBUCUMOCTH OT BHIOPAHHOM CHCTEMBI
emaut (uin 1, ecoin BoIpaskeHue 6espasmeproe). [logenns Boipaskenne X Ha SIUnitsOf(X),
MOKHO M36aBUTHCST OT Pa3MEPHOCTEN, U, CJIEI0BATETBHO, TPOBECTH JIOTAPH(HMUPOBAHIE.

Mpumep 17.7. JlorapndmrpoBaHne pa3mMepHO BESIMYUHDI

3aaua. Beruncauth paboty, copepiuaeMyo 10 MOJISIMU HI€aIbHOTO ra3a MPU M30TEPMIYECKOM PACIITH-
pennn ot obbema V,=500 11 10 obbema V,=1000 i nipu temneparype T=298K.

Crauasa 3a/laIuM BCE H€06XO/II/IMLI€ MMOCTOAHHBIE, HE 3abbIBas 1IPO Pa3SMEPHOCTD:

R:=831 C:=10-mol T:=298K Vi :=500-liter Vy = 1000 -liter
mol-K
PaGory HalizieM, UCIOJIb3YsI U3BECTHYIO (DOPMYJIY TEPMOAUHAMUKI:
V) Vi
A=CRTIln ——— | -CRTIn| ———=
SIUnitsOf(V,) SIUnitsOf (V)

A=1716x 104 J
[TpuBeneHHOE ONMCAHME TIPUHITUTIOB BBIYUCJIEHUS JIoraprudMa pasMepHON BETIMUYNHBI MOXK-
HO aBTOMAaTHYECKU MEPEHECTH HA CJyYal OTPEAeTeHNsT 3HAUEHUH APYTUX Heanrebpardec-
KUX (OYHKIUH OT Pa3MEPHBIX BEJTUUNH.

AHAJIOrNYHO JIIOOBIM JAPYTUM [IEPEMEHHBIM, BCTPOCHHBIE PA3MEPHOCTH MOTYT ObITh, IIPH He-
obxopuMocTH, U niepeorpeesiensl. Hanpumep:

sec =1s sec ;= 10-km sec=1><104m
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Kcrarn, Takoe mepeornpesiesieHe moIb30BaTeNb IeTaeT O4eHb YacTo, CO3/IaBast COOCTBEHHBIE
repeMeHHbIe UK YHKITNH, UMEHA KOTOPBIX COBIAIAIOT C OJIHOM U3 eIUHUI] U3MePeHMs (4TO
COBCEM He yIUBUTEJNbHO, YIUTHIBASI UX KOJIMUYECTBO). B aTOM ciryuae mMsI iepeMenHo uiam
byHKIME 6yAeT MOAYEPKHYTO BOJHUCTON 3€JI€HOI JIMHMEH, a epeornpe/iesiecHHast pa3mep-
HOCTB CTaHeT HeJOCTYHOMH. [T0aTOMYy B TOM ciiydae, ecjiu Bbl COOMPAETECh UCTIOIb30BATH
B CBOEM JIOKYMEHTe eIMHUIIBI U3MEPEHNH, TPeeIbHO OCTOPOKHO OTHOCUTECH K OTIpesiere-
HUIO UMeH (DYHKITNH 1 TIepeMeHHbIX.

B Mathcad Mmoo orieprupoBaTh paH;KUPOBAHHBIMU TEPEMEHHBIMHU, COAEPIKAIIMMHU Pa3Mep-
HocTH. B oryimune ot Ge3pasMepHBIX paHKUPOBAHHBIX MIEPEMEHHBIX, OHM TPEOYIOT 3a/[a s
mara Jla’ke B TOM CJIydae, KOT/Ia OH JIOJKEH PaBHATbCA e[luHuIle. B He3aBUCUMOCTH OT TOTO,
KaKye eMHUIbI n3MepeHrst ObLIN yKa3aHbl TPU 3aJaHUl PAaHKUPOBAHHON MepeMeHHOI, BEK-
TOp OyIET ComepKaTh 3HAYEHNUST, BRIPAKEHHbIE B 0A30BBIX €IMHUIIAX BHIOPAHHOI CHCTEMBL.

Mpumep 17.8. PacyeTbl C paHXNPOBAHHBIMY NEPEMEHHBIMU, COAEPXALLMMUN
pasMepHOCTU

Pacyer onrtmmasibHoro Beca 1o PpocCTy.

W neanbHblil Bec [7ist MyKUMHBL cocTaBiisieT 52 kr 1urioc 0,76 Kr Ha KaskAblii CAHTUMETD POCTA CBBIIIE
150 cm, mrst skenuHbl — 49 Kr mutioc 0,67 Kr Ha Kax/Ipiil canTumerp pocta cebiire 150 cm. Vcnonbayst
PaHKUPOBAHHBIC TIEPEMEHHBIC C PA3MEPHOCTSIMH, Hali/leM ONTUMAIBHBIN BEC MY’KUIH, POCT KOTOPBIX Jie-
SKUT B irarazone oT 175 1o 185 cM. AHATIOTWYHBII pacyeT ceraeM st sKeHIH poctoM oT 165 1o 175 em.

cm:=0.76-kg cm:=0.67-kg
man_height:=25.cm,26-cm..35-cm woman_height:=15-cm, 16-cm..25-cm
man_height+ 52-kg = woman_height+ 49-kg =

71 |kg 59.05 | kg
71.76 59.72
72.52 60.39
73.28 61.06
74.04 61.73
74.8 62.4
75.56 63.07
76.32 63.74
77.08 64.41
77.84 65.08
78.6 65.75

Pacuersr ¢ pa3MepHBbIME TIepeMEHHBIMI BO3MOXKHBI He BO BCeX carydasx. Tak, Hanpumep, Ipu
TOTIBITKE TTPoard hepeHInpoBaTh (HYHKIIUIO OT Pa3MEPHOIT mepeMeHHoi OyIeT BBIIAHO CO-
obuienue 06 ommbke: This value must be dimensionless (Drta Beyrna JoJsKHA ObITH Oe3pas-
MepHoit). He pexomenyeTcs IpoBOANTL M CUMBOJIBHBIC PACUETHI ¢ PAa3MEPHBIMU IIEPEMEH-
HBIMH, TOCKOJIBKY B GOJIBITHHCTBE CITy9aeB Pe3y IbTaT Gy/IeT BbIJIaH B BUJIE YHCJIA C TTIABAROTIEH
TOYKOI1 ¢ PA3MEPHOCTHIO B BUJIE COUYETAHISI HCXOAHBIX eJIMHUIL THO0 BOBCE B BUjie GECCMbIC-
JIEHHOW KOMOWHATINHT 33JIaHHBIX B YCJIOBUH BEJIMUMH W UX PA3MEPHOCTEN.

Crmcox Berpoennbix eyl m3Mepennst Mathcad Becbma ocroBaresen. Onnako Ha mpak-
THKE MHOT/IA TPUXOJNUTCS UCIOIb30BATh Pa3MEPHOCTH, KOTOPLIX B HeM HeT. Hampuwmep, aTo
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MOJKeT KacaThCs TPAAUIIMOHHBIX eANHUT] N3MEPEHNs, TAKUX KaK apIIiH, CasKeHb, BEIPO, Bep-
oK u MHOrux Apyrux. Kpome Toro, anrimiickoe obo3Hauetie pa3MepHOCTell MOKET ObITh
HeTprueMJIeMBIM TTPH 0(OPMIICHNN HAYYHBIX CTaTel WM OKJIAZ0B Ha PYCCKOM S3BIKe.
Bo Bcex aTux ciydasx BaM IMPUIETCS 3a1aBaTh COOCTBEHHYIO e[MHUILY M3MEPEHUSI.

Orpe/iesinTh HOBYIO PA3MEPHOCTb MOKHO OY€HbB IIPOCTO, 3HAsI, YTO PA3MEPHOCTH 110 CBOEN
CyTH ecTb 0ObIuHbIe epeMentbie. [109ToMy, YTOOBI PEUTh 3Ty TPObJIEMY, JOCTATOUHO CO-
OTBETCTBYIONIEMY UMEHU IIPUCBOUTH COYETAHUE M3 BCTPOEHHBIX WM 3aJaHHBIX BBIIIE €/~
HUI[ M3MEPEHHUsI, UCIIOJIb3YsT HeoOXoanMble KoadhduimenTsl. EC/im TekeT pasMepHOCTH 101
JKeH OBITh 33/1aH Ha PYCCKOM, HYJKHO TIPU ONPEIETEHUH €€ UMEHU TePedTH K OJHOMY U3
KUPUTUIHBIX MPUGTOB € TIOMOIIBIO CIIEIMAIBLHOrO ciiucka manesu Formatting (Dopmaru-
poBamnue) (TOYHO TakK ke, KaK Bbl Obl IIOMeHsIM IpudT B ToM ke Word).

Mpumep 17.9. 3apaHre TPaANLMOHHBIX PA3MEPHOCTEN HA PYCCKOM A3bIKe

ApmuHOB :=711.2-mm Benep :=12.299-L

Caxeneil :=2.1136-m Yetgepreit :=209.91-L

Bepmikos :=44.45-mm Bappeneii :=158.987-L
3m+ 34.cm=3.34m 6L + 0.67gal =8.536L
3m+ 34.cm=4.696 ApmuHOB 6-L + 0.67-gal = 0.694 Benep
3-m + 34.cm= 1.58 Caxeneit 6-L + 0.67-gal = 0.041 YerBepreii
3-m + 34-cm= 75.141 Bepurkos 6-L + 0.67-gal = 0.054 Bappeneii

Kak yske He pa3 0TMe4aoCch BbIIIlE, TIPU BBIYUCICHUN BIPAKEHUS C PA3MEPHBIMU TIepeMeH-
neiMu Mathcad mo ymosrgaHuio BbIIaeT OTBET, Pa3MEPHOCTh KOTOPOTO MPEeACTaB/IeHa TOJIb-
KO 4epe3 CUCTeMHbIE eMHUIIBI n3MepeHuil. OIHAKO CaMUX CUCTEM U3MEPEHUH CYIIeCTBYeT
HeckoabKo. Hanbosee pacipoctpanennast u IpUHATas B HayKe W TeXHUKe cucrema SI BbI-
6pana B Mathcad 1o ymomyanuio. OaHako npu HeoOXOAMMOCTA MOKHO UCIIOAB3YEMYIO CH-
CTeMY eUHUIl cMeHuTb. [ljist aTOr0 Cciemyer OoTKpbITh BKIaAKy Unit System (Cucrema esu-
unir) okra Worksheet options (Hacrtpoiiku fokymenta) menio Tools (HcTpymeHTBI). 31€Ch
B criucke Default Units (EquHUIIBL, IPUHATBIE IO YMOJYAHUIO) MOKHO BBIOPATh OJHY U3 Ue-
TBIPEX CHCTEM EINHUIL.

Q SI. MexayHnapomHas cucreMa elnHuIl. B Hatelt cTpaHe UCIOIb3yoT uMeHHo SI, moaTo-
MY OIIMCHIBATh €€ Mbl He OyJIeM.

O MKS. Cucrema, ouenn 6mmskad k SI. OCHOBHBIM OTJIMUUEM SBJISCTCS UCTIOJIb30BAHNE B 9JICKT-
PUYECKUX XapaKTePUCTUKAX B KauecTBe (hyHIAMEHTAIbHOI eIMHUIBI He PAa3MEPHOCTH
CHJIBI TOKA — aMIIepa, a eINHUITB BeJIMYNHLI 3apsia — KyaoHa. Kpome Toro, B MKS net
€/IMHUIIBI KOJIMUECTBA BEIEeCTBA — MOJISL.

Q CGS. Onepupyer craenyonmMu 6a30BbIMU eAUHUIIAMU: CAHTUMETP — PasMEPHOCTD JJIH-
HBI, TPaMM — MAacChl, CEKYH/Ia — BPeMeHH, KyJOH — 9JIeKTPUIECKUX B3aMMOENCTBIH,
KEJIbBUH — TeMIIePaTyPhI.

Q U.S. Cucrema exuun, npunsaradg 8 CIIA. B kayectse 6a30B0ii pPasMEpHOCTH JJIAHBI 1C-
moJb3yercs (hyT, Macchl — (DYHT, BpEMEHN — CEKYHIA, JTeKTPUIECKIX B3aUMOJIE -
CTBUII — amriep, TeMIepaTypbl — KeJIbBUH.

Q Ecuu Boibpars mynkr None (Her), To HCIO/IB30BaTh BCTPOCHHBIE PA3MEPHOCTH B pacye-
Tax Oy/eT HEBO3MOKHO.
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Mpumep 17.10. OcHOBHbIE eAnHULLI cucTeMbI U.S.
Im=328I1ft 1kg=2.2051b Isec=1s

IK=1K lamp=1A 1mol=1mol led=1cd

Be 3aBrucHMOCTH OT BHIOPAHHOI CHCTEMbI €IMHUI] B pacyeTax MOXKHO MCIIOJAb30BaTh Pas-
MEPHOCTH, OTHOCSIIIIAECST K JTIOOOH U3 CHCTEM — €CJIN BHIPAKEHNE COMEPKUT BETNUMHBI, Pa3-
MEPHOCTH KOTOPBIX OIIpejiesieHbl B Pa3HbIX cUCTeMaX, KOHMJIMKTA MeXX/1y HUMU He BO3-
HUKHET (JJaHHast BO3MOKHOCTD Obljla HEJIOCTYITHA B MPEBIAYIIIX BEPCUSIX TPOTPAMMBI).
PasMepHOCTh KOHEUHOTO PE3yJIbTaTa, pasyMeeTcst, OyeT BhIpakeHa Yepes eMHUIIbI OTIpe-
JIeJIEHHOI 110 YMOJTYQHUIO CUCTEMBL.

Mpumep 17.11. CoBMECTUMOCTb €ANHUL, N3MEPEHUS PA3NINYHBIX CUCTEM
(no ymonuyaHwuio BelbpaHa cuctema CGS)

1] 7 9 1A% -5

Ters = 1x10 1A-1s =2.998x 10" statcoul —=— =3.336x10 ~ oersted

erg Im
Keran, 8 Mathcad 12 nostBunocs HOBOe TIpaBrIIo yIpomeHust euHni oobema — ool 0Gbem,
BBIPAKEHHBIN Yepes BO3BEICHHYIO B KyO eIMHUILY JTUHBI JTI0O0H U3 CHCTEM, OY/IET aBTOMATH-
YECKU NEPECUNTaH B JINTPbI NJIN TaJIJIOHbI, B 3aBUCUMOCTU OT BbI6paHHOI>'I 110 CUCTEMbI €JVHNII.

O ToM, KaK MOJKHO CO31aTh COOCTBEHHYTO eIMHUITY U3MEPEHU Ha PYCCKOM SI3BIKE, MBI YIKe
roBopuJiu Boilre. OIHAKO, €CIIM HYKHO [1ePEBECTU OCHOBHBIE €IUHUIIBI CUCTEMBI, MOKHO TI0-
CTYNIUTh W 3HAYUTENBHO TIpoine. /[ 9Toro Hy:KHO OTKPBITH BKIaAKY Dimensions (I13mepe-
uust) okHa Worksheet Options (ITapameTpsr gokymenTa). 31ech, yctanoBuB (askok Display
Dimensions (OtobpaskeHnue pasmepHocTeil), B cimcke Dimension Names (MmeHa pasmepHOC-
Telt) BBl MOJKETE TIPOM3BOIBHBIM 00Pa30M OTIPEAETUTD TO CJIOBO WU COKPATIEHIE, KOTOPHIM
Gyner orobpaxaTbes enauuniia usMepenns. Ha puc. 17.4 npeacrasiieH npumep nepeo6os3Ha-
ueHus 6a30BbIX eAUHUILL cucTeMbl SI PyCCKUMU COKPAIEHUSIMU.

B pesysbTaTe TIPOBEAEHHOTO TIEPEOTIPENETEHUS B PA3MEPHOCTSIX OTBETOB /ISt 0GO3HAYEHTIST
mectn pyHAaMEHTaIbHBIX eauHuI] ST mporpamMma Gy/IeT UCIIOIb30BaTh 3aaHHbIe PYCCKUE
obosHaueHus1. Ecaiit mpu 0TOOpaskeHNE pasMEPHOCTH OTBETA Ha PYCCKOM SI3BIKE BO3HUKHET
pobJemMa co mpUQTOM, TO YCTAHOBUTE KYyPCOpP Ha OJHY M3 eIMHUIL BhIPAsKEHUs PasMepPHOC-
i, B crimcke Font (Ipudr) manenn Formatting (DopmaTtupoBamiie) BLIGEPUTE OANH 3 NIMe-
IOIUXCST KUPUJTMYHBIX TPUDTOB.

Worksheet Options E
Built-ln Variablesl Ealculationl Display I Uriit Spstem  Dimensions |

v Display dimensions

— Dimension M ame

Mass [

Length 1
Time C
Current EYN0H

Temperature |

Lurninogity KaHaenn

Substance pce|

Ok I OTrieHa Cnpaeka

Puc. 17.4. Nepeobo3HayeHne CUCTEMHbIX €ANHULL




Mpumep 17.12. Vicnonb3oBaHue nepeonpeneneHHbix 6a30BbIX eAUHNLL
(no ymonyaHuio BeibpaHa cuctema MKS)

5 KU 7 K- M°
atm =1.013x 10 — mole = 1 Moib erg=1x10  ——
M-C c
) KYJIOH
mi= 1.609 x 103M hectare = 1 x 104M2 amp =1 c

B Mathcad cymuiecTBytoT crienuaabHbie CHCTEMHBIE KOHCTAHTBI, BO3BpaIamoiiie 6a3oBbie
eINHUIBI I3MEPEHUI OTpeIeIEHHON TT0 YMOTYAHUIO CHCTEMBI eIMHNIT (TaKue KOHCTAHTLI
MO3BOJISTIOT OBICTPO OTPEIETNTD, KaKast U3 YeThIPEX CHCTEM BBIOPAaHA B KAUueCTBE OCHOBHOI ).
3aarh UX MOKHO, BBE/IS ¢ KJIaBUaTyphl 1 U 3ariaBHyio OYKBY COOTBETCTBYIOIIETO M3Mepe-
HUST (ABTOMATUYECKU TTOSIBISTIONINICS 3HAK YMHOKEHMST B HAOPAHHOM COUETAaHUN HEO0OXO0-
aumo yaamuth): L — length (ummna), M — mass (macca), T — time (Bpemsi), S — substance
(BettecTBO). /{11 onpesiesieHust JKe eMHUI] 9JIEKTPUIECKIX B3AMMO/IEHICTBIUI, TeMIIEPATyPBI
U OCBENEHHOCTH UCHOMB3yiTe mpormchbie OykBbl Q, K u C cooTBeTCTBEHHO.

Mpumep 17.13. bazoBblie eanHULLI U3MepPEHU cnuctemsl Sl
IL=Im IM=1kg IT=1s 1S =1 mol
1Q=1A IK=1K IC=1cd



